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Abstract:

Background:

Methylphenidate (MPH) is the most commonly used medication for Attention-Deficit/Hyperactivity Disorder (ADHD), but to date, there are
neither consistent nor sufficient findings on conditions differentiating responsiveness to MPH response in ADHD.

Objective:

To develop a predictive model  of  MPH response,  using a longitudinal  and naturalistic  follow-up study,  in a Spanish sample of  children and
adolescents with ADHD.

Methods:

We included all children and adolescents with ADHD treated with MPH in our outpatient Clinic (2005 to 2015), evaluated with the K-SADS
interview. We collected ADHD-RS-IV.es and CGI-S scores at baseline and at follow up, and neuropsychological testing (WISC-IV, Continuous
Performance Test (CPT-II) & Stroop). Clinical response was defined as >30% reduction from baseline of total ADHD-RS-IV.es score and CGI-S
final score of 1 or 2 maintained for the previous 3 months.

Results:

We  included  518  children  and  adolescents  with  ADHD,  mean  (SD)  age  of  patients  was  11.4  (3.3)  years  old;  79%  male;  51.7%  had  no
comorbidities; and 75.31% had clinical response to a mean MPH dose of 1.2 mg/kg/day. Lower ADHD-RS-IV.es scores, absence of comorbidities
(oppositional-defiant symptoms, depressive symptoms and alcohol/cannabis use), fewer altered neuropsychological tests, higher total IQ and low
commission errors in CPT-II, were significantly associated with a complete clinical response to methylphenidate treatment.

Conclusion:

Oppositional-defiant  symptoms,  depressive  symptoms,  and  a  higher  number  of  impaired  neuropsychological  tests  are  associated  with  worse
clinical response to methylphenidate. Other stimulants or non-stimulants treatment may be considered when these clinical and neuropsychological
variables converged in the first clinical interview.
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1. INTRODUCTION

Attention-Deficit/Hyperactivity  Disorder  (ADHD)  is  a
heter-ogeneous  neurodevelopmental  disorder  defined  as
develop-mentally  inappropriate  levels  of  hyperactivity,
impulsivity  and/or  inattention  [1,  2].  Prevalence  is  stable

internationally, with rates in children and adolescents of 7.2%
(95%  CI  6.7-7.8)  [3,  4].  Boys:  girls’  ratio  is  3-4:1  in
epidemiological  samples  [3]  and  7-8:1  in  clinical  samples,
suggesting  referral  bias  against  girls  [5].  A  gold  standard
assessment  for  diagnoses  should  include  structured  clinical
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interviews  with  the  patient  and  parents,  information  from
teachers’  questionnaires  or  interviews  [6]  and  neuropsy-
chological  evaluation  of  intellectual  function  and  Executive
Function (EF) [7].

ADHD  may  be  associated  with  multiple  neuropsy-
chological deficits [8 - 12], particularly in the measures of EF
[13 - 17]. These studies conclude that the differences between
ADHD and  controls  are  focused  on  inhibition  [18],  working
memory [19, 20], attentional set-shifting and planning [21, 22],
reaction time variability [23, 24], and emotional dysregulation
[25]. However, not all children with ADHD have EF deficits
[8,  26],  some  patients  display  a  single  deficit,  while  others
suffer multiple deficits [27, 28].

Available psychopharmacological treatments with good to
moderate effect sizes include stimulants (methylphenidate and
lisdexamfetamine), and non-stimulants medications (atomoxe-
tine  and  alfa-agonist  agents  guanfacine  and  clonidine)  [29].
About 66% of studies, showed positive cognitive effects with
MPH treatment [30]. However, not all patients have an optimal
clinical  response  to  treatment  [31].  Whilst  around  65%  of
children  diagnosed  with  ADHD  tolerate  and  respond  to
Methylphenidate  (MPH),  35%  will  not  [32,  33].

One source of suboptimal response could be comorbidity.
Given that ADHD is highly comorbid [34], investigations have
studied  the  potential  role  of  comorbidity  in  the  individual
variation  of  MPH  response,  but  findings  were  inconclusive.
Typically,  the  best  pharmacotherapy  response  has  been
obtained in  patients  with  ADHD without  comorbidities  [35].
Few studies have found that ADHD children with or without
the  presence  of  anxiety,  Conduct  Disorder  (CD)  or
Oppositional Defiant Disorders (ODD) responded equally well
to  MPH  [36  -  39].  However,  other  studies  found  that  the
presence of comorbid anxiety, ODD, or CD is associated with a
worse MPH response [40 - 42]. Other comorbidities, such as
substance use disorder (SUD), present in up to 50% of ADHD
patients [43], are also associated with worse MPH response in
most studies [35, 44].

In the last decades, the interest in finding predictive factors
of response to different treatments has increased. Coghill and
colleagues, found in a randomized placebo-controlled trial that
poor performance on a “delayed matching to sample” (DMtS)
task  at  baseline  was  the  only  pre-treatment  factor  that
correlated with clinical response to MPH [19]. However, they
concluded that their model required a wide range of measures
[19,  45].  Denney  and  Rapport  also  evaluated  several  MPH
response predictive models (empirical, homeostatic, attentional
and  disinhibition),  but  none  of  these  models  predicted  MPH
response  in  children  with  ADHD.  They  suggested  that  a
comprehensive model of MPH response would need to include
both biological and behavioral components [45].

To  date,  there  are  no  objective,  clinical  or  biological
markers that can robustly predict MPH treatment in patients
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with ADHD [36,  46].  Given the importance of  clinical  clues
that  may  help  physicians  to  accurately  choose  the  optimal
treatment from each individual patient, our goal is to develop a
predictive  model  of  response  to  MPH  based  on
neuropsychological and clinical variables in a Spanish sample
of children and adolescents with ADHD.

2. MATERIALS AND METHODS

2.1. Patients

We included consecutively all drug-naïve patients aged 6
to  <  18  years  old  diagnosed  with  ADHD  treated  with
methylphenidate for at least three months. We follow them up
from  January  2000  to  April  2015.  ADHD  was  diagnosed
according to DSM-IV-TR criteria [47] using a Kiddie-Schedule
for  Affective  Disorders  and  Schizophrenia-Present  and
Lifetime  Version  (KSADS-PL)  interview  template  [48]  by
experienced child and adolescent psychiatrists. All clinical data
and neuropsychological tests from the routine assessment were
collected  by  unblinded  Child  &  Adolescent  Psychiatrists  at
baseline,  defined  as  the  first  visit,  even  if  the  diagnosis  was
previously made by other specialists. Patients with commonly
comorbid  conditions;  ODD,  CD,  mood  or  anxiety  disorder
were not excluded from the study. Exclusion criteria included
patients  with  an  IQ  <80  or  with  a  comorbid  neurological
disease, or patients with ADHD taking other lisdexamfetamine,
atomoxetine or an alfa-agonist agent.

2.2. Materials

2.2.1. Clinical and Neuropsychological Variables

All patients were evaluated twice, at baseline (T1) and in
the last follow-up visit, defined as the last recorded visit (T2),
with these assessments:

Clinical variables
The  Spanish  version  of  the  ADHD-Rating
Scale  (ADHD-RS-IV.es)  [49,  50],  is  an  18-
item scale designed to reflect the presence of
ADHD-related  symptoms  of  inattention  and
hyperactivity  based  on  DSM-IV-TR  criteria.
ADHD-RS-IV.es  scores  range  from  0  to  54,
with  higher  scores  indicating  more  severe
symptoms.
The SNAP-IV [51],  is  a 26-item scale which
includes  the  18  ADHD  symptoms  (9  for
inattentive, 9 for hyperactive/impulsive) and 8
Oppositional and Defiant Disorder symptoms
specified in the DSM-IV-TR. In our study, we
only used the ODD-subscale score (SNAP-IV
ODD-s) to evaluate ODD symptoms.
CGI-S (Clinical  Global  Impressions  Severity
scale)  [52],  provides  an  overall  clinician-
determined summary measure  that  takes  into
account  all  available  information  and  the
impact  of  the  symptoms  on  the  patient’s
ability to function. It is scored on a scale of 1
(normal, not at all ill) to 7 (severely ill).

Neuropsychological variables: IQ, based on:
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Wechsler Intelligence Scale Revised (WISC-
IV) [53, 54], T-IQ scores were classified in the
following  seven  levels:  ≥130,  very  superior;
120-129,  superior;  110-119,  normal-high;
90-109,  normal;  80-89,  normal-low;  70-79,
borderline;  and  ≤69,  intellectual  dysfunc-
tion/disability.
Stroop color word Test (SCWT) [55] evaluates
the  cognitive  function  of  inhibitory  control
(Interference)  in  the  clinical  setting  and
requires the inhibition of competing responses
[56 - 59].
The Conners’ Continuous Performance Test II
(CPT-II)  [60]  that  measures  the  ability  to
maintain focused attention over longer periods
of  time  (usually  5-20  minutes)  while
responding  to  a  target  stimuli  and  inhibiting
responses  to  non-target  stimuli  [61]  and
produces  multiple  dependent  variables:
Omission,  Commission,  Response  Time,
Variability  of  Standard  Error,  and
Detectability.

To evaluate the tasks described above, we use a total
predictive value (TPV) of ≥ 60% as a general criterion
for  diagnostic  efficiency  [62].  The  altered
neuropsychological test was defined by the criterion of
Doyle and Biederman [28] that found that the cut-off
of 1.0 SD below the controls' mean (1 SD cut-off rule)
provided  the  most  efficient  diagnostic  profile  across
different  tests.  We  used  this  cut-off  to  define  which
test was altered or not in our patients with ADHD, and
we also evaluated how many neuropsychological tests
were altered to see if there was a correlation with MPH
response.

2.2.2. Clinical Response to Treatment

We  used  the  definition  of  treatment  response  most
used in randomized clinical trials which are based on
data  from  scales  filled  by  parents  [29,  63  -  68].
“Complete Response” was defined as the presence of a
≥30% reduction in ADHD-RS-IV.es total  score from
baseline and a final CGI-S score of 1 or 2 points that
lasted  at  least  three  months.  We  defined  “Partial

Response” as a reduction of <30% in ADHD-RS-IV.es
total score from baseline and/or a CGI-S reduction of
≥2  points  from  baseline  but  no  more  than  3  points.
“Non-response”  was  defined  as  no  variations  or
deterioration in ADHD-RS-IV.es and/or CGI-S scores.
We also divided our sample into a two-variable clinical
response to treatment based on a CGI-S score filled by
the physician in each visit. A “complete response” to
MPH  was  defined  by  1  or  2  points  at  T2  that
correspond  to  an  ADHD-RS-IV.es  total  score
reduction  from  baseline  of  30-50%  [69,  70].

2.3. Statistical Analyses

Differences in ADHD-RS-IV.es and CGI-S over time were
analyzed  using  two-tailed  Τ-test.  Correlations  between
different  neuropsychological  variables  were  performed,
correlation coefficients Cohen [71], were interpreted as small
(r=0.10), medium (r=0.30) or large (r=0.50). All these variables
were  examined  in  relation  to  inattention  and  hyperactivity
symptoms.  Correlations,  multiple  regressions,  and  logistic
regressions  analyses  were  used  to  investigate  socio-
demographic, clinical, neuropsychological and psychopharma-
cological predictors of clinical response. Two-tailed p values
<.05  were  considered  statistically  significant.  A  statistician
supervised  all  analyses  and  they  were  conducted  using
statistical  package  SPSS  (SPSS  Inc.,  Chicago,  Illinois)  for
Windows  (v.20.0).

3. RESULTS

3.1. Sample Characteristics

A total of 518 children and adolescents (79.7% boys; mean
age (SD): 11.40 (3.30) years old) were included in the study.
There  were  no  statistical  differences  between  boys  and  girls
neither in the age of onset (p>.1) nor in diagnostic presentation
(DSM-IV  subtype).  However,  the  mean  age-of-onset  in  the
inattentive  subtype  (or  current  presentation  on  DSM-5)  was
significantly  higher  than  in  the  combined  group  (p=.027).
Patients  had  a  mean  (SD)  follow-up  of  33  (22.8)  months.
According to the DSM-IV-TR, we classified ADHD into two
groups:  1.  Inattentive  subtype  (31.7%)  and  2.  Hyperactive-
impulsive  and  Combined  presentations  (68.3%).  The  mean
(SD) MPH dose during the dose-maintenance period was 1.21
(0.41) mg/kg/day (Table 1).

Table 1. Sample characteristics in 518 children and adolescents with ADHD.

Total Sample Sex ADHD subtype Age of onset*
Boys Girls p IA C p Children Adolescents p

Age mean (SD) years 11.40 (3.3) 11.38 (3.2) 11.5 (3.69) > .1 11.9 (3.4) 11.2 (3.2) .027* 8.9 (1.7) 14.6 (1.8) <.001
Follow-up, months 33 (22.7) 32.4 (23.2) 35.3 (20.7) > .1 31.4 (20.8) 33.7 (23.6) > .1 37.7 (25.1) 27 (17.7) <.001

ADHD-RS-IV.es
T1 ADHD-RS-IV (SD) 29.9 (10.42) 30.71 (10.5 26.7 (9.6) <.001 28.82 (10.6) 30.4 (10.3) 31.7 (10) 27.6 (10.3)

Inattention score 17.85 (5.47) 18.2 (5.4) 16.6 (5.4) <.001 17.4 (5.8) 18 (5.3) >.1 17.9 (5.4) 17.8 (5.5) > .1
Hyperactive score 8.76 (6.0) 12.5 (7.1) 10.1 (6.4) <.001 11.4 (7.2) 12.3 (6.9) >.1 13.8 (6.8) 9.8 (6.7) <.001

T2 ADHD-RS-IV (SD) 23.33 (14.19) 24.2 (14.5) 20 (12.6) <.001 23.6 (15.7) 23.2 (13.4) 24.3 (14.1) 22 (14.2)
Inattention score 14.60 (8.7) 15.2 (8.9) 12.3 (7.6) <.001 14.8 (9.9) 14.5 (8.2) >.1 15.1 (8.6) 14 (8.7) > .1

Hyperactive score 8.76 (6.0) 9 (6.1) 7.7 (5.6) <.001 8.9 (6.5) 8.7 (5.8) >.1 9.2 (6) 8 .1 (6) .049
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Total Sample Sex ADHD subtype Age of onset*
Boys Girls p IA C p Children Adolescents p

T1-T2 ADHD-RS-IV <.001 <.001
SNAP-IV

T1 ODD score 10.08 (4.47) 10.1 (4.5) 8.7 (4.7) <.001 9.3 (4.7) 10.1 (4.5) >.1 9.9 (4.7) 9.9 (4.7) > .1
T2 ODD score 6.36 (5.0) 6.7 (5) 4.8 (4.5 <.001 6.2 (4.9) 6.4 (4.9) >.1 6.7 (5) 5.9 (5) > .1
T1-T2 ODD score <.001 <.001 <.001

CGI-S
T1 CGI-S 3.85 (0.77) 3.9 (0.8) 3.7 (0.8) .09 3.9 (0.7) 3.8 (0.8) >.1 3.8 (0.8) 3.9 (0.8) >.1
T2 CGI-S 2.71 (0.94) 2.7 (0.9) 2.6 (0.9) .06 2.7 (0.9) 2.7 (0.9) >.1 2.8 (0.9) 2.8 (0.9) .009
T1-T2 CGI-S <.001 <.001 <.001
Note: ADHD = Attention-deficit/hyperactivity disorder. ADHD subtype presentation: IA (inattentive); C (Combined). ADHD-RS-IV.es: ADHD rating scale-IV (Spanish
version). ODD: oppositional defiant disorder CGI-S: Clinical Global Impressions Severity Scale. T1: baseline; T2: end point-last follow-up visit.
p<0.005: statistically significant
*Children (<11.9y), Adolescents (12-18y)

We analyzed the prevalence of perinatal risk factors in our
sample following what is described in the literature (Park et al.,
2014).  In  our  sample  8.3% of  children  were  adopted,  10.6%
had  low  weight  at  birth  (<2,500  gr),  15.3%  had  prenatal
nicotine  exposure  and  10.6%  had  prenatal  alcohol  exposure.
Among  adolescents,  only  12%  reported  occasional  alcohol
consumption;  7.3%  smoked  cigarettes  and  7.3%  had  used
cannabis  (THC)  occasionally.  Almost  half  of  the  patients
(48.7%)  had  co-occurring  comorbidities:  23.6%  had
Oppositional  Defiant  Disorder  (ODD),  21.4%  had  anxiety
symptoms,  10.8% had comorbid depressive symptoms,  2.1%
had  Bipolar  Disorder  (BD)  and  0.4%  had  Obsessive-
Compulsive  Disorder  (OCD).

3.2. Neuropsychological Profile

We found that 48.3% of patients showed <1 SD from the
mean in at least one neuropsychological test that evaluates EF,
23%  showed  >1  SD  from  the  mean  in  one  test,  and  14.5%
showed > 1 SD in two tests (Table 2, Figs. 1 and 2).

WISC-IV: Total IQ (mean (SD): 99.31 (12.91)) did not
differ  significantly  (t-test,  p>.1)  neither  between
ADHD presentations (inattentive vs. combined) nor in
children vs. adolescents. The 79.7% of children had a
Total IQ score between 81 and 110, and 19.3% had a
Total IQ >111.
CPT-II:  In  the  CPT-II  test,  we  found  no  baseline
differences neither between boys vs. girls nor between
inattentive vs. combined ADHD presentations, (t-test,
p>.1).  We  found  that  children  were  more  likely  to
show  higher  scores  than  adolescents  in  all  CPT-II
measures (t-scores) (p<.05) with the exception of the
Commission Errors.
Interference,  Stroop  Task:  The  interference  effect
revealed  a  significant  main  effect  for  sex  and age  of
the  onset  but  not  for  ADHD  presentations.  Boys
showed higher interference (t=2.16, p=.032) than girls;
and  this  nterference  appears  to  decrease  with  age
(adolescents  vs.  children)  (t=-3.36,  p<.001).

Fig. (1). Proportion of ADHD patients with Altered Neuropsychological Tests.
Considering that the presence of a 1SD away from the average value of the healthy population in any of the test to evaluate the Executive Function
(EF) of ADHD patients, we found that a most patients showed no alteration in the different neuropsychological tests. These data suggest that not all
children with ADHD suffer from neuropsychological dysfunction.
Note  :  WISC= Wechsler  Intelligence  Scale  (IQ:  intelligence  quotient,  T-IQ :  Total  IQ,  V-IQ:  Verbal  IQ,  M-IQ:  Manipulative  IQ,  VC:  Verbal
Comprehension, PR: Perceptual Reasoning, WM: Working Memory, PS: Perceptual Reasoning) CPT-II: Conners’ Continuous Performance Test II
(CE: Commission Errors, OE: Omission Errors, Hit RT: Reaction Time,). STROOP: Stroop COLOR WORD Test (I= interference).

(Table 1) contd.....
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Table 2. Neuropsychological profile in 518 children and adolescents with ADHD.

Total Sample Sex ADHD subtype Age of onset
Boys Girls p IA C p Children Adolescents p

WISC-IV
Total IQ 99.30 100.06 96.38 <.001 99.08 99.08 >.1 99.37 99.23 >.1
V-IQ 101.16 102.58 94.89 <.001 101.13 101.22 >.1 100.09 102.50 >.1
M-IQ 99.59 99.89 98.24 >.1 99.43 99.94 >.1 98.78 100.60 >.1

VC 98.13 99.23 94.71 <.001 98.25 97.83 >.1 100.50 95.51 <.001
PR 97.14 99.70 99.76 >.1 99.21 100.88 >.1 102.64 96.47 <.001

WM 99.71 97.62 95.63 >.1 96.60 98.39 >.1 95.39 98.97 >.1
PS 96.59 95.53 99.64 >.1 96.78 96.13 >.1 95.49 97.76 >.1

CPT-II
CE 47.11 47.23 46.62 >.1 46.95 47.45 >.1 47.67 46.45 >.1
OE 50.79 50.42 52.26 >.1 51.07 50.18 >.1 57.84 42.65 <.001
Hit RT 54.37 54.56 56.36 >.1 55.16 54.40 >.1 60.37 48.66 <.001
V’ 52.17 52.03 52.72 >.1 52.52 51.40 >.1 59.69 43.48 <.001
P’ 54.93 55.15 54.09 >.1 55.62 53.40 >.1 62.17 46.64 <.001
Hit RT BC 51.19 52.05 47.83 >.1 51.62 50.25 >.1 53.95 48.01 <.001

SCWT
Interference 51.63 52.01 50.30 .032 51.37 52.18 >.1 50.57 52.77 <.001
Note. ADHD = Attention-deficit/hyperactivity disorder; IA= Inattentive subtype, C= Combined Subtype; WISC= Wechsler Intelligence Scale ( IQ= intelligence quotient,
T-IQ: Total IQ, V-IQ: Verbal IQ, M-IQ: Manipulative IQ, VC: Verbal Comprehension, PR: Perceptual Reasoning, WM: working memory, PS: perceptual reasoning) CPT-
II: Conners’ Continuous Performance Test II (CE: commission errors, OE: omission errors, Hit RT: Reaction time, V’: variability, P’: perseverance, HitRTBC: response
style). SCWT: Stroop COLOR WORD Test
*Children (<11.9y), Adolescents (12-18y)

Fig. (2). Number of Proportion Altered Neuropsychological Tests in ADHD patients.
Neuropsychological Tests evaluated are detailed and described in Fig. (1). We consider “altered test”, according to 1SD cut-off rule (Biederman et al.,
1993). In our sample, 48.3% of ADHD patients had no neuropsychological impairment, and only 23% had impairment in one neuropsychological test,
and 14.5% had two-test impairment.

3.3. Treatment Response Rates

Efficacy was assessed using the investigator rated ADHD-
RS-IV.es and CGI-S scores.

ADHD-RS-IV.es and SNAP-IV: At baseline ADHD-
RS-IV.es  mean  severity  (SD)  was:  ADHD-RS-IV.es
total score= 29.9 (10.42), inattention subscale score=
17.85  (5.47)  and  hyperactivity  subscale  score=12.05
(7.05),  and  SNAP-IV  ODD  symptoms´  score  was

10.08  (4.47).  Patients  had  a  statistically  significant
improvement  in  ADHD-RS-IV.es  total  score  from
baseline  (treatment-naïve)  to  end  point  (t=10.67,
p<.001),  both  in  girls  (t=5.66,  p<.001)  and  in  boys
(t=9.18, p<.001). We found a significant improvement
in  both  adolescents  (t=5.89,  p<.001)  and  children
(t=9.05,  p<.001).  We  also  found  significant
improvement  in  SNAP-IV  ODD  symptoms  from
baseline to end point (t=-15.88, p<.001), both in boys
(t=-13.66,  p<.001)  and  in  girls  (t=-8.29,  p<.001),  in
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children  (t=-11.58,  p<.001)  and  in  adolescents
(t=-5.89,  p<.001)  (Table  1).
CGI-S:  The  mean  (SD)  CGI-S  (clinician  scored)
baseline  was  3.85  (0.77).  Patients  had  statistically
significant improvement in CGI-S scores from baseline
to end point (t=26.13, p<.001), both in girls (t=11.79,
p<.001) and in boys (t=23.29, p<.001). We also found
a significant improvement in both adolescents (t=16.0,
p<.001) and children (t=20.75 p<.001).

According to the definition of response, 37.60% of patients
had  a  “complete  response”  with  a  mean  MPH  dose  of  1.23
mg/kg/day,  and  35.80%  of  patients  had  a  “partial  response”
with a mean MPH dose of 1.18 mg/kg/day. Finally, 26.60% of
patients had a “non-response” with a mean MPH dose of 1.25
mg/kg/day.  There  was  no  difference  in  MPH  dose  in
responders vs. non-responders (t-test, p > .1) (ANOVA, p > .1)
(Table 3).

Table 3. MPH (mg/kg/day) according to CGI-S response.

Complete
response

Partial
response No-response ANOVA

Total Sample 1.21 (0.39) 1.17 (0.45) 1.24 (0.39) p > .1
Sex

Boys 1.29 (0.40) 1.13 (0.39) 1.26 (0.35) p > .1
Girls 1.19 (0.39) 1.18 (0.46) 1.24 (0.41) p > .1

ADHD presentation
Inattentive 1.12 (0.33) 1.12 (0.42) 1.11 (0.37) p > .1
Combined 1.26 (0.39) 1.20 (0.46) 1.28 (0.39) p > .1

Age of onset
Children 1.24 (0.41) 1.24 (0.45) 1.29 (0.37) p > .1
Adolescents 1.17 (0.36) 1.09 (0.43) 1.19 (0.41) p > .1

3.4. Predictors of Treatment Response

A  prediction  model  was  designed  considering  treatment
response according to CGI-S, given than a 30% reduction from
baseline in ADHD-RS-IV.es total score corresponds to a CGI-
S score of 1 or 2 points [69, 70] (Table 4).

3.4.1. Neuropsychological Predictors

According  to  the  number  of  altered  neuropsychological
tests, we observed a gradual decline in the response rate, as the
number of neuropsychological altered tests (>1 SD) increased.
Treatment response rate (Complete and Partial) was 76.4% in
patients with 0 altered tests, 73.1% in patients with 1 altered
test,  and  62.7%  in  patients  with  2  altered  tests.  So,  in  our
sample,  there  was  an  association  between  more  altered  EF-
tests, and a worse MPH response (Fig. 3).

When analyzing each test separately, we found that higher
baseline  Total  IQ  scores  (WISC-IV)  and  fewer  commission
errors in the CPT-II predicted a Complete Response (B=0.21,
p=.032 B=-0.13, p=.049). None of the other cognitive variables
significantly predicted treatment response.

3.4.2. Clinical and Physiological Predictors

When  analyzing  the  role  of  initial  ADHD  symptom
severity, we found that higher baseline ADHD-RS-IV.es total
scores predicted accurately non-response to MPH (B=-0.020,

p=.021).  More  specifically,  we  found  that  higher  scores  in
several items significantly predicted (p<.05) a non-response to
MPH  (“forgets”,  “fidgets”,  “angry/resentful”  and  “challenge
rules”).

When analyzing the  role  of  the  comorbid conditions,  we
found that comorbid alcohol (B=-1.30, p=.008) and THC use
(B=-0.054, p=.017) in adolescence significantly predicted non-
response to MPH. Moreover, the presence of comorbid ODD
symptoms  reported  in  the  SNAP-IV  (B=-0.553,  p=.032)  and
depressive  symptoms  (B=-0.732,  p=.026)  were  predictors  of
non-response to MPH treatment.

None  of  the  sociodemographic,  physiological  variables
(sex, age of diagnosis, weight, and height), peri-/pre-/postnatal
variables  (SUD in  pregnancy,  low birth  weight,  prematurity,
and  adoption)  significantly  predicted  treatment  response.
ADHD subtype presentation (inattentive vs. combined) did not
predict treatment response.

Our predictive model indicates that approximately between
5.1% and 6.9% (Cox-Snell R2= .051; Nagelkerke R2 = .069) of
the  variation  in  the  dependent  variable  (complete  treatment
response)  is  explained  by  these  variables,  indicating  a  small
relationship  of  5.1% to  6.9% between the  predictors  and  the
treatment response.

4. DISCUSSION

Children with ADHD do not all equally respond to MPH
treatment [72, 73],  and only about 60-70% have an adequate
response  [23,  25,  32,  33,  74,  75].  According  to  ADHD-RS-
IV.es scores, in our sample, 56.8% of patients had a positive
response (complete or partial), and 75.31% obtained a positive
response  (partial  and  complete)  on  CGI-S  scores,  that  was
maintained  at  the  follow-up  after  33  (22.8)  months.  These
results  correlate  with  the  main  findings  in  the  literature  [32,
33].  According  to  the  multimodal  treatment  study  of  ADHD
(MTA) [76], we found that children with the most severe levels
of  ADHD  before  MPH  treatment  showed  less  chance  of
response  than  children  with  less  severe  ADHD.

As  shown  in  previous  studies  that  examined  differences
between  ADHD  subtypes’  response  to  pharmacological
treatment  [61,  77  -  79],  we  did  not  find  a  discriminating
validity of the effectiveness of MPH by ADHD sub-grouping
by  DSM-IV-TR  (Inattentive  vs.  Combined  subtypes).
However,  despite  not  been statistically  significant,  we found
that  among  all  the  patients  that  reached  a  complete  clinical
response  the  doses  required  by  the  combined-subgroup  of
ADHD patients required higher MPH dose than the inattentive
subtype  group  (1.25  [0.42]  mg/kg/day)  vs.  1.12  [0.37]
mg/kg/day  respectively).  Similar  findings  were  reported  by
Stein  et  al.  (2003)  examining  the  possibility  that  inattentive
children could respond optimally to lower MPH doses, while
combined presentation  children  could  respond best  to  higher
MPH doses [80].

When comparing clinical  response  between sex and age,
there  was  no  difference  in  response  in  boys  vs.  girls  nor  in
children  vs.  adolescents,  However,  although  it  was  not
statistically significant, we found that children received higher
MPH doses to get a complete response (1.26 [0.42] mg/kg/day)
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Table 4. Predictors of MPH complete response based on CGI-S.

B Wald p
Age of onset -0.380 3.16 .076
Follow-up, months -0.002 0.250 .617
Gender 0.142 0.338 .561
MPH (mg/kg/day) 0.165 0.309 .578
ADHD subtype 0.066 0.088 .766
T1 ADHD-RS Total -0.020 5.35 .021
Inattention score -0.032 2.98 .084
“forgets” -0.38 7.65 .006
Hyperactivity-score 0.002 0.019 .891
“fidgets” 0.245 3.9 .048
T1 SNAP-IV ODD score -0.553 4.58 .032
“rejects rules” -0.376 4.58 .032
“angry” -0.421 3.94 .047

WISC-IV
Total IQ 0.021 4.62 .032

CPT-II
CE -0.13 3.87 .049

SCWT
Interference -0.778 4.61 .032

Comorbidities
OH use -1.30 6.93 .008
THC use -0.054 5.69 .017
Depressive symptoms -0.732 4.81 .026
Note. ADHD = Attention-deficit/hyperactivity disorder; MPH= methylphenidate; ADHD-RS: ADHD rating scale; WISC= Wechsler Intelligence Scale; CPT-II:Conners’
Continuous Performance Test II (CE: commission errors); OH= alcohol use; THC: cannabis use.

Fig. (3). Treatment response (%) reached at end-point (last follow-up visit) according to number of altered neuropshychological tests.
We observed  a  gradual  decline  in  the  response  rate,  as  the  number  of  altered  tests  increased.  The  response  rate  (CGI)  in  patients  with  normal
executive function (EF) evaluation was 76.4%, while the response rate for patients with 1 or 2 altered tests was 73.1% and 62.7% respectively.
Note : NR: “no-response” PR= “partial response” CR = “complete response”.

than  adolescents  (1.15  [0.40]  mg/kg/day).  Moreover,  there
were  differences  in  MPH  dose  in  boys  vs.  girls  to  reach  a

complete response. Therefore, the significance of age and sex
as predictors of treatment response in ADHD is unclear.
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The  differential  response  to  MPH  in  ADHD  has  been
linked to a number of comorbidities [42]. Unlike the findings
of  some  studies  [38,  40,  41],  we  found  that  ADHD children
with comorbid depression showed worse MPH response [33,
36]. Moreover, we found that the presence of ODD symptoms
decreased  the  probability  of  positive  MPH  response  in  our
sample.  As  noted  by  Jensen  et  al.  (2001)  in  a  MTA  sub-
analysis, our results lead to support the evidence that ADHD
children  with  ODD/CD  symptoms  (but  without  anxiety
disorders)  would  respond  best  to  pharmacological  treatment
(with  or  without  behavioral  treatments),  while  children  with
ODD/CD and  anxiety  would  respond  optimally  to  combined
(medication+behavioral)  treatments [81].  Most investigations
show a negative influence of comorbid SUD in MPH response
[35,  44].  Supporting  these  previous  findings,  we  found  that
more severe ADHD at baseline and comorbid THC or alcohol
use predicted worse response to MPH treatment.

We  found  that  children  and  adolescents  with  a  higher
number  of  altered  neuropsychological  tests  in  the  EF
assessments  had  a  significantly  worse  response  to  MPH
treatment  (Fig.  3).  Total  IQ  measured  by  WISC-IV,
Commission  and  Omission  errors  in  the  CPT-II  and  the
Interference in the Stroop test has often been related to changes
in  the  MPH  treatment  in  ADHD  [82].  Regarding  how  the
dysfunction in EF may affect the treatment response in youth
with ADHD, Coghill et al (2007) investigated the relationship
between  MPH  response  and  several  neuropsychological
measures, in a randomized placebo-controlled trial design [19].
They  identified  13  variables,  as  being  the  most  likely  to
distinguish  MPH  responders  from  non-responders:  three
demographic  variables,  three  clinical  variables  and  various
measures from four neuropsychological tasks. They found that
poor performance on a ‘delayed matching to sample’ (DMtS)
task at baseline was the only pre-treatment correlate of clinical
MPH-response. Their data supports previous findings [32] that
a comprehensive model of the MPH response would likely rely
on  a  wide  range  of  measures,  rather  than  a  single  measure.
However, to date, there is no objective, biological makers that
can  robustly  predict  MPH  response  in  patients  with  ADHD
[46]. Whilst Hinshaw (2007) and Coghill (2007) identified that
age, IQ and symptom severity were possible predictors of MPH
response,  we  found  that  both  baseline  ADHD-RS-IV.es
symptom severity score (and some specific symptoms), Total-
IQ,  comorbid  disorders  (alcohol,  THC  use,  depressive
symptoms  and  ODD  symptoms)  and  the  Commission  errors
could be considered as predictive factors of MPH response [19,
76].

At  baseline,  patients  in  our  sample  who  had  a  higher
number  of  altered  neuropsychological  tests,  most  severe
ADHD  symptoms’  score  and  comorbid  depression  or
alcohol/THC use, showed worse MPH response. On the other
hand,  patients  with  higher  Total  IQ  scores  and  lower
Commission  errors  showed  better  clinical  response  to  MPH.
Further  investigations  are  needed  to  clarify  whether  the
treatment of comorbid conditions could play a positive role in
the MPH response.

5. LIMITATIONS

This study has some important limitations that should be
considered for a correct interpretation and generalization of its
findings.  First  of  all,  the  present  study  did  not  include  any
measure related to motivational aspects such as delay aversion
and  emotional  functioning  that  have  also  been  shown  to  be
predictive of later ADHD symptoms and, as a result, potential
predictors  of  treatment  response.  Although  teacher’s
assesments  are  not  essential  for  diagnosing  ADHD  or
monitoring treatment response [83], the use of this assessment
must be considered in future studies. We also did not include
behavioral  measures  of  executive  functioning,  other  than the
parameters collected from neuropsychological testing (CPT-II,
IQ)  based  on  the  fact  that  literature  shows  poor  correlation
between EF impairment in neuropsychological testing and EF
assessments using questionnaires [84, 85]. In this study we did
not include a normal control group nor blinded raters, thus we
could not control placebo effects or rater bias in responders vs.
non-responders.  However,  as  we  are  trying  to  compare
responders vs. non-responders, those two groups could act as
controls  for  each  other.  We could  not  find  any  demographic
differences between responders and non-responders. In order to
focus  mostly  on  impairment  due  to  ADHD,  we  excluded
children with Total IQ < 80. This is a limitation because maybe
these  children  with  lower  IQ  may  have  higher
neuropsychological  deficits  and  lower  rates  of  response.
However, if we had included IQ < 80, the limitation would be
that  the  response  or  neuropsychological  deficits  possible
differences could be due not to the ADHD but to the low Total
IQ.

CONCLUSION

Our  findings  show  that  factors  related  to  response
inhibition or low impulsivity, and the absence of comorbidity,
and lower baseline severity of ADHD may be associated with a
better  MPH  response.  On  the  other  hand,  the  presence  of  at
least one or more than one altered neuropsychological test is
associated  with  worse  treatment  response.  The  presence  of
comorbidities  (ODD  symptoms,  depressive  symptoms  and
alcohol  or  cannabis  use)  impact  negatively  in  the  treatment
response. Furthermore, from the initial interview, the clinician
could estimate and adjust the expectations to pharmacological
treatment  response  and  have  a  more  frequent  follow-up  to
those  patients  with  a  potential  “non-responder  profile”:
children  and  adolescents  with  ADHD  who  have  lower  Total
IQ,  ODD  symptoms,  depressive  symptoms  and/or  substance
use,  and  or  altered  neuropsychological  tests.  Comorbidities
should be treated, as well as the ADHD, in order to optimize
and for a better outcome.

Therefore,  there  some  possible  strands  of  evidence
suggesting  that  MPH  response  may  be,  at  least  partially,
predictable using clinical and neuropsychological and clinical
data that is often collected within routine clinical practice.
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