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•	Medication	 knowledge	 deficiency,	 including	 knowledge	 about	
drugs	and	inadequate	patient	history,	is	the	most	common	factor	
contributing	to	prescribing	errors.	

•	According	 the	 Office	 of	 the	 National	 Coordinator	 for	 Health	
Information	 Technology,	 studies	 have	 shown	 that	 use	 of	 pre-
scriber	order	entry	in	tertiary	care	settings	can	reduce	the	preva-
lence	 of	 drug-drug	 interactions	 (DDIs)	 by	 40%;	 this	 reduction	
was	not	statistically	significant.

•	Patient	medication	lists	and	electronic	DDI	screening	are	common	
clinical	 decision	 support	 features	 incorporated	 into	 electronic	
health	records	(EHRs)	and	e-prescribing	software.	More	research	
is	needed	to	determine	whether	providing	nearly	real-time	health	
information	can	improve	clinical	practice	and	patient	safety.

What is already known about this subject
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ABSTRACT

BACKGROUND: With the passage of the Health Information Technology for 
Economic and Clinical Health (HITECH) Act, widespread adoption of certain 
health information technologies, such as electronic health records (EHRs) 
and electronic prescribing (e-prescribing), is imminent. Drug-drug inter-
action (DDI) screening and medication history information are commonly 
incorporated into health information exchange systems to improve medical 
decision making, safety, and quality of care, but the value of these features 
is unclear.

OBJECTIVE: To evaluate the effect of providing access to an early genera-
tion electronic medication management program with medication history 
accessible to prescribers via a wireless handheld personal digital assistant 
(PDA) device on the incidence of potential DDIs (i.e., DDIs that may or may 
not cause patient harm).

METHODS: This study employed a retrospective pre-intervention/post-
intervention study design with a comparison group to evaluate the effec-
tiveness of a wireless handheld medication management program in 
preventing serious potential DDIs. Licensed prescribers in a state Medicaid 
program who wrote prescriptions during the period from August 2003 
through June 2006 were included in this study. The intervention (PDA) 
group consisted of clinicians who requested and were granted access to 
the wireless handheld device containing prescription drug history between 
August 1, 2004, and June 30, 2005. Initially the device contained 100-day 
patient-specific medication history, but other functionalities were added 
during the study period including the ability to check for drug-drug interac-
tions and e-prescribing. The comparison group consisted of prescribers 
who sent a request to obtain, but did not receive, the wireless handheld 
device during the same time period. Baseline prescribing patterns of 25 
previously identified clinically important potential DDIs were assessed over 
two 12-month periods, one period prior to (baseline) and one period after 
(follow-up) an index date (date of device deployment for PDA group; date of 
request for comparison group). A random-effects negative binomial model 
was used to analyze the primary outcome, the number of potential DDIs per 
prescriber per 12-month time period. A secondary outcome of interest, the 
likelihood that a prescriber would prescribe at least 1 potentially interacting 
medication pair during the baseline and follow-up periods, was analyzed 
using a random-effects logistic model.

RESULTS: A total of 1,615 prescribers constituted the PDA group, and 600 
prescribers made up the comparison group. Prescribers in the 2 groups 
were significantly different in their specialty practice areas (P < 0.001), 
number of pharmacy claims at baseline (P < 0.001), and the likelihood of 
prescribing at least 1 potential DDI combination during the 1-year baseline 
period (P = 0.003). However, the prescriber groups were similar in their 
average age (P = 0.241) and geographic location (P = 0.181). The most 
widely prescribed potential DDIs included those involving warfarin with 
nonsteroidal anti-inflammatory drugs (NSAIDs) and thyroid hormones. The 
median number of patient medication history updates requested per PDA 
group prescriber during follow-up was 24 (range 0 to 1,073). At baseline, 

RESEARCH

•	Dissemination	of	a	handheld	wireless	device	to	download	medi-
cation	history	to	licensed	prescribers	in	a	state	Medicaid	program	
was	 not	 associated	 with	 a	 significant	 reduction	 in	 the	 rate	 at	
which	 2	 potentially	 interacting	 medications	 were	 prescribed	
relative	to	a	comparison	group	comprising	licensed	prescribers	in	
the	same	state	Medicaid	program	who	did	not	have	access	to	the	
technology	(P >	0.10).	

•	The	majority	of	prescribers	(68.4%	in	the	intervention	group	and	
74.8%	 in	 the	 comparison	 group)	 did	 not	 prescribe	 any	 of	 the	
targeted	potential	DDI	pairs	during	the	baseline	period.

What this study adds

1,104 (68.4%) of the PDA group and 449 (74.8%) of the comparison group 
had no potential DDIs. During the next year, 1,131 (70.0%) and 462 (77.0%) 
of the PDA group and comparison group, respectively, had no DDIs. The 
incidence rate ratio was 1.01 (95% CI = 0.87-1.17) for the PDA group rela-
tive to the comparison group for change in number of potential DDIs. In the 
logistic regression model, the odds of prescribing at least 1 potential DDI 
did not significantly differ by group (odds ratio = 1.26, 95% CI = 0.96-1.66). 
These results indicate that there was no significant difference between the 
intervention and comparison group with regard to the change in the rate of 
potential DDIs between the baseline and follow-up periods. 

CONCLUSION: A stand-alone medication management program in a wire-
less PDA device was not frequently used by most prescribers to update 
patient medication histories and was not associated with a reduction in the 
rate of prescribing potentially clinically important DDIs. 
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providers	 in	 selecting	 the	 most	 appropriate	 drug	 for	 the	
patient;	such	features	may	include,	but	are	not	limited	to,	DDI	
screening,	 drug-allergy	 contraindications,	 laboratory	 results,	
medication	 history,	 and	 dosage	 alerts.	 A	 number	 of	 articles	
have	 reviewed	 the	 evidence	 of	 CPOE/CDS	 on	 medication	
safety.15-21	 Based	 on	 a	 systematic	 review	 of	 studies	 published	
through	 April	 2006,	 Ammenwerth	 et	 al.	 (2008)	 concluded	
that	 electronic	 systems	 can	 diminish	 the	 risk	 of	 ADEs	 and	
medication	errors;20	however,	most	of	the	evidence	to	support	
this	conclusion	has	come	from	studies	conducted	primarily	in	
inpatient	 settings.	 Ammenwerth	 et	 al.	 advocated	 for	 stronger	
study	designs,	studies	involving	wider	geographic	and	clinical	
settings,	and	studies	involving	commercially	available	systems	
to	 improve	 the	 evidence	 and	 generalizability	 of	 the	 potential	
safety	benefits	associated	with	these	technologies.20 

We	evaluated	the	effect	of	a	wireless	handheld	personal	digi-
tal	assistant	(PDA)	medication	management	program,	capable	
of	providing	physicians	with	nearly	real-time	access	to	patient-
specific	medication	histories	integrated	around	comprehensive	
prescription	 drug	 information,	 on	 potential	 DDI	 medication	
errors.	 This	 study	 is	 unique	 in	 that	 it	 involves	 a	medication	
management	 application	 available	 on	 a	 handheld	 electronic	
device,	 focuses	 on	 a	 specific	 type	 of	 preventable	 medication	
error	(DDIs),	and	all	Medicaid	prescribers	were	potentially	eli-
gible	to	participate	 in	the	study	regardless	of	practice	setting.	
The	objective	of	this	analysis	was	to	evaluate	the	effect	of	this	
wireless	 handheld	 medication	 management	 program	 on	 the	
incidence	of	potential	DDIs,	a	type	of	preventable	medication	
error.

Description of the Medication Management Program
This	 study	 evaluated	 a	 handheld	 personal	 digital	 assistant	
(PDA)	device	with	which	prescribers	could	download,	via	cel-
lular	networks,	medication	histories	for	patients	who	received	1	
or	more	prescriptions	authorized	by	the	prescriber.	The	medi-
cation	history	included	those	medications	ordered	by	the	pre-
scriber	as	well	as	all	other	medications	that	had	been	obtained	
by	the	patient	from	other	prescribers	under	the	state	Medicaid	
program.	 The	 functionality	 of	 the	 device	 evolved	 over	 time	
from	initially	containing	only	medication	histories	to	a	device	
with	e-prescribing	and	other	clinical	drug	information.	By	the	
conclusion	of	the	observation	period,	the	system	under	evalua-
tion	in	this	study	incorporated	the	following	functionalities:	(a)	
preferred	drug	 list	 status	 information,	 (b)	clinical	drug	 infor-
mation	 (e.g.,	 clinical	 pharmacology,	 common	 adverse	 events,	
contraindications/precautions),	 (c)	 100-day	 patient-specific	
prescription	drug	history,	(d)	alerts	for	drug-drug	interactions,	
(e)	 refill	 histories,	 and	 (f)	 dose	 ranges	 for	 drugs	 prescribed	
outside	of	the	dose	ranges.	E-prescribing	functionality	was	not	
initially	available	and	was	added	during	the	study	time	frame	
but	was	not	extensively	used	by	the	providers.

W ith	the	passage	of	the	Health	Information	Technology	
for	 Economic	 and	Clinical	Health	 (HITECH)	Act,	
widespread	adoption	of	certain	health	information	

technologies	 (HIT),	 such	 as	 electronic	 health	 records	 (EHRs)	
and	 electronic	 prescribing	 (e-prescribing),	 is	 imminent.	 This	
act	 provides	 financial	 incentives	 for	 clinicians	 and	 hospitals	
to	 not	 merely	 adopt	 EHRs,	 but	 to	 make	 use	 of	 the	 technol-
ogy	 in	 such	 a	 way	 that	 health	 care	 outcomes	 and	 processes	
are	 improved.1	 In	 order	 for	 eligible	 providers	 to	 qualify	 for	
government	 funds,	 a	 core	 set	 of	 objectives	 has	 to	 be	 met,	
including	medication-related	goals	pertaining	to	e-prescribing,	
drug-drug	interaction	(DDI)	checks,	drug-allergy	checks,	and	
computerized	provider	order	entry	(CPOE)	for	prescriptions.1 

Medication	safety	is	clearly	a	focus	of	the	“meaningful	use”	
objectives.	The	Institute	of	Medicine	has	urged	the	use	of	EHRs	
as	an	avenue	for	improving	medication	safety	and	quality.2,3	It	
is	estimated	that	approximately	1.5	million	preventable	adverse	
drug	 events	 (ADEs)	 occur	 annually	 in	 the	 United	 States.2 

Studies	 have	 indicated	 that	 ADEs	 in	 the	 ambulatory	 setting	
are	common,	but	between	11%4	and	28%5	of	these	events	are	
preventable.	

DDIs	are	a	type	of	preventable	medication	error.	Each	year,	
millions	 of	 patients	 are	 exposed	 to	 potential	 DDIs,6,7	 which	
may	result	 in	serious	adverse	events,	 including	death.8-11	DDI	
screening	 is	 a	 basic	 clinical	 decision	 support	 (CDS)	 feature	
incorporated	into	EHRs	and	e-prescribing	systems	to	improve	
medical	decision	making,	safety,	and	quality	of	care.12	When	2	
potentially	interacting	medications	are	prescribed	for	an	indi-
vidual,	some	DDI	CDS	screening	programs	will	warn	prescrib-
ers	of	the	potential	harm	in	the	form	of	an	automated	alert	or	
electronic	message.	DDI	screening	software	can	enhance	a	cli-
nician’s	ability	to	identify	clinically	significant	DDIs;	research	
indicates	 that	without	 the	 use	 of	 automated	DDI	 alerts,	 pre-
scribers’	 ability	 to	 recognize	 well-documented	 drug	 interac-
tions	is	limited.13,14

Health	 information	 technology	often	utilizes	CDS	to	assist	
prescribers	 when	 selecting	 medications.	 Various	 features	 are	
often	 built	 in	 to	 medication	 management	 systems	 to	 assist	

•	Of	 the	clinically	 significant	potential	DDIs	 examined,	 the	most	
commonly	 prescribed	 potentially	 interacting	 drug	 pair	 was	
warfarin	 and	 nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs),	
followed	by	warfarin	and	thyroid	medications.

•	The	 medication	 management	 program	 allowed	 prescribers	 to	
access	 patient	medication	 history;	 however,	 use	 of	 this	 feature	
varied.	The	median	number	of	patient	medication	history	updates	
requested	per	prescriber	over	a	12-month	period	in	the	interven-
tion	group	was	24	(ranging	from	0	to	1,073).	

What this study adds (continued)
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■■  Methods
Study Design 
This	 study	 employed	 a	 retrospective	 pre-intervention/post-
intervention	study	design	with	a	comparison	group	to	evaluate	
the	 effectiveness	 of	 a	 wireless	 handheld	 medication	 man-
agement	 program	 in	 preventing	 serious	 DDIs	 in	 a	 Medicaid	
population.	The	primary	outcome	was	 the	number	of	serious	
potential	 DDIs	 detected	 through	 review	 of	 each	 health	 care	
practitioner’s	 prescribing	 history	 for	 a	 single	 state’s	Medicaid	
population	 during	 a	 1-year	 baseline	 and	 1-year	 follow-up	
period.	 Thus,	 the	 analysis	 was	 conducted	 at	 the	 prescriber	
level,	not	at	the	patient	level.	A	secondary	outcome	of	interest	
was	the	likelihood	of	occurrence	of	at	least	1	potential	DDI	for	
prescribers	during	the	baseline	and	follow-up	periods.

Participants
Licensed	prescribers	 in	 a	 state	Medicaid	program	who	wrote	
prescriptions	 during	 the	 period	 from	 August	 2003	 through	
June	2006	were	included	in	this	study.	The	intervention	group	
consisted	of	clinicians	who	requested	and	were	granted	access	
to	the	wireless	handheld	device	between	August	1,	2004,	and	
June	30,	2005.	To	be	included	in	the	study,	those	providers	who	
received	the	device	had	to	keep	it	in	their	possession	for	at	least	
365	days.	The	comparison	group	was	composed	of	prescribers	
who	sent	a	request	to	obtain,	but	did	not	receive,	the	technol-
ogy	during	the	same	time	period.	Higher	prescription	volume	
and	prescriber	residence	within	targeted	geographic	areas	that	
permitted	prescriber	training	were	factors	that	increased	access	
to	the	PDA	device.	For	each	provider,	a	24-month	window	of	
pharmacy	claims	data	was	obtained—12	months	prior	to	and	
12	months	 after	 a	 specified	 index	 date.	 For	 the	 intervention	
group,	the	index	date	was	defined	as	the	date	when	the	device	
was	deployed	to	 the	provider.	For	 the	comparison	group,	 the	
index	date	was	 the	date	of	 registration	 to	obtain	 the	wireless	
handheld	 device.	 Prescribers	 in	 the	 comparison	 group	 were	
excluded	from	the	analysis	 if	 they	were	granted	access	to	the	
device	 during	 the	 assessment	 period.	 Furthermore,	 any	 pre-
scriber	who	 failed	 to	write	 at	 least	 1	 prescription	 for	 a	 state	
Medicaid	 patient	 in	 the	 12-month	 period	 prior	 to	 the	 index	
date	 and	 the	 12-month	 period	 following	 the	 index	 date	was	
excluded	from	the	analysis.

Data
Data	to	determine	the	rate	of	DDIs	were	obtained	from	phar-
macy	 claims.	 The	 pharmacy	 claims	 dataset	 included	 the	
following	 fields:	 national	 drug	 code	 (NDC)	 number,	 date	 of	
service,	quantity	dispensed,	days	supply,	and	an	indicator	not-
ing	whether	 the	prescription	order	was	communicated	 to	 the	
pharmacy	via	the	wireless	handheld	device.	The	data	included	
all	 pharmacy	 claims	 from	 all	 prescribers	 for	 state	 Medicaid	
patients	 treated	 by	 prescribers	 in	 the	 PDA	 and	 comparison	
groups.	Baseline	prescribing	patterns	of	25	previously	 identi-

fied	 clinically	 important	potential	DDIs	were	 assessed	over	 a	
12-month	period	prior	to	the	index	date.22	Follow-up	prescrib-
ing	patterns	of	potential	DDIs	were	assessed	over	a	12-month	
period	after	 the	 index	date.	The	date	of	dispensing	and	days	
supply	 for	each	prescription	were	used	 to	create	an	exposure	
window,	 and	 potential	 DDIs	 were	 identified	 if	 the	 exposure	
windows	for	drug	combinations	overlapped.	Data	collected	on	
each	 prescriber	 included	 geographic	 region	 (urban	 or	 rural),	
age,	and	specialty.	For	each	provider	in	the	intervention	group,	
the	number	of	times	patients’	medication	history	was	updated	
was	 also	 collected;	 it	 was	 assumed	 that	 the	 frequency	 with	
which	 patients’	 medication	 histories	 were	 updated	 reflected	
how	often	the	prescriber	was	using	the	device.

Statistical Analysis
Descriptive	statistics	were	used	to	summarize	the	characteris-
tics	of	prescribers	in	the	2	study	groups	at	baseline	as	well	as	
patterns	of	prescribing	potential	DDIs	in	the	12-months	before	
and	 after	 the	 index	 date.	 The	 Pearson	 chi-square	 test	 was	
used	to	examine	differences	in	geographic	location,	prescriber	
specialty,	the	number	of	pharmacy	claims	at	baseline,	and	the	
number	of	potential	DDIs	at	baseline	between	the	2	groups.	A	
2-sample	t-test	was	used	to	determine	if	there	were	significant	
differences	 in	 age	 between	 the	 intervention	 and	 comparison	
group.	 The	 Wilcoxon	 rank-sum	 test	 was	 used	 to	 determine	
whether	 the	2	groups	differed	 in	 the	median	number	of	pre-
scriptions	at	baseline	and	follow-up.	

To	 test	 whether	 the	 wireless	 handheld	 medication	 device	
was	associated	with	a	decrease	in	the	rate	of	prescribing	poten-
tially	 interacting	 drug	 pairs,	 a	 random-effects	 negative	 bino-
mial	 regression	model	was	 fitted.	The	outcome	of	 this	model	
was	 the	 number	 of	 potential	 DDIs	 per	 prescriber	 per	 1-year	
time	 period,	 measured	 in	 the	 1-year	 baseline	 and	 follow-up	
periods.	An	 interaction	 term	between	 time	period	and	group	
(PDA	group	or	comparison	group)	was	tested	for	 inclusion	in	
the	model	 to	assess	whether	 the	rate	of	change	 in	number	of	
potential	DDIs	differed	by	treatment	group.	The	total	number	
of	pharmacy	claims	for	medications	ordered	by	each	prescriber	
for	 individuals	 in	 the	 state	 Medicaid	 program	 for	 each	 time	
period	of	 interest	was	 included	 in	the	model	as	 the	exposure	
variable.	The	model	 also	 controlled	 for	 age	of	 the	prescriber,	
geographic	 location	 (urban/rural),	 time	 period,	 group	 (PDA	
group	or	comparison	group),	and	specialty.	

A	second	model,	a	random-effects	logistic	model,	was	fitted	
to	assess	whether	the	wireless	handheld	medication	device	was	
associated	with	a	decrease	 in	 the	 likelihood	of	prescribing	at	
least	1	potential	DDI.	The	outcome,	the	presence	of	at	least	1	
potential	DDI,	was	both	time-dependent	and	binary.	An	inter-
action	term	between	group	(PDA	group	or	comparison	group)	
and	time	period	was	constructed	to	assess	the	rate	of	change	in	
the	likelihood	of	practitioners	prescribing	at	least	1	potentially	
interacting	drug	pair.	The	model	adjusted	for	the	total	number	
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of	 prescriptions	 written	 by	 each	 prescriber.	 The	 model	 also	
controlled	for	prescriber	age,	geographic	location,	time	period,	
PDA	group,	and	specialty.

Interaction	 terms	 were	 assessed	 at	 a	 significance	 level	 of	
0.10.	 All	 other	 variables	 were	 considered	 statistically	 sig-
nificant	 at	 alpha	 <	0.05.	 Sensitivity	 analyses	 using	 the	 same	
models,	but	with	outliers	 removed,	were	performed	 to	assess	
the	 robustness	of	 the	models.	Outliers	were	defined	as	 the	5	
prescribers	with	the	largest	absolute	differences	in	the	rate	of	
prescribing	 potential	 DDIs	 between	 baseline	 and	 follow-up	
periods.	In	addition,	another	sensitivity	analysis	re-examined	
the	 models	 without	 pediatric	 and	 psychiatry	 specialty	 data.	
To	 determine	 whether	 the	 frequency	 with	 which	 providers	
obtained	 medication	 histories	 from	 their	 PDA	 devices	 influ-
enced	 results,	 models	 were	 also	 constructed	 in	 which	 PDA-
group	 prescribers	were	 stratified	 by	 how	 often	 they	 updated	
patient	medication	histories.	Likelihood	ratio	tests	and	Aikaike	
information	criterion	(AIC)	values	were	used	to	help	determine	
the	most	appropriate	models.	

Initial	 data	 cleaning	 and	 examination	 were	 done	 using	
SAS	 9.1	 (SAS	 Institute,	 Cary,	NC).	 Analyses	were	 performed	

using	 STATA	 11	 (STATA,	 College	 Station,	 TX).	 The	 study	
was	 approved	 by	 the	 University	 of	 Arizona	 Human	 Subjects	
Protection	Program.	

■■  Results
During	 the	 study	 period,	 1,975	 providers	 requested	 and	
obtained	the	wireless	handheld	medication	device	(Figure	1).	
However,	303	of	these	participants	returned	the	device	within	
365	 days	 and	were	 therefore	 excluded	 from	 the	 analysis.	Of	
the	 1,063	providers	who	 requested	 and	were	 initially	 denied	
access	 to	 the	wireless	handheld	medication	device,	 424	were	
subsequently	granted	access	 to	 the	device	at	a	 later	 time	and	
were	 therefore	 excluded	 from	 the	 analysis.	Of	 the	 remaining	
eligible	 study	participants,	 57	prescribers	 in	 the	 intervention	
group	and	39	providers	in	the	comparison	group	failed	to	pre-
scribe	at	least	1	prescription	during	the	12-month	period	prior	
to	the	index	date	or	the	12-month	period	following	the	index	
date	and	were	therefore	excluded	from	the	analysis.	The	final	
study	sample	consisted	of	1,615	prescribers	in	the	intervention	
arm	and	600	prescribers	in	the	comparison	arm.	

Prescribers	in	the	intervention	and	comparison	groups	were	
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FIGURE 1 Flow Diagram Outlining Selection of Study Participants
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significantly	different	in	their	specialties,	the	number	of	phar-
macy	claims	at	baseline,	and	the	presence	of	1	or	more	poten-
tial	DDIs	at	baseline.	However,	prescribers	in	both	groups	were	
similar	 in	average	age	and	geographic	location	(Table	1).	As	a	
requirement	to	receive	the	device,	the	intervention	group	wrote	
significantly	more	prescriptions	during	both	the	baseline	and	
follow-up	periods	compared	with	the	comparison	group	(Table	
2).	Table	3	illustrates	the	distribution	of	the	number	of	poten-
tial	DDIs	by	group	and	time	period.	At	baseline,	1,104	(68.4%)	
of	 the	PDA	group	and	449	 (74.8%)	of	 the	 comparison	group	
had	no	potential	DDIs	of	interest.	During	the	next	year,	1,131	
(70.0%)	 and	 462	 (77.0%)	 of	 the	 PDA-group	 and	 comparison	
group,	respectively,	had	no	potential	DDIs	of	interest.	

Prescribers	with	access	to	the	wireless	medication	manage-
ment	program	were	able	to	access	patient-specific	medication	
histories	(including	prescriptions	written	by	other	prescribers).	
The	number	 of	 patient	medication	history	 updates	 requested	
by	 prescribers	 increased	 gradually	 after	 adoption,	 reaching	
a	peak	of	 8,397	updates	per	month	 in	May	2005	 (Figure	2).	
Prescribers	varied	in	their	use	of	the	system	to	access	patient	
medication	 histories;	 the	median	 number	 of	 patient	medica-
tion	history	updates	requested	per	prescriber	in	the	interven-
tion	group	was	24	(ranging	from	0	to	1,073)	during	the	1-year	
follow-up	period.	On	a	monthly	basis,	the	number	of	medica-
tion	 history	 updates	 varied	 dramatically	 over	 the	 course	 of	
the	 study,	 increasing	 from	 less	 than	0.02	updates	per	month	
to	11.7	updates	per	month	1	year	after	the	study	began.	After	
peaking	 during	 the	 first	 half	 of	 the	 study	 period,	 use	 of	 the	
PDA	 appeared	 to	 decline	 and	 then	 stabilize	 over	 time.	 Over	
the	course	of	 the	study,	prescribers	using	 the	PDA	submitted	
a	 total	 of	 8,667	 prescriptions	 electronically.	 The	 utilization	
rate	 of	 e-prescribing	 functional	 capability	 among	 PDA	 clini-
cians	 was	 relatively	 low;	 on	 average	 prescribers	 submitted	 2	 
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TABLE 1 Baseline Characteristics of Study Groups

Characteristic PDA Group Comparison Group P Valuea 

Total number 1,615 600  
Age in years, mean [SD] 	 49.4	 [9.6] 	 50.0	 [10.1]b 0.241

%        (n) %        (n)
Geographic location
Urban 	 93.3	 (1,507) 	 91.7	 (550) 0.181
Rural 	 6.7	 (108) 	 8.3	 (50)  

Specialty
Family	medicine	and	
general	practice

	 18.9	 (306) 	 18.0	 (108) <	0.001

Internal	medicine 	 15.8	 (255) 	 14.8	 (89)
Emergency	medicine 	 6.3	 (101) 	 8.0	 (48)  
Pediatrics 	 14.6	 (235) 	 12.8	 (77)  
Psychiatry 	 9.5	 (154) 	 4.0	 (24)  
Other 	 18.9	 (306) 	 29.5	 (177)  
Not	reported 	 16.0	 (258) 	 12.8	 (77)

Pharmacy claims during baseline periodc

1-500 	 33.0	 (533) 	 47.7	 (286) <	0.001
501-1,000 	 14.4	 (233) 	 17.2	 (103)
1,001-1,500 	 8.7	 (141) 	 6.3	 (38)  
1,501-2,000 	 7.5	 (121) 	 5.7	 (34)  
2,001-2,500 	 6.5	 (105) 	 3.8	 (23)  
2,501-3,000 	 4.3	 (70) 	 2.5	 (15)  
3,001-4,000 	 7.1	 (114) 	 3.5	 (21)  
4,001-5,000 	 4.1	 (67) 	 3.0	 (18)  
More	than	5,000 	 14.3	 (231) 	 10.3	 (62)  

Baselinec DDI count
0 	 68.4	 (1,104) 	 74.8	 (449) 0.003
1 or more 	 31.6	 (511) 	 25.2	 (151)

aThe Pearson chi-square test was used to examine between-group differences in geo-
graphic location, prescriber specialty, the number of pharmacy claims at baseline, 
and the number of potential DDIs at baseline. A 2-sample t-test was used to deter-
mine if there were significant between-group differences in age. 
bn = 589; 11 missing values.
cBaseline period was the 12 months prior to a specified index date. The index date 
was the date when the PDA device was deployed to the provider in the PDA group 
or the date on which a provider in the comparison group registered to obtain the 
PDA.
DDI = drug-drug interaction; PDA = personal digital assistant; SD = standard 
deviation.

TABLE 2 Total Prescription Volume for Prescribers 
in the PDA and Comparison Groups

Variable

Prescribers

P Value
PDA Group 
(n = 1,615)

Comparison  
Group  

(n = 600)

Median	prescription	volume	at	 
baselinea	(interquartile	range)

1,147 
(323-3,083)

540 
(166-1,749)

<	0.001

Median	prescription	volume	at	 
follow-upa	(interquartile	range)

1,146 
(340-2,977)

517 
(140-1,795)

<	0.001

aBaseline period was the 12 months prior to a specified index date for each pre-
scriber. The index date was the date when the PDA device was deployed to the 
provider in the PDA group or the date on which a provider in the comparison group 
registered to obtain the PDA. Follow-up period was the 12 months following the 
specified index date.
PDA = personal digital assistant.

TABLE 3 Distribution of the Number of Potential 
DDIs by Group and Time Perioda

Potential 
DDI  
Count

PDA Group (n = 1,615) Comparison Group (n = 600)

Baseline  
%      (n)

Follow-Up  
%      (n)

Baseline  
%      (n)

Follow-Up  
%      (n)

0 	 68.4	(1,104) 	 70.0	(1,131) 	 74.8	 (449) 	 77.0	 (462)
1	to	5 	 13.6	 (220) 	 13.7	 (222) 	 10.7	 (64) 	 10.0	 (60)
6	or	more 	 18.0	 (291) 	 16.2	 (262) 	 14.5	 (87) 	 13.0	 (78)

aBaseline period was the 12 months prior to a specified index date for each pre-
scriber. The index date was the date when the PDA device was deployed to the 
provider in the PDA group or the date on which a provider in the comparison group 
registered to obtain the PDA. Follow-up period was the 12 months following the 
specified index date.
DDI = drug-drug interaction; PDA = personal digital assistant.
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TABLE 4 Distribution of Potential DDIs During the Baseline and 
Follow-Up Periods for the PDA and Comparison Groupsa

DDI (Object Drug-Precipitant Drug)

PDA Group Comparison Group

Number  
of  

pDDIs 
Baseline

Number 
of Object 

Drugs 
Baseline

Number  
of  

pDDIs 
Follow-Up

Number 
of Object 

Drugs 
Follow-Up

%  
Changeb

Number 
of 

pDDIs 
Baseline

Number 
of Object 

Drugs 
Baseline

Number  
of 

 pDDIs 
Follow-Up

Number 
of Object 

Drugs 
Follow-Up

%  
Changeb

Warfarin-NSAIDs 5,181 25,646 3,451 25,383 -32.7 1,160 6,494 663 5,638 -34.2
Warfarin-thyroid	hormones 1,893 25,646 2,145 25,383 14.5 518 6,494 582 5,638 29.4
Warfarin-fibric	acids 1,228 25,646 1,383 25,383 13.8 477 6,494 511 5,638 23.4
Benzodiazepines-azole	antifungals 702 63,261 762 65,712 4.5 294 17,404 424 17,519 43.3
Anticoagulants-barbiturates 518 25,646 1,575 25,383 207.2 112 6,494 146 5,638 50.1
Carbamazepine-propoxyphene 302 11,012 358 10,783 21.1 82 345 95 267 49.7
Nitrates-sildenafil 339 37,477 111 32,900 -62.7 50 8,624 3 7,262 -92.9
SSRIs-MAOIs 167 206,768 121 186,812 -19.8 15 41,903 12 36,857 -9.0
Theophyllines-quinolones 163 7,137 146 6,308 1.3 36 1,278 21 1,025 -27.3
Digoxin-clarithromycin 103 21,420 114 18,615 27.4 13 6,072 12 5,001 12.1
Warfarin-cimetidine 56 25,646 112 25,383 102.1 17 6,494 0 5,638  
Thiopurines-allopurinol 2 627 0 397  23 208 2 138 -86.9
Ganciclovir-zidovudine 0 28 0 21  0 13 0 18 0.0
Ergot	alkaloids-macrolide	antibiotics 3 129 0 92  2 60 0 50  
Methotrexate-trimethoprim 2 1,378 0 1,503  0 203 1 225  
Oral	contraceptives-rifampin 1 9,951 3 10,208 192.4 0 3,298 0 3,599 0.0
MAOIs-anorexiants/CNS	stimulants 0 220 1 204  0 79 0 76 0.0 

Total DDIs 10,660 385,054 10,282 358,938 3.5 2,799 85,981 2,472 77,675 -2.2
aBaseline period was the 12 months prior to the specified index date for each prescriber. The index date was the date when the PDA device was deployed to the provider 
in the PDA group or the date on which a provider in the comparison group registered to obtain the PDA. Follow-up period was the 12 months following the specified 
index date. 
bPercentage change is based on rate at which pDDIs were prescribed in each time period (number of pDDIs/number of object drugs per time period).
CNS = central nervous system; DDI = drug-drug interaction; MAOI = monoamine oxidase inhibitor; NSAID = nonsteroidal anti-inflammatory drug; PDA = personal digital 
assistant; pDDI = potential DDI; SSRI = selective serotonin reuptake inhibitor.

FIGURE 2 Number of Patient Medication History Updates Requested 
Per Month for Prescribers in the PDA Group
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scribed	 during	 each	 period,	 prescriber	 age,	 geographic	 loca-
tion,	and	specialty,	there	was	no	significant	difference	between	
the	intervention	and	comparison	group	with	regard	to	the	rate	
at	which	2	potentially	interacting	medications	were	prescribed	
between	 the	 baseline	 and	 follow-up	 periods	 (Table	 5).	 The	
interaction	 term	was	 not	 significant	 at	 the	 P <	0.10	 level	 and	
therefore	dropped	from	the	final	model.	The	model	indicated	a	
statistically	significant	decline	in	the	number	of	potential	DDIs	
for	both	treatment	groups	between	the	baseline	and	follow-up	
period	(incidence	rate	ratio	[IRR]	=	0.90,	95%	confidence	inter-
val	[CI]	=	0.83-0.98,	P =	0.019).	Prescribers	with	rural	practices	
had	 statistically	 significantly	 higher	 rates	 of	 potential	 DDIs	
compared	with	their	urban	counterparts	in	both	time	periods	
(IRR	=	1.44,	95%	CI	=	1.18-1.76,	P <	0.001).	In	addition,	internal	
medicine	 providers	were	more	 likely	 to	 prescribe	 interacting	
drug	 pairs	 compared	 with	 family	 medicine	 practitioners	 in	
both	 time	 periods	 (IRR	=	1.41,	 95%	 CI	=	1.21-1.66,	 P <	0.001).	
Prescribers	with	 pediatric	 or	 psychiatry	 specialties	were	 sta-
tistically	 less	 likely	 to	prescribe	 these	25	potentially	 interact-
ing	 drug	 pairs	 compared	 with	 family	 medicine	 practitioners	
(both	 P <	0.001).	 Stratifying	 the	 PDA	 group	 by	 frequency	 of	

prescriptions	electronically	for	every	1,000	prescription	claims.	
It	was	not	possible	 to	determine	 if	prescribers	were	 aware	of	
potential	 DDIs	 as	 detected	 by	 the	 device	 because	 these	 data	
were	not	captured.

Interactions	involving	the	anticoagulant	warfarin	accounted	
for	the	majority	of	potential	DDIs	detected	in	this	study	(Figure	
3).	 The	 most	 widely	 prescribed	 potentially	 interacting	 drug	
pairs	 included	 those	 involving	 warfarin	 with	 nonsteroidal	
anti-inflammatory	drugs	(NSAIDs)	and	warfarin	with	thyroid	
hormones	 (Table	4).	The	Appendix	provides	 the	number	and	
percentage	of	prescribers	who	wrote	prescriptions	for	each	of	
the	drugs	of	interest,	the	total	number	of	prescriptions	written	
by	 all	 prescribers	 for	 each	 drug	 of	 interest,	 and	 the	median	
number	of	prescriptions	written	for	each	drug	for	prescribers	
who	wrote	at	least	1	prescription	for	the	medication	of	interest	
during	the	study	period.	

Results	 of	 the	 random-effects	 negative	 binomial	 model	
indicated	that	adjusting	for	total	number	of	prescriptions	pre-
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TABLE 5 Random-Effects Negative 
Binomial Regression Modela 
of Change in Potential DDIs 
from Baseline to Follow-Upb

Characteristic
Incidence  
Rate Ratio 95% CI P Value

Study group
Comparison	group Reference
PDA	group 1.01 0.87-1.17 0.937

Time period
Baseline	period Reference
Follow-up	period 0.90 0.83-0.98 0.019

Prescriber age 1.00 0.99-1.01 0.898
Geographic region
Urban Reference
Rural 1.44 1.18-1.76 <	0.001

Specialty
Family	medicine	and	general	practice Reference
Internal	medicine 1.41 1.21-1.66 <	0.001
Emergency	medicine 0.92 0.67-1.24 0.572
Pediatrics 0.07 0.05-0.10 <	0.001
Psychiatry 0.08 0.06-0.11 <	0.001
Other 0.73 0.61-0.87 0.001
Not	reported 0.46 0.35-0.60 <	0.001

aNumber of prescribers = 2,204. An interaction term between treatment group and 
time period was not significant at the P < 0.1 level and therefore not included in the 
final model. Likelihood-ratio test versus pooled: chibar2(01) = 274.43 Prob > = chi-
bar2 = 0.000, thereby indicating that the panel estimator is preferred to the pooled 
estimator.
bBaseline period was the 12 months prior to a specified index date for each pre-
scriber. The index date was the date when the PDA device was deployed to the 
provider in the PDA group or the date on which a provider in the comparison group 
registered to obtain the PDA. Follow-up period was the 12 months following the 
specified index date.
CI = confidence interval; DDI = drug-drug interaction; PDA = personal digital 
assistant.

TABLE 6 Logistic Random Intercept Modela 
of Change in the Likelihood of 
Prescribing at Least 1 DDI from 
Baseline to Follow-Upb

Characteristic Odds Ratio 95% CI P Value

Study group
Comparison	group Reference
PDA	group 1.26 0.96-1.66 0.097

Time period
Baseline	period Reference
Follow-up	period 0.83 0.69-1.00 0.054

Prescriber age 1.01 0.99-1.02 0.099
Geographic region
Urban Reference
Rural 1.93 1.25-2.96 0.003

Specialty
Family	medicine	and	general	practice Reference
Internal	medicine 1.66 1.17-2.36 0.004
Emergency	medicine 0.46 0.28-0.78 0.004
Pediatrics 0.02 0.01-0.04 <	0.001
Psychiatry 0.03 0.02-0.06 <	0.001
Other 0.40 0.28-0.57 <	0.001
Not	reported 0.22 0.14-0.36 <	0.001

aNumber of prescribers = 2,204. An interaction term between treatment group and 
time period was not significant at the P < 0.1 level and therefore not included in the 
final model. C-statistic = 0.969.
bBaseline period was the 12 months prior to a specified index date for each pre-
scriber. The index date was the date when the PDA device was deployed to the 
provider in the PDA group or the date on which a provider in the comparison group 
registered to obtain the PDA. Follow-up period was the 12 months following the 
specified index date.
CI = confidence interval; DDI = drug-drug interaction; PDA = personal digital 
assistant. 
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medication	 history	 updates	 did	 not	 change	 the	 results	 (data	
not	shown).	

The	 random-effects	 logistic	model	 used	 to	 assess	whether	
the	 likelihood	of	prescribing	at	 least	1	potentially	 interacting	
drug	 pair	 was	 associated	 with	 use	 of	 the	 wireless	 handheld	
PDA	 device	 (Table	 6)	 produced	 results	 similar	 to	 the	 afore-
mentioned	negative	binomial	model.	After	adjusting	for	other	
factors,	 the	 likelihood	 of	 a	 provider	 prescribing	 at	 least	 1	
potential	DDI	combination	was	not	associated	with	use	of	the	
PDA	device;	the	interaction	term	between	treatment	group	and	
time	period	was	not	significant	at	the	P <	0.10	level	and	there-
fore	 dropped	 from	 the	 final	model.	 After	 adjusting	 for	 other	
factors,	rural	providers	were	more	likely	to	prescribe	at	least	1	
potential	DDI	combination	compared	with	urban	providers	in	

both	time	periods	(odds	ratio	[OR]	=	1.93,	95%	CI	=	1.25-2.96,	
P =	0.003).	 Internal	medicine	providers	were	more	 likely	 than	
family	 practice	 providers	 to	 have	 at	 least	 1	 potential	 DDI	 in	
both	 time	 periods	 (OR	=	1.66,	 95%	 CI	=	1.17-2.36,	 P =	0.004).	
The	 proportion	 of	 providers	 with	 at	 least	 1	 potential	 DDI	
was	not	 statistically	 significantly	 lower	 in	 the	 follow-up	 time	
period	compared	with	the	baseline	period,	regardless	of	treat-
ment	group	 (OR	=	0.83,	95%	CI	=	0.69-1.00,	P =	0.054).	Again,	
stratifying	the	PDA	group	by	frequency	of	medication	history	
updates	 did	 not	 change	 the	 results	 (data	 not	 shown).	 The	
results	of	the	models	did	not	change	with	respect	to	the	effect	
of	the	medication	management	program	on	the	rate	of	potential	
DDIs	when	prescribers	with	pediatric	and	psychiatry	special-
ties	were	excluded	from	the	analysis.

Evaluation of a Wireless Handheld Medication Management Device  
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FIGURE 3 Number of Potential DDIs for PDA- and Comparison-Group Prescribers at Baseline and Follow-Up
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•	Miscellaneous	interactions	include	nitrates-phosphodiesterase-5	inhibitors,	carbamazepine-propoxyphene,	thiopurines-allopurinol,	and	theophyllines-ciprofloxacin.
•	Anti-infective	medications	include	benzodiazepines-azole	antifungals,	digoxin-clarithromycin,	ergot	alkaloids-macrolide	antibiotics,	methotrexate-trimethoprim,	oral	
contraceptives-rifampin,	and	ganciclovir-zidovudine.	

•	Monoamine	oxidase	inhibitors	(MAOIs)	include	SSRIs/SNRIs-MAOIs,	anorexiants/CNS	stimulants-MAOIs.	
•	Warfarin	interactions	include	warfarin-NSAIDs,	warfarin-thyroid	hormones,	warfarin-fibric	acids,	warfarin-cimetidine,	and	warfarin-barbiturates.
CNS = central nervous system; DDI = drug-drug interaction; NSAID = nonsteroidal anti-inflammatory drug; PDA = personal digital assistant; pDDI = potential drug-drug 
interaction; SNRI = selective norepinephrine reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor.
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less	 handheld	 device	 that	 checked	 new	 prescriptions	 against	
medication	histories	for	potential	DDIs.

The	main	focus	of	the	present	study	was	whether	the	pro-
vision	 of	 a	 nearly	 real-time	medication	 history	 resulted	 in	 a	
reduction	in	potential	DDIs.	The	handheld	device	did	not	pro-
vide	e-prescribing	or	interaction	alerts	during	the	entire	study	
period,	but	new	functions	were	continually	added.	Today,	how-
ever,	 such	medication	management	 systems	routinely	 include	
e-prescribing,	 and	many	 also	 support	CDS.	Drug	 interaction	
CDS	 has	 the	 potential	 to	 improve	 providers’	 recognition	 of	
clinically	 significant	DDIs,	 although	 too	many	 alerts,	 indica-
tive	of	poor	signal-to-noise	ratios,	may	prevent	clinicians	from	
optimizing	 the	 information	presented	 to	 them.13	Alert	 fatigue	
occurs	 when	 clinicians	 are	 overwhelmed	 by	 the	 volume	 of	
alerts	 presented	 to	 them,	 in	which	 case	 they	 begin	 ignoring	
both	 relevant	 and	 irrelevant	 alerts,	 potentially	 negating	 the	
safety	benefits	of	 the	CDS	system.31	Many	studies	have	docu-
mented	 discontent	 with	 alerts	 believed	 to	 be	 repetitive	 and	
irrelevant.32-36	 A	 number	 of	 other	 studies	 have	 demonstrated	
that	clinicians	frequently	override	DDI	alerts.37-38	For	example,	
in	a	retrospective	analysis	of	alerts	generated	by	an	ambulatory	
e-prescribing	 system,	 clinicians	 accepted	 only	 approximately	
9%	of	drug	interaction	alerts	presented	to	them.38	Furthermore,	
clinicians	were	more	 likely	 to	override	 an	 alert	 if	 the	patient	
had	already	received	the	medication	associated	with	the	alert.	

There	 are	 a	 number	 of	 potential	 explanations	 for	 the	 lack	
of	 reduction	 in	 potential	 DDIs	 associated	 with	 the	 wireless	
handheld	health	 information	 system.	The	 stand-alone	 system	
for	only	a	portion	of	the	prescribers’	patients	may	explain	the	
lack	of	effect	seen	in	this	study.	No	data	were	available	at	the	
prescriber	 level	 on	 the	 proportion	 of	 patients	with	Medicaid	
versus	other	insurance	coverage.	While	PDA	users	were	more	
likely	to	see	Medicaid	patients	than	the	comparison	group	(as	
a	 requirement	 to	be	offered	 the	device),	 the	minimal	number	
of	times	that	the	vast	majority	of	prescribers	routinely	updated	
patient	histories	 over	 the	 course	 of	 the	 observation	period	 is	
indicative	of	the	usefulness	of	the	device.

Another	potential	reason	no	effect	was	seen	was	that	a	small	
subset	of	all	potential	DDIs	were	chosen	to	evaluate	the	applica-
tion.	Although	these	potential	DDIs	were	chosen,	in	part,	due	
to	widespread	 use,	 therapeutic	 importance,	 tendency	 to	 pro-
duce	harm,	and	clinical	evidence,	it	is	unknown	if	prescribers	
were	 aware	of	 these	 interactions	 and	 if	 alerts	were	 examined	
when	 e-prescribing	 functionality	 was	 added.	 Studies	 have	
indicated	 a	 considerable	 degree	 of	 discordance	 among	 drug	
compendia	 regarding	 the	 inclusion	 of	DDIs	 and	 their	 associ-
ated	severity	ratings.39,40 

In	 addition,	 appropriate	 clinical	 responses	 for	 the	 tar-
geted	drug	pairs	may	have	 included	 actions	 that	would	have	
still	 allowed	 the	 2	 agents	 to	 be	 co-prescribed.	 Such	 actions	
may	 have	 included	 counseling,	 monitoring,	 or	 temporarily	
stopping	 one	 of	 the	 medications.	 A	 prime	 example	 involves	

■■  Discussion
This	 study	suggests	 that	availability	of	a	 stand-alone	wireless	
handheld	medication	management	application	may	not	reduce	
the	 incidence	 of	 certain	 potential	 DDIs	 within	 a	 Medicaid	
population.	One	 of	 the	 primary	 reasons	 that	 this	 device	 did	
not	 have	 a	 significant	 impact	 is	 the	 apparent	 low	 use	 of	 the	
device	based	on	the	number	of	times	prescribers	“updated”	the	
medication	 history,	 suggesting	 the	 device	was	 not	 frequently	
used.	 Integration	 of	 the	 device	 into	 day-to-day	 practice	may	
have	been	difficult	 because	providers	 often	 see	patients	with	
a	variety	of	health	insurance	coverage	types.	This	device	pro-
vided	information	only	on	medications	from	Medicaid	patients.	
Medication	management	programs	that	include	data	from	only	
a	 single	 payer	may	 be	 of	 limited	 value	 in	 preventing	 serious	
adverse	drug	events	for	patients	of	a	given	prescriber.	

In	a	recent	review	of	the	role	of	computerized	decision	sup-
port,	Baysari	et	al.	(2011)	lamented	that	knowledge	deficiency	
is	the	most	common	factor	contributing	to	prescribing	errors.23 
In	a	review	of	prescribing	errors	within	institutional	settings,	
Tully	et	al.	(2009)	concluded	that	knowledge-based	prescribing	
mistakes,	including	failure	to	account	for	patient	comorbidities,	
commonly occur.24

Given	 prior	 research	 in	 the	 area	 of	 health	 information	
exchange	 and	 medication	 safety,	 the	 present	 study	 results	
are	 not	 entirely	 surprising.	 A	 systematic	 review	 of	 the	 effect	
of	 e-prescribing	on	medication	 errors	 found	 that	 the	 greatest	
evidence	 of	 safety	 benefits	 with	 these	 technologies	 has	 been	
demonstrated	with	studies	utilizing	homegrown	systems,	stud-
ies	 that	compared	handwritten	prescriptions	with	 those	elec-
tronically	prescribed,	and	those	studies	involving	chart	reviews	
of	prescription	orders.20	The	current	study	did	not	involve	any	
of	 these	 features.	 However,	 this	 study	 adds	 insight	 into	 the	
pragmatic	use	and	effectiveness	of	 a	medication	management	
device	 in	averting	potential	DDIs	across	a	variety	of	provider	
specialties	and	practice	settings.	

Previous	 research	 has	 documented	 the	 lack	 of	 complete	
medication	history	during	medical	office	visits,25	but	data	on	
the	impact	of	health	information	exchange	are	limited.26	Daniel	
et	al.	(2010)	evaluated	the	role	of	medication	history	informa-
tion	 to	patients	presenting	 to	 the	emergency	department	 and	
found	 shorter	 visits	 and	 lower	 cost	 of	 care	when	medication	
history	was	available.27 

Several	 studies	 in	 ambulatory	 settings	 have	 demonstrated	
safety	 benefits	 associated	 with	 more	 comprehensive	 CDS	
systems	 in	CPOE	applications.28-30	 Implementation	of	 specific	
DDI	alerts	for	warfarin	in	a	health	maintenance	organization’s	
electronic	 medical	 records	 system	 was	 associated	 with	 sig-
nificant	declines	in	prescribing	rates	for	the	interacting	pair.30 
More	 recently,	 implementation	 of	 a	 commercially	 available	
e-prescribing	system	in	an	ambulatory	setting	resulted	in	a	sig-
nificant	reduction	in	prescribing	errors.28	We	could	not	find	a	
published	study	that	evaluated	a	similar	early-generation	wire-
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use	of	it.43	The	most	common	reasons	prescribers	reverted	back	
to	written	prescriptions	were	technical	and	software	problems	
as	well	as	time	constraints.43	In	the	present	study,	the	reasons	
for	return	of	the	wireless	handheld	device	within	365	days	by	
303	prescribers	were	not	captured.

Sixth,	 the	 generalizability	 of	 this	 study	may	 be	 somewhat	
limited	due	 to	a	number	of	 factors.	The	prescribers	who	par-
ticipated	 in	 this	 study	 were	 all	 contracted	 with	 1	 particular	
state	Medicaid	program.	The	medication	prescription	 records	
that	served	as	the	basis	of	this	analysis	were	those	of	Medicaid	
beneficiaries,	 which	may	 indicate	 greater	 likelihood	 of	 over-
the-counter	 medications	 in	 prescription	 records	 than	 would	
otherwise	be	expected	in	commercial	or	Medicare	populations.	
The	limited	number	and	type	of	drug	interactions	may	further	
limit	 the	 generalizability	 of	 results.	 Seventh,	 the	 finding	 that	
prescribers	specializing	in	pediatrics	and	psychology	were	less	
likely	to	prescribe	interacting	drug	pairs	is	likely	related	to	the	
drug	pairs	that	were	chosen	for	this	study.	Many	of	the	DDIs	
selected	 for	 study	 inclusion	 contain	 medications	 commonly	
prescribed	in	adults	with	a	variety	of	health	problems,	decreas-
ing	the	likelihood	that	pediatric	or	psychiatry	specialists	would	
prescribe	both	potentially	 interacting	medications	 for	a	given	
individual.

Finally,	 only	 potential	 drug	 interactions	 were	 evaluated.	
This	study	did	not	evaluate	whether	actual	adverse	drug	events	
resulted	from	the	potential	DDIs	identified	nor	did	it	evaluate	
prescribers’	 responses	 to	 alerts	 that	 they	 may	 have	 received	
about	potential	DDIs.	The	features	of	 the	wireless	application	
employed	 in	 this	 study	 may	 not	 be	 generalizable	 to	 similar	
applications.	For	example,	the	prescription	drug	history	acces-
sible	by	prescribers	was	limited	to	100	days	in	this	program.	

■■  Conclusions
Provision	of	a	medication	management	program	via	a	wireless	
handheld	 device	 with	 access	 to	 100	 days	 of	 patient-specific	
drug	history	by	prescribers	was	not	associated	with	a	signifi-
cant	reduction	in	the	rate	of	prescribing	of	clinically	important	
DDIs.	It	appears	that	although	e-prescribing	and	DDI	checking	
functionality	were	added,	prescriber	use	of	 the	device	waned	
over	time	and	may	have	contributed	to	the	lack	of	an	effect.

the	 rifampin-oral	 contraceptive	 drug	 pair.	 Consequences	 of	
concomitant	 administration	 of	 these	 2	 agents	 include	 risk	 of	
pregnancy,	which	 can	be	 avoided	with	 the	use	 of	 alternative	
barrier	contraceptives	without	stopping	either	medication.	In	a	
study	of	the	reasons	providers	commonly	override	DDI	alerts,	
one	 of	 the	most	 commonly	 cited	 reasons	was	 “patient	 being	
monitored.”41

Furthermore,	 the	 present	 study	 involved	 a	 retrospective	
analysis	 of	 paid	 pharmacy	 claims.	 Therefore,	 there	 were	 no	
opportunities	to	examine	prescribers’	initial	responses	to	DDI	
alerts.	 The	 paid	 claims	 represent	 final	 prescribing	 decisions	
along	 a	 continuum,	 beginning	with	 prescriber	 order	 genera-
tion	and	terminating	with	the	dispensing	of	a	medication,	most	
likely	 by	 a	 pharmacist.	 This	 continuum	 allows	 for	 multiple	
opportunities	 for	 a	 prescription	 to	 be	 changed	 or	 altered	 in	
response	 to	a	number	of	variables,	 including,	but	not	 limited	
to,	 DDI	 alerts	 arising	 from	 either	 the	 clinician	 or	 pharmacy	
CDS	system.

Limitations
In	 addition	 to	 the	 retrospective	 nature	 of	 this	 study	 that	
prevented	 analysis	 of	 initial	 responses	 by	 prescribers	 to	DDI	
alerts,	the	study	design	was	quasi-experimental,	difference-in-
difference;	therefore,	factors	other	than	the	use	of	the	handheld	
device	may	have	contributed	to	the	observed	results.	The	com-
parison	group	was	selected	from	prescribers	who	requested	the	
device	but	were	excluded	because	of	low	Medicaid	prescription	
volume	or	geographical	distance	from	locations	where	training	
was	provided	on	use	of	the	device.	Thus,	the	comparison	group	
is	 not	 identical	 to	 the	 intervention	 group,	 but	 the	 impact	 of	
such	differences	is	somewhat	negated	by	the	use	of	multivariate	
regression	models	controlling	for	confounding	factors	such	as	
prescription	volume.	Third,	further	complicating	the	analysis	is	
that	the	technology	and	capabilities	of	the	systems	evolved	over	
time,	making	it	difficult	to	isolate	the	effect	of	any	one	compo-
nent	of	the	device.	In	addition,	drug	information	is	dynamic,	
and	the	knowledge	bases	that	serve	as	the	foundation	of	CDS	
systems	 must	 constantly	 adapt	 to	 new	 information.	 Because	
this	study	spanned	several	years,	it	is	possible	that	the	timing	
of	an	individual’s	index	date	may	have	influenced	the	results.	
Fourth,	another	factor	that	was	not	controlled	for	was	the	dis-
ease	severity	of	patients.	However,	many	threats	to	the	validity	
of	 our	 analysis	were	 overcome	 through	 the	 pre-intervention/
post-intervention	 study	 design	 (i.e.,	 each	 provider	 served	 as	
his/her	own	control).

Fifth,	a	number	of	unforeseen	and	unmeasured	factors	may	
have	 influenced	 the	 use	 of	 the	 device	 and	 its	 effectiveness	
related	to	preventing	potential	DDIs.	For	example,	prescribers’	
perceptions	of	a	system’s	ease	of	use	may	influence	the	extent	
to	which	the	system	is	used.	Provision	of	a	technology	is	neces-
sary,	but	insufficient,	to	guarantee	its	use.42	A	study	by	Wang	et	
al.	(2009)	found	that	physicians	who	believed	their	e-prescrib-
ing	system	was	difficult	to	use	were	more	likely	to	discontinue	
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APPEnDIx Number of Prescriptions for and Number of Prescribers of Medications that Were Components of 
the Targeted Potential DDIs During the Baseline and Follow-Up Periods

Class Name

PDA Group (n = 1,615) Comparison Group (n =   600)

Number of 
Prescribers (%) 

Total Number  
of Claims

Median (Range) 
Number of Claims 

Per Prescriber
Number of 

Prescribers (%)
Total Number  

of Claims

Median (Range) 
Number of Claims 

Per Prescriber

Allopurinol 	 525	 (32.5) 10,931 	 12	 (1-170) 	 151	 (25.2) 2,765 	 10	 (1-114)
Anorexiants 	 591	 (36.6) 56,441 	 14	 (1-2,616) 	 151	 (25.2) 10,408 	 12	 (1-2,046)
Azole	antifungals 	 1,167	 (72.3) 20,234 	 6	 (1-385) 	 377	 (62.8) 6,281 	 5	 (1-287)
Barbiturates 	 952	 (58.9) 29,339 	 9	 (1-1,075) 	 303	 (50.5) 7,514 	 7	 (1-417)
Benzodiazepines 	 1,085	 (67.2) 128,973 	 28	 (1-3,657) 	 358	 (59.7) 34,923 	 21	 (1-4,375)
Carbamazepine 	 744	 (46.1) 21,795 	 12	 (1-743) 	 193	 (32.2) 5,495 	 8	 (1-518)
Cimetidine 	 293	 (18.1) 2,296 	 4	 (1-64) 	 81	 (13.5) 612 	 3	 (1-82)
Clarithromycin 	 782	 (48.4) 7,410 	 3	 (1-562) 	 240	 (40.0) 2,150 	 3	 (1-195)
Cyclosporinea 	 60	 (3.7) 1,076 	 9.5	 (1-245) 	 13	 (2.2) 251 	 2	 (1-175)
Dextromethorphana 	 781	 (48.4) 84,541 	 9	 (1-5,210) 	 218	 (36.3) 20,573 	 6	 (1-2,483)
Digoxin 	 779	 (48.2) 40,035 	 21	 (1-823) 	 231	 (38.5) 11,073 	 18	 (1-925)
Ergot 	 50	 (3.1) 335 	 2.5	 (1-75) 	 20	 (3.3) 110 	 1.5	 (1-37)
Fibrates 	 722	 (44.7) 29,002 	 17	 (1-1,008) 	 226	 (37.7) 8,066 	 15.5	 (1-408)
Fluvoxaminea 	 200	 (12.4) 3,017 	 6	 (1-157) 	 35	 (5.8) 534 	 4	 (1-92)
Ganciclovir 	 17	 (1.1) 49 	 1	 (1-10) 	 3	 (0.5) 31 	 9	 (3-19)
MAOI 	 50	 (3.1) 424 	 4.5	 (1-71) 	 21	 (3.5) 155 	 3	 (1-37)
Macrolide 	 989	 (61.2) 13,032 	 4	 (1-574) 	 313	 (52.2) 4,325 	 4	 (1-358)
Meperidinea 	 187	 (11.6) 824 	 1	 (1-68) 	 83	 (13.8) 458 	 2	 (1-72)
Methotrexate 	 196	 (12.1) 2,881 	 4	 (1-452) 	 50	 (8.3) 428 	 4.5	 (1-41)
NSAIDs 	 1,435	 (88.9) 224,016 	 44	 (1-6,347) 	 495	 (82.5) 54,657 	 32	 (1-2,569)
Nitrates 	 916	 (56.7) 70,377 	 26	 (1-1,332) 	 283	 (47.2) 15,886 	 15	 (1-690)
Oral	contraceptives 	 688	 (42.6) 20,159 	 9	 (1-627) 	 203	 (33.8) 6,897 	 8	 (1-869)
Pimozidea 	 22	 (1.4) 103 	 2	 (1-19) 	 6	 (1.0) 119 	 19	 (1-38)
Propoxyphene 	 991	 (61.4) 43,833 	 16	 (1-1,024) 	 360	 (60.0) 12,769 	 9	 (1-727)
Quinolones 	 1,104	 (68.4) 19,848 	 6	 (1-473) 	 377	 (62.8) 5,592 	 5	 (1-176)
Rifampin 	 192	 (11.9) 610 	 2	 (1-27) 	 58	 (9.7) 166 	 2	 (1-19)
Rifamycins 	 204	 (12.6) 731 	 2	 (1-27) 	 59	 (9.8) 232 	 2	 (1-46)
SSRI/SNRI 	 1,368	 (84.7) 393,580 	 55	 (1-11,549) 	 443	 (73.8) 78,760 	 30	 (1-6,953)
Sildenafil 	 602	 (37.3) 19,240 	 11	 (1-984) 	 184	 (30.7) 4,259 	 9	 (1-308)
Sympathomimetics 	 1,073	 (66.4) 135,959 	 14	 (1-7,342) 	 349	 (58.2) 31,422 	 9	 (1-2,186)
Theophylline 	 529	 (32.8) 13,445 	 11	 (1-416) 	 135	 (22.5) 2,303 	 9	 (1-136)
Thiopurines 	 109	 (6.7) 1,024 	 4	 (1-108) 	 43	 (7.2) 346 	 5	 (1-40)
Thyroid	hormones 	 1,094	 (67.7) 96,259 	 25	 (1-2,131) 	 338	 (56.3) 26,446 	 22	 (1-950)
Trimethoprim 	 1,259	 (78.0) 32,536 	 10	 (1-906) 	 403	 (67.2) 10,519 	 8	 (1-652)
Warfarin 	 849	 (52.6) 51,029 	 20	 (1-1,370) 	 262	 (43.7) 12,132 	 11.5	 (1-591)
Zidovudine 	 279	 (17.3) 13,072 	 5	 (1-917) 	 92	 (15.3) 5,087 	 4.5	 (1-820)
aThese drugs were not identified in any potential DDIs during the entire study period.
DDI = drug-drug interaction; MAOI = monoamine oxidase inhibitor; NSAID = nonsteroidal anti-inflammatory drug; PDA = personal digital assistant; SNRI = selective nor-
epinephrine reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor.
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