
REVIEW

Computerized Decision Support Systems in Primary Care
for Type 2 Diabetes Patients Only Improve Patients’
Outcomes when Combined with Feedback on Performance
and Case Management: A Systematic Review

Frits G.W. Cleveringa, PhD, Kees J. Gorter, PhD, Maureen van den Donk, PhD,

Juliette van Gijsel, BSc, and Guy E.H.M. Rutten, PhD

Abstract

Purpose: Computerized decision support systems (CDSSs) are often part of a multifaceted intervention to improve diabetes
care. We reviewed the effects of CDSSs alone or in combination with other supportive tools in primary care for type 2
diabetes mellitus (T2DM).
Materials and Methods: A systematic literature search was conducted for January 1990–July 2011 in PubMed, Embase, and
the Cochrane Database and by consulting reference lists. Randomized controlled trials (RCTs) in general practice were
selected if the interventions consisted of a CDSS alone or combined with a reminder system and/or feedback on performance
and/or case management. The intervention had to be compared with usual care. Two pairs of reviewers independently
abstracted all available data. The data were categorized by process of care and patient outcome measures.
Results: Twenty RCTs met inclusion criteria. In 14 studies a CDSS was combined with another intervention. Two studies
were left out of the analysis because of low quality. Four studies with a CDSS alone and four studies with a CDSS and
reminders showed improvements of the process of care. CDSS with feedback on performance with or without reminders
improved the process of care (one study) and patient outcome (two studies). CDSS with case management improved patient
outcome (two studies). CDSS with reminders, feedback on performance, and case management improved both patient
outcome and the process of care (two studies).
Conclusions: CDSSs used by healthcare providers in primary T2DM care are effective in improving the process of care;
adding feedback on performance and/or case management may also improve patient outcome.

Introduction

Many patients with type 2 diabetes mellitus (T2DM) do
not meet the targets for good glycemic and cardiovas-

cular control.1–3 In facing the management problems with
chronic illnesses in general practice, structured and regular
review of patients4 and feedback on performance given to
general practitioners5,6 are effective in improving diabetes
care. Both interventions can easily be combined with com-
puterized decision support systems (CDSSs). Therefore these
information technology systems may be an important tool in
successful diabetes management.

Unfortunately, there is no international definition of CDSS,
but in most diabetes management systems physicians, prac-
tice nurses, or patients manually enter patient characteristics

into the CDSS, or the electronic medical record is electroni-
cally searched for patient characteristics. These individual
patient characteristics are then used in software algorithms
and/or matched to a computerized knowledge base, to gen-
erate treatment recommendations.

Garg et al.7 performed a review on CDSS in clinical care,
showing mainly improvements in the practitioner’s perfor-
mance. Another review, evaluating the effects of interactive
computer-assisted technology in T2DM care, concluded that
there is growing evidence that information technology im-
proves diabetes care.8 However, this study evaluated both
randomized controlled trials (RCTs) and observational stud-
ies with a broad range of interventions, such as education,
disease management, telephone automated calls, and tele-
medicine; it aimed at both healthcare provider and patient
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and included both primary and secondary care. Because of
this heterogeneity general inferences were impaired.

We aimed to study whether a CDSS alone or a CDSS in
combination with a reminder system or with feedback
on performance or as part of a case management system
improves both patients’ outcome and practitioners’
performance.

Materials and Methods

Eligibility criteria

Eligible studies were randomized clinical trials published
in peer-reviewed journals in English that compared the ef-
fectiveness of T2DM care with a CDSS against that of T2DM
care without a CDSS on clinical performance (measure of
process of care) and/or patient outcome. We searched for
management interventions developed for use by a diabetes
care provider in general practice/primary care. The CDSS
should contain a computer system that used patient charac-
teristics to generate decision support by a software algorithm
based on a diabetes guideline. The CDSS could also function
as a recall system and/or make it possible to give feedback on
performance on patient level and/or healthcare professional
level and/or be integrated in a so-called case management
system.

Computerized glucose monitoring systems, diabetes self-
management programs, digital eye screening programs, or
patient education systems were excluded. The studies should
include only T2DM patients and have a follow-up of at least 6
months.

Search strategy

Published studies were identified by searching the elec-
tronic databases of PubMed, Embase, and the Cochrane
Library. A universal definition of a CDSS is not available.
However, based on our above-mentioned operational defi-
nition of a CDSS, the following search terms were used: ‘‘di-
abetes’’ AND (‘‘decision support’’ OR ‘‘computer-assisted
decision making’’ OR ‘‘computer’’ OR ‘‘artificial intelligence’’
OR ‘‘electronic intervention’’ OR ‘‘Internet’’ OR ‘‘reminder
systems’’ OR ‘‘recall system’’ OR ‘‘feedback’’ OR ‘‘bench-
mark’’) AND (‘‘randomised’’ OR ‘‘randomized’’ OR ‘‘RCT’’
OR ‘‘trial’’ OR ‘‘evaluation studies’’). Because a more wide-
spread use of CDSS started about two decades ago, we in-
cluded articles published between January 1990 and July
2011. Finally, manual searches were performed by screening
the reference sections of the relevant review articles and of the
selected RCTs.

Study selection

Titles and abstracts were independently reviewed by two
pairs of investigators for eligibility. The first 200 titles were
reviewed by all investigators. The results were compared and
discussed in order to reduce the variation in interpretation of
inclusion and exclusion criteria between the reviewers. Full
text articles were retrieved if any reviewer considered a cita-
tion potentially relevant. Two investigators then indepen-
dently judged the full text of potentially eligible articles.
Disagreements were resolved by discussion. If no consensus
could be achieved, a third investigator was asked. When
comparable outcome data of a study were published twice,

we cited the publication providing most data and with the
longest follow-up.

Data extraction

Two reviewers independently extracted the following data
from all included studies: study setting, study methods, study
intervention characteristics, and study outcomes. Study out-
come was categorized by process of care measures and by
patient outcomes. Process of care measures are, for example,
the frequency of glycosylated hemoglobin (HbA1c) testing or
starting medication when treatment goals are not met. Patient
outcomes measures are, for example, the actual change in
HbA1c, cholesterol level, or blood pressure. The same pairs of
investigators worked together, as in study selection. Dis-
agreements were resolved by consensus, and where no con-
sensus could be achieved, a third investigator decided.

Methodological validity

All studies were scored for methodological validity on a 2-
point scale: yes (1 point) or no or unclear (0 points). The nine
methodological validity indicators from the Dutch Cochrane
Center were used: (1) intervention randomized; (2) random-
ization order not known by person who included patients/
practices; (3) patients blinded; (4) therapist blinded; (5) out-
come assessor blinded; (6) groups comparable; (7) proportion
of follow-up of all included patients high enough; (8) included
patients analyzed in group of inclusion; and (9) groups
equally treated, except for the intervention.9 Studies could be
cluster randomized or patient randomized. Whenever studies
were cluster randomized, we identified whether appropriate
analysis methods (e.g., generalized estimated equations) were
used in order to correct for clustering. Only studies that ran-
domized patients or studies that were cluster randomized and
applied appropriate methods to take cluster effects into ac-
count scored 1 point for the first item of the Cochrane Center
list. A 10th indicator was added: the use of power calculations.
Adding all validity indicators the studies could score a max-
imum of 10 points. Only the results of studies that scored 5 or
more points were used. Furthermore, we reported country,
commercial funding of studies, and the number of patients.

We presented studies as a group, depending on the type of
intervention or combination of interventions.

Statistical analysis

First, we assessed the eligibility of the study. Reviewer
agreement on study eligibility was quantified using the
Cohen j value.

We divided the eligible studies into six categories, based on
the intervention used: (1) a CDSS alone; (2) a CDSS combined
with a reminder system; (3) a CDSS with feedback on per-
formance; (4) a CDSS with case management or with case
management and reminders; (5) a CDSS with a reminder
system and feedback on performance; or (6) a CDSS with a
reminder system, feedback on performance, and case man-
agement. The 10 validity indicators were used to express
study methodological validity. We calculated means, the SD,
and the range. Finally, the effectiveness of the interventions
was compared by describing the measures as mentioned in
the articles. We distinguished ‘‘process measures’’ and ‘‘pa-
tient outcomes.’’
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Results

Selection of studies

The electronic database search revealed 2,290 citations,
when duplicate citations between databases were removed.
The titles of these citations were reviewed and revealed 548
abstracts. After abstract selection 121 articles remained for full
text review. Eventually, 26 articles met our inclusion criteria.
There were two duplicate publications: Glasgow et al.10,11 with
6 months of follow-up10 and 12 months of follow-up11 and
Lobach et al.12,13 with baseline compliance levels12 and 6
months of follow-up.13 The study from Phillips et al.14 and
Ziemer et al.6 regarded the same study population, with dif-
ferent outcome measures. This also applies to the three studies
of Cleveringa et al.15–17 and to the studies from Khan et al.18

and MacLean et al.19 Therefore eventually 20 RCTs were in-
cluded. Ninety-five articles were excluded because of different
reasons, for example, review article (n = 14), no RCT (n = 22), no
CDSS used in the intervention (n = 26), glucose monitoring
system (n = 10), or diabetes self-management program (n = 11)
(Fig. 1).

There was substantial agreement between the reviewers for
article inclusion, with a change-corrected agreement between
two pairs of independent investigators of j = 0.75 versus
j = 0.76.

Methodological validity assessment (Table 1)

In eight trials patients were randomized20–26; one of them
also corrected for clustering.25 The other 12 trials had a cluster

randomized design,6,11,13–17,19,27–34 and 10 trials adjusted for
clustering in the analysis.6,11,14,16,30–35 Twelve trials reported a
power calculation for a specified difference between groups
and a specific outcome.6,11,14,20,22,26,29,31–34,36

Positive scores on the methodological validity indicators
blinding of patient, therapist, and outcome assessor were
poor: 17%, 4%, and 33%, respectively. On the methodological
validity scale the mean score was 6.4 (SD, 1.3) with a range
from 3 to 8. Two studies scored less than 5 points13,29 and were
excluded from the analysis (Table 1).

Categories of studies

The 20 included studies were published between 1993 and
2011. The number of trials increased with time: one in 1990–
1994, one in 1995–1999, five in 2000–2004, eight in 2005–2009,
and five in 2009–2011. Fourteen studies were conducted in the
United States, one in Canada, one in the United Kingdom, one
in Norway, one in Denmark, one in Korea, and one in The
Netherlands. The number of patients included varied be-
tween 6220 and 7,412.19 Sixteen of the studies described
funding from the public sector, and four obtained funding
from the private sector. In six studies the only intervention
was a CDSS (Table 2); the other studies regarded a multifac-
eted intervention in which the CDSS was combined with a
reminder system (Table 3), CDSS with feedback on perfor-
mance (Table 4), CDSS with case management or CDSS with
case management and reminders (Table 5), CDSS with a re-
minder system and feedback on performance (Table 6), and
CDSS with a reminder system, feedback on performance, and
case management (Table 7).

Because Phillips et al.14 and Ziemer et al.6 compared both
usual care, CDSS with reminders, CDSS with feedback on
performance, and CDSS with feedback on performance and
reminders, these studies appear in three tables. In all these
different studies one intervention group is compared with the
usual-care control group.

Effectiveness of a CDSS alone (Table 2)

The four studies either used a CDSS or a Web-based dia-
betes management support system. They were performed
between 2004 and 2008.

The studies show improvements in the process of care, like
the number of completed foot exams,32 an increase in the
mean sum of measures,31 the number of completed laboratory
tests, and completed patient-centered activities.11 The most
recent study showed more medication adjustments by the
general practitioner because patients took more initiative to
improve their blood values.27 Improvements in patient out-
come were not significant. However, in one study the systolic
blood pressure increased significantly more in the interven-
tion group.32

Effectiveness of a CDSS with reminders (Table 3)

Five studies, reported in seven articles between 2002 and
2010, used a CDSS with reminders. Three studies only
showed improvements in the process of care. Improvements
were found in yearly HbA1c testing, retinal exams, and the
composite of three tests, as well as in laboratory monitoring,18

low-density lipoprotein testing, and the composite of all

Electronic database search: 
Pubmed: 1524 
Embase: 652 
Cochrane: 114 
Total: 2290 

Included references: 2060 

Duplicate:  230 

Abstracts reviewed:  548 

Articles reviewed:  121 

Excluded: 427 

Final article selection:  26 
Duplicates: 2 
Remaining studies: 24 
Same study population, with 
different outcome measures 
in 2 publications 

Reviews: 14 
No RCT: 22 
Editorial / comment: 3 
Proceeding: 1 
No CDSS: 26 
Glucose monitoring: 10 
Self management: 11 
Patient education: 5 
No peer review: 1 
Type 1 and 2 diabetes: 1 
Secondary care: 1 
Excluded total: 95 

FIG. 1. Summary of the literature search. CDSS, computer-
ized decision support system; RCT, randomized controlled trial.
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Table 2. Computerized Decision Support Systems

Study outcomes

Reference
(year)

Sample
(n)

Duration
(months) Control Intervention Measures

Results for
control vs.

intervention
P

value

Meigs
et al.32

(2003)

598 12 Usual diabetes
care

Web-based decision
support tool. The
diabetes management
application displays
interactive patient-
specific clinical data,
treatment advice, and
links to Web-based
care sources.

Patient outcome
HbA1c (%) 0.14 vs. - 0.23 NS
LDL-cholesterol

(mg/dL)
- 9.4 vs. - 14.7 NS

SBP (mm Hg) - 2.2 vs. 0.8 0.03
DBP (mm Hg) - 0.8 vs. - 1.8 NS

Process of care
1 HbA1c test/year - 1.0 vs. 1.6 NS
1 LDL test/year 3.4 vs. 7.2 NS
1 blood pressure

measurement/year
- 1.4 vs. 1.0 NS

Eye exam 1.7 vs. 5.5 NS
Foot exam 0.7 vs. 9.8 0.003

Ilag et al.31

(2003)
174 12 Usual diabetes

care
Annual diabetes

assessment program.
Results reviewed with
patients, mailed to
providers, and
incorporated into EMR
with guideline-
generated suggestions
for treatment and
follow-up

Patient outcome
HbA1c (%)

< 7% 30 vs. 28 NS
7.1–8.0% 32 vs. 32 NS
8.1–10.0% 30 vs. 28 NS
> 10.1% 8 vs. 12 NS

SBP < 135 mm Hg 58 vs. 60 NS
DBP < 80 mm Hg 75 vs. 77 NS
LDL-cholesterol

< 2.5 mmol/L 35 vs. 48 NS
2.5–3.3 mmol/L 34 vs. 23 NS
> 3.3 mmol/L 31 vs. 29 NS

Process of care
Increase mean sum

of measures
0 vs. 1.5 0.014

Glasgow
et al.11

(2005)

886 12 Computer touch
screen with
print out
focusing on
general health
risks

Computer touch screen
assessment and action
plan including a
summary of assays/
checks for which the
patient might be due
and a copy of the
patient’s self-
management plan

Process of care
Lab procedures

completed (n)
3.97 vs. 4.29 0.001

Blood pressure
measurements (%)

99.7% vs. 100% NS

Eye exam (%) 72.4% vs. 77.2% NS
Foot exam (%) 83.7% vs. 93.6% NS
Microalbumin

measurements (%)
81.4% vs. 91.3% NS

HbA1c £ 9.5% (%) 97.4% vs. 93.9% NS
Patient-centered

activities
completed

3.32 vs. 3.73 0.001

HbA1c (%) - 0.13 vs. - 0.22 NS
Total cholesterol/

HDL-cholesterol
ratio

- 0.23 vs. - 0.21 NS

Grant
et al.27

(2008)

244 12 Usual diabetes
care

Diabetes specific Web-
based personal health
record, providing
patient-tailored
decision support and
enabling the patient to
author a ‘‘diabetes care
plan’’ for electronic
submission to his or
her physician prior to
upcoming
appointments

Patient outcome
HbA1c (%) 0.26 vs. 0.16 NS
HbA1c < 7% (%) 25 vs. 45 NS

Process of care
Medication

adjustments (%)
DM-related 15 vs. 53 <0.001
Hyperglycemia 15 vs. 29 NS
Hypertension 0 vs. 13 0.02
Hyperlipidemia 0 vs. 11 0.03

DBP, diastolic blood pressure; DM, diabetes mellitus; EMR, electronic medical record; HbA1c, glycosylated hemoglobin; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; NS, not significant; SBP, systolic blood pressure.
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Table 3. Computerized Decision Support Systems with Reminders

Study outcomes

Reference
(year) Sample (n)

Duration
(months) Control Intervention Measures

Results for
control vs.

intervention P value

Lafata
et al.25

(2002)

3,309 12 Web-based
diabetes care
management
support
system

Web-based diabetes
management
support system
and mailed patient
reminder with
tailored
recommendations
for actions to be
taken by the
patient, a self-care
handbook, and a
preventive care
checklist

Process of care
1 HbA1c test OR 1.21 0.05
2 HbA1c tests OR 1.04 NS
Retinal exam OR 1.23 0.01
Fasting lipid
profile

OR 1.14 NS

All 3 tests OR 1.25 0.01
HbA1c < 8% OR 1.14 NS
HbA1c > 9.5% OR 0.83 0.01
LDL < 130 mg/dL OR 1.11 NS

Sequist
et al.34

(2005)

4,549 6 Usual care Evidence-based
electronic
reminders within
patients’ EMR

Process of care
LDL testing OR 1.41 < 0.001
ACE in
hypertension

OR 1.42 NS

Biennial HbA1c OR 1.14 NS
Eye exam OR 1.38 NS
Statin if LDL-
cholesterol
> 130 mg/dL

OR 1.10 NS

Composite OR 1.3
(1.01–1.67)

< 0.05

IPCAAD:
Phillips
et al.14

(2005)a

4,138 36
average

15

Usual care Hard copy
computerized
reminders that
provided patient-
specific
recommendations
for management

Patient outcome
HbA1c (%) - 0.16 vs. - 0.3 NS
SBP (mm Hg) - 2.4 vs. 1.2 NS
LDL-cholesterol
(mg/dL)

- 15 vs. - 15 NS

IPCAAD:
Ziemer
et al.6

(2006)a

See
Phillips
et al.14

See
Phillips
et al.14

See Phillips
et al.14

See Phillips et al.14 Process of care
Treatment
intensification
when glucose
level > 8.3 mmol/L

41 vs. 39 NS

Any intensification
of therapy (%)

24 vs. 26 < 0.02

Intensification of
therapy with
recommendations
(%)

10 vs. 11.5 < 0.02

Holbrook
et al.36

(2009)

511 6 Usual care Shared access by the
primary care
provider and the
patient to a Web-
based color-coded
diabetes tracker

Process of care Mean difference
HbA1c (%) 0.19 (0.09–0.29) NS
Blood pressure
(mm Hg)

0.34 (0.19–0.49) NS

LDL-cholesterol
(mmol/L)

0.18 (0.07–0.28) NS

Albuminuria
(mg/mol)

0.27 (0.16–0.39) NS

BMI (kg/m2) 0.17 (0.02–0.32) NS
Feet no
neuropathy

0.16 (0.06–0.25) NS

Exercise
(min/week)

- 0.01 ( - 0.09
to 0.07)

NS

Nonsmoker - 0.03 ( - 0.12
to 0.70)

NS

(continued)
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process measures.34 One study showed that significantly
more treatment adjustments were made when glucose levels
exceeded 8.3 mmol/L,6,14 and one study showed that the in-
tervention was associated with reduced hospital and emer-
gency department utilization and expenses.19 Two other two
studies showed little improvement in patient outcome: blood
pressure and HbA1c36 and in fewer patients having HbA1c
> 9.5%.25

Effectiveness of a CDSS and feedback
on performance (Table 4)

In three studies (four publications), a CDSS with feedback
on performance was compared with usual care. In one study
the HbA1c level improved significantly,23 but not in another
study.14 The process of care improved by better prescription
patterns and a better stimulation to follow the guidelines
more closely in one study28 and intensification of therapy in
another study.6 In the latter a multivariable analysis showed
that feedback on performance independently facilitated at-
tainment of American Diabetes Association goals for HbA1c
(< 7%) and systolic blood pressure (< 130 mm Hg) and also
independently contributed to therapy intensification and
consequently to a fall in HbA1c level.6

Effectiveness of a CDSS with case management or
with case management and reminders (Table 5)

In both studies that assessed this type of intervention,
performed in 2007 and 2009, respectively, patient outcome
improved. The first study with only 62 patients led to signif-
icant improvements in HbA1c level, total cholesterol, high-
density lipoprotein-cholesterol, weight, and systolic blood
pressure.20 In the second study both HbA1c level and the
percentage of patients reaching HbA1c < 7% improved sig-
nificantly, but no differences were found in general practi-
tioner visits, specialist visits, or inpatient days.26

Effectiveness of a CDSS with reminders and feedback
on performance (Table 6)

In four studies (five publications), performed between 1993
and 2011, a CDSS was combined with reminders and feed-
back on performance. In three of them the patient outcome
HbA1c level was improved.14,22,30 The process of care im-
proved by treatment intensification in one of the three studies
mentioned before.6 The oldest study did not show improve-
ments in the patient outcome HbA1c level; however, the
process of care did by a significant decrease in both the

Table 3. (Continued)

Study outcomes

Reference
(year) Sample (n)

Duration
(months) Control Intervention Measures

Results for
control vs.

intervention P value

MacLean
et al.19

(2009)a

7,412 1 day–47
months
Average

32

Usual care The VDIS receives
laboratory results,
maintains a
registry, generates
reminders for
patients and
providers, and
produces reports
with guideline-
based
recommendations
for primary care
providers and
their patients.

Process of care (lab
monitoring)

Adjusted effect
(OR)

HbA1c (%) 1.17 (0.80–1.72) 0.43
LDL (mmol/L) 1.39 (1.08–1.80) 0.012
Serum creatinine
(mg/dL)

1.40 (1.06–1.84) 0.018

Microalbumin
(mg/mol)

1.74 (1.13–2.69) 0.012

Khan
et al.18

(2010)a

See
MacLean

et al.19

See
MacLean

et al.19

See MacLean
et al.19

See MacLean et al.19 Process of care
Number of
hospital
admissions

0.20 vs. 0.17 0.01

Length of stay
(days)

1.1 vs. 0.99 0.01

Number of
emergency
department
visits

0.36 vs. 0.27 0.0001

aSame study population, same intervention, different outcome. The study compared four interventions. Here the results of the
computerized decision support system with reminders are compared with usual care.

ACE, angiotensin converting enzyme; BMI, body mass index; EMR, electronic medical record; HbA1c, glycosylated hemoglobin; IPCAAD,
Improving Primary Care of African Americans with Diabetes; LDL, low-density lipoprotein; NS, not significant; OR, odds ratio; SBP, systolic
blood pressure; VDIS, Vermont Diabetes Information System.
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Table 4. Computerized Decision Support Systems and Feedback on Performance

Study outcomes

Reference
(year)

Sample
(n)

Duration
(months) Control Intervention Measures

Results for
control vs.

intervention
P

value

IPCAAD:
Phillips
et al.14

(2005)a

4,138 36
(average

15)

Usual care Computerized patient-
specific
recommendations for
management and
individual face-to-face
feedback on
performance on
providers’ actions and
patient-specific
outcome, for 5 min
every 2 weeks

Patient outcome
HbA1c (%) - 0.16 vs. 0.4 NS
SBP (mm Hg) - 2.4 vs. - 3.2 NS
LDL-cholesterol

(mg/dL)
- 15 vs. - 14 NS

IPCAAD:
Ziemer
et al.6

(2006)a

See
Phillips
et al.14

See
Phillips
et al.14

See Phillips
et al.14

See Phillips et al.14 Process of care
Treatment

intensification
when glucose level
> 8.3 mmol/L

42 vs. 50 < 0.001

Any intensification
of therapy (%)

28 vs. 40 < 0.005

Intensification of
therapy met
recommendations
(%)

11 vs. 17 < 0.005

Cho et al.23

(2006)
80 30 Conventional

office visits
Internet-based
individual electronic
chart system. Patients
entered self-monitored
blood glucose levels,
current medication,
blood pressure, and
weight. GP, nurse, or
dietician sent treatment
recommendations,
education, and patient
feedback every 2
weeks. Three monthly
face-to-face visits

Patient outcome
HbA1c (%) - 0.1 vs. - 1.0 0.009
Total cholesterol

(mmol/L)
- 0.31 vs. - 0.14 NS

HDL-cholesterol
(mmol/L)

0.01 vs. 0.08 NS

Guldberg
et al.28

(2011)b

2,716 15 Usual care Electronic feedback
system. Presents
register data on T2DM
population, giving the
option either to use the
data during individual
diabetes consultations
or to gain an overview
of the quality of their
diabetes care and
compare it with the
corresponding quality
of colleagues.

Process of care Difference (CI)
Oral antidiabetes

treatment and no
insulin

20.9 (7.9–34.8) 0.002

Oral antidiabetes
sustained

-2.3 (- 5.3 to 0.3) NS

Insulin sustained -0.3 (- 3.2 to 2.5) NS
Lipid-lowering

initiated
19.7 (6.1 to 33.2) 0.004

Lipid-lowering
sustained

2.4 (1.0 to 3.7) 0.001

Blood pressure-
reducing treatment
initiated

11.3 (1.4 to 21.2) 0.026

Blood pressure-
reducing treatment
sustained

0.3 (- 2.0 to 2.7) NS

aSame study population, same intervention, different outcome. The study compared four interventions. Here the results of CDSS with
feedback on performance is compared with usual care.

bNot all the study outcomes are listed here.
CI, confidence interval; GP, general practitioner; HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; IPCAAD, Improving

Primary Care of African Americans with Diabetes; LDL, low-density lipoprotein; NS, not significant; SBP, systolic blood pressure; T2DM,
type 2 diabetes mellitus.
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percentage of patients who had no doctor’s review and the
percentage of patients without HbA1c testing.24

Effectiveness of a CDSS with reminders, feedback
on performance, and case management (Table 7)

In two more recent large cluster randomized trials all four
interventions were combined. In both studies patient outcome
improved either by an improved composite end point of
HbA1c level, systolic blood pressure, and low-density lipo-
protein-cholesterol33 or by an improved 10-year United
Kingdom Prospective Diabetes Study coronary heart disease
risk estimate.16 The process of care also significantly im-
proved in one study.33 For one intervention it was shown that
it was not cost-effective15 and that there was no negative in-
fluence on health status.17

Discussion

We evaluated RCTs that studied the effectiveness of a
CDSS alone or in combination with other supportive tools to
improve the quality of primary T2DM care. We distinguished
‘‘process measures’’ and ‘‘patient outcome.’’ A CDSS alone
seems ineffective in improving patient outcome.

Comparison with other studies

Our findings are in accordance with earlier reviews that
concluded that information technology alone, like a CDSS,
mainly improves the process of diabetes care.7,8

Our finding that a CDSS with reminders improves the
process of care, but not the patient outcome, is supported by
an earlier review. Reminders facilitate a structured and reg-
ular review of patients; they improve the process of care.4

Our conclusion with regard to the effectiveness of a CDSS
combined with feedback on performance is ambiguous. This
seems to be in line with earlier findings. A Cochrane review
regarding audit and feedback reported positive effects on the
process of care but not on patient outcome37; however, this
review was hampered by inadequate reporting of study
methods for almost all studies. Looking at the results of the
Improving Primary Care of African Americans with Diabetes
Study,6 we might conclude more optimistically that the
combination of CDSS and feedback on performance is prob-
ably an important tool to improve patient outcome in diabetes
care.

The combination of a CDSS with feedback on performance,
reminders, and case management seems to be the most ef-
fective. This finding is supported by evidence on the Chronic
Care Model,38 in which making care delivery more team-
based and planned and making better use of registry-based
information belong to the key determinants of improved pa-
tient outcomes.4

Adding patient education and nurses that function as case-
manager also improves patient outcome.4,39 This review also
concludes that case-managers can improve patient outcome.
The effects of electronic patient education systems were,
however, excluded in this review.

Table 5. Computerized Decision Support Systems with Case Management

or with Case Management and Reminders

Study outcomes

Reference
(year)

Sample
(n)

Duration
(months) Control Intervention Measures

Results for
control vs.

intervention
P

value

Bond et al.20

(2007)
62 6 Usual

diabetes
care

Web-based diabetes
management
intervention
by the nurse. Patients
entered blood sugar
readings, exercise
programs, weight
changes, blood
pressure, and
medication data.
GP retained full
responsibility
and control.

Patient outcome
HbA1c (%) - 0.05% vs. - 0.62% < 0.01
HDL-cholesterol

(mg/dL)
- 0.16 vs. 6.4 < 0.05

Total cholesterol
(mg/dL)

- 5.1 vs. - 11.4 < 0.05

Weight (pounds) 2.5 vs. - 4.5 < 0.001
SBP (mm Hg) - 1.0 vs. - 6.8 < 0.01
DBP (mm Hg) - 2.5 vs. - 5.2 NS

Ralston
et al.26

(2009)

83 12 Usual care Case manager,
computerized
decision support,
clinical reminders,
ability to upload
glucose data by Web,
and viewing
patients’ own health
record. Active
follow-up by
healthcare provider

Patient outcome
HbA1c (%) 0.2 vs. - 0.9 < 0.01
HbA1c < 7% (%) 11 vs. 33 0.03

Process of care
Outpatient visits - 2.1 vs. 0.6 NS
Primary care

provider visits
- 0.2 vs. 0.0 NS

Specialty
physician
visits

- 1.9 vs. 0.6 NS

Inpatient days - 0.3 vs. 0.2 NS

DBP, diastolic blood pressure; GP, general practitioner; HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; NS, not
significant; SBP, systolic blood pressure.
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Strengths and limitations

This is the first review on the effectiveness of a CDSS that
focused on primary care T2DM management programs. Be-
cause most CDSSs are part of a broader intervention, we
distinguished six different combinations of interventions.

Doing so, we could find the interventions in which a CDSS is
most likely to improve both process and outcome of diabetes
care.

The methodological quality of the studies was assessed. It
appeared that the scores for blinding of patients, therapists,
and outcome assessors were low, which may be caused by the

Table 6. Computerized Decision Support Systems, Reminders, and Feedback on Performance

Study outcomes

Reference
(year) Sample (n)

Duration
(months) Control Intervention Measures

Results for control
vs. intervention P value

Hurwitz
et al.24

(1993)

209 24 Hospital
diabetes
clinic

Computerized
prompting system.
Reminders for lab
testing and doctors’
visits. Clinical review
feedback form

Patient outcome
Mean HbA1c (%) 10.6 vs. 10.0 NS

Process of care
Patients without
doctor’s review (%)

15.2 vs. 3.4 0.013

Mean number of
HbA1c tests

0.9 vs. 2.4 < 0.001

Hirsch
et al.30

(2002)

109 14 Usual
diabetes
care

Reminder system,
staged diabetes
management
protocol,
computerized
feedback,
didactic teaching

Patient outcome
HbA1c (%) 0.64 vs. - 0.07 0.02
SBP (mm Hg) 3.1 vs. - 1.2 NS
DBP (mm Hg) - 0.8 vs. - 3.7 NS

IPCAAD:
Phillips
et al.14

(2005)a

4,138 36
(average

15)

Usual care Hard copy
computerized
reminders providing
patient-specific
recommendations
for diabetes
management.
Individual face-to-
face feedback on
performance on
providers’ actions
and patient-specific
outcome, for 5 min
every 2 weeks

Patient outcome
HbA1c (%) - 0.16 vs. - 0.56 0.01
SBP (mm Hg) - 2.4 vs. - 3.4 NS
LDL-cholesterol
(mg/dL)

- 15 vs. - 18 NS

IPCAAD:
Ziemer
et al.6

(2006)a

See
Phillips
et al.14

See
Phillips
et al.14

See Phillips
et al.14

See Phillips et al.14 Process of care
Treatment
intensification
when glucose level
> 8.3 mmol/L

42 vs. 51 < 0.001

Any intensification
of therapy (%)

28 vs. 40 < 0.005

Intensification of
therapy met
recommendations
(%)

11 vs. 17 < 0.005

O’Connor
et al.22

(2011)

Usual care Electronic health
records Diabetes
Wizard. Used by GP
every visit of patient.
Gives feedback to GP
on treatment
possibilities and
frequency
of follow-up

Patient outcome
HbA1c (mean) - 0.32 vs. - 0.58 0.01
SBP (mean) - 10.1 vs. - 10.8 0.56
DBP (mean) - 7.5 vs. - 8.3 0.38
LDL (mean) - 25.8 vs. - 24.4 0.62

aSame study population, same intervention, different outcome. The study compared four interventions. Here the results of the
computerized decision support system with reminders and feedback on performance is compared with usual care.

DBP, diastolic blood pressure; GP, general practitioner; HbA1c, glycosylated hemoglobin; LDL, low-density lipoprotein; IPCAAD,
Improving Primary Care of African Americans with Diabetes; NS, not significant; SBP, systolic blood pressure.
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Table 7. Computerized Decision Support Systems, Reminders, Feedback

on Performance, and Case Management

Study outcomes

Reference
(year)

Sample
(n)

Duration
(months) Control Intervention Measures

Results of control
vs. intervention

P
value

Peterson
et al.33

(2008)

7101 12 Usual
diabetes
care

Electronic diabetes
patient registry
providing patient-
specific decision
support, visit
reminders, audit
and feedback
monthly, site
coordinator

Process of care
HbA1c tests - 5.3 vs. 2.8 < 0.001
Blood pressure

monitoring
- 2.1 vs. 1.3 0.05

LDL-cholesterol
testing

0.3 vs. 8.9 < 0.001

Eye exam 1.2 vs. 27 < 0.001
Foot exam - 5.6 vs. 29.4 < 0.001
Renal testing - 5.3 vs. 23.2 < 0.001

Composite of
above

0.22 vs. 1.29 < 0.001

Patient outcome
Composite of
HbA1c < 7.0%,
SBP < 130 mm Hg,
LDL-cholesterol
< 100 mg/dL

0.02 vs. 0.17 0.002

Cleveringa
et al.16

(2008)a

3,391 12 Usual
diabetes
care

Diabetes
consultation hour
run by a practice
nurse,
computerized
decision support
providing patient-
specific feedback,
recall system, and
feedback on
performance 3
times monthly

Patient outcome
HbA1c (%) - 0.1 vs. - 0.2 NS
Blood pressure:
SBP (mm Hg) - 2 vs. - 6 < 0.05
DBP (mm Hg) 0 vs. - 3 < 0.05
Total cholesterol

(mmol/L)
- 0.1 vs. - 0.4 < 0.05

LDL-cholesterol
(mmol/L)

- 0.2 vs. - 0.3 < 0.05

10-year UKPDS
CHD risk (%)b

- 0.1 vs. - 1.9 < 0.05

Composite of
HbA1c < 7%, SBP
< 140 mm Hg,
LDL
<2.5 mmol/L

2.5 vs. 8.6 < 0.05

Cleveringa
et al.17

(2010)a

See
Cleveringa
et al.16

See
Cleveringa
et al.16

See
Cleveringa
et al.16

See Cleveringa
et al.16 for
noninferiority trial
on health status

Patient care Mean difference (CI)
DHP total score - 0.88 (- 1.94 to 0.12) NS
DHP barriers to

activity
- 1.16 (- 2.34 to 0.03) NS

DHP psychological
stress

- 0.63 (- 1.72 to 0.43) NS

DHP disinhibiting
eating

- 1.83 (- 3.64 to - 0.07) NS

SF-36 all items NS

Cleveringa
et al.15

(2010)a

See
Cleveringa
et al.16

See
Cleveringa
et al.16

See
Cleveringa
et al.16

See Cleveringa
et al.16 for cost-
effectiveness
analysis

Process of care
Diabetes-related

costs (excluding
CHD)

1,698 (187 to 3,209) NS

CHD costs - 587 (- 880 to - 294) NS
DCP costs 316 (315 to 318) NS
Total costs 1.415 (- 130 to 2,961) NS
Total costs per

QALY gained
38,243 NS

aSame study population, same intervention, different outcome.
b10-year United Kingdom Prospective Diabetes Study (UKPDS) coronary heart disease (CHD) risk is the estimated risk on death from CHD

calculated by using the UKPDS risk engine.
CI, confidence interval; DBP, diastolic blood pressure; DCP, diabetes care protocol; DHP, Diabetes Health Profile; HbA1c, glycosylated

hemoglobin; LDL, low-density lipoprotein; NS, not significant; QALY, quality-adjusted life-years; SBP, systolic blood pressure; SF-36, Short
Form 36.
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complexity of these interventions. By excluding two studies
the results of our review are more robust.

The funding of the studies was recorded. Four trials were
privately funded; however, the authors of these studies did
not disclose business relationship or financial gain from the
technology they were studying. Most studies were publicly
funded. Because of this we think we might conclude that
conflict of interest is not a very important issue in this research
domain.

Our study has also limitations. First, we studied interven-
tions from a two-decade period. The technology of early
CDSS is quite different from the more recent ones, and
therefore the overall conclusions will be influenced by the
effects of CDSSs that are no longer existing or whose tech-
nology may now be obsolete. Second, we included only
published articles, all with some significant results. Because
studies not showing a statistically significant superior effect
of a CDSS may be less easily accepted for publication, a
publication bias cannot be ruled out. Third, because of the
heterogeneity of the interventions and outcome measures, a
meta-analysis was not possible. Finally, because the follow-up
period of most studies was only 1 year, it was not possible to
assess the long-term outcome of a CDSS with or without ad-
ditional support.

Our search strategy revealed only one cost-effectiveness
study regarding a CDSS-based primary diabetes care man-
agement system. This hampers conclusions on the economic
aspects of CDSSs.

Conclusions

CDSSs in primary T2DM care are effective in improving the
process of care. The combination of a CDSS with feedback on
performance, reminders, and case management is likely to be
the most effective in improving patient outcome.

The long-term effectiveness and the cost-effectiveness of a
CDSS in a primary care–based multifaceted diabetes man-
agement program remain to be elucidated.
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