
	

	
	

	

	

	

	

Relationship	Between	Treatment	Duration	

and	the	Efficacy	of	Pharmacological	

Treatment	for	ADHD:		

a	Meta-analysis	and	Meta-regression.	

Final	Degree	Project	

	

	

	

	

	

Presented	by	Maria	Ramon	Granés	

	

Directed	by	Dr.	Xavier	Castells	and	

Dr.	Domènec	Serrano		

	

	

	

	

	

Girona,	November	2018	





	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
	
	





	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Un	especial	agraïment...	

...	A	en	Domènec	Serrano,	per	adaptar-se	a	tots	els	canvis	que	li	he	anat	demanant,	

preocupant-se	i	oferint-me	sempre	el	seu	recolzament.	Per	l’experiència	que	m’ha	ofert,	

i	sobretot		l’emoció	transmesa	per	la	psiquiatria.	

...	A	l’equip	de	la	URPIJ,	per	la	gran	acollida	que	m’han	fet,	des	del	primer	dia	fins	l’últim,	

incloent-me	en	el	seu	dia	a	dia	com	si	en	fos	una	més.	Un	record	per	sempre.	

...	A	la	meva	família,	a	la	mama,	per	totes	les	estones	que	m’han	suportat	i	animat	de	

manera	incondicional.	Durant	els	darrers	anys,	cada	dia,	cada	moment,	fins	on	soc	ara.	

...	I	sobretot	a	en	Xavi	Castells,	per	l’oportunitat	i	per	la	confiança	donades,	deixant-me	

ser	una	petita	part	més	d’aquest	projecte.	També	per	totes	les	hores	que	m’ha	dedicat	

de	manera	altruista,	mostrant-me	i	ensenyant-me	els	valors	així	com	el	rigor	necessaris	

per	tirar	endavant	un	treball	com	aquest.	

Moltes	gràcies	a	tots.	

	

	

	

Girona,	November	2018	

	 	



	

	



	

	

Index	of	Contents	

ABBREVIATION	LIST	..........................................................................................................................................	1 

ABSTRACT	..............................................................................................................................................................	3 

1. INTRODUCTION	..........................................................................................................................................	5 

1.1. ATTENTION	DEFICIT	AND	HYPERACTIVITY	DISORDER	...............................................................................................	5 
1.2. EVIDENCE	SUPPORTING	PHARMACOLOGICAL	TREATMENT	FOR	ADHD	...................................................................	8 
1.3. TOLERANCE	AND	SENSITIZATION	.................................................................................................................................	10 
1.4. COMBINING	STUDY	RESULTS	.........................................................................................................................................	12 

2. JUSTIFICATION	..........................................................................................................................................	13 

3. HYPOTHESIS	/	OBJECTIVES	..................................................................................................................	14 

4. METHODS	....................................................................................................................................................	15 

5. RESULTS	......................................................................................................................................................	19 

5.1. CHARACTERISTICS	OF	THE	STUDIES	AND	PATIENTS	..................................................................................................	19 
5.2. RESULTS	OF	THE	META-ANALYSIS	................................................................................................................................	21 
5.3. IDENTIFICATION	CONFOUNDING	VARIABLES	..............................................................................................................	23 
5.4. RELATIONSHIP	BETWEEN	TREATMENT	DURATION	AND	EFFICACY	.........................................................................	25 

6. DISCUSSION	................................................................................................................................................	27 

7. LIMITATIONS	.............................................................................................................................................	29 

8. CONCLUSIONS	............................................................................................................................................	30 

9. BIBLIOGRAPHY	.........................................................................................................................................	31 

APPENDICES	........................................................................................................................................................	35 

APPENDIX	1.	DIAGNOSTIC	CRITERIA	FOR	ATTENTION	DEFICIT	AND	HYPERACTIVITY	DISORDER	FROM	DIAGNOSTIC	

AND	STATISTICAL	MANUAL	OF	MENTAL	DISORDERS,	FIFTH	EDITION	...................................................................	37 
APPENDIX	2.	RANDOMISED,	DOUBLE-BLIND,	PLACEBO-CONTROLLED	CLINICAL	TRIALS	INCLUDED	IN	THIS	STUDY:	

REFERENCES	....................................................................................................................................................................	39 
APPENDIX	3.	PROOF	OF	STUDY	REGISTRATION	IN	PROSPERO	(INTERNATIONAL	PROSPECTIVE	REGISTER	OF	

SYSTEMATIC	REVIEWS,	FROM	NATIONAL	INSTITUTE	FOR	HEALTH	RESEARCH)	.................................................	46 

	





	

	

Index	of	tables	and	figures	

TABLE	1	PHYSIOPATHOLOGY	OF	ADHD.	DUAL-PATHWAY	THEORY	(7).	............................................................................	6 
TABLE	2	SUMMARIZED	ADHD	DIAGNOSTIC	CRITERIA	FROM	DSM-5	(8).	..........................................................................	7 
TABLE	3	SUMMARY	OF	ADHD	PHARMACOLOGICAL	TREATMENT.	........................................................................................	9 
TABLE	4	DEFINITION	OF	HIGH	DOSE	OF	PSYCHOSTIMULANT	DRUGS.	DEFINED	FOR	EACH	PSYCHOSTIMULANT	DRUG	

PRESENTATION,	AND	IF	THEY	WERE	GIVEN	TO	CHILDREN/ADOLESCENTS	OR	ADULTS.	..........................................	17 
TABLE	5	BASAL	CHARACTERISTICS	OF	THE	PATIENTS	AND	COMPARISONS	INCLUDED	IN	OUR	STUDY.	INTERVENTION	

AND	STUDY	DESIGN	DATA	ARE	EXPRESSED	IN	PERCENTAGES	OF	DRUG	VS.	PLACEBO	COMPARISONS.	...................	20 
TABLE	6	EFFECT	OF	COVARIATES	ON	THE	EFFICACY	AND	ON	THE	TREATMENT	DURATION	OF	PHARMACOLOGICAL	

INTERVENTIONS	FOR	ADHD	PATIENTS.	........................................................................................................................	24 
TABLE	7	RESULTS	OF	THE	8	MODELS	IN	WHICH	THE	RELATIONSHIP	BETWEEN	TREATMENT	DURATION	AND	

TREATMENT	EFFICACY	WERE	ANALYSED.	THE	INFLUENCE	OF	THE	POTENTIAL	CONFOUNDERS	OF	THIS	

RELATIONSHIP	WAS	INVESTIGATED	IN	A	STEPWISE	MANNER.	....................................................................................	25 
TABLE	8	UP	TO	81	RANDOMISED,	DOUBLE-BLIND,	PLACEBO-CONTROLLED	CLINICAL	TRIALS	INCLUDED	IN	THE	STUDY	

AND	ITS	REFERENCES.	........................................................................................................................................................	39 

	

FIGURE	1	TENDENCY	FROM	1992	UNTIL	2015	OF	METHYLPHENIDATE	INTAKE	IN	SPAIN.	OBTAINED	FROM	(9).	.....	7 
FIGURE	2	FOREST	PLOT	OBTAINED	FROM	THE	META-ANALYSIS	OF	THE	91	DRUG	VS.	PLACEBO	COMPARISONS	

INCLUDED	IN	OUR	ANALYSIS.	THE	OVERALL	MEAN	EFFICACY	OBTAINED	WAS	-7.44	WITH	A	95%CI	OF	(-8.18,	-

6.69).	HETEROGENEITY	WAS	HIGH	(I2	=	73.1%)	......................................................................................................	22 
FIGURE	3	ESTIMATION	OF	THE	PUBLICATION	BIAS	WITH	THE	FUNNEL	PLOT.	THE	MEAN	EFFICACIES	OF	THE	91	

COMPARISONS	ARE	PLOTTED	AGAINST	THEIR	STANDARD	ERROR.	..............................................................................	23 
FIGURE	4	BUBBLE	PLOT	OBTAINED	FROM	THE	UNADJUSTED	BIVARIATE	ANALYSIS	(MODEL	1)	BETWEEN	TREATMENT	

DURATION	AND	TREATMENT	EFFICACY.	.........................................................................................................................	26 

	

	

	

	

	





	

	 1	

Abbreviation	List	

	

ADHD	 Attention	Deficit	and	Hyperactivity	Disorder	
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DSM	 Diagnostic	and	Statistical	Manual	of	Mental	Disorders	

DSM-5	 Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	
fifth	edition	

DSM-IV	 Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	
fourth	edition	

DSM-IV-TR	 Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	
fourth	edition,	text	revision	

GXR	 Guanfacine	

Iv	 Intravenous	

LC	 Locus	Coeruleus	

LDX	 Lisdexamphetamine	

MD	 Mean	Difference	

METH	 Methamphetamine	
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MPH	 Methylphenidate	

NA	 Noradrenaline	

NAT	 Noradrenaline	transporter	
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ODD	 Oppositional	Defiant	Disorder	

OR	 Odds	Ratio	

OROS	 Osmotic	Release	Oral	System	

PET	 Positron	Emission	Tomography	

RCT	 Randomised,	double-blind,	placebo-controlled	clinical	
trials	

SE	 Standard	Deviation	

SRMA	 Systematic	Review	with	Meta-Analysis	
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Abstract	

Background.	Attention	deficit	and	hyperactivity	disorder	(ADHD)	is	one	of	the	most	common	

mental	disorders	affecting	children	and	adolescents.	When	non-pharmacologic	therapies	are	

insufficient,	 clinical	 guidelines	 recommend	 pharmacological	 treatment.	 However,	 these	

recommendations	are	limited	by	the	wide	heterogeneity	of	the	effect	size	of	these	drugs	among	

randomized,	double-blind,	placebo-controlled	clinical	trials	(RCT).	As	tolerance	or	sensitization	

development	 may	 be	 responsible	 for	 the	 changes	 over	 time	 of	 pharmacological	 ADHD	

treatment	efficacy,	treatment	duration	has	been	proposed	as	one	efficacy	moderator.		

Objectives.	 To	 determinate	 the	 relationship	 between	 the	 duration	 of	 pharmacological	

treatment	in	RCT	and	its	efficacy	in	improving	the	severity	of	symptoms	in	patients	with	ADHD.	

In	 addition,	 to	 determinate	 the	 efficacy	 of	 pharmacological	 treatment,	 the	 variability	 of	 the	

efficacy	 between-studies,	 and	 its	 relationship	 with	 patient,	 intervention	 and	 study	 design-

related	covariates,	other	than	treatment	duration.	

Methods.	A	systematic	review	of	RCT	investigating	the	efficacy	of	pharmacological	treatment	

for	patients	with	ADHD	was	carried	out.	Mean	difference	(MD)	and	95%	confidence	interval	

(CI)	of	 the	efficacy	results	 from	each	RCT	were	calculated.	MD	were	pooled	using	a	random	

effects	 model.	 Heterogeneity	 was	 assessed	 using	 the	 I2	 parameter	 and	 publication	 bias	 by	

drawing	 a	 funnel	 plot.	 The	 potential	 confounding	 effect	 of	 patient,	 intervention	 and	 study	

design-related	 covariates	 in	 the	 relationship	between	 treatment	duration	 and	 efficacy	were	

identified	 using	 weighted	 lineal	 regression	 and	meta-regression.	 The	 relationship	 between	

treatment	 duration	 and	 efficacy	 was	 studied	 using	 meta-regression,	 which	 included	 the	

potential	confounding	covariates	identified	before	in	a	stepwise	manner.		

Results.	Up	to	81	RCT	that	investigated	the	efficacy	of	ADHD	treatment	were	included.	These	

RCT	involved	91	drug-placebo	comparisons,	enrolled	18,055	patients	and	lasted	from	3	to	28	

weeks.	 Overall	 efficacy	 was	 -7.44	 (95%CI	 from	 -8.18	 to	 -6.69)	 with	 a	 high	 heterogeneity	

(I2=73.1%).	 Funnel	 plot	 was	 reasonably	 symmetrical.	 Potential	 confounding	 variables	

identified	were:	baseline	ADHD	severity,	type	of	treatment	(psycho-	vs.	non-psychostimulant	

drugs)	 and	 comorbidity.	 The	 effect	 of	 treatment	duration	over	 efficacy	was	0.24	 (p-value	=	

0.0016)	and	0.18	(p-value	=	0.0587),	in	the	unadjusted	and	adjusted	models,	respectively.	

Conclusion.	No	relationship	between	treatment	duration	and	efficacy	of	the	pharmacological	

treatment	in	improving	the	severity	of	the	symptoms	in	patients	with	ADHD	was	found.	

Key-words:	attention	deficit	and	hyperactivity	disorder	(ADHD),	pharmacological	treatment,	

treatment	duration,	treatment	efficacy,	confounding	variables,	meta-analysis,	meta-regression.	
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1. Introduction	

1.1. Attention	Deficit	and	Hyperactivity	Disorder	

1.1.1. Definition	

Attention	deficit	 and	hyperactivity	disorder	 (ADHD)	 is	 one	of	 the	most	 common	mental	

disorders	affecting	children	and	adolescents.	This	syndrome	is	characterized	by	persistent	

inattention,	 hyperactivity	 and	 impulsivity.	 Due	 to	 its	 significant	 prevalence	 during	 the	

lifespan,	its	association	with	a	broad	range	of	negative	outcomes	for	affected	subjects,	and	

with	a	serious	financial	burden	to	families	and	society,	 it	 is	considered	as	a	major	public	

health	problem	(1–3).		

ADHD	presentation	is	very	heterogeneous.	It	depends	on	the	gender,	girls	usually	present	

more	inattention	and	boys	predominate	hyperactivity	and	behavioural	disorders.	The	age	

is	 also	 a	 contributing	 factor,	 adults	 are	 prone	 to	 lose	 hyperactivity,	 but	 cognitive	 and	

executive	 disabilities	 become	 more	 obvious.	 Lastly,	 frequent	 comorbid	 psychiatric	

disorders	also	alter	ADHD	clinical	features.	Some	of	these	comorbidities	are:	behavioural	

and	oppositional	defiant	disorder,	 learning	difficulties,	 tics,	affective	or	anxiety	disorder,	

and	drug	abuse.	These	conditions	entail	an	increased	risk	of	problems	such	as	sociability,	

working,	accidents	and	with	the	justice.	Thus,	they	can	suffer	an	important	impact	on	their	

quality	of	life	(1).	

1.1.2. Epidemiology		

It	is	one	of	the	most	frequent	psychiatric	disorders	in	school-children.	Worldwide-pooled	

prevalence	of	ADHD	is	5.3%	in	children	and	adolescents	and	4.4%	in	adulthood	(3).	This	

estimate	 is	 associated	 with	 significant	 variability	 according	 to	 geographic	 location,	

sociodemographic	and	sociocultural	factors.	It	is	more	common	in	boys,	although	girls	are	

probably	under-diagnosed	due	to	its	inattention	predominance	(1).	Comorbid	psychiatric	

disorders	also	contribute	to	the	amount	of	misdiagnosed	ADHD	(4).	

1.1.3. Etiopathogenetic	

ADHD	might	develop	as	a	result	of	the	interaction	between	the	following	factors:	

§ Genetics:	ADHD	presents	a	70-80%	of	heritability	(1).	Some	of	the	genes	 implied	

are:	dopamine,	noradrenaline	and	serotonin	 transporter	codification,	 catechol-O-

methyl-transferase	enzyme	(COMT)	and	synaptosome	associated	protein.	However,	

genetic	factors	only	explain	the	3%	of	ADHD	(5).			
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§ Environmental	factors:	prenatal	tobacco	exposure,	prematurity,	low	weight	at	birth,	

lead	exposure,	early	extreme	social	privation,	among	others	less	consistent	factors	

(5).		

§ Diet:	artificial	colourant	and	preservative	exposure	could	aggravate	the	symptoms	

(6).	

§ Psychosocial	 factors:	 low	sociocultural	and	education	 level	 from	the	progenitors,	

abuse	 and	 institutionalisation.	 However,	 there	 is	 not	 enough	 evidence	 of	 its	

influence	(1,5).	

1.1.4. Physiopathology		

Several	theories	have	related	the	physiopathology	of	ADHD	with	alterations	in	the	neuro-

anatomy	and	its	functions.	The	most	accepted	theory	consists	in	a	double	disfunction,	which	

includes	executive	and	motivational	disfunctions	(7).	It	is	shown	in	Table	1.		

Table	1	Physiopathology	of	ADHD.	Dual-pathway	theory	(7).	

	 Circuit	and	structures	involved	 NT	Hypofunction	 Altered	functions	
Executive	
disfunction	
	

Fronto-striatal	circuit:		
					Prefrontal	dorsolateral	cortex	
					Anterior	cingulate	cortex	
					Dorsal	striatum		

DA	and	NA	
neurotransmission		

Impairments	in	
attention,	planning,	
working	memory	and	
inhibitory	ability			

Motivational	
deficits	

Mesolimbic	circuit:		
					Orbitofrontal	cortex	
					Ventral	striatum		

DA	
neurotransmission		

Preference	for	immediate	
and	big	but	unlikely	
rewards	

The	reduction	of	DA	and	NA	in	the	brain	of	ADHD	patients,	is	reflected	by	low	levels	of	these	

catecholamines	 in	 the	 synaptic	 cleft	 of	 the	 structures	 involved.	This	hypofunction	 is	 the	

basis	 of	 the	 actual	 treatment,	 as	 drugs	 administered	 in	 ADHD	 are	 dopaminergic	 or	

noradrenergic	agonists	(1,7).	

1.1.5. Diagnosis	

As	 in	 the	 vast	 majority	 of	 psychiatric	 disorders,	 any	 biomarker	 exists	 to	 establish	 the	

diagnosis	of	ADHD	in	an	objective	way.	Thus,	ADHD	must	be	diagnosed	with	clinical	criteria.	

Nowadays,	the	most	used	criteria	are	those	from	the	fifth	edition	of	Diagnostic	Statistical	

Manual	of	Mental	Disorders	(DSM-5),	published	by	the	American	Psychiatric	Association;	

although	 the	Classificación	 Internacional	 de	 Enfermedades	 (CIE)	 also	 has	 its	 own	 similar	

criteria	and	they	are	used	by	several	physicians.	
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The	Table	2,	contains	a	summary	of	the	most	recent	criteria	for	ADHD,	obtained	from	DSM-

5.	The	extended	criteria	from	DSM-5	are	available	in	the	Appendix	1.	Diagnostic	criteria	

for	 Attention	 Deficit	 and	 Hyperactivity	 Disorder	 from	 Diagnostic	 and	 Statistical	

Manual	of	Mental	Disorders,	fifth	edition	of	this	report.		

Table	2	Summarized	ADHD	diagnostic	criteria	from	DSM-5	(8).	

1- Persistent	 pattern	 of	 inattention	 and/or	hyperactivity-impulsivity	 for	 at	 least									

6	months	

2- This	pattern	interferes	with	social,	academic	or	occupational	functioning	

3- It	starts	prior	to	age	12	

4- It	is	present	in	several	settings	(at	school,	at	home,	etc.)	

5- It	cannot	be	better	explained	by	another	mental	disorder	

1.1.5.1. Controversy		

In	recent	years,	diagnosis	of	ADHD	is	being	questioned.	There	are	those	who	defend	that	

ADHD	is	just	an	extreme	within	normality,	not	a	mental	disorder,	and	that	it	has	been	over-

diagnosed	due	to	economic	interests	(1).	It	is	important	to	remember	that	ADHD	has	a	high	

rate	of	comorbidity	with	severe	psychiatric	disorders.	If	the	existence	of	ADHD	was	denied,	

patients	who	really	suffer	from	it	would	be	deprived	access	to	a	multidisciplinary	approach,	

and	their	quality	of	life	would	be	affected.		

	
Figure	1	Tendency	from	1992	until	2015	of	Methylphenidate	intake	in	Spain.	Obtained	from	(9).	

Definition	of	ADHD	by	DSM	has	been	continuously	changing.	Although	its	criteria	are	still	

valid,	in	the	fifth	edition	they	are	less	restrictive.	They	allow	to	sort	up	those	subjects	with	
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questionable	symptoms	like	ADHD	diagnoses,	whereas	if	more	precise	criteria	were	used,	

they	 would	 not.	 On	 the	 other	 hand,	 the	 fact	 that	 ADHD	was	 not	 considered	 enough	 in	

previous	 years,	 led	 to	 many	 children	 with	 ADHD	 not	 being	 detected.	 Consequently,	 a	

considerable	 increase	 of	 prevalence	 and	 an	 extensive	 increase	 in	 the	 market	 of	 ADHD	

treatment	has	recently	been	seen.	It	is	represented	in	Figure	1.	

1.1.6. Treatment	

According	to	Guía	de	Práctica	Clínica	sobre	las	Intervenciones	Terapéuticas	en	el	Trastorno	

por	Déficit	de	Atención	con	Hiperactividad	(2017),	an	earlier	diagnosis	and	treatment	at	the	

beginning	of	the	school-age	is	basic	for	controlling	the	learning	difficulties	that	ADHD	can	

involve	and	affect	the	rest	of	their	lifespan	(1,6,9).		

It	 is	 recommended	 to	 start	 with	 non-pharmacological	 therapies,	 such	 as	 cognitive-

behavioural	 therapy	which	 is	 frequently	combined	with	 focused-academic	 interventions.	

When	these	are	insufficient,	or	when	children	and	adults	ADHD	onset	are	presented	with	

moderate	 to	 severe	 symptoms,	 a	 pharmacological	 therapy	 is	 recommended	 (6).	 Drugs	

administered	 are	 classified	 in	 two	 different	 groups:	 psychostimulant	 and	 non-

psychostimulant.	 They	 both	 pretend	 to	 correct	 the	 deficits	 of	 catecholaminergic	

neurotransmission,	as	they	are	dopaminergic	or	noradrenergic	agonists	(1).	In	Spain,	the	

authorised	 drugs	 for	 the	 treatment	 of	 ADHD	 are	 methylphenidate	 (MPH),	

lisdexamphetamine	 (LDX),	 guanfacine	 (GXR)	 and	 atomoxetine	 (ATX)(6).	 ADHD	

pharmacological	treatment	is	detailed	in	Table	3	(next	page).	

1.2. Evidence	supporting	pharmacological	treatment	for	ADHD	

As	 mentioned	 above,	 ADHD	 treatment	 clinical	 guidelines	 recommend	 pharmacological	

treatment	for		patients	with	moderate	to	severe	ADHD	symptom	severity	that	do	not	show	

a	 good	 response	 to	 psycho-education	 (6,10,11).	 Such	 recommendation	 is	 supported	 by	

numerous	SRMA	that	show	that	pharmacological	treatment	reduces	ADHD	symptoms	com-

pare	to	placebo	(12–19).	Nevertheless,	the	strength	of	these	recommendations	is	limited	by	

the	wide	variability	of	the	effect	size	observed	in	RCT	investigating	these	drugs	(12–20).		

Meta-analysis	allows	for	calculating	the	proportion	of	the	variability	in	effect	estimates	that	

is	 due	 to	 heterogeneity	 (more	 information	 in	 section	 1.4).	 The	 presence	 of	 statistical	

heterogeneity	 reflects	 inconsistency,	which	 reduces	 the	 confidence	 in	 the	meta-analysis	

findings	and	the	strength	of	clinical	recommendations	derived	from	them.	
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Table	3	Summary	of	ADHD	pharmacological	treatment.	
Abbreviations:	BMI:	Body	Mass	Index,	DA:	Dopamine,	DAT:	Dopamine	Transporter,	MPH:	Methylphenidate,	NA:	Noradrenaline,	NAT:	Noradrenaline	Transporter,	OROS:	
Osmotic	Release	Oral	System.	

Drug	
Mechanism	of	Action	

(21,22)	 Dosing	(22)	
Effect	(22)	

Indications	 Adverse	effects	(1)	Onset	 Duration	

Methylphenidate	
Psychostimulant	

Inhibition	of	DA	and	NA	
reuptake	by	presynaptic	
DA	and	NA	transporter	
(DAT	and	NAT)	
inhibition	

Immediate	
liberation		

1-2	dose	
per	day	 1-2	h	 1-4	h	 Children	>	6	years	and	

adolescents	when	other	
measures	are	insufficient.	
Adults	as	a	continuation	
treatment.	Not	indicated	as	
starting	treatment	(6,23).		

Anorexia,	ponderal	
reduction,	delayed	growth	
in	children	and	adolescents,	
increased	in	blood	
pressure,	abdominal	pain,	
tachycardia	and	
palpitations,	potential	drug	
abuse,	headache,	insomnia,	
irritability,	tics.	

Modified	
liberation	

1-2	dose	
per	day	 1-2	h	 8	h	

Prolonged	
liberation	
(OROS)	

1	dose	
per	day	 1-2	h	 12	h	

Lisdexamphetamine	
Psychostimulant	

DAT	and	NAT	inhibition	
+	Stimulation	of	DA	and	
NA	liberation	

1	dose	per	day	 ≈	12	days	 13-14	h	
Children:	>	6	years	and	
adolescents	when	MPH	is	
insufficient	(24).	

Atomoxetine	
Non-psychostimulant	 NA	reuptake	inhibition	

1	dose	per	day	
(if	slow	metabolism)	
	

2	dose	per	day	
(if	rapid	metabolism)	

2-4	
weeks	 4-20	h	

Children	>	6	years	and	
adolescents	when	other	
measures	are	insufficient.	
Adults:	as	continuation	or	
as	starting	treatment	
(25).	

Aggression,	hostility,	
anxiety,	agitation,	
headache,	insomnia,	
irritability,	depression,	
suicidal	tendencies.	

Guanfacine	
Non-psychostimulant	 ɑ2	adrenoceptor	agonist	 1	dose	per	day	 ≈	6	h	 10-12	h	

Children	and	adolescents,	
	6-17	years,	when	other	
measures	are	insufficient	
(26).	

Increase	in	appetite	and	
BMI,	drowsiness,	low	blood	
pressure,	bradycardia,	
insomnia.	

During	pharmacological	treatment,	controls	of	anthropometric	and	vital	signs	(blood	pressure	and	heart	rate)	are	recommended	in	order	to	assess	the	possible	
cardiovascular	effects	of	the	drug	and	its	effects	on	growth	(6).	
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Meta-regression	 can	 be	 used	 to	 determine	 the	 sources	 of	 between-study	 variability.	

Treatment	duration	has	been	proposed	as	one	treatment	effect	moderator	in	at	least	two	

recent	studies	using	meta-regression	(27,28).	Nevertheless,	the	findings	of	these	studies	on	

the	moderating	effect	of	treatment	duration	have	important	limitations,	namely:	neither	the	

efficacy	on	ADHD	symptom	severity	nor	meta-regression	were	the	primary	outcome	and	

primary	 analysis	 of	 these	 studies,	 respectively.	 Furthermore,	 many	 treatment	 effect	

moderators	were	investigated	and	identified,	and	no	multivariate	meta-regression	analysis	

was	carried	out	to	clarify	whether	they	were	confounding	each	other.	For	these	reasons,	a	

study	focussed	on	investigating	the	moderating	effect	of	treatment	duration	with	an	ad	hoc	

design	is	needed.		

1.3. Tolerance	and	sensitization	

The	 efficacy	 of	 pharmacological	 treatment	 of	 ADHD	 may	 change	 over	 time	 due	 to	 the	

development	of	tolerance	or	sensitization.	

1.3.1. Definition		

Tolerance	 is	 defined	 as	 a	 progressive	 reduction	 of	 the	 susceptibility	 of	 someone	 to	 the	

effects	of	a	drug	after	its	repeated	administration.	Thus,	a	higher	dose	will	be	required	in	

order	 to	produce	 the	 same	 effect	 that	was	previously	 obtained	 at	 a	 lower	dose	 (29,30).	

According	to	Goodman	&	Gilman’s,	there	are	many	mechanisms	of	tolerance.	

Pharmacokinetic	 tolerance	refers	 to	changes	 in	 the	distribution	or	metabolism	of	a	drug	

after	repeated	administrations.	The	most	common	mechanism	is	an	in	increase	in	the	rate	

of	metabolism,	which	results	in	a	decrease	of	their	plasma	levels	and	the	therapeutic	effect.	

Depletion	of	 essential	 intermediate	 substances,	 such	as	 the	 increase	 in	 releasing	amines	

from	nerve	terminals	in	amphetamines	administration	over	time,	is	another	way.	

Pharmacodynamic	tolerance	refers	to	changes	that	takes	place	in	the	target	tissue	of	the	

drug,	as	drug-induced	changes	in	receptor	density	(with	translocation	or	internalization	of	

them)	or	efficiency	of	receptors	coupling	to	signal-transduction	pathways.	

It	is	important	to	note	that	tolerance	to	some	drug	effects	develops	much	rapidly	than	to	

others	 of	 the	 same	 drug.	 For	 example,	 in	 heroin	 addicts,	 euphorigenic	 effects	 tolerance	

develops	faster	than	to	the	gastrointestinal	effects	(29).	

In	contrast,	sensitization,	or	reverse	tolerance,	is	defined	as	the	enhancement	of	the	drug	

effect	in	response	to	its	repeated	administration.	When	sensitization	appears,	the	effect	of	

the	drug	can	easier	arise	itself	with	future	administrations.	It	can	occur	with	stimulant	such	

as	cocaine	and	MPH	(29,31).	
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1.3.2. Tolerance	and	sensitization	to	drugs	used	in	treating	ADHD:	State	of	the	art	

§ 	Psychostimulant	drugs:	

Ross	et	al.	(32),	in	2002,	published	a	study	about	their	experience.	They	realised	that	they	

were	visiting	patients	with	 sequelae	of	untreated	ADHD.	Most	of	 the	patients	had	had	a	

previous	history	with	MPH	or	dexamphetamine	treatment,	but	after	a	while,	drugs	became	

ineffective.	Based	on	their	clinical	experience,	from	1976	until	1990,	they	studied	166	ADHD	

patients	 in	MPH	 treatment,	 to	 assess	 if	 tolerance	 developed.	 A	 41%	 of	 the	 subjects	 did	

develop	tolerance	and	they	were	changed	to	dexamphetamine.	Tolerance	appeared	to	those	

patients	taking	high	MPH	doses,	and	its	onset	went	from	few	days	until	more	than	a	year	of	

treatment.	 As	 Winsberg	 et	 al.	 (33),	 they	 also	 observed	 that,	 after	 a	 month	 of	

dexamphetamine	treatment,	if	it	did	was	less	effective	and	MPH	was	given	again,	tolerance	

to	MPH	had	reversed	in	many	cases.	

In	1995	by	Volkow	et	al.	(34)	and	in	1999	by	Swanson	et	al.,	acute	tolerance,	also	known	as	

tachyphylaxis,	was	observed	in	humans	with	MPH	intake.		

Many	studies	were	performed	during	the	following	decades.	However,	the	efficacy	results	

of	 psychostimulant	 drugs	 in	 improving	 the	 severity	 of	 ADHD	 symptoms,	 were	 widely	

heterogeneous.	 Whereas	 some	 studies	 found	 that	 after	 MPH	 treatment,	 behavioural	

tolerance	developed	in	some	rats,	sensitization	appeared	to	others	(35,36).	In	monkeys,	a	

reduction	of	DAT	and	DA	after	METH	 treatment	 (directly	proportional	 to	 the	dose)	was	

observed	 (37),	 suggesting	 that	 sensitization	 could	 develop.	 In	 addition,	 in	 2002,	 also	 in	

monkeys,	a	study	concluded	that	no	consistent	differences	among	groups	on	the	vast	majo-

rity	of	measures	were	found,	including	cognitive,	physiological,	and	neurochemical	(38).	

However,	Wang	GJ,	et	al.	in	2013	(39),	showed	in	ADHD	patients	that	were	treated	with	MPH	

for	12	months,	that	there	was	an	increase	of	striatal	DAT	(including	caudate,	putamen	and	

ventral	striatum)	of	24%.	They	concluded	that	an	upregulation	of	DAT	availability	during	

chronic	MPH	treatment	might	decrease	its	efficacy	and	exacerbate	ADHD	symptoms.	They	

also	aimed	that	 their	results	suggested	that	 the	discrepancies	 in	 the	 literature	regarding	

DAT	availability	in	ADHD	patients	(some	studies	reporting	increases,	other	no	changes	and	

other	decreases)	may	have	reflected,	in	part,	differences	in	treatment	histories.	

Supporting	Wang	GJ,	Turner	et	al.	in	2018	(40)	have	tested	the	effects	in	rats	under	an	oral	

amphetamine	regimen	(i.e.	ADHD	dosing)	during	4	weeks.	They	have	seen	that	acute	doses	

(the	 first	 day	 reported)	 increased	 rat	 locomotor	 activity	 was	 reported,	 whereas	 after	

chronic	 treatment	 (fourth	 week),	 rats	 had	 lower	 levels	 of	 activity,	 therefore,	 tolerance	

developed.	
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§ Non-psychostimulant	drugs:	

The	 investigation	 in	 this	 field	 is	 poor.	 Neither	 in	 animals,	 such	 as	 rats	 or	 non-human	

primates,	nor	in	humans,	many	studies	have	been	developed	to	assess	if	there	is	any	change	

in	treatment	efficacy	over	long-term.	

In	contrast	to	psychostimulant	drugs,	the	vast	majority	of	the	studies	in	this	field	concluded	

that	 the	efficacy	of	non-psychostimulant	drugs	over	 time	was	maintained	 (41–44).	Even	

though,	 trials	which	 compared	 the	 effectiveness	 of	 both	 groups	 of	 drugs	 found	 that	 the	

efficacy	of	ATX	and	GXR	used	to	be	lower	than	MPH	and	amphetamine	derivates.	

Among	 the	 few	 studies	 supporting	 changes	 in	 efficacy,	 in	 2010	 Ken	 Koda	 et	 al.	 have	

published	a	study	in	which	ATX	and	MPH	were	administered	to	mice	for	21	days,	in	order	

to	 simulate	 a	 chronic	 regimen.	 After	 first	 doses,	 ADHD	 drugs	 increased	 DA	 and	 NA	 in	

prefrontal	cortex	(45).	

1.4. Combining	study	results	

Meta-analysis	 is	 a	 statistical	 procedure	 that	 allows	 to	 integrate	 the	 results	 of	 several	

independent	 studies	 provided	 that	 have	 investigated	 the	 same	population,	 intervention,	

comparison	and	outcome.	 Its	objective	 is	 the	estimation	of	 the	scientific	evidence	of	 the	

effect	produced	by	the	analysed	intervention	(46,47).		

Even	 though,	when	 observed	 a	wide	 dispersion	 among	 studies	 (called	 heterogeneity	 in	

meta-analysis),	 it	 can	 be	 difficult	 to	 interpret	 the	 obtained	 results	 with	 meta-analysis.	

Heterogeneity	can	be	measured	by	different	statistics,	such	as	Q,	t	and	I2.	The	statistic	with	

the	highest	 straightforward	 interpretation	 is	 I2,	which	 is	 expressed	on	a	 scale	 from	0	 to	

100%.	If	 I2	 is	near	zero,	almost	all	observed	variance	 is	spurious	and	there	 is	nothing	to	

explain.	In	contrast,	if	I2	is	big	(i.e.	50	-75%)	it	makes	sense	to	speculate	about	reasons	of	

such	variance.	Several	techniques	are	useful	when	trying	to	explain	the	heterogeneity	found,	

such	 as	 stratified	 analysis	 or	 meta-regression	 (48).	 Meta-regression	 aims	 to	 relate	 the	

heterogeneity	obtained	 in	a	meta-analysis	 to	one	or	more	characteristics	 (covariates)	of	

interest,	that	were	present	in	the	included	studies	(49,50).		
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2. Justification	

Attention	 deficit	 and	 hyperactivity	 disorder	 (ADHD)	 is	 one	 of	 the	most	 common	psychiatric	

illnesses	in	children	and	adolescents.	Its	treatment	is	based	on	drugs	that	act	on	the	catecho-

lamine	neurotransmission,	as	exists	a	dopamine	(DA)	and	noradrenaline	(NA)	hypofunction	(1).	

Among	randomized,	double-blind,	placebo-controlled	clinical	trials	(hereafter	RCT)	that	have	

assessed	 the	 efficacy	 of	 psycho	 and	 non-psychostimulant	 drugs	 for	 ADHD,	 there	 is	 a	 huge	

variability	in	their	results	and	duration.	

These	RCT	also	show	notable	differences	the	duration	of	the	investigated	treatment,	which	could	

explain,	at	least	partially,	the	variability	observed	in	the	efficacy	results	of	the	pharmacological	

treatment	for	ADHD.	Several	animal	and	human	studies	have	shown	that	the	effects	of	drugs	

administered	to	treat	ADHD	change	over	time,	particularly	with	psychostimulant	drugs,	but	also	

with	non-psychostimulants.		

Talking	about	psychostimulant	drugs,	in	animals,	it	has	been	observed	that	after		just	a	single	

dose	administration	there	is	a	decreasing	of	DA	levels	and	its	transporter	(DAT)	in	the	brain	

(directly	 proportional	 to	 the	 dose)(37),	 When	 consuming	 them	 over	 time,	 some	 studies	

observed	 behavioural	 and	 locomotor	 effects	 tolerance	 development,	 whereas	 sensitization	

appeared	 in	 other	 individuals	 (35,36);	 lastly,	 another	 study	 concluded	 that	 there	 were	 no	

consistent	differences	in	the	vast	majority	of	measures,	including	cognitive,	physiological,	and	

neurochemical	 (38).	 In	 humans,	 fewer	 studies	 have	 been	 performed.	When	 a	 single	 dose	 is	

administered,	 slow	 clearance	 of	 methylphenidate	 (MPH)	 from	 the	 brain	 produces	 acute	

tolerance	 (tachyphylaxis)	 to	 MPH	 euphorigenic	 	 effect	 (34);	 and	 an	 upregulation	 of	 DAT	

develops	during	 chronic	MPH	 treatment,	which	may	decrease	psychostimulant	drug	efficacy	

(chronic	tolerance)	and	exacerbate	ADHD	symptoms,	requiring	a	dosage	readjustment	(39).	

Regarding	non-psychostimulant	drugs	field,	the	investigation	is	scarce.	In	humans,	most	studies	

that	have	been	performed	with	atomoxetine	(ATX)	or	guanfacine	(GXR)	conclude	that	the	long-

term	efficacy	of	the	drugs	is	maintained	(41–44,51).	Nevertheless,	one	study	published	in	2010	

in	mice,	found	a	reduction	of	NA	levels	in	prefrontal	cortex	by	chronic	ATX	treatment	(45).	This	

finding	could	represent	a	biochemical	sign	of	tolerance	development	to	that	drug.	

In	 this	 context,	 it	 is	possible	 that	variability	of	 the	results	observed	 in	RCT	 investigating	 the	

efficacy	of	pharmacological	treatment	in	patients	with	ADHD	may	be	explained	by	changes	in	

drug	efficacy	over	time.	Such	relationship	between	treatment	duration	and	the	efficacy	observed	

in	RCT	can	be	studied	with	meta-regression.	Thus,	we	hypothesise	that,	using	meta-regression	

techniques,	an	association	between	RCT	duration	and	the	size	of	the	efficacy	of	pharmacological	

treatment	 of	 ADHD	 will	 be	 found.	 To	 the	 best	 of	 our	 knowledge,	 no	 study	 has	 primarily	

investigated	this	relationship	so	far.
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3. Hypothesis	/	Objectives	

Hypothesis	

In	 randomised,	 double-blind,	 placebo-controlled	 clinical	 trials,	 the	 efficacy	 of	 the	

pharmacological	 treatment	 in	 improving	 the	 severity	 of	 the	 symptoms	 in	 patients	 with	

attention	deficit	and	hyperactivity	disorder	changes	with	treatment	duration.		

Main	objective	

§ To	determine	the	relationship	between	the	duration	of	pharmacological	treatment	

in	 randomised,	 double-blind,	 placebo-controlled	 clinical	 trials	 and	 its	 efficacy	 in	

improving	 the	 severity	 of	 the	 symptoms	 in	 patients	 with	 attention	 deficit	 and	

hyperactivity	disorder.		

Secondary	objectives		

From	randomised,	double-blind,	placebo-controlled	clinical	trials	that	have	investigated	the	

pharmacological	treatment	on	patients	with	attention	deficit	and	hyperactivity	disorder:		

§ To	determine	the	efficacy	in	improving	the	severity	of	the	symptoms.	

§ To	determine	the	variability	of	the	results	of	efficacy	in	improving	the	severity	of	

the	symptoms.	

§ The	relationship	between	the	efficacy	of	pharmacological	treatment	in	improving	

the	severity	of	 the	symptoms	with	patient,	 intervention	and	study	design-related	

covariates,	other	than	treatment	duration.	
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4. Methods	

Study	design:	

Meta-analysis	 with	 meta-regression	 of	 randomised,	 double-blind,	 placebo-controlled	

clinical	trials	(RCT).	

Source	of	information:	

Studies	were	selected	from	Minerva	Database	(52).	

Minerva	database©	is	a	research	tool	that	contains	comprehensive	information	of	all	RCT	

that	have	investigated	the	efficacy	and	safety	of	pharmacological	interventions	for	attention	

deficit	and	hyperactivity	disorder	(ADHD).	Minerva	database	has	data	of	more	than	300	RCT	

published	 in	 more	 than	 400	 scientific	 articles,	 clinical	 trial	 registers,	 and	 regulatory	

agencies	and	industry	web	pages.	These	RCT	have	been	identified	using	systematic	search	

techniques.	Minerva	stores	2.270	variables	from	each	clinical	trial	including	information	on	

study	 design,	 interventions’	 and	 patients’	 characteristics,	 efficacy	 results	 on	 multiple	

outcomes,	treatment	discontinuation,	safety,	physiological	variables	and	the	risk	of	bias	of	

each	RCT.	The	contents	of	the	database	are	updated	weekly	(52).		

Data	were	extracted	from	Minerva	database	the	3rd	of	September	of	2018.	Missing	data	was	

requested	to	study	authors.	

Selection	of	the	studies:	

Inclusion	criteria:		

§ Randomized,	double-blind,	placebo-controlled	clinical	trials	which:	

o Have	 included	 patients	with	 ADHD	 according	 to	 the	 DSM	 IV,	 IV-TR	 or	 V	

versions,	irrespective	of	age.	

o Have	investigated	the	efficacy	of	pharmacological	treatments	recommended	

by	 relevant	 clinical	 guidelines	 (methylphenidate	 and	 amphetamine	

derivates,	 atomoxetine,	 guanfacine,	 clonidine,	 modafinil,	 bupropion	 and	

desipramine)	(6,10,11,53,54).	

o Have	reported	the	efficacy	on	ADHD	symptoms	using	18	items	DSM-based	

ADHD	rating	scale	with	score	ranging	0-54.	

Exclusion	criteria:	

§ Studies	lasting	less	than	3	weeks.	

§ Studies	reported	as	congress	abstracts.	
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Study	variables:	

§ Independent	variable:		

Treatment	 duration,	 defined	 as	 the	 time	 from	 patient	 randomisation	 to	 the	 completion	

double-blind	phase	of	the	RCT.		

§ Dependent	variable:		

Efficacy	of	the	pharmacological	treatment	compared	to	placebo	in	improving	the	severity	of	

the	symptoms	in	patients	with	ADHD.	The	severity	of	ADHD	symptom	was	assessed	with	an	

18	 items	DSM-based	ADHD	rating	 scale	with	 score	 ranging	 from	0	 to	54.	We	used	both,	

endpoint	 and	 change	 scores.	 For	 crossover	 studies,	we	preferred	 the	 results	 of	 the	 first	

phase,	as	correspond	to	a	study	with	parallel	and	have	lower	risk	of	bias	than	the	results	

when	all	phases	are	considered.		

§ Covariates:		

The	following	covariates	that	might	confound	the	relationship	between	treatment	duration	

and	efficacy	were	collected.	They	have	been	selected	according	to	previous	 trials,	where	

they	have	been	related	both	with	either	the	duration	or	the	efficacy	of	the	treatment.	

Patient-related	covariates:	

§ Age:	defined	as	the	mean	age	in	the	study	in	each	RCT	included.		

§ Gender:	defined	as	the	proportion	of	men	in	each	RCT	included.	

§ Baseline	ADHD	severity	score:	defined	as	the	mean	baseline	DSM-based	ADHD	

rating	scale	with	score	ranging	from	0	to	54.		

§ Prior	psychostimulant	treatment:	proportion	of	patients	within	the	study	that	

have	a	history	of	psychostimulant	treatment	intake.		

§ Concomitant	 oppositional	 defiant	 disorder	 (ODD):	 proportion	 of	 patients	

within	the	study	with	a	comorbid	ODD.	

Intervention-related	covariates:	

§ Type	of	treatment	(stimulant	vs	non-stimulant):	Stimulant	drugs	included	MPH	

and	amphetamine	derivates.	Non-stimulant	drugs	included	atomoxetine,	alpha-2-

agonists	 (which	 include	guanfacine	and	clonidine),	bupropion,	desipramine	and	

modafinil.	

§ Treatment	 regimen:	 studies	where	 classified	whether	 a	 fixed	 or	 flexible	 dose	

regimen	was	used.	

§ Dose:	as	a	dose-response	relationship	has	been	suggested	for	psychostimulants,	

the	 studies	 investigating	 these	 drugs	 were	 classified	 as	 “high”	 or	 “low”	 dose	
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according	to	the	dose	administered	using	the	mean	of	the	range	of	the	approved	

dose	 as	 the	 cut-off	 for	 this	 classification.	 Thus,	 if	mixed	 amphetamine	 salts	 are	

approved	 at	 a	 dose	 that	 ranges	 from	 5	 to	 40	 mg/day,	 the	 cut-off	 was	 set	 at														

22.5	mg/day.		

Table	4	Definition	of	high	dose	of	psychostimulant	drugs.	Defined	for	each	psychostimulant	
drug	presentation,	and	if	they	were	given	to	children/adolescents	or	adults.	
Abbreviations:	OROS:	Osmotic	Release	Oral	System	

	 High	doses	

	 Children/Adolescents	 Adults	

Methylphenidate	 	 	

					Oral	(Not	OROS)	 >	30.0	mg	 >45.0	mg	

					OROS	 >	36.0	mg	 >54.0	mg	

Dexmethylphenidate	 >	15.0	mg	 >22.5	mg	

Dexamphetamine	 >25.0	mg	 >25.0	mg	

Mixed	Amphetamine	Salts	 >22.5	mg	 >22.5	mg	

Lisdexamphetamine	 >50.0	mg	 >50.0	mg	

§ Psychotherapy:	studies	were	classified	depending	on	whether	they	administered	

concomitant	psychotherapy	or	not.		

Study	design-related	covariate:	

§ Lead-in	phase1:	studies	were	classified	depending	on	whether	they	had	lead-in	

phase	prior	to	randomization	of	patients	included	in	RCT.	

§ Efficacy	rater:	studies	were	classified	depending	on	who	rated	ADHD	symptoms:	

parents/patient	vs	clinicians.		

§ Study	design:	studies	were	classified	depending	on	whether	they	had	a	parallel	or	

a	crossover	design.	

§ Comorbidity:	Studies	were	classified	whether	if,	in	addition	to	ADHD,	a	comorbid	

psychiatric	 disorder	 (such	 as	 behavioural	 disorders,	 defiant	 disorders	 or	 tic	

disorders)	was	required	as	inclusion	criteria	to	that	study.	

§ Sponsor:	studies	were	classified	depending	on	who	the	main	study	sponsor	was:	

commercial	vs.	non-commercial	sponsorship.	

	

	

																																																													
1	Period	of	time	prior	to	the	randomization	of	the	patients	during	which	all	patients	received	one	of	
the	studied	interventions.	Some	studies	have	placebo	lead-in	phase	whereas	others	have	therapeutic	
drug	lead-in	phase.	
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Risk	of	bias	

The	risk	of	bias	of	each	study	included	was	assessed	using	the	Cochrane	Risk	of	Bias	Tool.	This	

instrument	rates	the	risk	of	bias	on	the	basis	of	description	and	suitability	in	seven	domains:	

sequence	generation,	allocation	concealment,	blinding	of	participants	and	personnel,	blinding	

of	 outcome	 assessment,	 incomplete	 outcome	 data,	 selective	 outcome	 reporting	 and	 other	

sources	of	bias.	Some	domains	are	assessed	at	study-level	(sequence	generation,	allocation	

concealment,	selective	outcome	reporting	and	other	sources	of	bias)	and	the	remaining	ones	

at	 outcome-level	 (blinding,	 incomplete	 outcome	 data).	 This	 tool	 involves	 assigning	 a	

judgement	relating	to	the	risk	of	bias	for	each	entry	in	terms	of	“low”,	“high”	or	“unclear”	risk.	

Statistical	analysis	

Mean	 difference	 (MD)	 and	 95%	 confidence	 interval	 (CI)	 was	 calculated	 irrespective	 on	

whether	 the	 efficacy	 was	 expressed	 as	 change	 score	 or	 endpoint	 score.	 Results	 were	

expressed	in	a	way	that	negative	results	indicated	that	the	treatment	was	more	efficacious	

than	 placebo.	We	 analysed	 studies	 with	 multiple	 and	 correlated	 comparisons	 as	 follows.	

When	 two	 different	 doses	 of	 the	 same	 drug	were	 investigated,	 the	 results	 for	 each	 study	

outcome	 were	 combined	 and,	 for	 this	 study,	 we	 calculated	 one	 single	 effect	 estimate.	

Conversely,	 when	 two	 different	 drugs	 were	 compared	 with	 a	 placebo	 group,	 the	 two	

pharmacological	 interventions	separately	were	analysed	but	the	number	of	patients	 in	the	

placebo	group	was	divided	by	 two	 to	 avoid	overcounting	 (55).	We	 combined	 the	MD	and	

95%CI	calculated	for	each	study	comparison	by	means	of	a	random	effects	model	(56),	which	

takes	 into	 account	 both	 within-	 and	 between-study	 heterogeneity.	 Heterogeneity	 was	

assessed	using	the	uncertainty	factor	I2,	which	measures	the	percentage	of	variance	across	

studies	that	is	due	to	heterogeneity	rather	than	chance	(57).	The	risk	of	publication	bias	was	

investigated	by	drawing	a	funnel	plot.	

The	moderating	effect	of	treatment	duration	over	treatment	efficacy	was	studied	using	two	

steps.	 First,	 we	 determined	 which	 covariates	 may	 confound	 the	 potential	 relationship	

between	treatment	duration	and	treatment	efficacy.	To	do	this,	the	association	between	the	

covariates	 and	 treatment	 duration	 and	 the	 association	 between	 the	 covariates	 and	 the	

efficacy	 of	 pharmacological	 treatment	 for	 ADHD	 were	 investigated	 using	 weighted	 lineal	

regressions	 and	 meta-regression,	 respectively.	 Second,	 we	 investigated	 the	 relationship	

between	treatment	duration	and	efficacy	using	a	stepwise	meta-regression	in	which	we	first	

included	only	treatment	duration	in	the	model	and	then	added	progressively	the	covariates	

that	were	found	to	be	associated	with	both	treatment	duration	and	treatment	efficacy	in	the	

previous	analysis.	The	weighted	regression	and	meta-regression	analyses	were	performed	

with	SPSS	v25	(58)	and	comprehensive	meta-analysis	v3	(59),	respectively.	
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5. Results	

84	studies	met	our	study	criteria,	however,	3	of	them	did	not	provide	results	on	the	efficacy	

of	ADHD	symptoms	in	a	suitable	way	for	meta-analysis.	They	were	finally	excluded	from	

our	study,	 leaving	81	studies	 (for	 its	 references,	 see	Appendix	2.	Randomised,	double-

blind,	 placebo-controlled	 clinical	 trials	 included	 in	 this	 study:	 References).	 These	

studies	involved	a	total	number	of	91	dug	vs.	placebo	comparisons.	

5.1. Characteristics	of	the	studies	and	patients		

Up	to	18,055	patients	were	included	in	these	studies.	The	majority	were	young-aged	men,	

with	 a	moderate	 to	 severe	 baseline	 ADHD	 severity.	 Less	 than	 the	 half	 of	 the	 them	 had	

received	 a	 psychostimulant	 treatment	 before.	 Slightly	 more	 than	 25%	 of	 the	 children	

included	had	concomitant	ODD.	

The	mean	duration	of	the	treatment	was	8.9	weeks.	The	majority	of	RCT	investigated	non-

psychostimulant	drugs,	in	which	ATX	was	the	most	frequent.	Regarding	psychostimulants	

drugs,	one	half	of	the	RCT	studied	MPH	and	the	other	half	amphetamine	derivatives	(which	

included:	dexamphetamine,	lisdexamphetamine	and	mixed	amphetamine	salts).	Treatment	

was	usually	administered	using	a	flexible	regimen,	and	for	psychostimulants,	high	dose	was	

more	frequently	studied	than	low	one.	Additional	psychotherapy	was	provided	in	a	small	

portion	of	the	studies.	

The	 vast	 majority	 of	 the	 RCT	 had	 a	 parallel	 design	 and	 a	 placebo	 lead-in	 phase	 was	

infrequent.	 The	 efficacy	 was	 rated	 by	 the	 clinician	 in	 almost	 all	 the	 comparisons.	

Comorbidity	was	an	inclusion	criterion	in	just	20%	of	them.	Non-commercial	studies	were	

the	minority.		

Less	 than	one	 third	of	 studies	were	deemed	 to	have	a	high	risk	of	bias	according	 to	 the	

Cochrane	risk	of	bias	tool.	The	main	reason	for	considering	that	a	study	had	a	high	risk	of	

bias	was	“attrition	bias”,	which	occurs	when	the	dropout	rate	is	high	(above	40%)	or	when	

there	 are	 statistically	 significant	 differences	 between	 study	 groups	 on	 treatment	

discontinuation.	Under	these	circumstances,	 imputation	methods	are	unlikely	to	address	

missing	data	in	a	suitable	way.	The	 second	most	 common	 reason	 for	 considering	 that	 the	

included	studies	had	a	high	risk	of	bias	was	“reporting	bias”,	that	occurs	when	there	are	

differences	between	 the	registered	protocol	and	 the	publication.	 “Other	bias”	 included	a	

miscellaneous	group	of	methodological	limitations	including	carryover	effects	in	crossover	

studies	or	irregularities	during	the	conduction	of	the	trial.	
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Table	5	Basal	characteristics	of	the	patients	and	comparisons	included	in	our	study.	Intervention	and	
study	design	data	are	expressed	in	percentages	of	drug	vs.	placebo	comparisons.		
Abbreviations:	 ADHD:	 Attention	 Deficit	 and	 Hyperactivity	 Disorder,	 ODD:	 Oppositional	 Defiant	
Disorder.	
1Mean	and	range	of	the	proportion	of	patients	with	this	characteristic.	

Number	of	studies	 81	

Number	of	comparisons	 91	

Characteristics	of	the	patients		 	

					Number	of	patients		 18,055	

					Age	(mean,	years,	range)	 20.9	(4.0,	42.1)	

					Gender	–	men	(mean,	range1)	 68.8	(44.4,	93.4)	

					Baseline	ADHD	severity	(mean,	range)	 38.5	(30.4,	46.9)	

					Prior	psychostimulant	treatment	(mean,	range1)	 43.3	(0,	100)	

					Children	with	ODD	(mean,	range1)	 28.2	(0,	100)	

Characteristics	of	the	studied	interventions		 	

					Treatment	duration	(mean	weeks,	range)	 8.9	(3.0,	28.0)	

					Treatment	type	(%)	 	

										Psychostimulants	 39.6	

															Methylphenidate	derivatives	 19.8	

															Amphetamine	derivatives	 19.8	

										Non-psychostimulants	 60.4	

															Atomoxetine	 41.8	

															Alpha-2	agonists	 9.9	

															Bupropion	 2.2	

															Desipramine	 1.1	

															Modafinil	 5.5	

					Treatment	regimen	(%)	 	

										Flexible	 62.1	

										Fixed	 37.9	

					Psychostimulant	dose	(%)	 	

										High	dose	 65.5	

										Low	dose	 34.5	

					Concomitant	psychotherapy	(%)	 	

										Yes		 13.3	

										No		 86.7	

Characteristics	of	the	studies	 	

					Lead-in	(%)	 	

										Yes		 9.1	

										No		 90.9	
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		Rater	(%)	

										Parents/patient		 6.6	

										Clinicians		 93.4	

				Parallel	or	crossover	design	(%)	 	

										Parallel		 94.5	

										Crossover		 5.5	

					Comorbidity	(%)	 	

										Yes		 20.2	

										No	 79.8	

					Sponsor	(%)	 	

										Commercial	 87.8	

										Non-commercial	 12.2	

Risk	of	bias	 	

					High	risk	of	bias	
											Selection	bias	(%)	

	
0.0	

											Detection	bias	(%)	 1.1	

											Performance	bias	(%)	 1.1	

											Attrition	bias	(%)	 20.9	

											Reporting	bias	 9.9	

											Other	biases	(%)	 11.0	

										Any	bias	(%)	 30.8	

5.2. Results	of	the	meta-analysis	

The	individual	and	pooled	effect	of	the	efficacy	of	pharmacological	treatment	for	ADHD	is	

shown	in	Figure	2.	Overall	efficacy	was	-7.44	(95%CI	from	-8.18	to	-6.69)	as	compared	to	

placebo.	Statistical	heterogeneity	was	high	(I2	=	73.1%).	The	risk	of	publication	bias	was	

investigated	 using	 a	 funnel	 plot	 (see	 Figure	 3),	 which	 shows	 a	 reasonably	 symmetrical	

distribution	of	the	efficacy	calculated	for	each	comparison.	
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Figure	2	Forest	plot	obtained	from	the	meta-analysis	of	the	91	drug	vs.	placebo	comparisons	included	
in	our	analysis.	The	overall	mean	efficacy	obtained	was	-7.44	with	a	95%CI	of	(-8.18,	-6.69).	

Heterogeneity	was	high	(I2	=	73.1%)	

Study name Statistics for each study Difference in means and 95% CI

Difference Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Abikoff 2009 -7,400 3,447 11,879 -14,155 -0,645 -2,147 0,032
Adler 2008-1 -2,800 1,095 1,199 -4,946 -0,654 -2,557 0,011
Adler 2008-2 -9,200 1,568 2,459 -12,273 -6,127 -5,867 0,000
Adler 2009-1 -3,100 1,092 1,194 -5,241 -0,959 -2,838 0,005
Adler 2009-2 -3,800 1,517 2,302 -6,774 -0,826 -2,505 0,012
Adler 2013 -11,100 1,935 3,743 -14,892 -7,308 -5,738 0,000
Allen 2005 -6,000 1,763 3,107 -9,455 -2,545 -3,404 0,001
Arnold 2014 1,000 1,984 3,936 -2,888 4,888 0,504 0,614
Bangs 2007 -8,200 1,676 2,809 -11,485 -4,915 -4,893 0,000
Bangs 2008 -5,200 1,541 2,375 -8,220 -2,180 -3,375 0,001
Barkley 2007 -8,200 2,884 8,316 -13,852 -2,548 -2,844 0,004
Biederman 2005 -7,300 1,618 2,619 -10,472 -4,128 -4,511 0,000
Biederman 2007 -11,500 2,567 6,587 -16,530 -6,470 -4,481 0,000
Biederman 2008 -8,300 1,624 2,636 -11,482 -5,118 -5,112 0,000
Biederman 2012 -13,000 2,908 8,455 -18,699 -7,301 -4,471 0,000
Brams 2017 -9,900 1,622 2,632 -13,080 -6,720 -6,102 0,000
Carpentier 2005 -4,200 4,562 20,809 -13,141 4,741 -0,921 0,357
Coghill 2014a -18,600 1,794 3,217 -22,115 -15,085 -10,370 0,000
Coghill 2014b -13,000 1,797 3,229 -16,522 -9,478 -7,235 0,000
Connor 2010 -12,300 2,002 4,007 -16,223 -8,377 -6,145 0,000
de Jong 2009 -8,500 2,629 6,912 -13,653 -3,347 -3,233 0,001
Dell'Agnello 2009 -6,100 1,693 2,865 -9,418 -2,782 -3,604 0,000
Dittman 2011 -7,600 1,855 3,442 -11,236 -3,964 -4,096 0,000
Durell 2013 -4,300 1,133 1,284 -6,521 -2,079 -3,794 0,000
Findling 2008 -13,200 1,902 3,617 -16,928 -9,472 -6,940 0,000
Findling 2010 -10,000 1,749 3,057 -13,427 -6,573 -5,719 0,000
FIndling 2011 -7,200 1,457 2,122 -10,055 -4,345 -4,943 0,000
Frick 2017 -10,500 1,374 1,887 -13,192 -7,808 -7,644 0,000
Gau 2007 -8,000 2,527 6,387 -12,953 -3,047 -3,166 0,002
Geenhill 2006 -7,800 2,081 4,332 -11,879 -3,721 -3,748 0,000
Geller 2007 -9,100 1,786 3,189 -12,600 -5,600 -5,095 0,000
Goodman 2017 -5,400 1,393 1,941 -8,130 -2,670 -3,876 0,000
Goto 2013 -5,500 1,018 1,037 -7,496 -3,504 -5,401 0,000
Hamedi 1996 -10,700 4,001 16,005 -18,541 -2,859 -2,675 0,007
Heriot 2008a -13,300 5,028 25,285 -23,156 -3,444 -2,645 0,008
Heriot 2008b -16,000 5,707 32,570 -27,186 -4,814 -2,804 0,005
Hervas 2014a -3,600 2,026 4,105 -7,571 0,371 -1,777 0,076
Hervas 2014b -8,900 2,062 4,250 -12,941 -4,859 -4,317 0,000
Huss 2014 -6,100 1,027 1,055 -8,113 -4,087 -5,940 0,000
Jain 2011 -8,600 1,696 2,876 -11,924 -5,276 -5,071 0,000
Kahbazi 2009 -14,300 2,262 5,115 -18,733 -9,867 -6,323 0,000
Kelsey 2004 -9,700 2,106 4,434 -13,827 -5,573 -4,606 0,000
Kollins 2012 -7,400 4,763 22,688 -16,736 1,936 -1,554 0,120
Kollins 2015 -6,100 1,793 3,215 -9,614 -2,586 -3,402 0,001
Kratochvil 2011 -7,400 2,051 4,208 -11,421 -3,379 -3,607 0,000
Levin 2015 -9,400 2,348 5,514 -14,002 -4,798 -4,003 0,000
Martenyi 2010 -4,400 1,624 2,638 -7,583 -1,217 -2,709 0,007
McRae-Clark 2010 -2,500 2,482 6,161 -7,365 2,365 -1,007 0,314
Michelson 2001 -7,000 1,742 3,034 -10,414 -3,586 -4,019 0,000
Michelson 2002 -7,800 1,772 3,140 -11,273 -4,327 -4,402 0,000
Michelson 2003-1 -3,500 1,188 1,412 -5,829 -1,171 -2,946 0,003
Michelson 2003-2 -3,800 1,287 1,656 -6,322 -1,278 -2,953 0,003
Montoya 2009 -8,100 1,512 2,285 -11,063 -5,137 -5,358 0,000
NCT00716274-1 -12,200 3,491 12,186 -19,042 -5,358 -3,495 0,000
NCT00716274-2 0,000 3,111 9,679 -6,098 6,098 0,000 1,000
NCT01069523 -17,800 6,380 40,704 -30,305 -5,295 -2,790 0,005
Newcorn 2008a -7,100 2,227 4,957 -11,464 -2,736 -3,189 0,001
Newcorn 2008b -9,600 2,290 5,243 -14,088 -5,112 -4,193 0,000
Newcorn 2013 -9,600 1,477 2,182 -12,495 -6,705 -6,499 0,000
Newcorn 2017-1a -12,200 2,112 4,461 -16,340 -8,060 -5,776 0,000
Newcorn 2017-1b -10,100 2,103 4,425 -14,223 -5,977 -4,802 0,000
Newcorn 2017-2a -8,400 1,262 1,593 -10,874 -5,926 -6,656 0,000
Newcorn 2017-2b -5,100 1,255 1,574 -7,559 -2,641 -4,065 0,000
Pliszka 2017 -7,100 2,278 5,191 -11,565 -2,635 -3,116 0,002
Riggs 2011 2,000 1,442 2,079 -0,826 4,826 1,387 0,165
Sallee 2009 -6,800 1,851 3,427 -10,428 -3,172 -3,673 0,000
Spencer 2001 -11,300 3,362 11,303 -17,889 -4,711 -3,361 0,001
Spencer 2002-1 -10,100 2,276 5,180 -14,561 -5,639 -4,438 0,000
Spencer 2002-2 -8,500 2,345 5,499 -13,096 -3,904 -3,625 0,000
Spencer 2002-3 -18,000 3,121 9,743 -24,118 -11,882 -5,767 0,000
Spencer 2006 -3,700 1,722 2,966 -7,075 -0,325 -2,148 0,032
Spencer 2008 -8,000 1,425 2,032 -10,794 -5,206 -5,613 0,000
Sutherland 2012 -4,500 2,568 6,595 -9,533 0,533 -1,752 0,080
Svanborg 2009 -12,700 2,121 4,498 -16,857 -8,543 -5,988 0,000
Swanson 2006 -6,200 2,158 4,656 -10,429 -1,971 -2,873 0,004
Takahashi 2009 -2,600 1,188 1,410 -4,928 -0,272 -2,189 0,029
Takahashi 2014 -4,100 1,193 1,424 -6,438 -1,762 -3,436 0,001
Thurstone 2010 0,800 3,539 12,526 -6,137 7,737 0,226 0,821
Wehmeier 2012 -11,600 2,369 5,613 -16,243 -6,957 -4,896 0,000
Weisler 2006 -6,600 2,238 5,007 -10,986 -2,214 -2,950 0,003
Weisler 2012a -6,500 2,964 8,783 -12,309 -0,691 -2,193 0,028
Weisler 2012b -6,900 2,825 7,978 -12,436 -1,364 -2,443 0,015
Weisler 2017 -9,900 1,647 2,713 -13,128 -6,672 -6,010 0,000
Weiss 2006 -2,700 3,256 10,601 -9,082 3,682 -0,829 0,407
Wietecha 2013 -5,800 2,060 4,242 -9,837 -1,763 -2,816 0,005
Wilens 2001 -4,600 3,605 12,996 -11,666 2,466 -1,276 0,202
Wilens 2008 -5,300 1,881 3,538 -8,987 -1,613 -2,818 0,005
Wilens 2011 -8,100 2,473 6,116 -12,947 -3,253 -3,275 0,001
Wilens 2015 -6,100 1,514 2,293 -9,068 -3,132 -4,029 0,000
Winhusen 2010 -7,800 4,181 17,477 -15,994 0,394 -1,866 0,062
Young 2011 -6,000 1,029 1,059 -8,017 -3,983 -5,832 0,000

-7,436 0,381 0,145 -8,182 -6,689 -19,519 0,000

-30,00 -15,00 0,00 15,00 30,00

Favours A Favours B
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Figure	3	Estimation	of	the	publication	bias	with	the	funnel	plot.	The	mean	efficacies	of	the	91	
comparisons	are	plotted	against	their	standard	error.	

	

5.3. Identification	confounding	variables	

In	the	analysis	of	the	relationship	between	treatment	duration	and	the	covariates	(see		

Table	6,	next	page),	 five	of	 the	 latter	were	 found	to	be	associated	with	 the	 former.	They	

were:	 baseline	 ADHD	 severity	 (negative	 relation),	 prior	 psychostimulant	 treatment	

(negative	 relation),	 clinician-rated	 scales	 (negative	 relation),	 comorbidity	 (positive	

relation)	and	treatment	type	(psychostimulant	drugs	presented	a	negative	relation).	

In	the	analysis	of	the	relationship	between	efficacy	and	the	covariates,	four	of	the	latter	were	

found	to	be	associated	with	the	efficacy	size,	namely:	age	(positive	relation),	baseline	ADHD	

severity	 (positive	 relation),	 comorbidity	 (positive	 relation)	 and	 treatment	 type	

(psychostimulant	effect	presented	a	negative	relation).	

Three	 covariates	were	 associated	with	 both,	 treatment	 duration	 and	 treatment	 efficacy,	

thus,	were	considered	potential	confounders	of	their	relationship:	baseline	ADHD	severity,	

comorbidity	and	type	of	treatment	(psychostimulant	vs	non-psychostimulant	drug	effect).	
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Table	6	Effect	of	covariates	on	the	efficacy	and	on	the	treatment	duration	of	pharmacological	
interventions	for	ADHD	patients.	
Abbreviations:	ADHD:	Attention	Deficit	and	Hyperactivity	Disorder,	ODD:	Oppositional	Defiant	
Disorder,	SE:	Standard	Error.	

	
Relationship	between	

Study	duration	and	Covariates	
Relationship	between	
Efficacy	and	Covariates	

Covariates	 Effect	(SE)	 p-value	 R²	 Effect	(SE)	 p-value	 R²	

Age	 0.02	(0.03)	 0.487	 0.01	 0.11	(0.03)	 <0.001	 0.17	

Gender	 -0.07	(0.04)	 0.152	 0.02	 -0.03	(0.03)	 0.352	 0.00	

Baseline	ADHD	
severity	 -0.55	(0.16)	 0.001	 0.13	 -0.31	(0.11)	 0.006	 0.19	

Prior	psycho-
stimulant	treatment	

-0.07	(0.85)		 0.031	 0.12	 0,01	(0.02)	 0.710	 0.05	

Comorbid	ODD	 -0.02	(0.59)	 0.465	 0.02	 0,00	(0.03)	 0.930	 0.07	

Treatment	regimen	 1.55	(1.02)	 0.134	 0.03	 -0.39	(0.81)	 0.629	 0.02	

Dose	 1.17	(0.92)	 0.217	 0.06	 -1.12	(1.49)	 0.422	 0.00	

Psychotherapy	 3.13	(2.08)	 0.137	 0.02	 1.40	(1.20)	 0.245	 0.01	

Placebo	lead-in	
phase	 2.80	(1.80)	 0.139	 0.01	 2.00	(1.34)	 0.135	 0.03	

Clinician-rated	 -7.98	(2.29)	 0.001	 0.11	 -2.46	(1.58)	 0.119	 0.04	

Parallel	 -5.37	(5.31)	 0.314	 0.00	 0.79	(2.02)	 0.695	 0.00	

Comorbidity	 3.48	(1.37)	 0.013	 0.06	 2.19	(0.97)	 0.023	 0.05	

Commercial	
sponsorship	

-3.12	(2.23)	 0.165	 0.01	 -0.34	(3.77)	 0.929	 0.02	

Psychostimulant	
drug	effect	 -3.98	(0.96)	 <0.001	 0.15	 -1.56	(0.77)	 0.043	 0.05	
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5.4. Relationship	between	treatment	duration	and	efficacy	

Table	7	Results	of	the	8	models	in	which	the	relationship	between	treatment	duration	and	treatment	
efficacy	were	analysed.	The	influence	of	the	potential	confounders	of	this	relationship	was	investigated	
in	a	stepwise	manner.		
Abbreviations:	ADHD:	Attention	Deficit	and	Hyperactivity	Disorder,	SE:	Standard	Error.		

	 Coefficient	(SE)	 p-value	 R2	

Bivariate	unadjusted	effect	 	 	 	

Model	1	 	 	 	
					Intercept		 -9.59	(0.78)	 <0.001	 0.15	
					Treatment	duration	 0.24	(0.08)	 0.002	 	

Adjusted	by	1	confounding	variable	 	 	 	

Model	2	 	 	 	
					Intercept		 -1.35	(4.66)	 0.772	 0.26	
					Treatment	duration	 0.26	(0.09)	 0.003	 	
					Baseline	ADHD	severity	 -0.22	(0.11)	 0.058	 	

Model	3	 	 	 	
					Intercept		 -9.27	(1.07)	 <0.001	 0.18	
					Treatment	duration	 0.26	(0.09)	 0.005	 	
					Psychostimulant	effect	 -1.08	(0.86)	 0.206	 	

Model	4	 	 	 	
					Intercept		 -10.01	(0.87)	 <0.001	 0.19	
					Treatment	duration	 0.27	(0.09)	 0.003	 	
					Comorbidity	 1.37	(1.03)	 0.182	 	

Adjusted	by	2	confounding	variables	 	 	 	
Model	5	 	 	 	
					Intercept		 -0.13	(4.74)	 0.978	 0.26	
					Treatment	duration	 0.21	(0.09)	 0.022	 	
					Baseline	ADHD	severity	 -0.23	(0.11)	 0.048	 	
					Psychostimulant	effect	 -1.17	(0.83)	 0.157	 	

Model	6	 	 	 	
					Intercept		 -0.26	(4.66)	 0.954	 0.28	
					Treatment	duration	 0.22	(0.09)	 0.017	 	
					Baseline	ADHD	severity	 -0.24	(0.11)	 0.034	 	
					Comorbidity	 1.65	(1.00)	 0.098	 	

Model	7	 	 	 	
					Intercept		 -9.34	(1.06)	 <0.001	 0.18	
					Treatment	duration	 0.24	(0.10)	 0.013	 	
					Psychostimulant	effect	 -0.95	(0.86)	 0.270	 	
					Comorbidity	 1.22	(1.04)	 0.239	 	

Adjusted	by	all	confounding	variables	 	 	 	
Model	8		 	 	 	
					Intercept		 0.68	(4.73)	 0.886	 0.28	
					Treatment	duration	 0.18	(0.10)	 0.059	 	
					Baseline	ADHD	severity	 -0.25	(0.11)	 0.030	 	
					Psychostimulant	effect	 -1.02	(0.83)	 0.220	 	
					Comorbidity	 1.40	(1.01)	 0.137	 	
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In	 the	bivariate	unadjusted	analysis	of	 the	relationship	between	 treatment	duration	and	

treatment	efficacy,	a	positive	relation	was	found.	The	pharmacological	efficacy	decreased	

with	the	duration.	It	was	observed	as	an	increase	of	the	severity	of	0.24	points	of	the	DSM-

based	rating	scale	per	each	week	of	the	duration	of	the	treatment,	compared	to	placebo.	

Figure	4	shows	the	results	obtained	in	Model	1,	represented	in	a	bubble	plot.		

	
Figure	4	Bubble	plot	obtained	from	the	unadjusted	bivariate	analysis	(Model	1)	between	treatment	

duration	and	Treatment	efficacy.		
Abbreviations:	SE:	Standard	Error	

When	 adjusting	 the	 analysis	 by	 1	 or	 2	 confounding	 variables,	 treatment	 duration	 still	

maintained	its	statistically	significant	effect	on	diminishing	treatment	efficacy.		

In	 contrast,	 after	 adjusting	 the	 analysis	 by	 all	 confounding	 variables	 (baseline	 ADHD	

severity,	 treatment	 type	 and	 comorbidity),	 treatment	 duration	 lost	 its	 statistically	

significant	effect	on	pharmacological	efficacy,	as	it	was	confounded	by	the	baseline	severity.		
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6. Discussion	

Our	study	is	the	first	one	to	primarily	assess	whether	efficacy	of	pharmacological	treatment	

changes	 over	 time	 in	 patients	with	 attention	deficit	 and	hyperactivity	 disorder	 (ADHD).	

Although	in	the	bivariate	analysis	a	negative	association	between	treatment	duration	and	

efficacy	of	pharmacological	treatment	for	ADHD	was	suggested,	after	adjusting	the	analysis	

by	all	potential	confounding	variables	(baseline	ADHD	severity,	psychostimulant	treatment	

type	and	comorbidity),	the	effect	of	treatment	duration	over	efficacy	was	no	longer	statis-

tically	significant,	while	the	effect	of	the	baseline	severity	arose.	As	a	whole,	our	results	do	

not	support	a	relationship	between	the	treatment	duration	and	the	efficacy	of	the	pharma-

cological	treatment,	as	they	seem	to	be	confounded	by	the	effect	of	the	baseline	severity.		

Our	findings	have	relevant	clinical	implications.	As	we	have	not	found	that	the	efficacy	of	

pharmacological	 treatment	 reduces	 over	 time,	 concerns	 regarding	 a	 potential	 loss	 of	

efficacy	with	the	chronic	use	of	medications	to	treat	ADHD	are	not	supported.	Nevertheless,	

we	have	to	be	prudent	and	do	not	overemphasize	this	conclusion,	as	a	statistical	trend	(p-

value	 =	 0.059)	 of	 a	 negative	 relationship	 between	 treatment	 duration	 and	 efficacy	was	

suggested.	The	 fact	 that	our	 results	did	not	 reach	 the	conventionally	accepted	statistical	

significance	may	be	due	to	a	lack	of	statistical	power.	

In	the	last	statistical	model,	which	was	adjusted	by	all	confounding	variables,	the	treatment	

duration	effect	was	nullified.	In	contrast,	the	moderating	effect	of	baseline	ADHD	severity	

over	treatment	efficacy	was	maintained.	This	may	be	interpreted	as	a	proof	that	patients	

with	 higher	 baseline	 severity	 show	 greater	 improvement	 with	 the	 pharmacological	

treatment.	 Nevertheless,	 it	 must	 be	 highlighted	 that	 our	 study	 was	 designed	 for	 the	

examination	of	the	effect	of	trial	duration	on	the	efficacy	of	the	treatment.	Therefore,	we	

cannot	reach	strong	conclusions	from	other	relationships,	which	should	be	examined	with	

an	ad	hoc	study.	For	the	same	reason,	we	cannot	conclude	that	there	are	no	differences	in	

the	efficacy	between	psychostimulant	and	non-psychostimulant	drugs	or	between	patients	

with	and	without	comorbidities.		

The	 findings	 of	 this	 study	 would	 not	 support	 that	 tolerance	 is	 developed	 with	 the	

administration	of	medicines	for	the	treatment	of	patients	with	ADHD.	Our	results	contrast	

with	those	from	animal	and	human	studies,	which	did	find	tolerance	or	sensitization	with	

chronic	treatment.	It	could	be	that	animal	studies	investigating	the	changes	of	locomotor	

activity	of	drugs	to	treat	ADHD	(40)	or	human	studies	showing	an	increase	of	striatal	dopa-

mine	transporter	(39)	do	not	have	a	good	extrapolation	to	human	behaviour.	Nevertheless,	

this	is	a	very	speculative	interpretation	and	specific	studies	should	address	this	issue.	
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Ross	et	al.	(32)	reported	a	loss	of	psychostimulant	medication	efficacy	in	ADHD	patients,	

which	contrasts	with	our	findings.	However,	Ross’s	experience	seems	anecdotal	as	it	has	

not	been	replicated.	Furthermore,	this	study	has	important	methodological	limitations	as	it	

was	an	observational	study,	performed	with	few	patients	and	without	a	control	group.		

It	 must	 be	 noted	 that	 our	 study	 included	 randomised,	 double-blind,	 placebo-controlled	

clinical	trials	(RCT)	lasting	3	to	28	weeks,	whereby	tolerance	was	not	identified.	Thus,	the	

possibility	that	tolerance	occurs	before	3	weeks	cannot	be	ruled	out.	It	is	known	that	acute	

tolerance	 phenomenon,	 known	 as	 tachyphylaxis,	 has	 been	 described,	 particularly	 for	

psychostimulants	(34).	We	excluded	RCT	lasting	less	than	3	weeks	because	we	considered	

this	period	of	time	is	necessary	to	titrate	study	medication.	Similarly,	we	cannot	rule	out	

that	 tolerance	 or	 sensitization	 to	 efficacy	 appears	 beyond	 the	 28th	 week,	 although	 this	

situation	is	unlikely,	as	chronic	tolerance	or	sensitization	are	usually	observed	earlier,	for	

the	majority	of	drugs.	

It	has	to	be	highlighted	that	our	model	explains	a	28%	of	the	variability	of	efficacy	observed	

between	studies.	Although	this	result	may	be	seen	as	low,	it	must	be	stressed	that	the	main	

objective	of	our	analysis	was	to	assess	the	effect	of	the	treatment	duration	on	the	medication	

efficacy,	 rather	 than	 to	 seek	 those	 covariates	 that	 explain	 the	 variability	 among	 efficacy	

results	in	RCT.	Nevertheless,	this	finding	is	important	for	interpreting	our	main	result	for	

two	 reasons.	 Firstly,	 because	 there	 is	 a	wide	proportion	of	 the	variability	observed	 that	

cannot	be	explained	by	the	variables	included	in	our	study.	Thus,	it	stresses	the	necessity	to	

perform	more	 studies	 aimed	at	 identifying	drug	effect	moderators	 in	 the	 field	of	ADHD.	

Secondly,	because	we	are	aware	that	if	those	non-considered	variables	had	been	included	

into	our	study,	the	results	obtained	could	have	been	different,	and	the	effect	of	the	duration	

could	 have	 remained	 significant.	 Therefore,	 our	 confidence	 in	 the	main	 results	 that	 we	

obtained	is	low.	
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7. Limitations	

The	external	validity	of	our	study	has	been	affected	by	the	following	considerations.	In	the	first	

place,	the	randomised,	double-blind,	placebo-controlled	clinical	trials	(RCT)	included	lasted	3	

to	28	weeks.	Our	model	cannot	explain	what	could	happen	outside	of	this	time	interval.	This	

is	important	because	attention	deficit	and	hyperactivity	disorder	(ADHD)	patients	still	receive	

pharmacological	treatment	beyond	28	weeks.	However,	if	tolerance	was	not	observed	until	28	

weeks	of	treatment,	 it	 is	very	unlikely	to	appear	after	this	period.	Secondly,	 the	severity	of	

ADHD	symptoms	was	assessed	with	only	DSM-based	rating	scale.	Although	it	is	the	most	com-

monly	used,	we	do	not	know	if	another	rating	scale	can	better	punctuate	the	ADHD	symptoms	

and	the	pharmacological	treatment	effects	on	them.	Lastly,	we	considered	the	overall	punctu-

ation	of	the	rating	scale,	which	is	the	sum	of	the	points	given	to	inattention,	hyperactivity	and	

impulsivity	symptoms.	However,	we	did	not	evaluate	the	effects	of	pharmacological	treatment	

on	 each	 of	 these	 symptoms	 separately.	 Thus,	 it	 cannot	 be	 ruled	 out	 the	 possibility	 that	

tolerance	occurs	in	inattention,	hyperactivity	or	impulsivity	symptoms	separately.	

Moreover,	our	study	consisted	in	a	meta-analysis	and	a	meta-regression;	therefore,	it	could	

present	the	limitations	that	these	types	of	studies	have.	First,	the	publication	bias.	This	type	of	

bias	is	unlikely	in	our	study,	as	the	funnel	plot	was	not	suggestive	of	it.	However,	it	must	be	

highlighted	 that	 the	 sensitivity	 of	 funnel	 plot	 on	 detecting	 the	 publication	 bias	 is	 low,	

particularly	when	the	heterogeneity	among	study	outcomes	is	wide,	as	in	our	case.	Second,	

almost	one	third	of	RCT	included	have	a	high	risk	of	bias.	Therefore,	meta-analysis	and	meta-

regression	outcomes	can	be	biased	too.	Third,	we	assumed	that	the	relationship	between	the	

study	variables	and	the	efficacy	was	lineal.	Fourth,	we	used	the	duration	of	the	double-blind	

phase	of	the	RCT	as	a	proxy	of	treatment	duration	because	we	handled	aggregated	data.	Fifth,	

although	 the	 content	 of	 Minerva	 database	 has	 been	 obtained	 using	 the	methodology	 of	 a	

systematic	review	and	multiple	published	studies	have	fed	it	(15,17,18,27,28),	its	validity	has	

not	been	specifically	validated.	Finally,	it	must	be	noted	that	meta-regression	provides	indirect	

measures	of	association,	which	is	an	analysis	prone	to	confounding	bias.	Although	we	tried	to	

address	this	limitation	by	undertaking	a	multivariate	analysis,	the	model	had	a	considerable	

amount	 of	 unexplained	 variability,	which	 indicates	 that	many	 potential	 confounders	were	

missing.	We	are	aware	that	the	less	biased	study	design	to	determine	the	relationship	between	

treatment	duration	and	efficacy	would	have	been	a	long-term	RCT.	However,	this	kind	of	study	

is	 very	 expensive	 and	 difficult	 to	 carry	 out.	 Furthermore,	 it	 presents	 important	 ethical	

controversies,	 as	 it	 implies	 a	placebo	 control	 group	deprived	 from	receiving	 the	beneficial	

treatment	for	the	whole	duration	of	the	trial.		
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8. Conclusions	

§ A	 statistically	 significant	 effect	 of	 treatment	 duration	 over	 efficacy	 of	 the	

medication	in	improving	the	severity	of	the	symptoms	in	patients	with	attention	

deficit	and	hyperactivity	disorder	(ADHD)	was	not	supported.		

§ The	overall	efficacy	of	pharmacological	treatment	in	improving	the	symptoms	

in	patients	with	ADHD	was	-7.44	(95%CI	-8.18,	-6.69)	points	of	the	DSM-based	

rating	scale	compared	to	placebo.		

§ The	variability	found	between-studies	was	extensive.		

§ Baseline	ADHD	severity	appeared	to	have	a	positive	relationship	with	treatment	

efficacy	in	patients	with	ADHD.		

§ A	large	proportion	of	between-studies	variability	remains	to	be	explained.	
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Appendix	 1.	 Diagnostic	 criteria	 for	 Attention	 Deficit	 and	 Hyperactivity	 Disorder	

from	Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	fifth	edition		
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Appendix	 3.	 Proof	 of	 study	 registration	 in	 PROSPERO	 (International	 Prospective	

Register	of	Systematic	Reviews,	from	National	Institute	for	Health	Research)	

	

Systematic review
Please complete all mandatory fields below (marked with an asterisk *) and as many of the non-mandatory fields 
as you can then click Submit to submit your registration. You don't need to complete everything in one go, this 
record will appear in your My PROSPERO section of the web site and you can continue to edit it until you are 
ready to submit. Click Show help below or click on the icon to see guidance on completing each section.

1. * Review title.
Give the working title of the review, for example the one used for obtaining funding. Ideally the title should state 
succinctly the interventions or exposures being reviewed and the associated health or social problems. Where 
appropriate, the title should use the PI(E)COS structure to contain information on the Participants, Intervention 
(or Exposure) and Comparison groups, the Outcomes to be measured and Study designs to be included.

Relationship between treatment duration and the efficacy of pharmacological treatment for ADHD

2. Original language title.
For reviews in languages other than English, this field should be used to enter the title in the language of the 
review. This will be displayed together with the English language title.

3. * Anticipated or actual start date.
Give the date when the systematic review commenced, or is expected to commence.

02/11/2018

4. * Anticipated completion date.
Give the date by which the review is expected to be completed.

03/02/2019

5. * Stage of review at time of this submission.
Indicate the stage of progress of the review by ticking the relevant Started and Completed boxes. Additional 
information may be added in the free text box provided.

Please note: Reviews that have progressed beyond the point of completing data extraction at the time of initial 
registration are not eligible for inclusion in PROSPERO. Should evidence of incorrect status and/or completion 
date being supplied at the time of submission come to light, the content of the PROSPERO record will be 
removed leaving only the title and named contact details and a statement that inaccuracies in the stage of the 
review date had been identified.

This field should be updated when any amendments are made to a published record and on completion and 
publication of the review. If this field was pre-populated from the initial screening questions then you are not 
able to edit it until the record is published.

The review has not yet started: No

Review stage Started Completed 

Preliminary searches Yes No
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Review stage Started Completed 

Piloting of the study selection process Yes No

Formal screening of search results against eligibility criteria Yes No

Data extraction No No

Risk of bias (quality) assessment No No

Data analysis No No

Provide any other relevant information about the stage of the review here (e.g. Funded proposal, protocol not 
yet finalised).

6. * Named contact.
The named contact acts as the guarantor for the accuracy of the information presented in the register record.

Xavier Castells

Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:
Dr Castells

7. * Named contact email.
Give the electronic mail address of the named contact. 

xavier.castells@udg.edu

8. Named contact address
PLEASE NOTE this information will be published in the PROSPERO record so please do not enter private information

Give the full postal address for the named contact.

C. Emili Grahit, 77\r\n17071 Girona\r\nCatalonia\r\nSpain

9. Named contact phone number.
Give the telephone number for the named contact, including international dialling code.

34605662741

10. * Organisational affiliation of the review.
Full title of the organisational affiliations for this review and website address if available. This field may be 
completed as 'None' if the review is not affiliated to any organisation.

Faculty of Medicine. Universitat de Girona

Organisation web address:

11. * Review team members and their organisational affiliations.
Give the title, first name, last name and the organisational affiliations of each member of the review team. 
Affiliation refers to groups or organisations to which review team members belong.
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12. * Funding sources/sponsors.
Give details of the individuals, organizations, groups or other legal entities who take responsibility for initiating, 
managing, sponsoring and/or financing the review. Include any unique identification numbers assigned to the 
review by the individuals or bodies listed.

University of Giron will fund this study

13. * Conflicts of interest.
List any conditions that could lead to actual or perceived undue influence on judgements concerning the main 
topic investigated in the review.

None

14. Collaborators.
Give the name and affiliation of any individuals or organisations who are working on the review but who are not 
listed as review team members.

15. * Review question.
State the question(s) to be addressed by the review, clearly and precisely. Review questions may be specific or 
broad. It may be appropriate to break very broad questions down into a series of related more specific 
questions. Questions may be framed or refined using PI(E)COS where relevant.

Does the effect size of pharmacological treatment for ADHD changes over time?

16. * Searches.
Give details of the sources to be searched, search dates (from and to), and any restrictions (e.g. language or 
publication period). The full search strategy is not required, but may be supplied as a link or attachment.

Studies will be selected form Minerva data base (www.minervadatabase.org)

17. URL to search strategy.
Give a link to a published pdf/word document detailing either the search strategy or an example of a search 
strategy for a specific database if available (including the keywords that will be used in the search strategies), 
or upload your search strategy.

Do NOT provide links to your search results.

Do not make this file publicly available until the review is complete

18. * Condition or domain being studied.
Give a short description of the disease, condition or healthcare domain being studied. This could include health 
and wellbeing outcomes.

Attention dèficit hyperactivity disorder (ADHD)

19. * Participants/population.

Dr Xavier Castells. Faculty of Medicine. Universitat de Girona
Mrs Maria Ramon. Medicine School. University of Girona
Domènec Serrano. Institut d'Assistència Sanitària. 
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Give summary criteria for the participants or populations being studied by the review. The preferred format 
includes details of both inclusion and exclusion criteria.

patients with ADHD according to the DSM IV, IV-TR or V versions

20. * Intervention(s), exposure(s).
Give full and clear descriptions or definitions of the nature of the interventions or the exposures to be reviewed.

methylphenidate and amphetamine derivates, atomoxetine, guanfacine, clonidine, modafinil, bupropion and 
desipramine

21. * Comparator(s)/control.
Where relevant, give details of the alternatives against which the main subject/topic of the review will be 
compared (e.g. another intervention or a non-exposed control group). The preferred format includes details of 
both inclusion and exclusion criteria. 

placebo

22. * Types of study to be included.
Give details of the types of study (study designs) eligible for inclusion in the review. If there are no restrictions 
on the types of study design eligible for inclusion, or certain study types are excluded, this should be stated. 
The preferred format includes details of both inclusion and exclusion criteria.

Randomized, double-blind, placebo-controlled clinical trials lasting at least 3 weeks

23. Context.
Give summary details of the setting and other relevant characteristics which help define the inclusion or 
exclusion criteria.

outpatient setting

24. * Main outcome(s).
Give the pre-specified main (most important) outcomes of the review, including details of how the outcome is 
defined and measured and when these measurement are made, if these are part of the review inclusion 
criteria.

ADHD symptom severity assessed with an 18 items DSM-based ADHD rating scale with score ranging 0-54.

Timing and effect measures

25. * Additional outcome(s).
List the pre-specified additional outcomes of the review, with a similar level of detail to that required for main 
outcomes. Where there are no additional outcomes please state ‘None’ or ‘Not applicable’ as appropriate to the 
review

Timing and effect measures

26. * Data extraction (selection and coding).
Give the procedure for selecting studies for the review and extracting data, including the number of researchers 
involved and how discrepancies will be resolved. List the data to be extracted.

Page 4 of 9PROSPERO

02/11/2018https://www.crd.york.ac.uk/prospero/



Relationship	Between	Treatment	Duration	and	
the	Efficacy	of	Pharmacological	Treatment	for	ADHD	
	

	50	

	

The following data will be extracted from Minerva database: efficacy of the pharmacological treatment 
compared to placebo over improving the severity of the symptoms in patients with ADHD, study duration, age, 
gender, baseline ADHD severity, prior stimulant treatment, comorbid oppositional defiant disorder (ODD), type 
of treatment (stimulant vs not stimulant), treatment dosification, dose, concomitant psychotherapy, study 
design, lead-in phase, efficacy rater, comorbidities, study sponsor, risk of bias.

27. * Risk of bias (quality) assessment.
State whether and how risk of bias will be assessed (including the number of researchers involved and how 
discrepancies will be resolved), how the quality of individual studies will be assessed, and whether and how 
this will influence the planned synthesis. 

the risk of bias of each study will be assessed using the Cochrane Risk of Bias Tool

28. * Strategy for data synthesis.
Give the planned general approach to synthesis, e.g. whether aggregate or individual participant data will be 
used and whether a quantitative or narrative (descriptive) synthesis is planned. It is acceptable to state that a 
quantitative synthesis will be used if the included studies are sufficiently homogenous.

SMD will be calculated for continuous outcomes. SMDs will be pooled using a random effect model

29. * Analysis of subgroups or subsets.
Give details of any plans for the separate presentation, exploration or analysis of different types of participants 
(e.g. by age, disease status, ethnicity, socioeconomic status, presence or absence or co-morbidities); different 
types of intervention (e.g. drug dose, presence or absence of particular components of intervention); different 
settings (e.g. country, acute or primary care sector, professional or family care); or different types of study (e.g. 
randomised or non-randomised). 

The effect of treatment duration on treatment efficacy will be studied by means of meta-regression. This effect 
will be adjusted by the effect of confounding covariates.

30. * Type and method of review.
Select the type of review and the review method from the lists below. Select the health area(s) of interest for 
your review. 

Type of review

No

No

No

No

Yes

Yes

No

No

No

No

Cost effectiveness

Diagnostic

Epidemiologic

Individual patient data (IPD) meta-analysis

Intervention

Meta-analysis

Methodology

Narrative synthesis

Network meta-analysis

Pre-clinical
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Meta-regression

Health area of the review

No

No

No

No

No

No

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Prevention

Prognostic

Prospective meta-analysis (PMA)

Review of reviews

Service delivery

Synthesis of qualitative studies

Systematic review

Other

Alcohol/substance misuse/abuse

Blood and immune system

Cancer

Cardiovascular

Care of the elderly

Child health

Complementary therapies

Crime and justice

Dental

Digestive system

Ear, nose and throat

Education

Endocrine and metabolic disorders

Eye disorders

General interest

Genetics

Health inequalities/health equity

Infections and infestations
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31. Language.
Select each language individually to add it to the list below, use the bin icon to remove any added in error.

There is not an English language summary

32. Country.

No

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

English

International development

Mental health and behavioural conditions

Musculoskeletal

Neurological

Nursing

Obstetrics and gynaecology

Oral health

Palliative care

Perioperative care

Physiotherapy

Pregnancy and childbirth

Public health (including social determinants of health)

Rehabilitation

Respiratory disorders

Service delivery

Skin disorders

Social care

Surgery

Tropical Medicine

Urological

Wounds, injuries and accidents

Violence and abuse
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Select the country in which the review is being carried out from the drop down list. For multi-national 
collaborations select all the countries involved.

33. Other registration details.
Give the name of any organisation where the systematic review title or protocol is registered (such as with The 
Campbell Collaboration, or The Joanna Briggs Institute) together with any unique identification number 
assigned. (N.B. Registration details for Cochrane protocols will be automatically entered). If extracted data will 
be stored and made available through a repository such as the Systematic Review Data Repository (SRDR), 
details and a link should be included here. If none, leave blank.

34. Reference and/or URL for published protocol.
Give the citation and link for the published protocol, if there is one

No I do not make this file publicly available until the review is complete

35. Dissemination plans.
Give brief details of plans for communicating essential messages from the review to the appropriate audiences.

Preliminary results of this study will be presented as a Final Degree Project at the Medicine School of the 
UNinversity of Girona.

Do you intend to publish the review on completion?

Yes

36. Keywords.
Give words or phrases that best describe the review. Separate keywords with a semicolon or new line. 
Keywords will help users find the review in the Register (the words do not appear in the public record but are 
included in searches). Be as specific and precise as possible. Avoid acronyms and abbreviations unless these 
are in wide use.

Attention deficity hyperactivity disorder, treatment duration, meta-regression

37. Details of any existing review of the same topic by the same authors.
Give details of earlier versions of the systematic review if an update of an existing review is being registered, 
including full bibliographic reference if possible.

38. * Current review status.
Review status should be updated when the review is completed and when it is published. For newregistrations 
the review must be Ongoing.

Review_Ongoing

39. Any additional information.
Provide any other information the review team feel is relevant to the registration of the review.

Spain
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