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ABSTRACT

BACKGROUND: Although not indicated for attention-deficit/hyperactivity 
disorder (ADHD), atypical antipsychotics (AAPs) are commonly prescribed 
for children with ADHD. The treatment patterns, resource utilization, and 
costs associated with AAPs relative to non-antipsychotic medications have 
not been evaluated for children with ADHD.

OBJECTIVE: To compare treatment patterns, resource utilization, and costs 
to U.S. third party payers between stimulant-treated ADHD children who 
switch to or augment their stimulant treatment with AAPs (risperidone, 
aripiprazole, quetiapine, olanzapine, ziprasidone, paliperidone, and clozap-
ine) compared with non-antipsychotic medications (atomoxetine, clonidine 
immediate-release (IR), guanfacine IR, dexmethylphenidate, mixed amphet-
amine salts, methylphenidate, lisdexamfetamine, and dextroamphetamine).

METHODS: Patients with at least one ADHD diagnosis (ICD-9-CM codes 
314.00 or 314.01) and at least one stimulant medication claim between 
January 1, 2005 and December 31, 2009, were identified from a large U.S. 
commercial medical/pharmacy claims database. Patients were classified 
into the AAP cohort if they had a claim for an AAP following a stimulant 
fill or into the non-antipsychotic cohort if they had a claim for a non-
antipsychotic medication after a stimulant fill and no AAP claims. The 
index date was defined as the date of the first fill of the AAP or a randomly 
selected eligible non-antipsychotic medication. Patients were eligible for 
inclusion if they were aged 6-12 as of the index date and had at least 18 
months of continuous eligibility. Patients were excluded if they had a psy-
chiatric diagnosis for which AAPs were approved by the U.S. Food and Drug 
Administration (FDA) or commonly used. Patients in the non-antipsychotic 
group were matched 1:1 to patients in the AAP group using a propensity 
score generated from a logistic regression that included demographics, 
treatments, resource utilization, and comorbidities during the 6 months 
prior to the index date. All outcomes were measured during the 12 months 
following the index date. Treatment patterns were compared using Kaplan-
Meier (KM) estimates and Cox proportional hazards models. Annual 
resource utilization was compared using McNemar’s test and Poisson 
regression. Costs were estimated from the perspective of U.S. third-party 
payers and were adjusted to 2010 dollars using the medical component of 
the Consumer Price Index. Both all-cause and mental health-related costs 
were examined and compared using Wilcoxon signed-rank tests. 

RESULTS: Of the 22,622 patients with ADHD identified to have used AAPs 
after a stimulant, 15,664 (69%) patients did not have a psychiatric diag-
nosis for which AAPs were FDA-indicated or commonly used. Among the 
84,558 patients using non-antipsychotics after a stimulant, 81,397 (96%) 
did not have such psychiatric diagnoses. A total of 2,127 children in the 
AAP cohort and 16,508 children in the non-antipsychotic cohort met all of 
the study inclusion criteria. After propensity score matching, 1,857 chil-
dren (358 switchers and 1,499 augmenters) were included in each of the 

RESEARCH

matched cohorts. The baseline characteristics were well balanced between 
the matched cohorts. In the 12 months post-index date, children treated 
with AAPs were more likely to experience switching (KM: 17.2% vs. 10.4% 
at 12 months; HR = 1.75) and augmentation (KM: 43.4% vs. 22.4% at 12 
months; HR = 2.62) than the non-antipsychotic group (both P < 0.001). Rates 
of discontinuation were similar between groups (KM: 71.8% vs. 71.7% at 12 
months; HR = 0.98, P = 0.600). The AAP cohort also had higher mean num-
bers of hospitalizations, emergency room visits, and outpatient visits (0.08 
vs. 0.03, 0.34 vs. 0.25, 14.1 vs. 12.7 per patient, respectively; event rate 
ratios = 2.61, 1.33, and 1.11, respectively; all P < 0.001). The AAP group also 
incurred higher all-cause mean medical, prescription drug, and total health 
care costs compared with the non-antipsychotic group ($3,090 vs. $2,238; 
$3,844 vs. $2,509; $6,934 vs. $4,748, respectively; all P < 0.001). Patients 
in the AAP group also incurred higher mean total, medical, and drug costs 
related to mental health ($5,057 vs. $2,859; $1,555 vs. $964; $3,502 vs. 
$1,895, respectively; all P < 0.001).

CONCLUSIONS: Stimulant-treated children with ADHD who switched to or 
augmented with AAPs versus non-antipsychotics had significantly greater 
rates of subsequent augmentation and health care resource utilization as 
well as higher total health care costs. Further research and/or drug utiliza-
tion reviews may be warranted to fully evaluate the clinical and economic 
outcomes of pediatric ADHD patients who are receiving AAPs.
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•	Atypical	 antipsychotics	 (AAPs)	 are	 one	 of	 the	most	 commonly	
prescribed	 classes	 of	 medications	 in	 the	 United	 States.	 Use	 of	
AAPs	 for	 indications	not	 approved	by	 the	U.S.	 Food	 and	Drug	
Administrion	 (FDA)	account	 for	 the	majority	of	 treatment	with	
AAPs	and	has	been	growing	faster	than	the	use	for	FDA-approved	
indications.	

•	Several	 studies	 have	 shown	 that	 AAPs,	 particularly	 risperi-
done,	can	reduce	attention-deficit/hyperactivity	disorder	(ADHD)	
symptoms	 in	 patients	 with	 ADHD	who	 have	 comorbid	 condi-
tions,	 such	as	bipolar	disorder	or	mental	 retardation.	However,	
overall	 the	 strength	 of	 evidence	 is	 low,	 and	 AAPs	 are	 not	
approved	for	the	treatment	of	ADHD.	

•	There	is	no	published	study	in	the	peer-reviewed	literature	on	the	
use	of	AAPs	 in	ADHD	and	 their	 impact	on	 treatment	patterns,	
resource	utilization,	and	costs.

What is already known about this subject
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Medicaid-covered	children	who	were	newly	treated	with	AAPs	
also	 found	 the	most	 common	 condition	was	ADHD	 followed	
by	depression,	conduct	disorder,	oppositional	defiant	disorder,	
and	adjustment	reactions.16	An	exploratory	study	in	a	Canadian	
ADHD	clinic	found	that	nearly	one	in	five	children	with	ADHD	
was	prescribed	AAPs	off-label	to	treat	ADHD	in	2009.17

The	clinical	use	of	AAPs	 in	pediatric	patients	with	ADHD	
alone	 is	 not	 fully	 justified	 due	 to	 the	 limited	 evidence	 from	
randomized	 control	 trials.20,21	 Existing	 clinical	 trials	 of	AAPs	
for	ADHD	had	mixed	 findings	 in	 terms	of	 efficacy	 and	were	
conducted	in	children	with	severe	comorbid	conditions,	such	
as	bipolar	disorder	or	mental	retardation.22-25	In	most	of	these	
studies,	 the	 AAP	 was	 targeted	 at	 the	 comorbid	 symptoms	
rather	than	ADHD	itself.	In	2004,	a	consensus	of	international	
experts	 on	 ADHD	 and	 disruptive	 behavior	 disorders	 (DBDs)	
suggested	 augmenting	 psychostimulant	 treatment	 with	 ris-
peridone	 as	 a	 second-line	 treatment	option	 for	 the	DBD	 (i.e.,	
if	 patients	 experience	 insufficient	 response	 at	 the	maximum	
recommended	psychostimulant	dose)	in	children	with	ADHD	
and	conduct	disorders.26 

To	 date,	 no	 peer-reviewed	 studies	 that	 examine	 the	 eco-
nomic	outcomes	of	using	AAPs	 in	ADHD	patients	have	been	
published.	Given	the	high	prevalence	of	AAP	use,	payers	and	
clinicians	 may	 want	 to	 understand	 the	 treatment	 patterns,	
resource	 use,	 and	 economic	 impact	 of	 AAP	 use	 to	 support	
informed	 decision	 making	 about	 the	 appropriate	 medica-
tions	 to	 treat	ADHD	patients	who	 are	 not	 satisfied	 or	whose	
symptoms	 are	 not	 adequately	 controlled	 with	 their	 current	
stimulant	therapy.	The	objective	of	this	study	was	to	compare	
treatment	patterns,	resource	utilization,	and	health	care	costs	
between	 stimulant-treated	 ADHD	 children	 who	 switched	 to	
or	 augmented	 their	 stimulant	 treatment	 with	 AAPs	 versus	
non-antipsychotic	medications	 from	 a	 U.S.	 third-party	 payer	
perspective.

■■  Methods
Data
This	 retrospective	 cohort	 study	was	 conducted	 utilizing	 data	
from	 the	 Thomson	 Reuters	 MarketScan	 Commercial	 Claims	
&	 Encounters	 database	 (Thomson	 Reuters,	 Chicago,	 IL)	 for	
the	period	of	 January	1,	2005,	 to	December	31,	2009.	These	
data	 include	 commercial	 health	 insurance	 claims	 (inpatient	
and	outpatient	medical	and	outpatient	pharmacy)	and	enroll-
ment	 data	 from	 large	 employers	 and	 health	 plans	 across	 the	
United	States.	Such	plans	provide	private	health	care	coverage	
for	more	than	45	million	employees,	their	spouses,	and	depen-
dents.	This	administrative	claims	database	includes	a	variety	of	
fee-for-service,	preferred	provider	organization,	 and	capitated	
health	plans.

Sample Selection
The	 study	 sample	 consisted	 of	 patients	 with	 at	 least	 one	
medical	 claim	associated	with	 a	primary	diagnosis	of	ADHD	

Attention-deficit/hyperactivity	 disorder	 (ADHD)	 is	 the	
most	 commonly	 diagnosed	 neurobehavioral	 disorder	
of	 childhood.1	 In	 the	United	States,	 the	percentage	of	

children	aged	4	to	17	years	with	ADHD	increased	from	7.8%	
during	 2003	 to	 9.5%	 during	 2007.2	 If	 left	 untreated,	 ADHD	
may	 pose	 a	 significant	 barrier	 to	 personal	 development	 and	
cause	 a	 substantial	 psychological	 and	 financial	 burden	 to	
patients’	families.3	The	total	economic	burden,	including	direct	
and	indirect	costs,	associated	with	ADHD	in	children	and	ado-
lescents	is	estimated	to	be	$42.5	billion	(in	2005	U.S.	dollars)	
per	year.4	Results	of	multiple	cost	studies	consistently	indicated	
that	 children	 with	 ADHD	 had	 higher	 annual	 medical	 costs	
than	children	without	ADHD.5-11 

Treatment	 options	 for	 ADHD	 include	 medication	 man-
agement,	 behavioral	 treatment,	 or	 combination	 of	 the	 two,	
with	medication	management	 being	 the	most	 cost-effective.12 
Stimulants	 are	 an	 effective	 first-line	 treatment	 option	 for	
the	 majority	 of	 ADHD	 patients,	 with	 about	 70%	 of	 patients	
responding	 to	 treatment	 in	 the	 short	 term	 (within	 6-10	
weeks).13,14	However,	a	subset	of	the	patient	population	treated	
with	 stimulants	 will	 seek	 an	 alternative	 medication	 regimen	
for	 a	 variety	 of	 reasons,	 such	 as	 lack	 of	 improvement,	 toler-
ability	 issues,	 or	 the	 possible	 negative	 societal	 perception	 of	
stimulants.	These	patients	may	switch	to	another	stimulant	or	
augment	 therapy	with	 a	 nonstimulant,	 but	 increasingly,	 they	
are	turning	to	atypical	antipsychotics	(AAPs).15-17 

With	 an	 annual	 sales	 of	 more	 than	 $13	 billion	 dollars,	
accounting	 for	 nearly	 5%	 of	 all	 drug	 expenditures	 in	 the	
United	States,	AAPs	 are	one	of	 the	most	 common	and	costly	
classes	 of	 prescription	drugs.18,19	Use	 of	AAPs	 for	 indications	
not	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	
accounts	 for	 the	majority	 of	 treatment	with	AAPs.19	A	 recent	
study	using	data	from	the	National	Ambulatory	Medical	Care	
Survey	 and	 the	 National	 Hospital	 Ambulatory	 Medical	 Care	
Survey	 found	 that	 ADHD	 was	 the	 most	 common	 diagnosis	
associated	 with	 an	 antipsychotic	 prescription	 for	 children	
aged	 2	 to	 18	 years.15	 A	 separate	 analysis	 of	 11,700	Arkansas	

•	This	 study	was	 the	 first	 to	examine	 the	 treatment	patterns	and	
economic	outcomes	associated	with	AAP	use	in	the	treatment	of	
ADHD	using	real-world	data.	

•	After	 controlling	 for	 potential	 confounding	 variables,	 includ-
ing	comorbidities,	children	treated	with	AAPs	had	significantly	
greater	subsequent	drug	augmentation;	higher	incidence	of	hos-
pitalization,	emergency	room,	and	outpatient	visits;	and	incurred	
higher	 all-cause	 medical,	 prescription	 drug,	 and	 total	 health	
care	costs,	as	well	as	mental	health-related	costs	compared	with	
children	 treated	with	 non-antipsychotic	medications	 in	 the	 12	
months	post-treatment	initiation.	

What this study adds
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during	the	period	of	January	1,	2005,	to	December	31,	2009.	
Claims	were	identified	by	International Classification of Diseases, 
9th Revision, Clinical Modification (ICD-9-CM)	 codes	 314.00	
(Attention-deficit	 disorder	 of	 childhood	 without	 hyperactiv-
ity)	 and	 314.01	 (Attention-deficit	 disorder	 of	 childhood	with	
hyperactivity).	 Patients	 were	 further	 required	 to	 have	 had	 a	
pharmacy	 claim	 for	 a	 stimulant	 (dexmethylphenidate,	mixed	
amphetamine	 salts,	 methylphenidate,	 lisdexamfetamine,	 or	
dextroamphetamine)	 during	 the	 period	 of	 January	 1,	 2005,	
to	 December	 31,	 2009,	 which	 were	 identified	 by	 mapping	
National	 Drug	 Codes	 (NDCs)	 provided	 in	 the	 MarketScan	
dataset	 to	Generic	 Product	 Identifier	 codes	 (GPI;	Medi-Span,	
Inc.,	Indianapolis,	IN;	Appendix).	The	date	of	the	first	stimu-
lant	claim	was	defined	as	the	initial	stimulant	date.	

Patients	were	 classified	 into	 either	 the	 AAP	 cohort	 or	 the	
non-antipsychotic	 cohort	 based	 on	 the	 following	 criteria.	
Patients	were	selected	into	the	AAP	cohort	if	they	had	a	phar-
macy	 claim	 for	 risperidone,	 aripiprazole,	 quetiapine,	 olanza-
pine,	ziprasidone,	paliperidone,	or	clozapine,	and	the	first	 fill	
for	the	AAP	occurred	any	time	following	the	initial	stimulant	
date.	Patients	with	pharmacy	claims	for	AAPs	prior	to	the	ini-
tial	stimulant	date	were	excluded	from	the	study.	The	date	of	
the	 first	AAP	pharmacy	claim	was	defined	as	 the	 index	date,	
and	the	AAP	filled	was	defined	as	the	index	therapy.	Patients	
with	no	pharmacy	claims	for	AAPs	and	at	least	one	pharmacy	
claim	 after	 the	 initial	 stimulant	 date	 for	 atomoxetine,	 guan-
facine	 immediate-release	 (IR),	 clonidine	 IR,	 or	 a	 stimulant	 of	
a	 different	 class	 than	 the	 initial	 stimulant	 (Appendix)	 were	
selected	 into	 the	 non-antipsychotic	 cohort.	 For	 non-antipsy-
chotic	patients	with	pharmacy	claims	for	more	than	one	of	the	
eligible	medications	as	described	above	(e.g.,	having	claims	for	
both	atomoxetine	and	guanfacine	IR	after	the	initial	stimulant),	
the	 index	 therapy	 was	 randomly	 selected.	 Random	 selection	
was	employed	to	match	the	inclusion	criteria	of	the	AAP	cohort	
(which	may	have	one	or	more	non-antipsychotic	medications	
prior	to	the	index	date)	in	an	unbiased	manner.	The	index	date	
was	defined	as	the	date	of	the	first	fill	for	the	index	therapy.	

In	addition,	patients	in	both	cohorts	were	required	to	meet	
the	following	criteria:	(a)	Patients	were	aged	6	to	12	years	as	of	
the	index	date;	(b)	patients	had	at	least	30	days	of	a	stimulant	
supply	before	the	index	date;	(c)	patients	had	at	least	18	months	
(6	months	pre-	and	12	months	post-index	date)	of	continuous	
eligibility;	(d)	patients	did	not	have	any	medical	claim	associ-
ated	with	 the	 following	 diagnoses	 during	 the	 6	months	 pre-	
and	12	months	post-index	date:	bipolar	disorder	(ICD-9-CM:	
296.0,	 296.1,	 296.4-296.8);	 schizophrenia	 (ICD-9-CM:	 295);	
psychotic	disorder	with	delusions/hallucinations	 (ICD-9-CM:	
293.81,	293.82);	paranoia	(ICD-9-CM:	297.1,	297.3);	psychosis	
(ICD-9-CM:	 298.8,	 298.9);	 tics/Tourette’s	 syndrome	 (ICD-
9-CM:	 307.2,	 307.23);	 or	 dementia	 (ICD-9-CM:	 290,	 294.1).	
These	 included	 conditions	 that	 can	 be	 identified	 through	
ICD-9	codes	and	are	either	approved	by	the	FDA	as	indications	

for	 AAPs	 (bipolar	 disorder	 and	 schizophrenia)	 or	 conditions	
that	 are	 commonly	 treated	with	AAPs,	 as	 suggested	by	clini-
cians	 (pyschotic	 disorder,	 paranoia,	 psychosis,	 tics/Tourette’s	
syndrome,	 and	 dementia);	 the	 exclusion	 of	 these	 conditions	
was	 made	 to	 increase	 the	 likelihood	 that	 patients	 received	
AAPs	for	ADHD	and	not	other	indications	for	which	AAPs	are	
commonly	 used.	 In	 addition,	 patients	 were	 required	 to	 use	
the	 index	drug	 for	 switching	 or	 augmentation	purposes	 (i.e.,	
patients	were	either	switching	from	a	previous	stimulant	to	the	
index	drug	or	augmenting	a	previous	stimulant	with	the	index	
drug).	Switching	was	defined	as	patients	who	initiated	the	index	
drug	within	a	period	of	30	days	before	or	after	the	last	day	with	
stimulant	supply.	Augmenting	was	defined	as	patients	who	had	
initiated	the	index	drug	after	the	stimulant	and	had	at	least	30	
consecutive	 days	 overlapping	 supply	 between	 the	 stimulant	
and	the	index	drug.	

To	 control	 for	 observable	 selection	 bias,	 patients	 in	 the	
non-antipsychotic	group	(reference	group)	were	matched	one-
to-one	 to	 patients	 in	 the	 AAP	 group	 using	 propensity	 score	
matching.	The	propensity	score	(i.e.,	the	likelihood	of	receiving	
an	AAP	conditional	on	the	covariates)	was	generated	from	an	
unconditional	logistic	regression.	A	greedy	matching	algorithm	
was	utilized	 to	perform	 the	match.27	The	patient	 characteris-
tics	 considered	 in	 the	 propensity	 score	 model	 included	 age;	
gender;	geographic	region;	year	of	therapy	initiation;	baseline	
stimulant	 class	 (amphetamine	 IR,	 amphetamine	 extended-
release	 [XR],	 methylphenidate	 IR,	 and	methylphenidate	 XR);	
duration	of	 stimulant	 use	 before	 the	 index	date;	 comorbidity	
profile	(including	accidental	injury,	adjustment	reaction,	anxi-
ety	disorders,	asthma,	conduct	disorder,	depression,	epilepsy,	
insomnia,	 learning	disability,	neurological	disorder,	obsessive	
compulsive	 disorder,	 oppositional	 defiant	 disorder,	 and	 sub-
stance	 abuse),	 as	 well	 as	 all-cause	 and	mental	 health-related	
medical	care	utilization	(inpatient,	emergency	room	[ER],	out-
patient	visits)	and	pharmacy	and	medical	costs	(based	on	the	
exact	amount	paid	by	the	third-party	payer,	after	rebates)	dur-
ing	the	6-month	pre-index	period.	In	addition,	an	exact	match	
on	whether	the	index	drug	was	switched	to	or	augmented	was	
required.	The	precision	of	the	match	was	assessed	by	graphi-
cally	comparing	the	overlap	between	the	estimated	propensity	
score	between	matched	and	unmatched	patients	(lack	of	over-
lap	would	indicate	the	presence	of	extreme	patients	that	were	
not	well	 represented	 in	 both	 cohorts).28	 To	 assess	 the	 degree	
of	balance	after	the	propensity	score	match,	the	baseline	char-
acteristics	were	 compared	between	 the	 two	matched	cohorts,	
using	McNemar	 tests	 for	 categorical	 variables	 and	Wilcoxon	
signed-rank	tests	for	continuous	variables.

Outcomes
All	 outcomes	 were	 measured	 during	 the	 12-month	 period	
following	 the	 index	 date.	Outcome	 categories	 included	 treat-
ment	 patterns,	 health	 care	 utilization,	 and	 health	 care	 costs.	
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Treatment	 patterns	 included	 discontinuation,	 switching,	 and	
augmentation.	 Discontinuation	 with	 the	 index	 therapy	 was	
defined	as	a	gap	in	the	usage	of	the	index	therapy	greater	than	
30	 days.	 The	discontinuation date	was	 defined	 as	 the	 last	 day	
of	 supply	 of	 the	 index	medication	 preceding	 a	 gap	 in	 usage	
greater	than	30	days.	A	switch	was	defined	as	the	initiation	of	a	
new	ADHD	medication	(either	an	AAP	or	a	non-antipsychotic	
other	than	the	index	therapy	or	the	current	stimulant)	within	
30	days	before	or	after	the	index	therapy	discontinuation	date.	
Because	patients	who	switch	medication	 inherently	both	dis-
continue	and	initiate	a	novel	therapy,	all	patients	who	switched	
were	a	subgroup	of	those	who	discontinued.	Augmentation	was	
defined	 as	 initiation	 of	 a	 new	ADHD	medication	 that	 had	 at	
least	30	days	of	supply	overlap	with	the	index	therapy.	

Health	 care	 utilization	 outcomes	 included	 three	 mutually	
exclusive	categories:	inpatient/hospital	services,	ER	visits,	and	
outpatient	 services.	 Inpatient	 claims	 and	 outpatient	 claims	
were	used	as	provided	in	the	database.	Claims	for	ER	services	
were	separated	from	inpatient	and	outpatient	claims	based	on	
the	place	of	service,	provider	type,	service	type,	and	procedure	
group	codes	according	to	the	algorithm	provided	in	the	data-
base	 user	 guide.	 In	 each	 category,	 both	 all-cause	 utilization	
and	mental	 health-related	 utilization	were	 examined.	Mental	
health-related	 utilization	 was	 defined	 as	 services	 associated	
with	a	primary	diagnosis	of	 a	mental	health	condition	 (ICD-
9-CM:	290-319).	Cause	of	urgent	care	utilization	(i.e.,	inpatient	
and	ER	visits)	was	determined	based	on	the	primary	diagno-
sis.	The	identified	causes	were	further	classified	into	different	
mental	health-related	causes	according	to	groupings	of	psychi-
atric	comorbidities	from	the	Diagnostic and Statistical Manual of 
Mental Disorders,	fourth	edition	(DSM-IV).29 

Health	care	costs	included	medical	costs	(i.e.,	costs	for	hos-
pitalizations,	ER	visits,	and	outpatient	visits)	and	prescription	
drug	costs	(including	the	index	drug).	Both	all-cause	and	mental	 
health-related	 costs	 were	 evaluated.	 Mental	 health-related	
medical	costs	were	defined	as	the	costs	of	services	associated	
with	a	primary	diagnosis	of	 a	mental	health	condition	 (ICD-
9-CM:	290-319).	Mental	health-related	drug	costs	were	identi-
fied	 using	 the	 American	Hospital	 Formulary	 Service	 (AHFS)	
therapeutic	class	codes	and	specific	drug	names	for	nonstimu-
lants	 (AHFS	does	 not	 have	 a	 specific	 category	 for	 nonstimu-
lants).	Cost	analyses	were	conducted	from	a	third-party	payer’s	
perspective	 (i.e.,	 costs	 were	 defined	 as	 the	 amount	 paid	 by	
third-party	payers,	 not	 including	 out-of-pocket	 costs	 paid	by	
patients,	 such	 as	 deductibles,	 coinsurance,	 and	 copayments).	
All	 costs	were	 accrued	during	 the	12-month	period	 immedi-
ately	following	the	index	date	and	inflated	to	2010	U.S.	dollars	
using	the	medical	component	of	the	Consumer	Price	Index.30 

Statistical Analysis of Outcomes
Patient	baseline	characteristics,	 including	age,	gender,	region,	
selected	 comorbidities,	 ADHD	 treatment,	medical	 utilization,	

and	costs	during	the	6	months	pre-index	date,	were	compared	
between	patients	in	the	AAP	cohort	and	the	non-antipsychotic	
cohort	before	propensity	score	matching.	Specifically,	Pearson	
chi-square	 tests	 were	 used	 to	 compare	 categorical	 variables,	
and	Wilcoxon	rank-sum	tests	were	used	to	compare	continu-
ous	variables	in	the	pre-matched	sample.	

Rates	 of	 index	 drug	 discontinuation,	 switching,	 and	 aug-
mentation	were	 estimated	 using	 the	 Kaplan-Meier	 (KM)	 sur-
vival	 estimator.	 The	 hazard	 ratios	 (HR)	 of	 discontinuation,	
switching,	 and	 augmentation	 between	 the	 AAP	 cohort	 and	
the	 non-antipsychotic	 cohort	were	 estimated	 using	Cox	 pro-
portional	hazard	models.	For	the	switching	and	augmentation	
analyses,	patients	were	considered	censored	30	days	after	their	
discontinuation	 date.	 Rates	 of	 all-cause	 and	 mental	 health-
related	 utilizations	 (i.e.,	 hospitalizations,	 ER	 visits,	 and	 out-
patient	visits)	as	well	as	rates	of	hospitalizations	and	ER	visits	
related	 to	specific	causes	were	compared	between	subjects	 in	
the	 two	 matched	 cohorts	 using	 McNemar’s	 test.	 Event	 rate	
ratios	(ERR)	for	all-cause	and	mental	health-related	utilization	
between	 the	 AAP	 cohort	 and	 the	 non-antipsychotic	 cohort	
were	 estimated	 using	 Poisson	 regressions.	 Health	 care	 costs	
are	typically	not	normally	distributed	and	highly	skewed	to	the	
right;	therefore,	they	were	compared	between	the	two	matched	
cohorts	using	nonparametric	Wilcoxon	signed-rank	tests.	

All	 analyses	 were	 performed	 on	 an	 intent-to-treat	 basis	
(i.e.,	patients	were	grouped	by	their	index	therapy)	using	SAS	
Version	 9.2	 (SAS	 Institute,	 Cary,	NC).	 Statistical	 significance	
was	evaluated	at	the	0.05	significance	level	(two-sided).

■■  Results
A	 total	 of	 441,673	 children	 with	 at	 least	 one	 diagnosis	 of	
ADHD	 were	 identified	 in	 the	 Thomson	 Reuters	 MarketScan	
Commercial	Claims	&	Encounters	database	between	 January	
1,	2005,	and	December	31,	2009	(Figure	1).	Of	these	children,	
271,165	(61.4%)	had	at	least	one	pharmacy	claim	for	a	stimu-
lant	medication.	Among	them,	22,622	(8.3%	of	all	pharmaco-
logically	 treated	 ADHD	 patients)	 had	 at	 least	 one	 pharmacy	
claim	 for	 an	 AAP	medication	 after	 the	 initial	 stimulant,	 and	
84,558	(31.2%	of	all	pharmacologically	treated	ADHD	patients)	
had	at	least	one	pharmacy	claim	for	a	non-antipsychotic	medi-
cation	 (and	no	claims	 for	 an	AAP)	after	 the	 initial	 stimulant.	
Of	 the	22,622	patients	 identified	 to	have	used	AAPs,	15,664	
(69.2%)	patients	did	not	have	psychiatric	diagnosis	for	which	
AAPs	 were	 FDA	 indicated	 or	 commonly	 used.	 Among	 the	
84,558	 patients	 using	 non-antipsychotics	 after	 a	 stimulant,	
81,397	(96%)	did	not	have	such	psychiatric	diagnoses.	A	total	
of	2,127	children	in	the	AAP	cohort	and	16,508	children	in	the	
non-antipsychotic	cohort	met	all	the	study	inclusion	criteria.	

Baseline Characteristics
Before	 matching,	 there	 were	 significant	 differences	 in	 the	
patient	 demographics	 and	 other	 baseline	 characteristics	
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FIGURE 1 Sample Selection Flowchart (Child Patients: 6 ≤ Age < 13)

Patients with ≥ 1 primary diagnosis of ADHD between January 1, 2005, and December 31, 2009
N =  441,673

Patients who filled ≥ 1 prescription for a stimulant ADHD medication 
This medication was defined as the index stimulant

N = 271,165

Patients who filled ≥ 1 prescription for an  
atypical antipsychotic medication

This medication was defined as the index drug 
N = 22,622

Patients did not have psychiatric diagnoses beside ADHD for 
which antipsychotics were FDA indicated or commonly used

N = 15,664

Patients had ≤ 30 days between termination of the index 
stimulanta and initiation of the index drug 

N = 11,137

Patients had ≥ 30 days of stimulant use prior to the index date 
N = 10,854

Patients had continuous health plan enrollment for  
6 months prior to the potential index date and  

12 months after the potential index date
N   = 2,438

Patients had ≥ 1 primary diagnosis of  
ADHD within the study period

N = 2,127

Total child patients (pre-match) 
N = 18,635

Matched antipsychotic patients
N = 1,857

Total child patients (post-match) 
N = 3,714

Patients who filled ≥ 1 prescription for  
another ADHD medication

This medication was defined as the index drug
N = 84,558

Patients did not have psychiatric diagnoses beside ADHD for 
which antipsychotics were FDA indicated or commonly used

N = 81,397

Patients had ≤ 30 days between termination of the index 
stimulanta and initiation of the index drug 

N = 53,822

Patients had ≥ 30 days of stimulant use prior to the index date 
N = 52,786

Patients had continuous health plan enrollment for  
6 months prior to the potential index date and  

12 months after the potential index date
N = 17,953

Patients had ≥ 1 primary diagnosis of  
ADHD within the study period

N = 16,508

Matched non-antipsychotic ADHD treatment patients
N = 1,857

aTermination of the index stimulant was defined as discontinuation of the index stimulant. Termination of the index stimulant did not occur in all patients.
ADHD = attention-deficit/hyperactivity disorder; FDA = U.S. Food and Drug Administration.
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TABLE 1 Comparison of Baseline Demographic Characteristics and Comorbidities:  
Atypical Antipsychotic and Non-Antipsychotic Cohorts (Pre- and Post-Matched)

Baseline Characteristics

Pre-Match Sample Post-Match Sample
Atypical 

Antipsychotic 
Patients 
N = 2,127

Non- 
Antipsychotic 

Patients 
N = 16,508 P Valuea

Atypical 
Antipsychotic  

Users 
N = 1,857

Non- 
Antipsychotic 

Users 
N = 1,857 P Valueb

Demographic characteristics
Age,	mean	±	SD 9.11	±	1.97 8.89	±	1.87 < 0.001 9.0	±	2.0 9.0	±	1.9 0.904
Female,	n	(%) 	 458	 (21.5) 	 4,510	 (27.3) < 0.001 	 417	 (22.5) 	 417	 (22.5) 1.000

Region of residence, n (%)
Northeast 	 215	 (10.1) 	 1,430	 (8.7) 0.027 	 177	 (9.5) 	 180	 (9.7) 0.869
Midwest 	 735	 (34.6) 	 4,935	 (29.9) < 0.001 	 618	 (33.3) 	 636	 (34.2) 0.518
South 	 853	 (40.1) 	 8,116	 (49.2) < 0.001 	 770	 (41.5) 	 762	 (41.0) 0.783
West 	 310	 (14.6) 	 1,926	 (11.7) < 0.001 	 279	 (15.0) 	 270	 (14.5) 0.668
National	(unknown) 	 14	 (0.7) 	 101	 (0.6) 0.797 	 13	 (0.7) 	 9	 (0.5) 0.394

Index drug switching vs. augmenting, n (%)
Switching 	 388	 (18.2) 	 10,714	 (64.9) < 0.001 	 358	 (19.3) 	 358	 (19.3) 1.000
Augmenting 	 1,739	 (81.8) 	 5,794	 (35.1) < 0.001 	 1,499	 (80.7) 	 1,499	 (80.7) 1.000

Baseline pharmacological ADHD treatment
Number	of	stimulants,	mean	±	SD 1.11	±	0.34 1.75	±	0.48 < 0.001 1.1	±	0.4 1.1	±	0.3 0.065
Duration	of	stimulants,	mean	±	SD 93.55	±	60.28 99.10	±	56.39 < 0.001 92.6	±	59.6 96.4	±	60.4 0.047

Baseline psychotherapy, n (%)
Number	of	visits,	mean	±	SD 3.99	±	5.69 1.50	±	3.48 < 0.001 3.3	±	4.9 3.4	±	5.5 0.719
Number	of	patients	with	visit,	n	(%) 	 1,346	 (63.3) 	 5,264	 (31.9) < 0.001 	 1,102	 (59.3) 	 1,103	 (59.4) 0.973

Baseline stimulant use, n (%)
Methylphenidate	immediate-release 	 404	 (19.0) 	 3,216	 (19.5) 0.593 	 338	 (18.2) 	 371	 (20.0) 0.172
Methylphenidate	extended-release 	 1,298	 (61.0) 	12,909	 (78.2) < 0.001 	 1,134	 (61.1) 	 1,180	 (63.5) 0.116
Amphetamine	immediate-release	 	 236	 (11.1) 	 1,815	 (11.0) 0.889 	 195	 (10.5) 	 192	 (10.3) 0.875
Amphetamine	extended-release	 	 783	 (36.8) 	 9,787	 (59.3) < 0.001 	 699	 (37.6) 	 641	 (34.5) 0.050

Comorbidity profile, n (%)
Accidental	injury 	 331	 (15.6) 	 2,109	 (12.8) < 0.001 	 271	 (14.6) 	 249	 (13.4) 0.294
Adjustment	reaction 	 207	 (9.7) 	 1,003	 (6.1) < 0.001 	 175	 (9.4) 	 160	 (8.6) 0.390
Anxiety	disorder 	 188	 (8.8) 	 620	 (3.8) < 0.001 	 142	 (7.6) 	 144	 (7.8) 0.901
Asthma	 	 88	 (4.1) 	 827	 (5.0) 0.080 	 80	 (4.3) 	 89	 (4.8) 0.475
Conduct	disorder 	 157	 (7.4) 	 395	 (2.4) < 0.001 	 105	 (5.7) 	 94	 (5.1) 0.426
Depression 	 159	 (7.5) 	 380	 (2.3) < 0.001 	 116	 (6.2) 	 97	 (5.2) 0.178
Epilepsy 	 36	 (1.7) 	 111	 (0.7) < 0.001 	 25	 (1.3) 	 20	 (1.1) 0.456
Insomnia 	 18	 (0.8) 	 85	 (0.5) 0.052 	 14	 (0.8) 	 17	 (0.9) 0.578
Learning	disability 	 46	 (2.2) 	 386	 (2.3) 0.613 	 39	 (2.1) 	 48	 (2.6) 0.335
Neurological	disorders 	 92	 (4.3) 	 458	 (2.8) < 0.001 	 75	 (4.0) 	 83	 (4.5) 0.519
Obsessive	compulsive	disorder 	 45	 (2.1) 	 79	 (0.5) < 0.001 	 29	 (1.6) 	 25	 (1.3) 0.586
Oppositional	defiant	disorder 	 171	 (8.0) 	 367	 (2.2) < 0.001 	 107	 (5.8) 	 100	 (5.4) 0.614
Substance	abuse 	 5	 (0.2) 	 9	 (0.1) 0.004 	 2	 (0.1) 	 3	 (0.2) 0.655
Non-comorbid	ADHDc 	 1,292	 (60.7) 	13,180	 (79.8) < 0.001 	 1,209	 (65.1) 	 1,228	 (66.1) 0.512

Inpatient/hospitalizations
Patients	with	at	least	one	visit,	n	(%) 	 90	 (4.2) 	 105	 (0.6) < 0.001 	 48	 (2.6) 	 34	 (1.8) 0.118
Number	of	visits	per	patient,	mean	±	SD 0.05	±	0.23 0.01	±	0.09 < 0.001 0.0	±	0.2 0.0	±	0.1 0.055
Cost	per	patient,	mean	±	SD 684.26	±	9,003.88 64.27	±	1,087.88 < 0.001 282.7	±	2,736.3 191.9	±	1,848.2 0.221

Emergency room
Patients	with	at	least	one	visit,	n	(%) 	 290	 (13.6) 	 1,617	 (9.8) < 0.001 	 221	 (11.9) 	 221	 (11.9) 1.000
Number	of	visits	per	patient,	mean	±	SD 0.18	±	0.53 0.12	±	0.41 < 0.001 0.2	±	0.5 0.1	±	0.5 0.880
Cost	per	patient,	mean	±	SD 89.02	±	354.95 61.49	±	306.62 < 0.001 75.0	±	328.5 81.0	±	434.3 0.640

Outpatient
Patients	with	at	least	one	visit,	n	(%) 	 2,054	 (96.6) 	15,927	 (96.5) 0.837 	 1,787	 (96.2) 	 1,772	 (95.4) 0.222
Number	of	visits	per	patient,	mean	±	SD 7.72	±	7.60 5.32	±	5.91 < 0.001 7.0	±	7.1 7.0	±	7.1 0.880
Cost	per	patient,	mean	±	SD 1,322.57	±	2,331.92 870.00	±	2,107.42 < 0.001 1,156.9	±	2,063.4 1,106.9	±	1,892.8 0.990

Drug use
Number	of	total	prescriptions	per	patient,	mean	±	SD 9.44	±	6.54 6.45	±	4.67 < 0.001 8.5	±	5.6 8.6	±	6.3 0.815
Cost	per	patient,	mean	±	SD 1,131.35	±	1,394.79 705.03	±	977.77 < 0.001 999.6	±	927.3 973.2	±	1,577.1 < 0.001

Total cost per patient 3,227.21	±	9,651.44 1,700.79	±	2,903.68 < 0.001 2,514.2	±	3,990.8 2,353.0	±	3,797.3 < 0.001
aWilcoxon rank-sum tests were used to compare continuous variables. Chi-square tests were used to compare dichotomous variables.
bWilcoxon signed-rank tests were used to compare continuous variables. McNemar tests were used to compare dichotomous variables.
cDefined as ADHD with the absence of the following diagnoses: adjustment reaction, anxiety disorder, conduct disorder, depression, epilepsy,
insomnia, learning disability, neurological disorders, obsessive compulsive disorder, oppositional defiant disorder, and substance abuse. 
ADHD = attention-deficit-hyperactivity disorder; SD = standard deviation.  
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$21),	ER	($21	vs.	$6),	and	outpatient	($701	vs.	$353)	costs	than	
non-antipsychotic	patients	(all	P <	0.001).	

After	 propensity	 score	matching,	 a	 total	 of	 1,857	 children	
(358	switchers	and	1,499	augmenters)	were	included	in	each	of	
the	matched	cohorts.	The	propensity	 scores	 for	 the	non-anti-
psychotic	cohort	were	found	to	have	adequate	overlap	with	the	
scores	in	the	AAP	cohort,	indicative	of	the	cohort’s	inclusion	of	
a	diverse	group	of	patients	without	major	outliers.	The	matched	
cohorts	 were	 well	 balanced,	 since	 all	 baseline	 demographics	
and	 almost	 all	 resource	 utilization	 characteristics	 were	 no	
longer	 significantly	 different	 (the	 matched	 AAP	 cohort	 were	
more	likely	to	have	used	amphetamine	XR	[P =	0.050]	and	had	
a	shorter	duration	of	baseline	stimulant	use	[P =	0.047],	higher	
pharmacy	 costs	 [P <	0.001],	 and	 lower	 total	 costs	 [P <	0.001];	
Table	1).	

Risperidone	was	the	index	drug	for	the	majority	of	children	
in	 the	matched	AAP	cohort	(66.9%),	 followed	by	aripiprazole	
(14.6%),	 quetiapine	 (13.5%),	 olanzapine	 (3.4%),	 ziprasidone	
(1.3%),	 paliperidone	 (0.2%),	 and	 clozapine	 (0.1%).	 These	
frequencies	 were	 very	 similar	 to	 what	 was	 observed	 in	 the	
pre-matched	 sample.	 In	 the	 pre-matched	 non-antipsychotic	
cohort,	stimulants	were	the	index	drug	for	70.4%	of	patients.	
However,	 in	 the	 post-matched	 sample,	 atomoxetine	 was	 the	
most	 common	 index	 drug	 (42.4%),	 followed	 by	 clonidine	 IR	

between	 the	 two	 cohorts	 (Table	 1).	 During	 the	 baseline	
period,	patients	in	the	AAP	cohort	used	fewer	stimulants;	the	
mean	number	of	distinct	stimulants	used	during	the	baseline	
period	was	 1.11	 for	 the	 AAP	 cohort	 compared	with	 1.75	 for	
the	 non-antipsychotic	 cohort.	Moreover,	 patients	 in	 the	 AAP	
cohort	were	significantly	less	likely	to	use	an	extended-release	
methylphenidate	 (61.0%	 vs.	 78.2%)	 or	 an	 extended-release	
amphetamine	 (36.8%	vs.	59.3%)	compared	with	 those	 in	 the	
non-antipsychotic	 cohort	 (all	 P <	0.001).	 Patients	 in	 the	 AAP	
cohort	were	significantly	more	likely	to	have	augmented	with	
the	 index	 therapy	 rather	 than	 to	 have	 switched	 to	 the	 index	
therapy	 (81.8%	 vs.	 35.1%)	 and	 to	 have	 had	 psychotherapy	
(63.3%	vs.	31.9%),	as	well	as	anxiety	disorder	(8.8%	vs.	3.8%),	
conduct	disorder	(7.4%	vs.	2.4%),	depression	(7.5%	vs.	2.3%),	
and	oppositional	defiant	disorder	(8.0%	vs.	2.2%;	all	P <	0.001).	
Patients	in	the	AAP	cohort	also	had	significantly	more	all-cause	
hospitalizations	 (0.05	 vs.	 0.01),	 ER	 visits	 (0.18	 vs.	 0.12)	 and	
outpatient	visits	(7.72	vs.	5.32),	and	higher	all-cause	costs	due	
to	hospitalization	($684	vs.	$64),	ER	visits	($89	vs.	$61),	and	
outpatient	visits	($1,323	vs.	$870;	all	P <	0.001).	With	regards	
to	mental	health-related	utilization	and	costs	at	baseline,	AAP	
patients	also	had	significantly	more	hospitalizations	(0.04	vs.	
<	0.01),	ER	visits	(0.04	vs.	0.01),	and	outpatient	visits	(5.13	vs.	
2.92)	and	had	correspondingly	higher	hospitalization	($308	vs.	

FIGURE 2a Kaplan-Meier Analysis of Persistence
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(35.6%),	guanfacine	IR	(11.3%),	and	other	stimulants	(10.7%).	
The	difference	before	and	after	matching	was	in	large	part	due	
to	the	fact	that	compared	with	stimulants,	nonstimulants	were	
more	likely	to	be	used	as	augmenting	drugs.	In	the	AAP	cohort,	
81.8%	of	stimulant	users	augmented	with	an	AAP.	Therefore,	
after	exactly	matching	the	index	drug	as	an	augmenting	drug	
versus	a	switched-to	drug,	the	distribution	of	the	index	therapy	
in	 the	 non-antipsychotic	 cohort	 changed	 substantially	 com-
pared	with	the	pre-matched	distribution.	

Treatment Patterns
The	12-month	KM	rate	of	discontinuation	was	similar	between	
the	 AAP	 cohort	 and	 non-antipsychotic	 cohort	 (71.8%	 vs.	
71.7%;	P =	0.600;	Figure	2a).	The	12-month	KM	rate	of	switch-
ing	 from	 the	 index	 drug	 to	 another	 ADHD	 medication	 was	
significantly	higher	in	the	AAP	cohort	compared	with	the	non-
antipsychotic	 cohort	 (17.2%	 vs.	 10.4%;	 P <	0.001;	 Figure	 2b).	
The	12-month	KM	rate	of	augmentation	was	also	significantly	
higher	(43.4%	vs.	22.4%;	P <	0.001)	in	the	AAP	cohort	(Figure	
2c).	Overall,	AAP	patients	were	more	likely	to	switch	from	the	
index	 drug	 (HR	=	1.75;	 P <	0.001)	 and	 to	 augment	 the	 index	
drug	 (HR	=	2.62;	 P <	0.001)	 compared	with	 non-antipsychotic	
patients.	

Health Care Utilization
During	the	12-month	study	period,	84	(4.5%)	patients	 in	the	
AAP	 cohort	 had	 at	 least	 one	 hospitalization,	 compared	 with	
34	(1.8%)	patients	 in	the	non-antipsychotic	cohort	(P <	0.001;	
Table	2).	AAP	patients	had	an	average	of	0.08	hospitalizations	
compared	with	0.03	hospitalizations	for	the	non-antipsychotic	
patients	 (ERR	=	2.61;	 P <	0.001).	 The	 majority	 of	 hospitaliza-
tions	in	both	cohorts	were	related	to	mental	health	conditions	
(3.4%	vs.	1.1%;	P <	0.001).	AAP	patients	had	an	average	of	0.05	
mental	 health-related	 hospitalizations	 compared	 with	 0.02	
mental	 health-related	 hospitalizations	 for	 the	 non-antipsy-
chotic	patients	(ERR	=	3.61;	P <	0.001).	Mood	disorders	were	the	
most	common	reason	for	hospitalizations	among	AAP	patients	
and	occurred	 significantly	more	 frequently	 than	 in	non-anti-
psychotic	patients	(1.8%	vs.	0.2%;	P <	0.001).	The	proportion	of	
patients	with	at	 least	one	hospitalization	attributed	 to	ADHD	
was	not	significantly	different	between	 the	 two	groups	(0.8%	
vs.	0.4%;	P =	0.127).	

Rates	of	ER	visits	were	also	higher	in	the	AAP	cohort	com-
pared	 with	 the	 non-antipsychotic	 cohort	 (23.8%	 vs.	 18.5%	
at	 12	 months;	 P <	0.001).	 AAP	 patients	 had	 an	 average	 of	
0.34	 ER	 visits	 during	 the	 12-month	 post-index	 period	 com-
pared	 with	 0.25	 ER	 visits	 for	 the	 non-antipsychotic	 patients	
(ERR	=	1.33;	P <	0.001).	The	leading	cause	of	ER	visits	 in	both	

FIGURE 2b Kaplan-Meier Analysis of Switching Patterns
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cohorts	was	accidents/injuries	with	a	significantly	higher	rate	
in	AAP	patients	(12.1%	vs.	9.6%;	P =	0.017).	AAP	patients	also	
had	 significantly	 higher	 rates	 of	 ER	 visits	 related	 to	 mental	
health	 conditions	 (4.8%	vs.	 2.8%;	P <	0.001),	with	 an	 average	
of	 0.05	 mental	 health-related	 ER	 visits	 compared	 with	 0.03	
mental	health-related	ER	visits	 for	non-antipsychotic	patients	

(ERR	=	1.82;	P <	0.001).	The	proportion	of	patients	with	at	least	
one	ER	visit	attributed	to	ADHD	was	not	statistically	different	
between	the	two	cohorts	(0.5%	vs.	0.2%;	P =	0.083).	

Almost	 all	 patients	 had	 at	 least	 one	 outpatient	 visit	 in	
the	 AAP	 and	 non-antipsychotic	 cohorts	 (99.5%	 vs.	 99.3%;	
P =	0.414)	 and	 at	 least	 one	 outpatient	 visit	 related	 to	 mental	

FIGURE 2c Kaplan-Meier Analysis of Augmentation
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Outcome Measures
Atypical Antipsychotic Users 

N = 1,857
Non-Antipsychotic Users  

N = 1,857 Event Rate Ratios

P ValueaTotal health care
Patients with Event 

N (%) Events per Patient
Patients with Event 

N (%) Events per Patient ERR (95% CI)

Hospitalizations 	 84	 (4.52) 0.079 	 34	 (1.83) 0.030 	 2.61	 (1.92-3.55) < 0.001
Emergency	room	visits 	 441	 (23.75) 0.339 	 344	 (18.52) 0.254 	 1.33	 (1.18-1.50) < 0.001

Outpatient	visits 	 1,847	 (99.46) 14.099 	 1,843	 (99.25) 12.714 	 1.11	 (1.09-1.13) < 0.001
Mental health-related 
Hospitalizations 	 63	 (3.39) 0.052 	 20	 (1.08) 0.017 	 3.13	 (2.09-4.69) < 0.001
Emergency	room	visits 	 90	 (4.85) 0.054 	 51	 (2.75) 0.030 	 1.82	 (1.31-2.53) < 0.001
Outpatient	visits 	 1,769	 (95.26) 9.304 	 1,755	 (94.51) 7.689 	 1.21	 (1.18-1.24) < 0.001
aP values were generated from unadjusted Poisson regression models.
CI = confidence interval; ERR = event rate ratio.

TABLE 2 Health Care Utilization: Atypical Antipsychotic and Non-Antipsychotic Cohorts 
(Among Matched Patients)
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$134;	P <	0.001),	mental	health-related	ER	costs	 ($28	vs.	$16;	
P <	0.001),	 and	mental	 health-related	 outpatient	 costs	 ($1,144	
vs.	$867;	P <	0.001).

■■  Discussion
Consistent	with	previous	findings,14-16	this	study	found	that	69%	
of	the	children	with	ADHD	and	receiving	AAPs	did	not	have	
a	psychiatric	diagnosis	for	which	AAPs	were	FDA	indicated	or	
commonly	used.	These	results	highlight	the	prevalence	of	AAP	
use	 in	 this	population	and	the	need	 to	better	understand	the	
economic	 and	 medical	 consequences	 of	 such	 use,	 especially	
given	that	clinical	evidence	supporting	the	treatment	of	ADHD	
with	AAPs	is	limited.	The	current	study	employed	a	nationwide	
claims	 database	 to	 compare	 treatment	 patterns,	 health	 care	
utilization,	and	health	care	costs	between	children	with	ADHD	
who	 received	 stimulants	 and	were	 subsequently	 treated	with	
AAPs	or	non-antipsychotics.	To	our	knowledge,	this	is	the	first	
study	to	examine	the	real-world	treatment	patterns	and	health	
care	utilization	and	costs	associated	with	AAPs	as	an	off-label	
treatment	for	ADHD.	This	study	showed	that	after	controlling	
for	 measured	 baseline	 confounding	 factors	 between	 the	 two	
cohorts,	 AAP-treated	 patients	 had	 higher	 rates	 of	 switching	
and	augmentation	than	the	non-antipsychotic	treated	patients.	
Assuming	 switching	 and	 augmentation	 are	 associated	 with	
suboptimal	 treatment	 with	 the	 index	 therapy,31,32	 these	 data	
potentially	 suggest	 that	 patients	 treated	with	AAPs	 are	more	
likely	 to	 have	 suboptimal	 responses	 compared	with	 those	 in	
the	non-antipsychotic	cohort.	The	findings	are	consistent	with	
the	current	literature,	which	does	not	support	the	clinical	use	
of	AAPs	for	the	treatment	of	ADHD.22-25	

health	 (95.3%	vs.	94.5%;	P =	0.302).	However,	patients	 in	 the	
AAP	cohort	had	on	average	significantly	more	outpatient	visits	
(14.1	per	year	vs.	12.7	per	year;	ERR	=	1.11;	P <	0.001)	and	sig-
nificantly	more	outpatient	visits	related	to	mental	health	(9.30	
per	year	vs.	7.69	per	year;	ERR	=	1.21;	P =	0.001).

Health Care Costs
Patients	in	the	AAP	cohort	had	higher	health	care	costs	during	
the	12-month	post-index	period	compared	with	non-antipsy-
chotic	medication	patients	(Table	3).	The	average	annual	total	
health	care	costs	for	AAP	patients	were	$6,934	versus	$4,748	
for	non-antipsychotic	patients	(P <	0.001).	Total	mental	health-
related	costs	were	also	higher	among	AAP	patients	($5,057	vs.	
$2,859;	P <	0.001).

The	majority	of	 total	health	care	costs	were	attributable	 to	
pharmacy	costs.	The	average	12-month	drug	cost	was	higher	
for	AAP	patients	($3,844	vs.	$2,509;	P <	0.001).	Mental	health-
related	 drug	 costs	 were	 also	 higher	 among	 AAP	 patients	
($3,502	vs.	$1,895;	P <	0.001).	In	addition,	patients	in	the	AAP	
cohort	also	had	higher	costs	for	the	index	drug	than	patients	
in	the	non-antipsychotic	cohort	($1,587	vs.	$596;	P <	0.001).

The	 total	 all-cause	 mean	 medical	 costs	 were	 significantly	
higher	 for	 the	 AAP	 cohort	 ($3,090	 vs.	 $2,238;	 P <	0.001).	
Outpatient	 costs	 constituted	 the	 largest	 component	 of	 the	
total	 all-cause	 medical	 costs	 for	 the	 AAP	 cohort	 and	 were	
significantly	 higher	 than	 the	 outpatient	 costs	 for	 the	 non-
antipsychotic	 cohort	 ($2,251	 vs.	 $1,903;	P <	0.001).	 The	 AAP	
cohort	also	had	higher	all-cause	inpatient	costs	($647	vs.	$202;	
P <	0.001),	 mental	 health-related	 inpatient	 costs	 ($384	 vs.	
$80;	P <	0.001)	 as	well	 as	higher	 all-cause	ER	 costs	 ($192	vs.	

TABLE 3 Health Care Costs: Atypical Antipsychotic and Non-Antipsychotic Cohorts 
(Among Matched Patients)

Outcome Measures

Atypical Antipsychotic Users 
N = 1,857

Non-Antipsychotic Users 
N = 1,857

Cost Difference 
[A] - [B] 

Mean [Median] P Valuea
Annual Cost [A] 
Mean [Median]

Annual Cost [B] 
Mean [Median]

Total health care costs 	 6,934	±	8,695	 [5,154] 	 4,748	±	5,852	 [3,394] 	 2,186	 [1,760] < 0.001
Total medical costs 	 3,090	±	7,582	 [1,394] 	 2,238	±	4,515	 [1,109] 	 852	 [286] < 0.001
Inpatient 	 647	±	5,740	 [0] 	 202	±	1,893	 [0] 	 445	 [0] < 0.001
Outpatient 	 2,251	±	4,059	 [1,189] 	 1,903	±	3,436	 [1,019] 	 348	 [170] < 0.001
Emergency	room 	 192	±	577	 [0] 	 134	±	501	 [0] 	 59	 [0] < 0.001

Total drug cost 	 3,844	±	2,903	 [3,182] 	 2,509	±	3,092	 [1,892] 	 1,334	 [1,290] < 0.001

Index	drug 	 1,587	±	1,623	 [1,140] 	 596	±	846	 [139] 	 991	 [1,001] < 0.001
Total mental health-related costs 	 5,057	±	5,495	 [4,026] 	 2,859	±	2,396	 [2,314] 	 2,199	 [1,712] < 0.001
Medical 	 1,555	±	4,708	 [586] 	 964	±	1,912	 [434] 	 592	 [152] < 0.001
Inpatient 	 384	±	3,746	 [0] 	 80	±	1,080	 [0] 	 304	 [0] < 0.001
Emergency	room 	 28	±	185	 [0] 	 16	±	155	 [0] 	 12	 [0] < 0.001
Outpatient 	 1,144	±	2,704	 [554] 	 867	±	1,526	 [426] 	 276	 [128] < 0.001
Drug 	 3,502	±	2,358	 [2,967] 	 1,895	±	1,259	 [1,631] 	 1,607	 [1,336] < 0.001

aWilcoxon signed-rank tests were used to compare costs.
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Given	the	limited	clinical	evidence	of	efficacy	and	safety	of	
AAPs	in	the	treatment	of	ADHD	and	the	substantial	economic	
burden	associated	with	their	use	demonstrated	by	the	current	
study,	 further	 investigation	 of	 treating	 ADHD	 children	 with	
AAPs	is	warranted.	The	findings	from	this	study	suggest	that	
the	off-label	use	of	treatments	not	supported	by	adequate	clini-
cal	 and	 economic	 evidence	may	pose	 a	 substantial	 economic	
burden	 to	 payers.	 The	 need	 for	 such	 evidence	 is	 especially	
pronounced	with	 regards	 to	 ADHD,	where	 there	 are	 already	
several	 FDA-approved	 therapies,	 including	 both	 stimulants	
and	nonstimulants	with	demonstrated	effectiveness	as	mono-
therapy	or	adjunctive	therapy.	A	retrospective	drug	utilization	
review	(DUR)	for	off-label	treatment	of	ADHD	could	help	man-
aged	care	organizations	better	understand	the	reasons	AAPs	are	
being	prescribed	and	monitor	patient	outcomes.	Such	a	DUR	
could	potentially	improve	the	quality	of	care	for	children	with	
ADHD	by	ensuring	AAPs	are	only	used	by	patients	who	can	
benefit	 from	 the	 treatment,	which	may	eventually	 reduce	 the	
economic	burden	associated	with	ADHD	treatment.	

Limitations
First,	it	cannot	be	conclusively	determined	whether	AAPs	were	
used	specifically	for	the	treatment	of	ADHD	from	the	adminis-
trative	claims	data.	To	increase	confidence	in	attributing	medi-
cation	usage	to	the	treatment	of	ADHD,	the	following	selection	
criteria	were	imposed:	patients	had	to	have	continuously	used	
a	 stimulant	 for	 at	 least	 30	 days	 prior	 to	 AAP	 initiation	 and	
had	to	have	had	no	psychiatric	diagnoses	during	the	baseline	
and	study	periods	for	which	AAPs	are	FDA-approved	or	often	
used.	However,	 there	 is	 still	 a	possibility	 that	 the	AAPs	were	
used	 for	 psychiatric	 disorders	 that	were	 not	 included	 in	 our	
exclusion	criteria	or	other	psychiatric	disorders	that	were	not	
documented	in	the	claims	database.	For	example,	if	explosive	
aggression	 was	 a	 target	 AAP	 treatment,	 physicians	 may	 not	
be	 familiar	 with	 a	 diagnosis	 such	 as	 Intermittent	 Explosive	
Disorder	 or	 do	 not	 feel	 that	 chronically	 aggressive	 children	
meet	the	criteria	given	the	intermittent	label.	Thus,	the	lack	of	
appropriate	diagnoses	in	the	DSM–IV 29	may	lead	to	underdiag-
nosis	in	the	claims	database.	It	is	also	possible	that	psychiatric	
conditions	 are	underdiagnosed	 in	 the	 claims	data	due	 to	 the	
stigma	attached	to	a	psychiatric	diagnosis.	On	the	other	hand,	
the	 stringent	 criteria	 may	 have	 also	 eliminated	 users	 with	
ADHD	 and	 certain	 comorbid	 psychiatric	 disorders;	 thus,	 the	
results	may	be	less	generalizable	to	the	entire	ADHD	popula-
tion.	 It	 is	 also	 possible	 that	 AAPs	were	 being	 used	 for	 other	
off-label	indications,	such	as	conduct	disorders	or	oppositional	
defiant	disorder.	However,	 these	comorbidities	were	 included	
in	 the	propensity	 score	match,	 and	 there	were	no	 significant	
differences	between	the	two	cohorts	in	the	frequency	of	these	
diagnoses.	

In	addition,	this	study	found	that	AAP-treated	patients	had	
higher	 rates	of	medical	 resource	utilization	 (including	outpa-
tient,	 inpatient,	 and	 ER	 visits),	 as	 well	 as	 higher	 health	 care	
costs.	The	incremental	total	all-cause	health	care	costs	associ-
ated	with	AAP	use	were	more	than	$2,000	during	the	first	12	
months	of	treatment.	The	high	health	care	costs	among	AAP-
treated	patients	were	consistent	across	all	cost	components	and	
for	both	all-cause	and	mental	health-related	services.	The	cur-
rent	 study	did	not	evaluate	 the	 reasons	behind	 the	 increased	
resources	use,	which	could	be	potentially	related	to	the	degree	
of	ADHD	symptom	control,5,8	side	effects	of	AAPs,33-35	or	other	
reasons.	 Further	 research	 is	 needed	 to	 investigate	 the	 exact	
causes.	

In	 recent	 years,	 several	 major	 treatment	 and	 formulary	
changes	 occurred,	 which	 could	 affect	 the	 management	 of	
ADHD	and	subsequently	 the	associated	costs	of	ADHD	treat-
ment.	 For	 example,	 the	 FDA	 approved	 the	 extended-release	
stimulant	 lisdexamfetamine	 (February	 2007),	 as	 well	 as	 two	
nonstimulants,	 guanfacine	 XR	 (September	 2009),	 and	 cloni-
dine	 XR	 (October	 2010)	 for	 the	 treatment	 of	 ADHD.	 Also	
within	this	time	span,	several	generic	medications	entered	the	
market,	 including	generic	 formulations	of	 risperidone	as	well	
as	generic	formulations	of	some	stimulants.	

The	addition	of	new	treatments	and	formulations	as	well	as	
the	 shifting	 of	 prescribing	 patterns	 over	 time	may	 influence	
the	clinical	and	economic	outcomes	of	ADHD	patients.	Given	
that	our	study	found	that	the	majority	of	health	care	costs	were	
attributed	 to	 total	 drug	 costs	 (55.4%	 and	 52.8%	 of	 the	 total	
health	 care	 cost	 in	 the	 AAP	 and	 non-antipsychotic	 cohorts,	
respectively),	 a	 sensitivity	 analysis	 to	 estimate	 the	 impact	 of	
new	drug	 entries	 on	 the	 study	 findings	was	 conducted.	This	
sensitivity	analysis	assumed	that	all	patients	who	used	branded	
risperidone	(approximately	10%	of	AAP	patients)	would	switch	
to	 generic	 risperidone,	 and	 all	 patients	who	used	 the	 IR	 for-
mulations	of	guanfacine	and	clonidine	(approximately	47%	of	
non-antipsychotic	 patients)	would	 switch	 to	 the	XR	 formula-
tions.	Branded	risperidone	costs	were	 reduced	 to	generic	 ris-
peridone	costs	using	a	ratio	between	the	branded	and	generic	
risperidone	costs	observed	in	the	study	sample.	Observed	costs	
for	generic	guanfacine	IR	and	clonidine	IR	were	replaced	with	
the	costs	 for	brand	guanfacine	XR	and	clonidine	XR,	 respec-
tively,	based	on	the	average	wholesale	prices	(AWP).	Applying	
the	 generic	 risperidone	 and	 as	 well	 as	 brand	 guanfacine	 XR	
and	clonidine	XR	adjustments	lowered	the	total	drug	costs	by	
$257	 in	 the	 non-antipsychotic	 cohort	 and	 raised	 total	 drug	
costs	 by	$561	 in	 the	AAP	 cohort.	Nonetheless,	AAP	patients	
still	had	higher	index	drug	costs	($1,129	vs.	$1,105;	P <	0.001),	
total	drug	costs	($3,587	vs.	$3,070;	P <	0.001),	and	total	health	
care	costs	 ($6,677	vs.	$5,308;	P <	0.001)	compared	with	non-
antipsychotic	patients.	
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■■  Conclusions
Compared	with	patients	treated	with	stimulants	who	switched	
to	or	augmented	with	non-antipsychotics	(atomoxetine,	guan-
facine	IR,	clonidine	IR,	or	a	stimulant	of	a	different	class	than	
the	 initial	 stimulant),	 those	 who	 switched	 to	 or	 augmented	
with	 AAPs	 had	 significantly	 higher	 rates	 of	 switching	 and	
augmentation,	greater	medical	resource	utilization,	and	higher	
total	 health	 care	 costs.	 As	 off-label	 AAP	 use	 increases,	 these	
patients	 may	 present	 a	 greater	 economic	 burden	 to	 payers.	
Further	outcomes	research	and/or	drug	utilization	reviews	may	
be	warranted	to	fully	evaluate	clinical	and	economic	outcomes	
in	children	diagnosed	with	ADHD	who	are	receiving	AAPs.	
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Comparative Treatment Patterns, Resource Utilization, and Costs in Stimulant-Treated Children with ADHD  
Who Require Subsequent Pharmacotherapy with Atypical Antipsychotics Versus Non-Antipsychotics

Drug Class Drug GPI Codea

Atypical	 
antipsychotics

Aripiprazole 5925001500
Clozapine 5915202000
Olanzapine 5915706000 

5915706010
Paliperidone 59070050
Quetiapine 5915307010
Risperidone 59070070
Ziprasidone 59400085

Stimulants Dexmethylphenidate 61400016
Methylphenidate 61400020
Dextroamphetamine 6110002010
Lisdexamfetamine 6110002510
Amphetamine-Dextroamphetamine 6110990210

Nonstimulants Atomoxetine 6135401510
Clonidine	IR 362010101003
Guanfacine	IR 3620102510

aThe Medi-Span GPI is 14 characters in length; values less than 14 characters  
indicate that GPI codes beginning with this sequence were included. 
GPI = Generic Product Identifier; IR = immediate-release.

APPEnDIX Codes for Atypical Antipsychotics 
and Non-Antipsychotics 
(Stimulants + Nonstimulants)
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