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ABSTRACT
Objectives: The risk of clinically significant drug-related
problems is a major concern, particularly among elderly,
polypharmacy-treated patients. Previous efforts to develop
computerized alert systems have shown limited effectiveness.
The purpose of this study was to evaluate the efficacy of a
novel technology, the Drug-Drug Interaction Plus (DDI+) decision support system, used in a real-world ambulatory health
maintenance organization (HMO) setting and developed to
overcome the limitations of currently available programs.
Study Design: Controlled trial.
Methods: We conducted a controlled trial of the DDI+ system
in Leumit Health Services (LHS), an HMO in Israel that provides
coverage to approximately 700,000 members with approximately
2000 physicians nationally. All LHS physicians were geographically allocated by region to a study or control arm. Physician access rates, alert resolution rates, and resource utilization of their
patients were evaluated and compared between the intervention
and control arms.
Results: There were 5.6% (P = .001) fewer mean episodes of
hospitalization, 1.5% (P = .01) fewer mean drugs dispensed,
and 2.1% (P = .055) fewer mean episodes of imaging in
the intervention population versus controls. Drug-related
problems that were re-encountered were often rectified without
re-accessing the system.
Conclusions: Comparing the acceptance by physicians of the
DDI+ system to reports of acceptance of similar systems, DDI+
was observed to be better accepted. This will possibly initiate
improvements in resource utilization patterns. We surmise that
improved physician willingness to access the system can be
attributed to the novel graphic presentation, specificity, and integration of DDI+ into the work flow of routine clinical practice.
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rug prescribing is among the most powerful and
ubiquitous tools employed by physicians for treating
patients. Over the decades, thousands of safe and
effective drugs have been added to the armamentarium at
physicians’ disposal, empowering them to treat most of the acute
and chronic conditions encountered in the community setting.
These developments, however, while generally positive,
have not emerged without adding concomitant risks of harm
to the patient. Administration of multiple drugs, and of herbal
preparations, vitamins, and food supplements, directly
increases the risk of avoidable medication error–induced
sequelae, which include adverse effects, pharmacokinetic
interactions, decreased efficacy, morbidity, mortality, and
unnecessary resource use. Furthermore, the degree of risk
is exacerbated when multiple physicians practicing various
subspecialties independently prescribe medications for a
patient in the absence of a case manager whose job would be
to actively coordinate a cohesive care plan.
The risk of clinically significant drug-related problems
(CSDRPs) is of major concern, particularly among elderly,
polypharmacy-treated patients in whom the incidence of
major iatrogenic events is estimated at more than 25%.1-5
Overall, CSDRPs are responsible for approximately 2% to 5%
of all hospital admissions.6,7 Unfortunately, the growing use of
electronic health record (EHR)-based modules for addressing
CSDRPs has not dramatically changed the occurrences of
such outcomes, given that more than 90% of physicians
override or do not use these modules.8-11 Accordingly, the
development and implementation of intervention strategies,
such as the requirement for pharmacists to assess drug-related
problems prior to dispensing and improved uptake of existing
technologies to prevent CSDRPs, is a well-established practice
in managed care systems.
Although significant progress has been made in developing
new technologies, the applications currently available provide
suboptimal prevention of CSDRPs. Their many shortcomings
include lack of systematic assessment of pharmacokinetic/
pharmacogenetic data,12 long and difficult-to-comprehend
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concomitantly. Furthermore, DDI+ can
incorporate pharmacokinetic data to
This study describes the implementation of a system that is interactively linked to a health mainteprevent not only improper dosing, but
nance organization’s electronic health record system, which facilitates inclusion of all clinical data
also false-positive alerts that might othavailable to inform personalized drug-choice decisions, and the added utility this linkage provides
erwise occur when inadequately robust
for efficiency of patient care.
literature would indicate interactions.
■■ There were 5.6% (P = .001) fewer mean episodes of hospitalization, 1.5% (P = .01) fewer
DDI+ can detect when drug-serum levels
mean drugs dispensed, and 2.1% (P = .055) fewer mean episodes of imaging in the intervenwould not be affected by particular
tion population versus controls.
doses of 2 concomitantly prescribed
■■ Drug-related problems that were re-encountered were often rectified without re-accessing the
drugs, despite less-specific information
system, indicating an educational effect among physicians who accessed the system.
to the contrary in the literature.
■■ Improved physician proclivity to access the system may be attributed to its graphic presenWe hypothesized that incorporating
tation, comprehensiveness of relevant data, inclusion of patient-specific factors, improved
specificity, and integration into the workflow of routine clinical practice.
these improvements would overcome
the barriers that have impeded physician use of previous systems, thereby
textual outputs,13-15 lack of suggestions for alternative
yielding measurable improvements in the use of the
drug options, an inability to evaluate drug combinations
following resources: hospitalization, number of drugs
involving more than 2 concomitantly prescribed drugs,
purchased, and imaging. The purpose of this study was to
and limitation of use to the prescribing phase of the visit.
prospectively evaluate the efficacy of the DDI+ system to
Additionally, because these systems are seldom evaluated
improve the efficiency of care in a real-world ambulatory
in robust controlled trials, few data are generally available
health maintenance organization (HMO) setting via a large,
to clinicians and medical managers to evaluate the potential
robust, controlled trial.
value of these technologies in a real-life clinical setting.
A new effort to overcome many of these limitations is the
METHODS
Drug-Drug Interaction Plus (DDI+) decision support system
The DDI+ System
(Mediseen eHealth Ltd, Teva Pharmaceutical Industries Ltd,
DDI+ is a Web-based system that interfaces and operates
Israel). The DDI+ output is based on a unique technology
in the background of an EHR. Throughout a patient visit,
that synchronizes and integrates pharmacodynamic,
the physician sees that the relevant icon on the toolbar of
pharmacokinetic, and pharmacogenetic data from leading
the EHR’s main page is either “red” or “green”: red signiinternational databases (First Data Bank and GeneMedRx/
fies potential CSDRPs and green signifies their absence.
Genelex United States) along with patient-specific factors
When the icon is red, the physician can enter the DDI+
accessed from the patient’s EHR in real time. The system is
system either volitionally or mandatorily, depending on
periodically updated with new relevant data; it incorporates
organizational policy. The system immediately displays
innovations designed to overcome the limitations of other
the detected CSDRPs and provides information necessary
currently available systems to improve physician uptake
to choose alternative regimens or make drug changes.
and to harness the data available from EHRs to enhance the
Upon the physician’s selection of a regimen modification
precision and specificity of CSDRP identification.
or the drug to be changed, the system displays potential
DDI+ presents real-time output via a visual user interface
alternatives; it then calculates the outcomes of these (1 or
that enables detection, prioritization, and alternative
more) new potential regimens, facilitating the prescription
suggestions within a few seconds while presenting only
of safer alternatives. Once a CSDRP is rectified, the icon
essential output to physicians throughout the entire patient
automatically switches from red to green. This platform
office visit. DDI+ is designed to flag most of the clinically
thereby is designed to reinforce, albeit not replace,
significant interactions that may occur between a drug
sound clinical judgment (nor does it obviate the need for
and any other factor that may affect the pharmacokinetics/
independent learning).
pharmacodynamics of administered medications (allergy/
sensitivities, renal functions and liver function, food,
Patients and Setting
vitamins, herbals, genomics, smoking, age, gender).” AddiThe DDI+ system platform was installed to interface
tionally, in contrast to other programs limited to evaluating 2
with the EHR program used by Leumit Health Services
drugs at a time, the design of DDI+ allows it to evaluate drug
(LHS), an HMO in Israel that provides health coverage
regimens composed of 2 or more agents to be administered
to approximately 700,000 members with approximately
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2000 physicians practicing in LHS-operated clinics or in
private practice nationally. LHS first implemented its EHR
system in 1999 and has achieved 100% uptake among
all physicians treating LHS patients in the community
setting. Complete computerization has facilitated the
construction and maintenance of a data warehouse that
includes comprehensive records of the following: drugs
prescribed and dispensed within the system; laboratory
tests ordered and their results; referrals to specialists;
diagnostic imaging; hospitalizations, including scanned
discharge letters; and ambulatory procedures performed
at LHS clinics. Drugs prescribed outside the LHS system
are not initially captured, but if a prescription is filled
at an LHS-affiliated pharmacy or if the drug is later represcribed by an LHS physician, the system will document
the prescription. Furthermore, LHS has developed and
implemented data-capture and analysis tools for the
EHR data warehouse that enable both longitudinal and
retrospective observation of resource use in its defined
patient and physician populations.
All elderly patients (≥65 years) receiving polypharmacy
(≥5 concomitant chronic medications) were included for
healthcare use assessments. Access rates and the system’s
educational capacities were evaluated only for primary
care physicians who treated these elderly patients (n =
369 and n = 346 for the intervention and control arms,
respectively) as they were the main target population of
the DDI+ system from the LHS perspective.

Study Design, Data Accrual, and Outcome Variables
The LHS management structure is subdivided into 4
geographic regions subordinate to a central management.
Physicians were geographically allocated by region where
they practice to a study arm that received access to the
DDI+ platform (North and Central regions) or a control arm
that was not (Jerusalem and South regions). Because the
North and South regions and the Central and Jerusalem
regions are similar in patient and physician demographics,
the 4 regions were accordingly allocated into 2 groups.
The allocation of these 2 groups into study and control
arms was arbitrary. We chose to implement the system on
regions in their entirety and not to randomize individual
physicians in order to prevent cross-group contamination
among physicians in different arms of the study working
in the same region. Neither arm was exposed to other
decision-support technologies. After a run-in period that
included an individual 30-minute training program, the
system was formally launched in the study arm of physicians
on January 1, 2013, for a 6-month controlled study period.
Use of the program was voluntary, and physician access
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patterns during the study were not monitored to promote
use among physicians who declined to do so.
Data were accrued and compared for both groups. To
evaluate the efficacy of the system to reduce resource use,
we calculated and compared the average number of episodes
of hospitalization and imaging and the number of drugs
dispensed per patient in both arms during the study period
with those observed in these patients during the 12-month
preintervention period. We then calculated the relative
changes observed between the pre- and postintervention
periods. The rationale for analyzing the use of imaging was
that because a physician may not immediately identify a
primary complaint as a CSDRP, these patients are frequently
referred to diagnostic procedures, such as imaging, to rule
out suspected pathologies included in the differential
diagnosis. The effectiveness of the system to rectify alerted
problematic drug combinations was measured by calculating
the percentage of red alerts that turned green among patients
treated by physicians who accessed the system compared
with the rate observed among patients treated by physicians
in the intervention arm who did not access the system.
Additionally, the change in number of “severe” alerts
present among patients treated by DDI+ users was calculated
longitudinally over the 6-month study period. Changes in
drug utilization patterns after an alert was rectified were
measured by calculating the average number of drugs
dispensed to patients before and after the first time a red
alert turned green. Additionally, we evaluated physician
acceptance and application of the system by measuring both
crude physician use rates (rates of physicians accessing the
system at least once) and the proportion of alerted episodes
in which the physician accessed the system. Furthermore,
because we postulated that the system might yield a residual
educational effect, we identified and quantified episodes
of drug switching without accessing the system following
an episode involving the same clinical scenario in which
the physician heeded the alert.
Data capture was performed using IBM Cognos 10.1.1
BI Report Studio software (IBM, Armonk, New York).
Results of queries were downloaded into Microsoft Excel
(version 14) spreadsheets for statistical analysis. Student’s
t test, χ2 test, and 1-way analysis of variance were used as
appropriate. All results are expressed as average ± standard
deviation, percent with P value, or 95% confidence interval.
A P value ≤.05 was considered statistically significant. The
data were analyzed using SAS version 9.3 (SAS Institute,
Cary, North Carolina).
The study was approved by LHS’s Institutional Review
Board and was registered (ClinicalTrials.gov identifier:
NCT 01765595).
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Table 1. Characteristics of Patient and Physician Populations

episodes of imaging in the intervention
population versus controls.
Patient Characteristics
N = 18,920
N = 14,023
A subset analysis of the primary
physicians in the intervention arm who
Age, years (mean ± SD)
76.4 ± 7.4
76.4 ± 7.3
.941a
accessed the system was conducted.
Gender (% male)
40
40
.952b
During the 6-month study period, 272
Number of distinct drug products received
8.0 ± 3.13
7.9 ± 3.1
.103a
during year prior to study period (mean ± SD)
of the 369 primary physicians (78.6%)
Primary care physician visits during year prior
accessed the system at least once. At
a
4.3 ± 3.5
4.2 ± 3.4
<.001
to study period (mean ± SD)
least 1 episode of a “red alert” was
Physician Characteristics
N = 369
N = 346
documented during 104,711 visits.
Age, years (mean ± SD)
52.7 ± 9.8
52.9 ± 9.2
.758a
Physician voluntary access rates during
Gender (% male)
68
61
<.05b
these visits was observed to be 12.9%
Number of distinct patients treated during
(n = 13,534). A red alert was observed
a
1213 ± 911
1333 ± 1147
.122
study period (mean ± SD)c
to be converted to green during 5386
Aggregate number of patient visits during
(39.8%) of these 13,534 visits, versus
3391 ± 2687
3208 ± 2873
.379a
c
study period (mean ± SD)
0.6% (P <.0001) among physicians
SD indicates standard deviation.
a
who did not access the system despite
P value calculated by t test.
b
P value calculated by χ2 test.
having been exposed to the red-alert
c
Including patients not in the study.
icon (TABLE 3). Among the 272 physicians who accessed the system at least
RESULTS
once, 232 (85.3%; 95% CI, 80.5%-89.3%) were observed to
The characteristics of the intervention and control
appropriately respond to later alerts without subsequently
populations of patients and physicians appear in TABLE 1.
accessing the system, correctly rectifying 68.9% of the
Differences in physician gender and average number of
potential CSDRPs re-encountered. At the conclusion of the
6-month study period, 42% of the initial “severe” alerts
primary care physician visits during the year prior to the
study period were found to be statistically but not clinically
had been resolved by the physicians in the intervention
significant. Statistically significant variance between the 2
arm who accessed DDI+ at least once (P = .023) (FIGURE).
groups was not observed in the other variables measured,
Additionally, the average number of drugs dispensed to a
including the number of distinct drug products received
patient after a red alert was resolved decreased by 7.8%, from
during the year prior to the study period, a proxy variable
9.77 ± 3.62 to 9.01 ± 2.93 medications per patient (P <.05).
for number of comorbidities and disease severity.
DISCUSSION
The changes in resource use in the intervention and
control arms (difference-in-differences methodology) appear
The observed success of this program compared with
in TABLE 2. Although a rise in utilization of resources was
other marketed systems can be attributed to the unique
observed in both groups, there were 5.6% (P = .001) fewer
features incorporated into the system to overcome the
mean episodes of hospitalization, 1.5% (P = .01) fewer
shortcomings of previous efforts. First, and most significant,
the DDI+ system is interactively linked to the HMO’s EHR
mean drugs dispensed, and 2.1% (P = .055) fewer mean
Intervention Group

Control Group

P

Table 2. Resource Utilization Patterns Before and After Intervention
Intervention Group

Control Group

Resource

2012

2013

% Change
2013-2012

2012

2013

% Change
2013-2012

Changeb
(intervention vs control)

Pc

Hospitalization
(mean number of episodes/patient)

0.21

0.26

22.8

0.173

0.2222

28.4

–5.6

.001

Medication
(mean number of drugs purchased)

72.25

72.75

0.7

71.7253

73.3365

2.2

–1.5

.0102

Imaginga
(mean number of episodes/patient)

0.78

0.74

–5.0

0.7168

0.6962

–2.9

–2.1

.0551

Ultrasound, magnetic resonance imaging, computed tomography.
Calculated as the difference in the percent change measured over the years 2013 and 2012 between the intervention group and the control group.
P value by analysis of variance for differences between groups.

a
b
c
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Total Number of
Alerted Interactions

system, which facilitates inclusion of
Table 3. Rates of Resolved Alerts Among Patients in Study Arm, Stratified by Physician DDI+
Users and Nonusers
all clinical data available to inform
DDI+ Users
DDI+ Nonusers
personalized drug choice decisions. We
(n = 272)
(n = 74)
Pa
understand that this feature generates
Alerted interactions (“red”) that turned to nonalerted (“green”) 5386 39.8%
52
0.6%
confidence among physicians concernUnchanged alerted (“red”) interactions
8148 60.2% 9035 99.4% <.0001
ing the relevance of the alternatives,
Total
number
of
alerted
interactions
(“red”
icons)
13,534
100% 9087 100%
thereby allaying previously observed
DDI+
indicates
Drug-Drug
Interaction
Plus
decision
support
system.
apprehensions caused by the low
a
By χ2 test.
specificity (eg, frequent false-positive
alerts) that characterized other systems,
Second, in contrast to other programs, the DDI+ system interested in rational and safe use of medications, and the
processes the “net” outcome of drug combinations of more improved outcomes and utilization patterns (eg, reduction
than 2 medications administered concomitantly. This of number of medications per patient) could reflect a
unique feature may have afforded an elevated perception more rational medical care provided by this subgroup
of reliability among physicians equipped with the system. of physicians rather than being the result of the clinical
Third, significant efforts were made to provide the physician decision support system.
with a user-friendly visual interface that enables a favorable
Of particular interest is the observed educational effect
workflow, one that streamlines integration of the system into among physicians who accessed the system. The implicaroutine care without disrupting the dynamics of the office tion of this finding is that the DDI+ system is inherently a
visit. Accordingly, the system facilitated rapid detection, continuing medical education (CME) tool for conveying
prioritization, and complex problem solving. Moreover, information on CSDRPs during primary care visits. This
because the “red alert” was visible even without accessing finding is significant, as it introduces a new paradigm in
the system, it is possible that this notification was sufficient CME whereby physicians receive information pertinent to
to motivate physicians to resolve the warning without the the medications they routinely prescribe while attending
aid of the system. Fourth, in contrast to other systems that to their patients. The graphic presentation was probably
flag only potential severe interactions, the DDI+ system is contributory to this observed behavior. Accordingly, the
designed to provide information to guide clinical decision utility of the system as a CME tool is further augmented
processes for prescription of safer, alternative drug regimens. through systematic updating of the root databases of
Additionally, although not measured, it is possible that interactions, thereby assuring that new information is
presenting only essential output to physicians diminished presented to practicing physicians as available.
alert fatigue, thereby improving motivation to access the
system.11 Finally, the superior access rates observed may Strengths and Limitations
be attributable to the opportunity the system gives to To our knowledge, this study is the first large real-world
physicians to access the system at all stages of the office controlled trial of a computerized CSDRP alert system to
visit, not just during the prescription phase.
be conducted nationally in a managed care setting. This
The findings of this study indicate that integration of study has number of strengths. First, this trial included
the DDI+ system into the EHR used during routine practice
may yield measurable improvements in resource use. The Figure. Change in Total Number of Alerts in the Study Arm Over the
change in aggregate utilization measured for hospitalization, Study Period
medication, and imaging, compared with the preintervention
25,000
period, was found to rise to a lesser degree in the intervention
arm compared with controls. These findings may indicate
20,000
that the system was successful in attenuating portions
of the drug-induced morbidity responsible for the rise
42%a
15,000
in healthcare expenditures. Furthermore, these findings
suggest that organizations installing the DDI+ program
10,000
should implement a program for monitoring access rates
1
2
3
4
5
6
to promote use among physicians who opt not to do so.
Month of Study
It is possible that the accessing physicians may have
been a selected subgroup of physicians particularly aP = .023. By P for trend in linear regression.
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the entire physician population of a large HMO, thus
obviating the need for sampling for either the intervention
or control arms. Potential biases caused by sampling errors
were thereby avoided. Additionally, because the program
interfaced with LHS’s EHR system, all data necessary to
longitudinally evaluate resource use in both arms of the
study were available.
The limitations include: 1) not randomizing physicians
into the 2 study arms, and 2) potential bias caused by
selective physician access rates and patterns. Unfortunately,
we were unable to capture sufficient data to explore
physician traits that may have been determinants in
proclivity to access the system, and we were unable to
account for unmeasured exogenous factors that may have
contributed to the decreases in resource use we observed.
Similarly, because the system was not implemented in the
background of the control arm, we were unable to monitor
incidence of alerts that would have appeared among these
physicians for comparison with the study arm. Conversely,
however, regional, as opposed to random, allocation may
have provided a more robust methodology as it preempted
potential cross-group contamination among physicians
in different arms of the study working in the same region.
Finally, although the system was found to improve efficiency
in this study, we recognize that this analysis was limited
to 1 HMO; therefore, these findings may not be completely
generalizable to other healthcare settings.

CONCLUSIONS
The DDI+ system was observed to be better accepted than
other similar systems (according to reported data) among
physicians. We surmise that improved physician willingness
to access the DDI+ system can be attributed to its graphic
presentation, comprehensiveness of relevant data, inclusion of patient-specific factors, improved specificity, and
integration into the workflow of routine clinical practice.
This improvement in physician proclivity to access and
utilize the system may have resulted in improvements in
resource-utilization patterns in treating patients.
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