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Objective. Adults with attention deficit hyperactivity disorder (ADHD) display affective problems and impaired attention. Mood in
ADHD can be improved by mindful awareness practices (MAP), but results are mixed regarding the enhancement of attentional
performance. Here we evaluated MAP-induced changes in quality of life (QoL), mood, and attention in adult ADHD patients
and controls using more measures of attention than prior studies. Methods. Twenty-one ADHD patients and 8 healthy controls
underwent 8 weekly MAP sessions; 22 similar patients and 9 controls did not undergo the intervention. Mood and QoL were
assessed using validated questionnaires, and attention was evaluated using the Attentional Network Test (ANT) and the Conners
Continuous Performance Test (CPT II), before and after intervention. Results. MAP enhanced sustained attention (ANT) and
detectability (CPT II) and improved mood and QoL of patients and controls. Conclusion. MAP is a complementary intervention
that improves affect and attention of adults with ADHD and controls.

1. Introduction

The term “mindfulness” has been used to refer to awide range
of phenomena, such as mindfulness as a state, mindfulness as
a trait, and mindfulness as a type of training or practice [1],
as will be employed here. Interventions based onmindfulness
training, such as mindful awareness practices (MAP), involve
intentionally bringing one’s attention to one’s internal and
external experiences in the present moment, and they often
involve meditation exercises [2, 3].

Mindfulness-based interventions are considered a type of
cognitive training [4] and involve developing strategies that
improve attention [5], affective self-regulation [6], and well-
being and quality of life [7, 8] in healthy populations [9–11].
Using functional magnetic resonance imaging this type of
practice has been shown to improve cognitive control [12] and
to establish a stable pattern of deactivation in brain regions

related to a mindfulness state [13]. MAP are also beneficial
for many clinical conditions, such as anxiety disorders,
depression, stress-related physical symptoms, fibromyalgia,
chronic pain [14], and attention deficit hyperactivity disorder
(ADHD) [4–15]; for a review see [16].

ADHD is characterized by symptoms of inattention,
impulsivity, hyperactivity, and affective problems [17–19].The
disorder begins in childhood and can persist until adulthood
[17–19] in approximately 50% of patients, and it affects
approximately 2–4% of the adult population; see [20].

Regarding affect, ADHD is associatedwith a lower quality
of life [21–23], decreased mood and arousal, and low motiva-
tion, all of which can be associated with impaired attentional
performance [24, 25] because they relate to cognitive control
(conflict resolution, planning, inhibitory control, and error
correction) and emotional regulation [26]. In this context,
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MAP could improve the cognitive/affective processes [6, 27,
28] that are impaired in adults with ADHD [29, 30].

Adults with ADHD show impairment in attentional
performance processes considering the influential model of
Posner and Petersen [31, 32]. According to these authors, the
attention system consists of three functional and anatom-
ically different networks: alerting, the process involved in
becoming and staying attentive to one’s surroundings, which
is closely linked to the concept of sustained attention or vig-
ilance; orienting, or directing attention toward the location
or modality of a specific stimulus; and executive attention,
which is recruited when there is a conflict among multiple
attention cues [31, 32]. These attentional subsystems are
classically evaluated using theAttentional Network Test (ANT
[33]). This is a computerized behavioral test that consists of
the combination of cued reaction time [34] and the flanker
task [35]. Briefly, the ANT involves determining whether
arrows presented onscreen are pointing left or right. By
measuring how reaction times are influenced by alerting
cues, spatial cues, and flanking stimuli (a central arrow was
flanked by two arrows pointing either in the same direction
or in the opposite direction as the central arrow), the test
measures the three attentional networks cited above.This task
has determined that executive attention is impaired in adults
with ADHD (see [36]), although other studies have shown
no impairment [25]. Because a large body of data has shown
that performance in this task is clearly related to different
brain systems and regions that regulate attention, impairment
can indicate physiological changes in brain functioning (see
[31, 32]) that cannot be tapped by alterations on subjective
measures such as questionnaires.

Another type of computerized attentional test that is
widely used to characterize ADHD-induced attentional
deficits is Conner’s Continuous Performance Test (CPT II
[37]). This test involves a motor response to a series of visual
stimuli (letters of the alphabet) and the inhibition of this
response to one type of stimulus (the letter x). This test
can be used to measure sustained attention (the ability to
sustain a consistent focus on continuous activities or stimuli),
impulsivity, and selective attention (the ability to focus on
relevant stimuli and ignore competing stimuli, a concept
related to distractibility). Compared with controls, adults
with ADHDmake more omission errors on this task [30, 38,
39], present more variability in their mean reaction time [38]
and the standard deviation of reaction time [30], are worse at
discriminating between target andnontarget stimuli [30], and
make more commission errors because of impulsivity or lack
of motor inhibition [38–40]. Using measures obtained from
the ANT that complement the CPT II, one study showed that
adults with ADHD make more omission errors, have lower
accuracy and vigilance scores, and present greater variability
in responses compared with controls [25]. As with the ANT
there are many studies that have associated performance in
this test with alterations in specific brain systems. Tana et al.
[41], for instance, have shown that performance in this task
involves networks consistent with existing models of visual
object processing and attentional control. Regarding frontal
activation, there was a strong activation in the anterior cin-
gulated cortex, which is particularly important for attentional

processing in that it modulates focusing of attention, motor
response selection, and error detection. Hence, performance
in the ANT and CPT II indicates physiological changes in
brain functioning.

The most accepted treatment for ADHD according
to international guidelines (NICE Clinical Guideline 072)
is methylphenidate, which improves symptoms. However,
other treatments are being sought for a number of rea-
sons: some patients experience side effects that preclude
methylphenidate use; others experience only a 30% reduction
in symptoms [42]; such stimulants are less effective in adults
than in children (see [20]) and somepatients are notwilling to
undergo pharmacological treatment (see [15]). Becausemany
patients undergoing this type of pharmacological treatment
still experience functional deficits related to decreases in
self-monitoring, attention, and mood, interventions such as
MAP that tackle these problems could be used as adjuvant
treatments [4, 28].

To our knowledge, however, only two studies [15, 43]
have investigated the affective and attentional effects of MAP
in adults with ADHD. Zylowska et al. [15] adapted an
eight-week group MAP program for this type of patients
and showed improvements in ADHD symptoms, executive
control (measured using the ANT), and subjective cognitive
flexibility and self-regulation. However, that study had no
control group, so a practice effect cannot be ruled out.
Additionally, the intervention-induced benefits on subjective
measures of mood were due to the social interactions of
participating in the group sessions. In effect, Mitchell et
al. [43], who included a nonintervention group and used
the same MAP protocol employed by Zylowska et al. [15],
found no evidence of improved attentional performance.
They did, however, show that mood benefitted from MAP
use. A possible explanation for these conflicting attentional
effects is that the type of pharmacological treatment that the
patients received was not controlled in these studies, which is
important when considering that methylphenidate, the most
widely used medication for this disorder, has acute effects
on attentional performance [44]. Furthermore, these studies
did not include healthy controls, so they could not indicate
the measures on which the ADHD patients were impaired
in relation to healthy individuals, nor could they establish
whether the effects of MAP are differently effective in ADHD
patients and in nonclinical populations.

Because meditation has also been shown to improve
cognitive efficiency during attentional tasks in the form of
less activation in various brain areas [45], it would make
sense that practices such as MAP would lead to enhanced
attentional performance. Hence, we aimed to investigate the
effect of the MAP protocol developed by Zylowska et al. [15]
on mood and quality of life (using validated questionnaires),
as well as attention (using the ANT and CPT II) in a
larger sample of adult ADHD patients of both sexes. We
controlled for any acute effects of methylphenidate asking
participants on the drug to abstain from their daily dose for
24 h before the study.We also controlled for practice effects by
including a control ADHD group that did not participate in
the MAP sessions (the nonintervention group). Additionally,
to compare the effects ofMAP in healthy controls andADHD
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patients, two groups of healthy controls were evaluated,
one of which participated in MAP and another did not.
Based on previous publications [9–11, 15, 43], we hypothe-
sized that MAP would exert positive effects on attentional
performance as a proxy for more efficient brain activation
during attention tasks [12, 13, 31, 32, 41, 45] in controls and
ADHD patients; we also believed that mood would improve
in both types of participants. Additionally, we hypothesized
that the adults with ADHD would benefit more from the
intervention because they have more affective problems and
symptoms of inattention and thus would have more room
for improvement. We also expected MAP to improve quality
of life in patients as a result of better mood and attentional
performance, as has been shown for nonclinical samples
[7, 8].

2. Methods

2.1. Participants. All the participants were selected according
to the following eligibility criteria: age between 18 and 45
years, more than 11 years of education, normal or corrected
vision, nonverbal intelligence quotient (IQ) within normal
range [46] (adapted for local use; see Campos [47]), no
prior experience with meditation practices, and for whom
Portuguese was the native language. Candidates diagnosed
with neurological disorders, psychosis, obsessive-compulsive
disorder, and Tourette syndrome or who were being treated
with psychoactive drugs for reasons other than ADHD were
not included in the sample. Participants were also excluded if
they scored more than 30 on the Beck Depression Inventory
(BDI [48], adapted for local use by Cunha [49]), which
indicates severe depression [50] and scored more than the
mean plus one standard deviation (see Andrade et al. [51]
on the Trait Anxiety Questionnaire of the State-Trait Anxiety
Inventory [52], adapted for local use by Biaggio and Nataĺıcio
[53]).

2.1.1. ADHD Patients. The patients were all diagnosed with
ADHD using the Structured Clinical Interview of the DSM-
IV and fulfilled the diagnostic criteria of theDSM-IV-TR [54].
The diagnosis was made by a psychiatrist who specialized
in ADHD. The Adult Self-Report Scale (ASRS; Kessler et
al. [55], adapted for local use by Mattos et al. [56]) was
used to classify and quantify ADHD symptoms. Some of
the patients were recruited by physicians from an adult
ADHD diagnosis and treatment program (Programa Déficit
de Atenção e Hiperatividade (PRODATH) of the Psychiatric
Institute of the Universidade de São Paulo (FMUSP)). Other
ADHD patients responded to calls for participants in the
media.

2.1.2. Healthy Participants. Thehealthy controls did not fulfill
criteria for ADHD but met the other eligibility criteria
described above. None of the controls took psychoactive
medication during the study.

2.2. Procedure. The study was approved by the Ethics Com-
mittee of the Universidade Federal de São Paulo and the
Universidade de São Paulo (CAAE 20530613.3.3001.0068)

and registered at the ClinicalTrials.gov website (Identifier
NCT01738334) and at the Registro Brasileiro de Ensaios
Cĺınicos website (Identifier RBR-8dmcnj). All the partici-
pants provided informed consent. Information about the
included and excluded patients can be found at the beginning
of the Results.

Not all of those who were interviewed were willing to
participate in MAP, and we were unable to recruit a sufficient
number of participants to allow a randomized study. Hence,
ours was a quasiexperimental pretest-posttest design with
nonequivalent groups in which participants could self-select
whether they would or would not participate in the MAP
intervention.

Testing took place in the mornings in two one-hour
sessions separated by approximately 10 weeks (baseline and
endpoint). During this interval, the participants either par-
ticipated in the eight-week MAP program or underwent
no intervention (see details below). Patients treated with
methylphenidate took their daily doses in the morning;
on testing days they were asked to take their medication
only after the experiment. Note that methylphenidate has
a relatively short elimination half-life irrespective of its
formulation, so that 24 h after their last dose the participants
should be free of acute effects of this drug [57].

Affect was measured using validated questionnaires
(symptoms of ADHD, mood, and quality of life; see below).
The attentional tests administered were the ANT and the
CPT II. The tests and questionnaires were administered in
a fixed order and were followed by other measures in part
of the sample in the preintervention session (a study that
investigated ADHD effects on different types of executive
functions, Bueno et al. [58]).

Following Zylowska et al.’s [15, 59] protocol, the mindful
awareness practices involved weekly two-hour-long group
sessions during eight weeks, as well as daily exercises to be
performed at home. MAP was conducted on different days
for the ADHD patients and the healthy controls.

2.3. Mindful Awareness Practices (MAP). The eight-week
group programwas adapted from clinical models of mindful-
ness training [60, 61] byZylowska et al. [15] andZylowska [59]
to address ADHD-related psychoeducational issues regard-
ing clinical, neurobiological, and etiological symptoms. The
material was translated into Portuguese with the permission
of the authors, adapted for use in Brazil for both ADHD
patients and healthy controls, and was administered by the
same highly experienced MAP practitioner. The patients and
controls formed separate groups, and the program involved
daily exercises to be performed at home (formal meditation
and mindfulness in daily living). Each session lasted two and
a half hours. Meditation was performed in a seated position,
with an emphasis on daily mindfulness. Each session began
with a short opening meditation, followed by a discussion
about the daily home exercises. After this, new exercises
were introduced and practiced by the group in each session,
followed by a discussion. Each session ended with a review
of the home practice exercises for the following week and a
group meditation. All the participants received three CDs to
help themwith the homemeditation practices, which were to
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be conducted at home for fiveminutes on weeks one and two,
10min onweeks three to five, and 15min onweeks six to eight
[15].Theparticipants kept a diary detailing theirmeditation at
homewhich allowed us tomeasure the frequency of the home
exercises. At the end of the program, the participants were
asked to rate their level of satisfaction with the intervention
on a 10-point scale (0 = totally unsatisfied; 10 = totally
satisfied).

2.4. Cognitive and Subjective Ratings

2.4.1. Subjective Rating Questionnaires

Adult ADHD Self-Report Scale (ASRS [55], Adapted for Local
Use by Mattos et al. [56]). This questionnaire consists of 18
items evaluated on a five-point scale ranging from never (no
symptoms) to very often (maximum symptoms). Half of the
items evaluate the intensity of usual symptoms of inattention,
and the other items evaluate hyperactivity/impulsivity symp-
toms.

Beck Depression Inventory (BDI [49], Adapted for Local Use
by Cunha [49]). This is a scale that contains 21 statements
regarding symptoms and attitudes related to depression. Each
statement is rated on a four-point scale ranging from neutral
to maximum severity. Respondents were asked to rate how
they felt in the previous week.

State-Trait Anxiety Inventory (STAI-T [52], Adapted for Local
Use by Biaggio and Nataĺıcio [53]). This is a self-evaluation
scale that contains 20 statements pertaining to anxiety symp-
toms rated on a four-point scale (1 = never; 4 = always).

Positive and Negative Affect Schedule—Expanded form
(PANAS-X [62], Adapted for Local Use by Peluso [63]). This
questionnaire consists of a list of 60 different feelings and
emotions. Respondents were asked to rate the extent to
which they had these moods during the past week using a
five-point scale (1 = very little or not at all; 5 = extremely).
Combinations of these ratings yield two higher-level
dimensions (positive affect and negative affect, including
10 feelings each) and 11 lower-order affective levels: fear,
sadness, guilt, hostility, shyness, fatigue, surprise, joviality,
self-assurance, attentiveness, and serenity. The scores for
each dimension were calculated by adding the ratings of all
emotions included in each level and dividing the total by
the number of emotions in each dimension, so that scores
ranged from 1 to 5.

Adult ADHD Quality of Life Questionnaire (AAQoL [64],
Adapted for Local Use byMattos et al. [23]).This scale consists
of 29 items rated on a five-point Likert scale (0 = not at
all/never; 5 = extremely/very often; each point receives a score of
25) that evaluate the level of difficulty in performing activities
of daily life grouped into four different areas: life productivity
(11 items), psychological health (6 items), life outlook (7
items), and relationships (5 items). Scores for negatively
worded items were reversed. Item scores were summed and
divided by item count to generate scores for each area and

the total score (29 items) and then transformed into 100-point
scales. Higher scores indicate better quality of life.

2.5. Attentional Tests

2.5.1. Attentional Network Test (ANT [33]). This task was
carried out exactly as described in the original work by
Fan et al. [33] and took approximately 25min. Briefly, each
trial began with the presentation of a fixation point on the
computer screen on which participants were instructed to
fix their eyes throughout the trial. After 400 to 1600ms,
an asterisk (cue) could be presented for 100ms to direct
attention to certain areas of the screen that did or did not
coincide with the area in which the targets were presented.
Therewere four cuemanipulations (see below). Four hundred
milliseconds after trials with cues, the target stimulus was
presented.This target stimulus was a central arrow presented
in a horizontal row including two flanker arrows to either
side of the target. These arrows could point either left or
right. The participants’ task was to indicate the direction in
which the central arrow was pointing by using the right or
left button of the mouse. These flankers could point in the
same direction as the target arrows (congruent condition,
which facilitates responses) or in the opposite direction
(incongruent condition, which makes the correct response
more difficult). The target stimulus remained onscreen for
a maximum of 1700ms or until the participants responded.
There was also a control condition that used lines as targets
instead of arrows.

Four types of cues conditions influenced task difficulty:
no cue, a condition in which only the fixation point was
presented and remained on the screen; central cue, in which
an asterisk was presented at the same location as the fixa-
tion point (this cue involves alerting because it orients the
attention to one location); double cue, in which asterisks were
presented simultaneously above and below the fixation point
(alerting is involved, but the spatial location is broader than
in the following condition); and spatial cue, in which the
asterisk always occurred in the same spatial location as the
target (both alerting and orienting are involved).

The dependent measures were the difference in hit reac-
tion times (RT), that is, when correct responses were given,
between the trials in which there were no cue and a double
cue (as a measure of alerting), the difference in hit RT
between the trials in which there were a central cue and a
spatial cue (orienting), and the difference in hit RT between
the trials in which there were congruent and incongruent
flankers (as a measure of executive control/conflict). Addi-
tionally, we analyzed other measures that are typical of the
CPT II [37] following Lundervold et al. [25]: (a) reaction
time and accuracy: the mean hit RT and the number of
hits and omission errors; (b) variability in response: the
standard error of the mean hit RT (hit RT SE) and variability
SE: the standard deviation of the 3 standard error values
calculated for each block; (c) sustained attention/vigilance
for interstimulus intervals (ISI) of 400ms: the slope of the
change in RT and in the standard error of the RT between
blocks (hit RT block change and hit SE block change,
resp.).
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55 patients were screened

7 were excluded:
2 had their BDI score higher than 30

5 used psychoactive substance other than methylphenidate

20 controls were screened

48 patients (34 on methylphenidate): 
24 meditation

24 no intervention

All controls were included

Initiated the study

20 controls:
10 meditation

10 no intervention

5 dropouts
3 meditation

2 no intervention

3 dropouts
2 meditation

1 no intervention

Completed the trial

43 patients (30 on methylphenidate):
21 meditation (14 on methylphenidate)

22 no intervention

17 controls:
8 meditation

9 no intervention

Figure 1: Flowchart of the participants (patients with ADHD and controls).

Before the participants began the task, they underwent a
training session involving 24 trials.The task consisted of three
blocks with 96 trials each, separated by a short interval. In
each block, the following conditions were randomized: 4 cue
conditions× 2 target locations× 2 target directions× 3 flanker
conditions × 2 repetitions.

2.5.2. Conner’s Continuous Performance Test (CPT II [37]).
This task lasts 14min and consists of 6 blocks in which all
letters of the alphabet are presented individually in random
order on a computer screen for 250ms each, with random
ISIs of 1, 2, or 4 s. Participants are instructed to press a key
whenever a letter is presented, except in the case of the
letter x (presented 36 times among the 324 letters presented),
for which they should inhibit the motor response. The
following measures were recorded: the number of omission
and commission errors, the mean hit RT, the variability of
standard error (variability of SE), the standard error of the
mean hit RT (hit RT SE), detectability (𝑑󸀠), response style (𝛽),
perseverative responses (reaction time less than 100ms), the
slope of the change in RT and in the standard error of RT
between blocks (hit RT block change and hit SE block change,
resp.), and the slope of change in RT and in the standard error
of RT as a function of the ISI (hit RT ISI change and hit SE ISI
change, resp.).

2.6. Statistical Analyses. The level of significance was 𝑃 ≤
0.05. We used general linear models (GLM) followed by
Tukey’s honest significant difference test (HSD) for unequal
size samples when factors interacted. The factors and levels
will be detailed in the Results. Only significant GLM and
post hoc effects will be described below. When two or
more factors interacted, only the higher-order effects will be
described. For measures that showed interactions between

intervention and session (there were no interactions of
these factors with health status; see below) the magnitude
of effects was determined through effect-size calculations
(Hedges g [65]) following the general rules of thumb to
classify effects sizes as small (<0.5), medium (between 0.5
and 0.8), and large (>0.8).These calculations were conducted
using change scores (the mean post- minus preinterven-
tion scores of participants who underwent MAP and those
who did not, divided by the pooled change-score standard
deviation), following Mitchell et al. [43]. To assess whether
MAP-associated alterations in mood/ADHD symptoms were
related to attentional enhancement, we calculated the Pearson
product moment correlations between the change scores
for attentional measures that benefitted from the MAP and
change scores in depression, anxiety, and ADHD symptoms
(ASRS).

3. Results

We screened 55 patients, and seven were excluded (two
because their BDI scores were higher than 30 and five
because they used psychoactive substances other than
methylphenidate). All 20 screened controls were included
in the study. Our final sample consisted of 48 patients (34
on methylphenidate) and 20 controls (see the flowchart in
Figure 1). Twenty-one patients (11 men) and eight controls (3
men) showed interest in participating in the MAP program.
The subjects who did not undergo the MAP intervention
between the two testing sessions included 22 ADHD patients
(12 men) and nine controls (4 men). Thirteen of the patients
had never been medicated for ADHD either by choice or
because their condition had not been previously identified;
seven of those patients participated in the MAP program.
The remainder of the patients usedmethylphenidate in stable
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doses for 2 to 60 months (mean ± SD: 16.9 ± 19.8 months),
fourteen of whom took part in the MAP.

Two ADHD participants and two healthy controls allo-
cated to the MAP intervention dropped out of the study for
personal reasons.Their data were excluded from the analyses.
Three control participants (two from the MAP group) did
not attend the reevaluation after the intervention period,
and their data were excluded. Our final sample consisted
of twenty-one ADHD patients (11 men) and eight controls
(3 men) who participated in MAP and twenty-two ADHD
patients (12 men) and nine controls (4 men) who underwent
no intervention. No adverse events associated with MAP
were brought to the experimenters’ attention. The doses of
methylphenidate of the patients taking medication did not
change during the study. Fourteen patients (8 men) taking
medication were in the intervention group, and sixteen (10
men) were in the nonintervention group.

3.1. Comparison of the Demographical Variables and Nonver-
bal IQ (Preintervention) of Patients and Controls (Table 1).
Demographic information was analyzed using group as
factor (ADHD patients who participated in MAP, ADHD
patients who did not participate in MAP, healthy controls
who participated in MAP, and healthy controls who did
not participate in MAP). There were no differences between
groups in demographic variables and IQ (all𝑃 values > 0.16).
Therefore, differences in attentional performance and subjec-
tive measures could not be attributed to these characteristics.

3.2. Home Practice and Satisfaction with MAP. See Table 1.

3.3. Effects of the MAP Intervention on Subjective Measures
(Table 2). For each dependent measure, GLMs were used
which included session (baseline = before the eight-week
intervention or nonintervention period; endpoint = after that
period) as a within-subject repeated measure factor; health
status (ADHD patients or healthy controls) and intervention
(MAP or no intervention) were used as between-subjects
factors. We focused on the following effects: the interactions
of intervention (MAP and no intervention) and session
(baseline and endpoint) to determine whether participants
willing to participate in MAP differed at baseline from
those who were not and whether at the endpoint session
measures were improved by MAP; the main effect of session
to determine practice effects; the main effects of health status
to show the measures in which patients and controls differed;
and the interaction of health status, intervention, and session
to determine if the MAP was differently effective in patients
and controls.

Regarding the questionnaires used in this study, overall,
the patients reported more symptoms of ADHD, depression,
anxiety, negative mood, and worse quality of life compared
with controls. Most of the variables under investigation
were sensitive to the MAP intervention, and in the majority
of cases this factor interacted with session. With a single
exception (subjective inattention on the ASRS), there were no
baseline differences between the participants who did and did
not participate in MAP. At the endpoint, positive mood and
quality of life increased and negative symptoms decreased

in the participants who underwent MAP, both in relation to
baseline and compared with the participants in the noninter-
vention condition.Therewere no interactions between health
status, session, and intervention (𝑃 values > 0.08), indicating
that there were no significant differences between the ADHD
patients and controls.This informationwill be detailed below.

The analysis of the ADHD symptoms evaluated by
ASRS (Table 2) showed health status effects for inattention
(𝐹
(1,56)
= 137.41; 𝑃 < 0.001) and hyperactivity-impulsivity

(𝐹
(1,56)
= 32.87; 𝑃 < 0.001), with ADHD patients reporting

more symptoms than the controls did. In both cases, there
was also an interaction between intervention and session.
For inattention (𝐹

(1,56)
= 20.23; 𝑃 < 0.001), the interaction

was explained by the fact that, before the intervention,
the participants who were willing to undergo MAP had
more symptoms than those who were not willing to do
so, while the opposite was true after the intervention (𝑃
values < 0.05); there were no session differences among the
participants who did not participate inMAP,while symptoms
decreased among those who participated inMAP (𝑃 < 0.01).
Inattention was the only measure that indicated a difference
at baseline between those who were willing to participate
in MAP and those who were not. The effect size on change
scores for those who did and did not participate in MAP
was large (𝑔 = −1.3). Figure 2 shows the effect sizes of
all the measures for which there was an interaction between
session and intervention.

For hyperactivity-impulsivity scores, there was also an
interaction between session and intervention (𝐹

(1,56)
= 7.83;

𝑃 = 0.01). At baseline, there were no significant differences
between intervention groups. Additionally, there were no
significant differences between the participants who did not
undergo MAP. Conversely, at the endpoint, those who par-
ticipated in MAP reported fewer symptoms compared with
their baseline scores and with those who did not participate
in MAP (𝑃 < 0.01). The effect size on the change scores for
those who participated in MAP and those who did not was
large (𝑔 = −0.8).

For the depression and anxiety scores obtained from
the BDI and STAI-T, respectively (Table 2), we found the
same pattern of GLM and post hoc effects that we found
for hyperactivity-impulsivity symptoms on the ASRS. There
was a main effect of health status, indicating that the ADHD
patients showed more symptoms on the BDI (𝐹

(1,56)
= 11.83;

𝑃 < 0.001) and STAI-T (𝐹
(1,56)
= 27.26; 𝑃 < 0.001). We

also found an interaction between session and intervention
for the BDI (𝐹

(1,56)
= 5.79; 𝑃 = 0.02) and STAI-T

(𝐹
(1,56)
= 5.59; 𝑃 = 0.02), which indicated no significant

difference between conditions at baseline and a MAP-related
improvement at endpoint compared with baseline and with
the participants who did not undergo intervention (𝑃 values
< 0.05), with no significant differences between sessions in
the nonintervention condition. Effect sizes for the BDI and
STAI-T measure considering the change scores of those who
participated in MAP and those did not were medium (𝑔 =
−0.7) and large (𝑔 = −0.8), respectively.

Regarding the PANAS-X (Table 2), therewas amain effect
of health status for most variables, which indicated worse
mood in the ADHD patients (negativeaffect: 𝐹

(1,56)
= 9.54,
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Table 1: Mean (standard deviation) of demographic information per group (control and patients with attention deficit hyperactivity disorder
(ADHD) submitted to mindful awareness practices (MAP) or to no intervention) and statistical comparison between them, times of at-home
practice, and rating of satisfaction with the programme in the groups submitted to the MAP.

Variable MAP control
(𝑁 = 8)

No intervention
control
(𝑁 = 9)

MAP
ADHD
(𝑁 = 21)

No intervention
ADHD
(𝑁 = 22)

𝑃

Demographics
Gender (men/women) 3/5 4/5 11/10 12/10
Age (years) 26.9 (3.9) 28.7 (5.5) 31.2 (7.5) 31.7 (7.8) 0.32
Education (years) 16.0 (2.8) 15.9 (2.0) 14.6 (2.4) 15.1 (3.2) 0.53
IQ Raven (number correct) 54.4 (1.7) 52.2 (7.4) 52.6 (3.7) 49.4 (7.4) 0.16

At-home practices (min)∗

Week 1 15.6 (11.2) 32.9 (17.6)
Week 2 21.3 (7.9) 19.8 (14.1)
Week 3 31.3 (18.1) 48.1 (27.3)
Week 4 37.5 (10.4) 52.9 (48.8)
Week 5 45.0 (10.7) 50.5 (42.8)
Week 6 54.4 (15.9) 49.7 (50.7)
Week 7 45.0 (16.0) 42.9 (57.6)
Week 8 48.8 (10.6) 33.6 (20.6)

Satisfaction (1–10 score) 9.3 (0.9) 9.3 (0.9) 0.82
∗No effect of health status or interaction with week, but there was an effect of week [𝐹 (7, 189) = 4.35; 𝑃 < 0.001]: practice in weeks 3–8 > weeks 1-2 (𝑃 < 0.001).

Affective 
measures

Attentionalmeasures

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6

A
SR

S-
in

at
te

nt
io

n
A

SR
S-

hy
pe

ra
ct

iv
ity

-im
pu

lsi
vi

ty
BD

I-
de

pr
es

sio
n

ST
A

I-
an

xi
et

y
PA

N
A

S-
X-

ne
ga

tiv
e a

ffe
ct

PA
N

A
S-

X-
po

sit
iv

e a
ffe

ct
PA

N
A

S-
X-

fe
ar

PA
N

A
S-

X-
sa

dn
es

s
PA

N
A

S-
X-

jo
vi

al
ity

PA
N

A
S-

X-
se

lf-
as

su
ra

nc
e

PA
N

A
S-

X-
at

te
nt

iv
en

es
s

PA
N

A
S-

X-
sh

yn
es

s
PA

N
A

S-
X-

fa
tig

ue
PA

N
A

S-
X-

se
re

ni
ty

A
AQ

oL
-li

fe
 p

ro
du

ct
iv

ity
A

AQ
oL

-p
sy

ch
ol

og
ic

al
 h

ea
lth

A
AQ

oL
-li

fe
 o

ut
lo

ok
A

AQ
oL

-r
el

at
io

ns
hi

ps
A

AQ
ol

-to
ta

l q
ua

lit
y 

of
 L

ife
A

N
T-

hi
t R

T 
bl

oc
k 

ch
an

ge
CP

T 
II

-c
om

m
iss

io
n 

er
ro

rs
CP

T 
II

-d
et

ec
ta

bi
lit

y

(H
ed

ge
sg

)

Figure 2: Effect sizes (Hedges g) of affective and attentional
measures for variables for which there was an interaction of session
and intervention factors considering change scores (post- minus
preintervention period). Dotted lines indicate medium effect sizes
(𝑔 > 0.5) and large effect sizes (𝑔 > 0.8). ASRS: Adult Self-
Report Scale, BDI: Beck Depression Inventory, STAI: trait anxiety of
the State-Trait Anxiety Inventory, PANAS-X: Positive and Negative
Affect Schedule—Expanded Form, AAQoL: Adult ADHD Quality
of Life Questionnaire, ANT: Attentional Network Task, CPT II:
Conner’s Continuous Performance Test, and Hit RT: reaction time
of correct responses.

𝑃 < 0.001; positive affect: 𝐹
(1,56)
= 4.88, 𝑃 = 0.03; sadness:

𝐹
(1,56)
= 4.95, 𝑃 = 0.03; joviality: 𝐹

(1,56)
= 10.08, 𝑃 < 0.001;

self-assurance: 𝐹
(1,56)
= 4.72, 𝑃 = 0.03; attentiveness: 𝐹

(1,56)
=

15.80, 𝑃 < 0.001; fatigue: 𝐹
(1,56)
= 4.41, 𝑃 = 0.04; and

serenity: 𝐹
(1,56)
= 14.05, 𝑃 < 0.001). For these same variables,

plus shyness and fear, we also found interactions between
session and intervention (negative affect: 𝐹

(1,56)
= 7.49,

𝑃 = 0.01; g = −0.7; positive affect: 𝐹
(1,56)
= 18.13, 𝑃 < 0.001;

𝑔 = 1.3; sadness: 𝐹
(1,56)
= 7.92, 𝑃 = 0.01; 𝑔 = −0.6; joviality:

𝐹
(1,56)
= 7.82, 𝑃 = 0.01; 𝑔 = 0.7; self-assurance: 𝐹

(1,56)
= 9.05,

𝑃 < 0.001; 𝑔 = 0.9; attentiveness: 𝐹
(1,56)
= 6.50, 𝑃 = 0.01;

𝑔 = 1.0; fatigue: 𝐹
(1,56)
= 4.80, 𝑃 = 0.03; 𝑔 = −0.8; serenity:

𝐹
(1,56)
= 7.13, 𝑃 = 0.01; 𝑔 = 0.8; shyness: 𝐹

(1,56)
= 10.24,

𝑃 < 0.001; 𝑔 = −1.0; fear: 𝐹
(1,56)
= 9.25, 𝑃 < 0.001;

𝑔 = −0.5). The pattern of post hoc effects was the same as
that observed for hyperactivity-impulsivity symptoms on the
ASRS and depression and anxiety scores (𝑃 values < 0.05).

Regarding quality of life assessed with the AAQoL ques-
tionnaire (Table 2), there was a main effect of health status
for all variables, indicating worse quality of life in the ADHD
patients (life productivity: 𝐹

(1,56)
= 30.45, 𝑃 < 0.001;

psychological health: 𝐹
(1,56)
= 16.50, 𝑃 < 0.001; life outlook:

𝐹
(1,56)
= 21.20, 𝑃 < 0.001; relationships: 𝐹

(1,56)
= 24.64, 𝑃 <

0.001; total quality of life: 𝐹
(1,56)
= 35.17, 𝑃 < 0.001). There

were also interactions between session and intervention for
all domains (life productivity: 𝐹

(1,56)
= 19.06, 𝑃 < 0.001;

𝑔 = 1.3; psychological health: 𝐹
(1,56)
= 8.67, 𝑃 < 0.001;

𝑔 = 0.9; life outlook: 𝐹
(1,56)
= 14.73, 𝑃 < 0.001; 𝑔 = 1.0;

relationships: 𝐹
(1,56)
= 8.76, 𝑃 < 0.001; 𝑔 = 0.9; total quality

of life 𝐹
(1,56)
= 28.13, 𝑃 < 0.001; 𝑔 = 1.5). These effects

followed the same general pattern described above, that
is, no significant difference between conditions at baseline,
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Table 2: Mean (standard deviation) scores on the Adult ADHD Self-Report Scale (ASRS), Beck Depression Inventory (BDI), State-
Trait Anxiety Inventory (STAI-T), Positive and Negative Affect Schedule—expanded form (PANAS-X), and Adult ADHD Quality of Life
Questionnaire (AAQoL) per group (control and patients with attention deficit hyperactivity disorder (ADHD) submitted to mindful
awareness practices (MAP) or to no intervention) at baseline and after the intervention period (endpoint) and significant effects.

Measure

Meditation No intervention Meditation No intervention
Control Control ADHD ADHD Significant
(𝑁 = 8) (𝑁 = 9) (𝑁 = 21) (𝑁 = 22) effects

Baseline Endpoint Baseline Endpoint Baseline Endpoint Baseline Endpoint
ASRS

Inattention 15.5 (3.3) 11.9 (3.4) 10.0 (2.8) 11.1 (5.1) 29.4 (3.9) 21.9 (5.1) 27.4 (5.9) 26.2 (4.9) H; S × I
Hyperactivity-
impulsivity 14.6 (4.1) 11.3 (3.5) 10.8 (4.4) 11.9 (3.2) 21.9 (7.1) 17.9 (5.6) 23.1 (6.9) 21.9 (6.5) H; S × I

Depression (BDI) 10.0 (8.2) 4.6 (2.7) 4.0 (3.0) 4.1 (2.0) 14.0 (7.9) 10.6 (9.5) 12.4 (7.7) 12.6 (8.2) H; S × I
Anxiety (STAI-T) 42.9 (6.2) 37.1 (3.3) 35.4 (3.9) 34.9 (8.5) 53.7 (11.7) 45.5 (11.3) 52.2 (11.2) 51.6 (10.2) H; S × I

PANAS-X
Negative affect 2.1 (1.1) 1.4 (0.2) 1.5 (0.4) 1.5 (0.4) 2.2 (0.8) 1.8 (0.7) 2.3 (0.7) 2.4 (0.8) H; S × I
Positive affect 2.5 (0.8) 3.2 (0.9) 3.0 (0.5) 3.0 (0.5) 2.3 (0.6) 2.6 (0.7) 2.7 (0.8) 2.4 (0.7) H; S × I
Fear 2.0 (1.0) 1.3 (0.2) 1.4 (0.2) 1.7 (0.6) 1.9 (0.7) 1.6 (0.7) 2.0 (0.6) 2.0 (0.6) S × I
Hostility 1.9 (0.8) 2.6 (3.8) 1.4 (0.4) 1.4 (0.2) 2.1 (0.9) 1.7 (0.7) 2.1 (0.8) 2.1 (0.7)
Guilt 2.0 (0.9) 2.6 (3.8) 1.5 (0.4) 1.7 (0.7) 2.0 (0.9) 1.5 (0.5) 2.0 (0.9) 2.2 (1.0)
Sadness 2.0 (0.7) 1.3 (0.3) 1.4 (0.4) 1.6 (0.8) 2.2 (1.1) 1.8 (1.1) 2.1 (1.0) 2.4 (2.1) H; S × I
Joviality 2.7 (0.9) 3.3 (1.1) 3.0 (0.6) 2.7 (0.5) 2.2 (0.6) 2.5 (0.9) 2.5 (0.8) 2.2 (0.7) H; S × I
Self-assurance 2.1 (0.6) 2.7 (0.9) 3.3 (1.2) 3.2 (1.2) 2.0 (0.5) 2.7 (1.0) 2.5 (0.9) 2.4 (0.7) H; S × I
Attentiveness 3.1 (0.8) 3.3 (0.7) 3.3 (0.7) 3.4 (0.5) 2.2 (0.7) 2.8 (0.7) 2.5 (0.9) 2.4 (0.8) H; S × I
Shyness 2.2 (1.0) 1.4 (0.4) 1.9 (0.6) 1.7 (0.4) 2.0 (0.8) 1.3 (0.4) 2.1 (0.8) 2.0 (0.8) S × I
Fatigue 2.6 (1.3) 2.0 (0.5) 2.1 (0.8) 2.0 (0.7) 2.9 (0.7) 2.3 (1.0) 2.5 (0.7) 2.6 (0.9) H; S × I
Serenity 2.7 (0.6) 3.2 (0.6) 2.9 (0.6) 3.0 (0.7) 2.2 (0.6) 2.7 (0.7) 2.4 (0.7) 2.3 (0.5) H; S × I
Surprise 1.6 (0.7) 1.6 (0.7) 1.7 (0.8) 1.5 (0.5) 1.5 (0.6) 1.7 (0.8) 1.9 (0.9) 1.7 (0.6)

AAQoL
Life productivity 64.5 (15.5) 77.8 (10.2) 63.4 (21.2) 61.3 (19.6) 34.4 (13.2) 57.1 (10.4) 38.4 (20.4) 43.3 (17.0) H; S × I
Psychological health 60.9 (16.4) 65.3 (13.1) 64.4 (17.2) 58.3 (17.9) 39.5 (15.1) 57.7 (17.5) 39.4 (19.1) 42.2 (16.2) H; S × I
Life outlook 56.3 (12.2) 76.4 (13.0) 66.0 (9.7) 67.5 (10.2) 48.2 (16.1) 60.4 (16.4) 45.9 (16.9) 43.2 (15.5) H; S × I
Relationships 63.1 (20.2) 71.3 (14.3) 70.0 (16.4) 65.6 (18.1) 43.1 (15.9) 60.7 (13.2) 43.4 (18.9) 44.1 (15.0) H; S × I
Total quality of life 61.2 (12.5) 72.7 (9.3) 66.0 (14.3) 63.2 (12.5) 41.3 (11.8) 59.0 (12.1) 41.8 (14.1) 43.2 (11.9) H; S × I

H: effect of health status (ADHD versus controls); S: effect of session (baseline versus endpoint) or practice effect; I: effect of intervention (MAP versus no
intervention); ×: interaction of factors (𝑃 values < 0.05). See text for details on the statistical analysis.

and improvement after MAP at endpoint compared with
baseline and with participants who did undergo intervention
(𝑃 values < 0.001); additionally, there was no significant
difference in performance between sessions in participants
who did not participate in MAP.

3.4. Effects of MAP on Attentional Performance Measures
(Table 3). We employed the same GLMs and factors that
were used to evaluate affective measures. The pattern of
effects on attention performance differed from the pattern
of effects on affective ratings. On the ANT, there were no
effects of health status alone and no interaction between this
factor and others. Regarding the effects of session (practice
effects), we obtained various indications that the task was
sensitive to practice effects because performance was better
at the endpoint than at baseline for the variables executive
control/conflict (𝐹

(1,56)
= 12.80; 𝑃 < 0.001), hit RT

(𝐹
(1,56)
= 11.57; 𝑃 < 0.001), accuracy (𝐹

(1,56)
= 31.33; 𝑃 <

0.001), omission errors (𝐹
(1,56)
= 50.55; 𝑃 < 0.001), hit

RT SE (𝐹
(1,56)
= 7.29; 𝑃 = 0.01), and hit SE block change

(𝐹
(1,56)
= 4.90; 𝑃 = 0.03).

However, there were also positive effects of the MAP
intervention irrespective of health status (see Figure 2 for the
effect sizes of the intervention). The intervention interacted
with session for the hit RT block change measure (𝐹

(1,56)
=

8.16; 𝑃 = 0.01; 𝑔 = −0.9). The pattern of post hoc contrasts
was the same as that observed for most of the affective
measures: there were no significant differences between
conditions at baseline, but at endpoint the MAP intervention
improved scores compared with baseline and with the scores
of the participants who did not participate in the intervention
(P values< 0.05), whichwere not statistically different at both
sessions.
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Regarding the CPT II (Table 3), a main effect of health
status was found for commission errors (𝐹

(1,56)
= 6.88;

𝑃 = 0.01) and detectability (𝐹
(1,56)
= 4.06; 𝑃 = 0.05);

the ADHD patients displayed worse scores, as expected.
Furthermore, there was an interaction between session and
intervention for both of these variables (commission errors
𝐹
(1,56)
= 8.74; 𝑃 < 0.001; 𝑔 = −0.9; detectability 𝐹

(1,56)
=

13.24; 𝑃 < 0.001; 𝑔 = 1.1), again with the same post hoc
beneficial effects of MAP that were described for affective
measures and hit RT block change on the ANT.

Changes in depression and anxiety scores did not cor-
relate with performance changes in any of the attentional
changes (𝑃 values > 0.15). Low correlations were found
between ADHD symptoms and attentional measures: inat-
tention ratings correlated with commission errors (𝑅 = 0.38;
𝑃 = 0.003) and detectability (𝑅 = −0.29; 𝑃 = 0.02), while
hyperactivity-impulsivity ratings correlatedwith commission
errors (𝑅 = 0.35; 𝑃 = 0.006) and detectability (𝑅 = −0.30;
𝑃 = 0.02).

4. Discussion

Overall, we found that the adults with ADHD had worse
affective ratings, quality of life, and attentional performance
compared with controls and that MAP improved measures
in all of these parameters, in accordance with our hypothesis.
However, these effects did not show significant differences
between controls and patients, a finding that we did not
expect given the larger number and greater intensity of
negative symptoms in the patients.Most of theMAP-induced
effects reached large effect sizes, which attests to the clinical
importance of our findings.

First, we should address a possible difference between
the individuals who were willing to participate in MAP
and those who were not. We found only one difference
at baseline between these groups of individuals, which did
not interact with health status; therefore, we believe that
our quasiexperimental design, though not ideal, did not
negatively impact our main findings of the beneficial effects
of the MAP. Among the 21 subjective measures evaluated
at baseline, the ADHD patients and healthy controls who
wanted to participate in the intervention (meditation ADHD
and meditation control, resp.) rated themselves similarly
to those who did not want to participate (no intervention
ADHD and no intervention control, resp.). These measures
were related to the scores of ASRS measures of inattention,
hyperactivity-impulsivity, Beck Depression, STAI anxiety,
PANAS-X measures of negative affect, positive affect, fear,
hostility, guilt, sadness, joviality, self-assurance, shyness,
fatigue, serenity, and surprise, as well as the quality of life
measures, that is, life productivity, psychological health, life
outlook, relationships, and total quality of life, except that
the meditation ADHD and meditation control (intervention
groups) reported being less attentive compared with the
no intervention ADHD and no intervention control groups
in the PANAS-X attentiveness score. However, there was
no objective indication of worse attentiveness among these
individuals on any of the 22 objective attentional measures
on the ANT and CPT II measures. Hence, we believe that this

sole effect does not reflect an actual difference in the profile
of the participants who did and did not undertake MAP.

Regarding subjective ratings of mood, the ADHD
patients reported more ADHD symptoms, depression, and
anxiety, as well as more negative and less positive affect
compared with healthy controls, as expected [24, 25]. MAP
improved these symptoms in the ADHD patients, in accor-
dance with the results of Mitchell et al. [43] and Zylowska
et al. [15], and in the healthy controls, as reported by Astin
[9], Jha et al. [10], and van den Hurk et al. [11]. Both the
participants with ADHD and the healthy control participants
found the intervention rewarding, as determined by their
high satisfaction ratings, and both groups were motivated
by MAP based on both their attendance of the weekly
sessions and the frequency and extent of their home practices.
In comparison, the mood ratings of the participants who
did not participate in the MAP program did not change
between sessions. This indicates that the affective state was
stable during the period during which the program took
place. Furthermore, the experience of having completed
the questionnaires previously did not alter the participants’
subjective ratings, so test-retest reliability seems to have been
adequate for these measures.

Regarding the assessment of quality of life with the
AAQol, which focuses on ADHD problems, we also showed
that the ADHD patients had worse ratings than the con-
trols did, as is commonly found [20], corroborating our
hypothesis. Additionally, the interaction between session
and intervention mirrored the above-mentioned beneficial
MAP-induced effect on mood; the patients and controls
reported greater life productivity and psychological health,
a better outlook on life, and improved relationship issues
after the intervention, and all effects sizes were large. This
finding also confirms findings that nonclinical populations
experience improved quality of life aftermindfulness training
[7, 8].

Concerning performance on attentional tasks, like others,
we observed that the ADHD patients showed impairment
on the CPT II measures commission errors, an indication
of impulsivity [38–40], and detectability, or the ability to
distinguish relevant from irrelevant information [30], which
is related to the concept of executive control [26]. The classic
ANT measures were not impaired in the ADHD patients at
baseline. This finding supports those of Lundervold et al.
[25] but differs from those of Lampe et al. [36], who showed
executive deficits, which we found using the CPT II. Hence,
it seems ideal to use both of these tasks to evaluate executive
attentional deficits in ADHD.

Concerning the attentional effects of MAP, the CPT II
measures that were impaired in ADHD patients at base-
line compared with controls (i.e., commission errors and
detectability) were improved by the intervention. Nonethe-
less, these effects were not specific to ADHD patients and
were also observed in the controls (interaction of inter-
vention and session). These results indicate better MAP-
induced regulation of behavior and/or self-control of impul-
sive tendencies [66] with the consequential potential for
improving attention and emotion [6, 27]. These attentional
changes, though, are most likely not wholly secondary to
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improvements in mood and ADHD symptoms, considering
that correlations were not present or low. This confirms
that MAP can alter brain functioning related to attentional
performance [12, 13, 31, 32, 41, 45].

Despite repetition of the attentional tasks (baseline and
endpoint), we did not find any measure on the CPT II that
exhibited practice effects (main effect of sessionwith no inter-
action with other factors), indicating that results were not
contaminated by a lack of test-retest reliability. In contrast,
various variables obtained from the ANT were susceptible to
repetition, as Ishigami and Klein [67] found, including the
executive/conflict measure, for which performance improved
at endpoint compared with baseline. Various other measures
derived from the ANT that are classical CPT II measures (see
[25]) were also improved at endpoint (hit RT, hit RT SE, hit SE
block change, omission errors, and accuracy) irrespective of
health status. Hence, MAP’s positive executive effects on the
ANT in ADHD patients, as reported by Zylowska et al. [15],
may have been caused by practice and not the intervention
itself. Note that these authors only compared performance
between baseline and after MAP in ADHD patients and
did not include a nonintervention control group. In contrast
and in agreement with our results, Mitchell et al. [43], who
controlled for practice effects, found that the same MAP
protocol that was used here and by Zylowska et al. [15] had
no beneficial effect on the classic ANT measures. Mitchell et
al. [43] also failed to findMAP-induced effects on the CPT II,
in contrast with our findings; this difference may be related
to a lack of power, as their sample of ADHD patients was
smaller.

Despite these practice effects, we did show objective
beneficial changes resulting fromMAP on a variable that was
not evaluated in the latter studies. The measure hit RT block
change, which was derived from the ANT data, improved
after the MAP intervention, and this can be attributed to
increases in the ability to sustain attention or vigilance [31,
32], an ability that is impaired in adults with ADHD [68] and
seems to improve after mindfulness practices [5]. However,
this effect is not commonly found when the CPT II is used
[38]. Interestingly, this effect was not shown for the analogous
measure obtained from the CPT data, or for the alerting
variable of the ANT, a concept that is highly similar to
sustained attention/vigilance (see [43]). Hence, it seems to
be useful to calculate CPT measures using the ANT results,
as proposed by Lundervold et al. [25], because doing so
increases the likelihood of detecting susceptibility to practice
effects and changes in attentional performance.

There are indications that mindfulness practices can
improve executive attention in inexperienced meditators,
especially after short-term programs (see [5]), but we did not
find such improvements using the ANT. However, we did
show a MAP-induced improvement in the CPT II variables
detectability and commission errors, in contrast with some
studies that used this task (see [5]).Thesemeasures are related
to the concept of executive attention because they involve
discriminating relevant from irrelevant visual signals, as well
as inhibitory processes [26]. According to Fernandez-Duque
et al. [26], this type of executive functioning relates to better
metacognitive monitoring, which involves control processes

such as conflict resolution and emotional regulation.This fits
nicely with the improvement in affect found here.

Thus, a series of our findings indicated that the ANT and
CPT are complementary in the present setting and should
be used together when evaluating MAP and/or ADHD
attentional effects. The measures were differently sensitive to
practice effects; CPT measures derived from ANT data indi-
catedMAP-induced improvement in sustained attention that
the CPT did not, and the variables on the CPT that indicate
executive functioning were positively affected by MAP, while
those variables on the ANTwere not. One possible reason for
this is that these tasks have different characteristics. Onemain
difference is that, in the ANT paradigm [33], the participant
must respond to all trials; therefore, impulsivity, which is
one of the main symptoms of ADHD [17–19], cannot be
shown. In other words, commission errors and detectability
cannot be determined in this task, and these variables are
susceptible to ADHD and were sensitive to improvement
with MAP. Another aspect of the ANT is that it involves
a fixed time interval of 400ms between the cues and the
target.This increases the predictability of the need to respond,
which is unlike the CPT, in which interstimulus intervals
vary. This is important because it has been shown that adults
with ADHD have deficits related to the estimation of time
intervals [69], which may contribute to the usefulness of
the CPT for detecting their attentional problems [37], as we
found here. On the other hand, this lack of variability in the
interstimulus intervals of the ANT may have enabled MAP-
induced sustained attention improvement to be detected.

One possible hypothesis for the comparable improvement
inmood, quality of life, and attentional performance between
the ADHD patients and healthy controls after MAP is that
our control groupwas small.With a larger sample, differences
might have become apparent. Additionally, these similar
results between groups may have resulted from the use of
a treatment program that was developed specifically for
adults with ADHD (see details in Zylowska et al. [15] and
Zylowska [59]). Thus, the intervention used in our study
may have led to specific improvement in aspects that are
impaired in this clinical condition. It is therefore possible that
other mindfulness programsmay lead to different attentional
performance improvements in healthy adults, as found by
Tang et al. [70]. This is especially true considering that
the effects found here for the control group indicated that
attention has room for improvement byMAP, even in healthy
individuals.

There were limitations to our study apart from the small
number of control participants. Like Zylowska et al.’s [59]
study, our study was not a randomized trial, as would have
been ideal, because we were not able to recruit a sufficiently
large sample of subjects who fit the eligibility criteria and
were willing to practice meditation. Likewise, in our study,
the experimenter was not blind to the treatment, as seems
to have occurred in Zylowska et al.’s work. However, we
believe that this did not compromise our data because the
ADHD patients and controls who agreed to participate in the
intervention and those who did not did not differ in terms
of demographic variables or IQ or on any subjective measure
except inattention.
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It can also not be excluded that the awareness of par-
ticipants that they would be submitted to the intervention
biased the observed effects. However, we would expect this
to influence only subjective measures and not the attentional
ones, which were also improved, suggesting that our data
do not reflect pure expectation effects. The possibility that
patients with different ADHD subtypes would have reacted
differently to the MAP intervention cannot be excluded,
especially because people with different subtypes seem to
perform differently on the ANT [71] and CPT II [72]. It must
be considered, however, that new guidelines do not propose
ADHD subtypes as separate clinical representations because
they are not developmentally stable (see [20]). Age and
gender specific effects must also be investigated, as should
the impact ofMAPon nonmedicated andmedicated patients.
Unfortunately, our sample was not large enough to conduct
the latter types of analyses. Finally, our indirect measures of
MAP-induced improvement in brain functioning in the form
of better attentional performance should incentivize future
investigations into the cognitive systems that are at play in
this phenomenon.

4.1. Conclusions. Mindfulness awareness practices improved
affective symptoms, quality of life, and attentional perfor-
mance (sustained attention and executive control) in adult
ADHD patients and controls. Hence, this intervention can
be considered a useful complementary treatment for adults
with ADHD that also has the potential to enhance attention,
mood, and quality of life in nonclinical populations.
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and W. Deberdt, “Differential diagnosis, comorbidity, and
treatment of attention-deficit/hyperactivity disorder in relation
to bipolar disorder or borderline personality disorder in adults,”
Current Medical Research and Opinion, vol. 30, pp. 1657–1672,
2014.

[21] R. A. Barkley, “Attention-deficit/hyperactivity disorder,” in
Assessment of Childhood Disorders, Guilford Press, New York,
NY, USA, 1997.

[22] R. A. Barkley and K. R. Murphy, “Impairment in occupational
functioning and adult ADHD: the predictive utility of executive
function (EF) ratings versus EF tests,” Archives of Clinical
Neuropsychology, vol. 25, no. 3, pp. 157–173, 2010.

[23] P. Mattos, D. Segenreich, G. M. Dias, E. Saboya, G. Coutinho,
and M. Brod, “Semantic validation of the Portuguese version
of the adult attention-deficit disorder/hyperactivity disorder
(ADHD) Quality of Life Questionnaire (AAQoL),” Revista de
Psiquiatria Clinica, vol. 38, no. 3, pp. 87–90, 2011.

[24] C. Gawrilow, J. Merkt, H. Goossens-Merkt, S. Bodenburg,
and M. Wendt, “Multitasking in adults with ADHD,” ADHD
Attention Deficit and Hyperactivity Disorders, vol. 3, no. 3, pp.
253–264, 2011.

[25] A. J. Lundervold, S. Adolfsdottir, H. Halleland, A. Halmøy, K.
Plessen, and J. Haavik, “Attention Network Test in adults with
ADHD—the impact of affective fluctuations,” Behavioral and
Brain Functions, vol. 7, article 27, 2011.

[26] D. Fernandez-Duque, J. A. Baird, and M. I. Posner, “Executive
attention and metacognitive regulation,” Consciousness and
Cognition, vol. 9, no. 2, pp. 288–307, 2000.

[27] B. K. Sahdra, K. A. MacLean, E. Ferrer et al., “Enhanced
response inhibition during intensive meditation training pre-
dicts improvements in self-reported adaptive socioemotional
functioning,” Emotion, vol. 11, no. 2, pp. 299–312, 2011.

[28] A. R. Cassone, “Mindfulness training as an adjunct to evidence-
based treatment for ADHD within families,” Journal of Atten-
tion Disorders, 2013.

[29] R. A. Barkley, “Differential diagnosis of adults with ADHD: the
role of executive function and self-regulation,” The Journal of
Clinical Psychiatry, vol. 71, no. 7, article e17, 2010.

[30] A. M. Boonstra, J. J. S. Kooij, J. Oosterlaan, J. A. Sergeant,
and J. K. Buitelaar, “Does methylphenidate improve inhibition
and other cognitive abilities in adults with childhood-onset
ADHD?” Journal of Clinical and Experimental Neuropsychology,
vol. 27, no. 3, pp. 278–298, 2005.

[31] M. I. Posner and S. E. Petersen, “The attention system of the
human brain,” Annual Review of Neuroscience, vol. 13, pp. 25–
42, 1990.

[32] S. E. Petersen and M. I. Posner, “The attention system of the
humanbrain: 20 years after,”Annual Review ofNeuroscience, vol.
35, pp. 73–89, 2012.

[33] J. Fan, B. D. McCandliss, T. Sommer, A. Raz, and M. I.
Posner, “Testing the efficiency and independence of attentional
networks,” Journal of Cognitive Neuroscience, vol. 14, no. 3, pp.
340–347, 2002.

[34] M. I. Posner, “Orienting of attention,” Quarterly Journal of
Experimental Psychology, vol. 32, no. 1, pp. 3–25, 1980.

[35] B. A. Eriksen and C. W. Eriksen, “Effects of noise letters
upon the identification of a target letter in a nonsearch task,”
Perception & Psychophysics, vol. 16, no. 1, pp. 143–149, 1974.

[36] K. Lampe, K. Konrad, S. Kroener, K. Fast, H. J. Kunert, and S. C.
Herpertz, “Neuropsychological and behavioural disinhibition
in adult ADHD compared to borderline personality disorder,”
Psychological Medicine, vol. 37, no. 12, pp. 1717–1729, 2007.

[37] C. K. Conners, Conners’ Continuous Performance Test, Multi
Health Systems, North Tonawanda, NY, USA, 2002.

[38] A. S. Hervey, J. N. Epstein, and J. F. Curry, “Neuropsychology
of adults with attention-deficit/hyperactivity disorder: a meta-
analytic review,” Neuropsychology, vol. 18, no. 3, pp. 485–503,
2004.

[39] L. F. Malloy-Diniz, D. Fuentes, W. B. Leite, H. Correa, and A.
Bechara, “Impulsive behavior in adults with attention deficit/
hyperactivity disorder: characterization of attentional, motor
and cognitive impulsiveness,” Journal of the International Neu-
ropsychological Society, vol. 13, no. 4, pp. 693–698, 2007.

[40] A. M. Boonstra, J. J. S. Kooij, J. Oosterlaan, J. A. Sergeant, and J.
K. Buitelaar, “To act or not to act, that’s the problem: primarily
inhibition difficulties in adult ADHD,”Neuropsychology, vol. 24,
no. 2, pp. 209–221, 2010.

[41] M.G. Tana, E.Montin, S. Cerutti, andA.M. Bianchi, “Exploring
cortical attentional system by using fMRI during a continuous
perfomance test,” Computational Intelligence and Neuroscience,
vol. 2010, Article ID 329213, 6 pages, 2010.

[42] S. A. Safren, S. Sprich, M. J. Mimiaga et al., “Cognitive
behavioral therapy vs relaxation with educational support for
medication-treated adults with ADHD and persistent symp-
toms: a randomized controlled trial,” JAMA—Journal of the
AmericanMedical Association, vol. 304, no. 8, pp. 875–880, 2010.

[43] J. T. Mitchell, E. M. McIntyre, J. S. English, M. F. Dennis, J.
C. Beckham, and S. H. Kollins, “A pilot trial of mindfulness
meditation training for ADHD in adulthood: impact on core
symptoms, executive functioning, and emotion dysregulation,”
Journal of Attention Disorders, 2013.

[44] C.Advokat, “What are the cognitive effects of stimulantmedica-
tions? Emphasis on adults with attention-deficit/hyperactivity
disorder (ADHD),” Neuroscience & Biobehavioral Reviews, vol.
34, no. 8, pp. 1256–1266, 2010.

[45] E. H. Kozasa, J. R. Sato, S. S. Lacerda et al., “Meditation training
increases brain efficiency in an attention task,”NeuroImage, vol.
59, no. 1, pp. 745–749, 2012.

[46] J. C. Raven, Guide to Using Progressive Matrices, H. K. Lewis &
Co, London, UK, 1947.

[47] F. Campos, Teste das Matrizes Progressivas—Escala Geral,
CEPA, Rio de Janeiro, Brasil, 2003.

[48] A. T. Beck, C. H.Ward, M.Mendelson, J. Mock, and J. Erbaugh,
“An inventory for measuring depression,” Archives of General
Psychiatry, vol. 4, pp. 561–571, 1961.

[49] J. A. Cunha, Manual da versão em português das Escalas Beck,
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M. Romano, “Adaptação transcultural da escala ASRS-18 (ver-
são1.1) para avaliação do transtorno de déficit de atenção
e hiperatividade em adultos para o português,” Revista de
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