
187

YALE JOURNAL OF BIOLOGY AND MEDICINE 87 (2014), pp.187-197.
Copyright © 2014.

REVIEW

Clinical Decision Support: Effectiveness in 
Improving Quality Processes and Clinical 
Outcomes and Factors That May Influence 
Success

Elizabeth V. Murphy, MD, MPH

Department of Medical Informatics and Clinical Epidemiology, Oregon Health & Science
University, Medical Informatics, Portland Veteran’s Administration Medical Center, 
Portland, Oregon

The use of electronic health records has skyrocketed following the 2009 HITECH Act, which
provides financial incentives to health care providers for the “meaningful use” of electronic
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InTrODuCTIOn

The Health Information Technology for

Economic and Clinical Health (HITECH)

Act, from the 2009 American Recovery and

Reinvestment Act (ARRA) legislation, pro-

vides financial incentives to hospitals and

physician practices to adopt and make

“meaningful use” of electronic health

records (EHR) to improve the quality of pa-

tient care. There has been a rapid expansion

of EHR use since the enactment of

HITECH, with an increase from 48 percent

EHR use in office-based practices in 2009

to 72 percent office-based practice use by

2012 [1]. An essential component of “mean-

ingful use” is the development of EHRs that

are capable of computerized physician order

entry (CPOE) with clinical decision support

systems (CDSS) that will integrate into

workflow and facilitate clinical outcome ob-

jectives. Clinical decision support systems

are still not widespread in the United States,

and multiple strategies have been proposed

to facilitate the expansion of decision sup-

port systems through local EHR systems or

through a scalable, standards-based model

that can be adapted to diverse EHR systems

[2,3].

Although the recent HITECH Act has

helped move us toward more widespread

use of clinical decision support systems, the

potential importance of such systems has

been recognized for decades. In his 1968 ed-

itorial “Medical Records that Guide and

Teach,” Weed asserted that “when large

amounts of demographic data are developed,

by means of a computer, a system could be

developed whereby input of vital statistics

on any patient would automatically result in

an immediate print-out of his main demo-

graphic problems along with current ap-

proaches to their management” [4]. In

Greenes’ groundbreaking work on the de-

velopment of the Massachusetts General

Hospital Utility Multi-Programming System

(MUMPS) EHR system in 1969, he recog-

nized that “the medical record … provides

the primary means by which quality control,

auditing of the medical care process, and re-

search into the diagnosis and treatment of

disease can be achieved” [5]. In 1970,

“Primer for Writing Medical Data Base for

the Clinical Decision Support System” was

published by IBM’s elite Advanced Systems

Development Division [6]. By 1976, Mc-

Donald employed the use of treatment sug-

gestions with reasons, such as “add or

increase antihypertensives because last di-

astolic blood pressure > 100 mmHg,” in a

controlled crossover study that used com-

puter-based record systems to print out sug-

gestions for providers. McDonald argued

that computerized decision support is

needed to prevent errors of oversight in pro-

viding appropriate medical care due to

“man’s inefficiency as a data processor” [7]. 

Since the 1980s, there has been a steady

increase in scientific studies examining the

use of computerized clinical decision sup-

port tools in quality of care outcomes [8].

Most of these studies have evaluated CDSS

process outcomes, including the ability to

facilitate the provider’s ordering of appro-

priate medications and preventive services

and adherence to appropriate care/practice

guidelines in the treatment of disease. A

smaller number of studies have also at-

tempted to evaluate the effect of CDSS on

clinical outcomes, including morbidity and

mortality as well as cost outcomes.

CDSS EFFECTIvEnESS In 
PrEvEnTIvE SErvICES
PrOCESSES

Several higher quality studies, includ-

ing multiple randomized controlled trials, as

well as well-designed, quasi-experimental

studies, have demonstrated the effectiveness

of clinical decision support systems in in-

creasing the appropriate use of preventive

services. A 1993 randomized controlled trial

compared the use of computer-generated re-

minders for providers to order preventive

services versus an intervention using the

same reminders with a required response in-

cluding “done today,” “not applicable to this

patient,” “patient refused,” or “next visit.”

Intervention physicians complied at 61 per-

cent vs. 49 percent (p = .0007) in controls

for fecal occult blood testing and at 54 per-
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cent vs. 47 percent (p = .036) for ordering

mammograms [9]. A VA cooperative study

used computerized reminders for 13 stan-

dards of care, including smoking cessation

counseling, diabetic foot and eye exams, hy-

pertension counseling, lipid level measure-

ment, and HbA1c and proteinuria testing in

diabetics. The intervention group had a 5.5

percent increase in all standards of care (p =

.002) over the control group and a 6 to 10

percent increase in diabetic foot, eye and

proteinuria exams, smoking cessation coun-

seling and pneumococcal vaccination (p =

.04 to p < .001) compared with controls [10].

In a randomized controlled trial using

computerized reminders for providers tak-

ing care of hospitalized patients, Dexter and

colleagues assessed four appropriate pre-

ventive services that had not been ordered

on admission. Computerized reminders re-

sulted in a 35.8 percent order rate for pneu-

mococcal vaccine vs. 0.8 percent in controls

(p < .001), a 51.4 percent order rate for in-

fluenza vaccine vs. 1.0 percent in controls

(p < .001), a 32.2 percent order rate for pro-

phylactic Heparin vs. 18.9 percent (p < .001)

in controls, and 36.4 percent order rate for

prophylactic aspirin prescription at dis-

charge vs. 27.6 percent rate (p < .001) in

controls [11]. Electronic health records re-

minders were also found to be effective in

increasing guideline-recommended osteo-

porosis diagnostic testing and treatment in

older women who suffered fractures. At 6

months post fracture, reminders resulted in

51.5 percent of patients receiving recom-

mended osteoporosis care vs. 5.9 percent in

controls (p < .001) [12].

The effect of clinical decision support

systems on prevention processes as well as

clinical outcomes was evaluated in two stud-

ies that focused on the prevention of deep

venous thrombosis in hospitalized and

trauma patients. In a study using computer

alerts with a requirement for a response,

Kucher conducted a randomized controlled

trial that resulted in 10 percent of interven-

tion group patients vs. 1.5 percent of control

patients being prescribed mechanical pro-

phylaxis (p < .001) and 23.6 percent of the

intervention patients vs. 13.0 percent of the

control patients (p < .001) being prescribed

pharmacologic prophylaxis. Clinical out-

comes in the intervention group revealed a

sizable decrease in the incidence of deep

vein thrombosis and pulmonary embolism

in the intervention group, with risk reduced

for these outcomes by 41 percent (hazard

ratio .59, p < .001), though mortality was not

significantly different in the intervention and

control groups by the end of the study pe-

riod [13]. In a Johns Hopkins retrospective

cohort study of mandatory clinical decision

support for the prophylaxis of deep vein

thrombosis in trauma patients, providers

were required to fill in an electronic medical

record-based questionnaire about the pa-

tient’s risk factors, and prophylaxis was ini-

tiated when indicated. Practice guideline

compliance for prophylaxis increased from

62.2 percent at baseline to 99.5 percent by

the end of the 3-year study period (p < .001),

and there was an 83 percent decrease (p <

.001) in preventable harm venous throm-

boembolism events (including mortality)

over the study period [14].

Although the evidence for CDSS effec-

tiveness in preventive services processes is

strong, there are also examples of studies

that did not produce significant improve-

ment in process outcomes. In a 1994 ran-

domized clinical trial at two inner city HMO

sites, Burack and colleagues investigated the

effectiveness of computerized reminders

that were mailed to patients and/or placed in

the patient’s medical records for physicians

advising of the need for mammography re-

ferral. There was no effect from patient re-

minders at either site, and physician

reminders or physician reminders combined

with patient reminders had a significant ef-

fect only at the second site with 59 percent

of women vs. 43 percent (P < 0.001) of

women completing mammograms after

physician reminders [15]. This study high-

lights some of the difficulties in assessing

CDSS response since some of the CDSS

recommendations were issued months be-

fore a mammogram was due, and many fac-

tors, including financial ability and the

patient’s ability to negotiate with their

providers, influenced whether mammo-
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grams were performed. In a 2009 RCT con-

ducted by Fiks and colleagues, there was a

small but insignificant effect from providing

computerized reminders to physicians for

administration of flu vaccine to pediatric

asthma patients. There was no reason listed

for failing to administer flu vaccine, how-

ever, and it is possible that the patients had

already received the vaccine from another

source or that vaccination was postponed for

a specific reason [16].

CDSS EFFECTIvEnESS In 
APPrOPrIATE CArE PrOCESSES

Clinical Decision Support Systems

have also been effective in increasing

provider’s adherence to appropriate medical

care/practice guidelines, including prescrib-

ing guidelines. β-blockers have demon-

strated effectiveness in improving survival

for patients with left heart failure. In an at-

tempt to increase the appropriate use of β-

blockers, Heidenreich et al. performed a

randomized controlled trial attaching an

electronic reminder statement regarding de-

creased mortality with the use of β-blockers

to the echocardiogram report for left heart

failure patients in the intervention group and

no reminder in the control group. Seventy-

four percent of the patients in the reminder

group vs. 66 percent of patients in the con-

trol group were given β-blocker prescrip-

tions (p < .002) [17]. In a prospective cohort

study followed by a cluster randomized trial,

a computerized decision support system

(TREAT) targeted outcomes of appropriate

antibiotic use. TREAT is a software program

based on a causal probabilistic network

(CPN) that predicts the most likely pathogen

given the patient’s setting and condition.

TREAT prescribed appropriate antibiotic use

in 70 percent of cases vs. 57 percent of cases

for physicians (p < .001.) When patients

were treated based on TREAT advice on

hospital wards, the odds ratio for receiving

appropriate treatment was 3.40 compared

with controls (95% CI = 2.25-5.14) [18].

In a randomized controlled trial using

corollary order suggestions, Overhage and

colleagues wrote computer prompts for

corollary orders for 87 different tests and

treatments. Examples of orders included

blood drug levels if certain antibiotics or

anti-seizure medications were ordered, liver

or kidney function testing if drugs with po-

tential toxicity to kidneys or liver were or-

dered, blood gases after ventilator setting

changes, Prothrombin time after Coumadin

is prescribed, and electrolytes after IV

Furosemide. Intervention providers ordered

the recommended tests 46.3 percent of the

time vs. 21.9 percent in the control physi-

cian group (p < .0001) [19]. An integrative,

immediate response clinical decision sup-

port system was tested in nursing home res-

idents to support safe medication use and

dosing in elderly patients with renal insuffi-

ciency. Sixty-two medications were entered

into the computer, and intervention physi-

cians were alerted about the creatinine clear-

ance for the patient and appropriate

maximum medication dose, maximum fre-

quency of medication, and medications to

avoid, given the patient’s abnormal renal

function. Control physicians were alerted

about the patient’s most recent creatinine

level. 

Intervention and control physicians

both prescribed similarly appropriate dosing

in renal failure patients, but intervention

physicians had a 2.4 relative risk (95% CI =

1.4, 4.4) of prescribing appropriate fre-

quency of medications and a 2.6 relative risk

(95% CI = 1.4, 5.0) for avoiding drugs that

should not be used in renal failure, as well as

a 1.8 risk relative risk for ordering appropri-

ate renal function tests when indicated [20].

Chronic disease management is another

potential area for use of clinical decision sup-

port. McCowan et al. developed a software

program for managing asthma with input

from a software engineer, a statistician, a gen-

eral practitioner, an asthma nurse, and a pul-

monologist. The software was then tested at

local and national conferences by a large

number of general practitioners and practice

nurses. Randomly assigned intervention prac-

tices used the software with their patients

over a 6-month period. Fewer intervention

patients initiated practice consultations with

their providers during this period, 22 percent
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Table 1. Summary of Evidence, by Outcome (abstracted from “Table. Sum-

mary of Evidence, by Outcome” (Bright TJ, et al.; 2012).

Outcome

Length of

stay

Morbidity

Mortality

Adverse

events

Health care

process

measures.

Recom-

mended pre-

ventive care

service or-

dered or

completed

Recom-

mended

clinical study

ordered or

completed

Recom-

mended

treatment

ordered or

prescribed

Meta-Analy-

sis result

for Out-

comes

(95% CI)

RR, 0.96

(0.88–1.05)

favoring

CDSS

RR, 0.88

(0.80–0.96)

favoring

CDSS

OR, 0.79

(0.54–1.15)

favoring

CDSS

RR, 1.01

(0.90–1.14)

favoring

control

OR, 1.42

(1.27–1.58)

favoring

CDSS

OR, 1.72

(1.47–2.00)

favoring

CDSS

OR, 1.57

(1.35–1.82)

favoring

CDSS

Studies 

Included

in the

Meta-

Analysis,

n

5

16

6

5

25

20

46

Other Substantial Findings

Limited evidence that CDSSs that automati-

cally delivered system-initiated recommenda-

tions to providers were effective or

demonstrated a trend toward reducing length

of stay

Modest evidence from academic and commu-

nity inpatient and ambulatory settings that lo-

cally developed CDSSs that automatically

delivered system-initiated recommendations to

providers synchronously at the point of care

were effective or demonstrated a trend toward

reducing patient morbidity

Limited evidence that CDSSs integrated in

CPOE or EHR systems that automatically de-

livered system-initiated recommendations to

providers were effective or demonstrated a

trend toward reducing patient mortality

Limited evidence from academic settings that

CDSSs that delivered recommendations to

providers synchronously at the point of care

demonstrated an effect on reducing or prevent-

ing adverse events

Strong evidence from studies conducted in ac-

ademic, VA, and community inpatient and am-

bulatory settings that locally and commercially

developed CDSSs that automatically delivered

system-initiated recommendations to providers

synchronously at the point of care and did not

require a mandatory clinician response were

effective at improving the appropriate ordering

of preventive care procedures

Modest evidence from studies conducted in ac-

ademic and community inpatient and ambula-

tory settings that CDSSs integrated in CPOE or

EHR systems and locally and commercially de-

veloped CDSSs that automatically delivered

system-initiated recommendations to providers

synchronously at the point of care and did not

require a mandatory clinician response were

effective at improving the appropriate ordering

of clinical studies

Strong evidence from academic, community,

and VA inpatient and ambulatory settings that

locally and commercially developed CDSSs in-

tegrated in CPOE or EHR systems that auto-

matically delivered system-initiated

recommendations to providers synchronously

at the point of care and did not require a

mandatory clinician response were effective at

improving appropriate treatment ordering or

prescribing

Studies

(Quality

rating), n

6 (6 good)

22 (13 good,

7 fair, 2

poor)

7 (6 good, 1

fair)

5 (3 good, 1

fair, 1 poor)

43 (20 good,

16 fair, 7

poor)

29 (16 good,

9 fair, 4

poor)

67 (35 good,

24 fair, 8

poor)

Evidence

Strength

Low

Moderate

Low

Low

High

Moderate

High



in intervention vs. 34 percent in controls OR

.59 (CI = .37-.95), and fewer intervention pa-

tients suffered acute asthma exacerbations, 8

percent vs. 17 percent, OR .43 (CI =.21-.85)

[21]. Bell and colleagues evaluated adherence

to National Asthma Education Prevention

Guidelines among physicians caring for pe-

diatric asthma patients and found that com-

puterized reminders and alerts led to a 6

percent increase in prescriptions for controller

medications in the intervention group (p =

.006) and a 3 percent increase in the use of

spirometry in urban practices (p = .04.) Hav-

ing an up-to date asthma care plan increased

14 percent (p = .03) and use of spirometry in-

creased by 6 percent (p = .003) in the inter-

vention suburban practices [22].

A study of the Vermont Diabetes Infor-

mation System, a diabetes registry and deci-

sion support system, used computer systems

to track laboratory testing, including labs that

monitor glucose control, kidney function,

proteinuria, and cholesterol in order to mon-

itor diabetes control and prevention of po-

tential complications. Providers were given

summaries of patient’s results with decision

support, and patients were sent alerts for out-

of-range tests and reminders of appoint-

ments. This study is important because it

resulted in decreased probability of hospital-

ization, 0.17 versus 0.20 in controls (p = .01),

and fewer emergency room visits in the in-

tervention group compared with controls, at

0.27 vs. 0.36 (p < .0001), a 25 pecent reduc-

tion in ER visits. A statistically significant

cost savings of 11 percent for hospitaliza-

tions and 27 percent for ER visits was also

realized [23]. The Mobile Diabetes Interven-

tion Study combined clinical decision sup-

port for community (non-academic)

providers with mobile tracking of diabetic

patients in the community and a physician

patient communication portal. The maxi-

mum intervention included provider clinical

decision support, patient monitoring using a

mobile device with patient input about fin-

ger stick results, diet, and other issues. It also

included a patient-based decision support

system portal with a computer “coach” that

texted the patient with information/feedback

related to the input and encouragement and a

patient-provider portal. The mean HbA1c

level was 9.9 percent in the intervention

group prior to this program and decreased by

1.9 percent (to 7.9 percent) in the interven-

tion group over a year vs. controls decreasing

.7 percent (p < .001.) This is clinically and

statistically significant [24].

META-AnAlySIS In EvAluATIOn
OF EFFECTIvEnESS

In a 2012 AHRQ Evidence Report/Tech-

nology Assessment on clinical decision sup-

port and knowledge management, Lobach et

al. identified 15,176 citations, including 1,407

full text articles [8]. After the studies were

evaluated for quality, 323 articles were ab-

stracted for evaluation. One hundred forty-

eight randomized controlled trials were used

in a meta-analysis to evaluate for evidence of

process or clinical outcome improvement

and/or cost reduction, with clinical decision

support. These findings were summarized in

table form (abstracted here, in Table 1) in an-

other publication [25].

The meta-analysis revealed strong evi-

dence that clinical decision support can im-

prove process outcomes, including increased

preventive services with an odds ratio of 1.42

(95% CI = 1.27, 1.58) and increased ordering

of appropriate medical treatment, odds ratio

1.57 (95% CI = 1.35, 1.82). There is moderate

evidence that CDSS improves the ordering and

completion of appropriate clinical studies,

odds ratio of 1.72 (95% CI = 1.47, 2.00), and

moderate evidence that CDSS can decrease

morbidity, RR 0.88 (95% CI = 0.80, 0.96).

There is poor strength of evidence that CDSS

lowers mortality, costs, or adverse events, but

there were many fewer studies in this area. 

It is also less likely that randomized

controlled trials will demonstrate evidence

of decreased mortality from chronic diseases

or cancer, since this outcome would usually

occur after several years. RCT studies usu-

ally do not continue for longer time periods

because these studies are costly and work in-

tensive. There is evidence, however, that

many of the increased preventive services in

the CDSS studies are correlated with de-

creased mortality. 
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WhAT FEATurES OF CDSS WIll
MAkE IT MOrE EFFECTIvE?

Another question that is addressed in

the AHRQ Technology Assessment is: What

are the features of CDSS that contribute to

making it more effective [8]? Kawamoto

and Lobach attempted to address this ques-

tion in a 2005 study that included a meta-re-

gression analysis of 70 studies with analysis

of 15 factors identified as possibly being rel-

evant to CDSS success in prior studies [26].

Features that were determined to be signifi-

cant from this study are highlighted in Table

2. They included “support presented at the

time of the decision, computer based sup-

port, support that included a recommenda-

tion rather than just an assessment and

automatic provision of decision support as

part of workflow.” It should be noted that the

confidence intervals for some of these fea-

tures were very broad, with one confidence

interval including infinity. 

In the AHRQ Technology Assessment,

Lobach performed a meta-analysis on 91

studies that resulted in nine features associ-

ated with increased CDSS effectiveness [8].

The study features and outcome features are

presented in Table 2. The successful features

overlapped with those in the Kawamoto

study, but added other features such as “no

need for additional clinician data entry,”

“provision of decision support to patients as

well as providers,” and “local user involve-

ment in the development process.” Odds ra-

tios for effective features were between 1.18

and 3.00, with confidence intervals that were

much narrower than in the Kawamoto study

[26].

In 2013, Roshanov performed a meta-re-

gression analysis on 162 randomized con-

trolled trials in order to evaluate for features

that were effective in CDSS, and his results

were quite different from the Kawamoto [26]

and Lobach [8] studies [27]. In the prior two

meta-analysis studies, if it was not stated that

a factor was present, it was assumed not to be

present. In Roshanov’s study, authors were

contacted and asked whether missing features

were present. Roshanov also found problems

with the design of previous studies citing spu-

riously favorable results by testing “more fac-

tors than their study sample size could reli-

ably support.” He opines that in order to test

15 primary factors, “Kawamoto would have

required 460 studies to reliably test (the fac-

tors).” Roshanov limited his study to six pri-

mary factors for 162 RCT studies, and only

three of these factors were favorable (Table

2). As in Lobach’s 2012 study, systems that

provided advice to patients as well as practi-

tioners were more likely to be effective, OR

2.77 (CI = 1.07,7.17). Systems that required

practitioners to supply reasons for overturn-

ing advice were also likely to be effective,

OR 11.23 (CI = 1.98, 63.72). He also notes

that systems that were evaluated by their own

developers were more likely to be effective,

OR 4.35 (CI = 1.66, 11.44). Roshanov opines

that this may be due to bias by the system de-

velopers, and he encourages third party eval-

uation of these systems. Surprisingly, systems

that presented advice in the order entry sys-

tem interface were less likely to be effective

(OR 0.37 (CI = .17, .80).

Lobach responded to this paradoxical

result in Roshanov’s study in an editorial ti-

tled, “The Road to Effective Clinical Deci-

sion Support: Are We There Yet?” His

answer was “no,” and he expressed particu-

lar concern that there was an appearance of

an adverse effect from electronic reminders

at the point of care. He asks whether the

negative association is due to “alert fatigue,”

“integrated systems (being) too distractive,”

or the “systems being user hostile in some

other way” [29].

COnCluSIOnS AnD OuTlOOk

While it is becoming increasingly clear

that clinical decision support is effective in

improving clinical processes, it may take

some time to fully realize clinical decision

support’s potential in improving health care

quality and outcomes. Though most of the

processes that are improved through CDSS,

such as adherence to mammography or

colonoscopy guidelines, have known effec-

tiveness in improving clinical outcomes, fur-

ther research is needed to assure that CDSS is

applying guidelines appropriately and that

better clinical outcomes are realized. Research

193Murphy: Clinical decision support outcomes and effectiveness



194 Murphy: Clinical decision support outcomes and effectiveness

Table 2. Features that Contribute to CDSS recommendation Adherence, by

Author.

Citation

[26]

[8]

[27]

Study Type/

number of

Studies in

Analysis

Systemic 

Review of

Randomized

Controlled 

Trials/n=70

Meta-analysis

of 91 

randomized

controlled 

trials

Meta-

regression 

analysis of

162 random-

ized controlled 

trials

Features Evaluated

Integration with charting or order entry

Computer-based generation of decision support

Local user involvement in development

Clinician-system interactive features

Automatic Provision of decision support as part of cli-

nician workflow

Provision at time and location of decision making

Request documentation of reason for not following

system recommendations

Provision of a recommendation, not just an assess-

ment

Promotion of action rather than inaction

Justification via provision of research evidence/rea-

soning

Provision of Decision Support results to both clinician

and patient

CDSS accompanied by period performance feedback

CDSS accompanied by conventional education

Integration with charting or order entry

Computer based generation of decision support

Local user involvement in development

Clinician-system interactive features

Automatic Provision of decision support as part of cli-

nician workflow

Provision at time and location of decision making

Request documentation of reason for not following

system recommendations

Provision of a recommendation, not just an assess-

ment

Promotion of action rather than inaction

Justification via provision of research evidence/rea-

soning

Provision of Decision Support results to both clinician

and patient

CDSS accompanied by period performance feedback

CDSS accompanied by conventional education

No need for additional clinician data entry

Primary Factor Set:

Some of study’s authors are also system’s develop-

ers

System provides advice automatically within practi-

tioner’s workflow

System provides advice at time of care

Advice presented in electronic charting or order entry

systems

Provides advice for patients

Requires reason for over-ride

Successful Features 

(evidence)/

recommendations

Automatic Provision of decision

support as part of clinician work-

flow; OR 112 (12.9, infinity)

Provision at time and location of

decision making; OR15.4 (1.3,

300.6)

Provision of a recommendation,

not just an assessment;

OR 7.1 (1.3, 49.0)

Computer-based generation of

decision support; OR 6.3

(1.2,45)

Automatic Provision of decision

support as part of clinician work-

flow; OR 1.45 to 1.85*

Provision at time and location of

decision making; OR 1.35 to

1.78*

Provision of a recommendation,

not just an assessment; OR 1.5

to 2.01*

Integration with charting or order

entry; OR 1.47 to 1.67*

No need for additional clinician

data entry; OR 1.43 to 1.78*

Promotion of action rather than

inaction; OR 1.28 to 1.71*

Provision of Decision Support

results to both clinician and pa-

tient; OR 1.18 to 1.97*

Local user involvement in the

development process;

OR 1.45 to 1.90

Systems providing advice for

patients in addition to practition-

ers; OR 2.77 (1.07 to 7.17)

Required practitioners to pro-

vide a reason for over-ride;

OR 11.23 (1.98 to 63.72)

Were evaluated by their devel-

opers; OR 4.35 (1.66 to 11.44)

*depends on type of care intervention
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on clinical outcomes and cost is much less

mature than the research on process outcomes,

but clinical outcome studies have increased in

recent years. Long-term prospective cohort

studies or well-designed retrospective cohort

studies may give more information on CDSS

effects on morbidity and mortality in the fu-

ture, as most of the current studies do not as-

sess long-term outcomes.

It will likely take more trial and error in

order to optimize the penetration of clinical

decision support recommendations into actual

provider practices. CDSS recommendations

are most often derived from evidence-based

practice guidelines, and increasing provider

adherence to practice guidelines has been an

ongoing challenge [28]. There is continuing

uncertainty regarding the most effective

means for advancing evidence through deci-

sion support systems, and this is an important

area for future research.  

In the “Ten Commandments for Effec-

tive Clinical Decision Support,” Bates ar-

gues that making CDS systems user-friendly

and well-integrated into the work flow, with

ongoing knowledge updates, will lead to

great advances in evidence-based medicine

[30]. Sittig’s “five rights” for clinical deci-

sion support include the “right information,

to the right person, in the right format,

through the right channel, at the right point

in workflow” [31]. Kawamoto and Lobach

[26] proposed many variables supporting

clinical decision support effectiveness, and

these were later refined to nine factors for

success [8], but these theories have all been

brought into question by Roshanov’s find-

ings that success is most strongly correlated

to requiring providers to provide an expla-

nation for failing to comply with recom-

mendations and giving the support advice

directly to patients [27].

None of these studies considered finan-

cial incentives and the possible impact of the

mandates within the Meaningful Use Clini-

cal Quality Measures to affect adherence to

clinical decision support recommendations.

Many of the Meaningful Use measures are

processes that were improved by clinical de-

cision support  systems in randomized con-

trolled trials, so implementation and reporting

on these measures has good potential to fa-

cilitate compliance with decision support sys-

tems recommendations. Roshanov’s findings

suggest that physician compliance with deci-

sion support is better when there is an outside

incentive, such as saving time and possible

audit by choosing a recommendation rather

than explaining why you did not choose it or

maintaining the respect and trust of your pa-

tients by complying with their knowledge-

based requests regarding their care. Perhaps

the monetary incentive in Meaningful Use

will also be effective in changing provider be-

havior. Will the “right incentive” be added to

the five rights?

Finally, the evidence from numerous

well-designed studies is starting to confirm

the importance of patient-centered care and

the patient as a partner in improving health

care quality through clinical decision support.

Following the meta-analysis of dozens of ran-

domized controlled trials, both Lobach [8]

and Roshanov [27] found that providing clin-

ical decision support advice to patients in ad-

dition to providers resulted in increased

adherence to CDS recommendations (OR

1.78 to 2.77). Perhaps we have underesti-

mated our patient’s ability to understand the

underlying information and evidence in prac-

tice guidelines and to advocate for the quality

of their care. Patient-directed clinical decision

support may well be an important frontier in

improving health care quality and is at least

worthy of more focused exploration.
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