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ABSTRACT

Optimal strategies for integration of clinical practice guidelines into electronic medical records and

its impact on processes of care and clinical outcomes in diabetic patients are not well understood. A

systematic review of CINAHL, MEDLINE, PubMed, and Cochrane Library databases in August

2016, November 2017, and June 2020 was conducted. Studies investigating integration of diabetes

guidelines into ambulatory care electronic medical records reporting quantitative results were

included. After screening 15,783 records, 21 articles were included. Lipid and blood pressure control

consistently improved with guideline integration, but A1c control remained equivocal. Electronic

guideline integration improved microvascular complication screening, vaccination, and documenta-

tion of cardiovascular risk factors, while medication prescription and blood pressure, lipid, and A1c

documentation did not improve. Studies employing a combination of electronic record intervention

strategies were associated with improvement in monitoring and attainment of guideline and screen-

ing targets. Thus, strategies employing combinations of interventions to incorporate guidelines into

electronic records may improve processes of care and some clinical outcomes.

� 2021 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2021) 134:952−962
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INTRODUCTION
Affecting over 2 million Canadians, diabetes is a prevalent

chronic disease and leading cause of death.1,2 Diabetes pro-

gression can be controlled through monitoring and manage-

ment of hypertension, hyperglycemia, and dyslipidemia3,4

within evolving guideline-specified targets.5 To counter

slow integration of guideline integration,6,7 increased prev-

alence of electronic records in primary care presents an
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opportunity to promote guideline integration and improve

the suboptimal achievement of guideline targets.8

Guideline-integrated computer-aided clinical decision

support may facilitate a personalized and timely form of

guideline-based care.9 Diagnostic decision support, preven-

tive care reminders, and bundles of reminders are other

examples of guideline integration into electronic records.9,10

The best intervention modality to ensure guideline imple-

mentation is not established. This review evaluates best prac-

tices and quantifies outcome attainment for interventions

integrating guidelines into electronic medical records.
METHODS
The protocol for this systematic review was guided by the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines.11
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
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Eligibility Criteria
We included studies of all study designs that investigated

integration of diabetes guidelines into electronic records.

Inclusion criteria included: 1) English-language primary

research articles; 2) ambulatory care interventions;

3) electronic record-integrated interventions; and 4) quanti-
CLINICAL SIGNIFICANCE
tative outcomes. We excluded stud-

ies that were ongoing, describe no

relevant outcomes, or lack detail to

assess eligibility.
 � Clinical practice guideline integration
in electronic medical record software
improved lipid and blood pressure con-
trol, microvascular screening, and risk
factor documentation; A1c control,
medication prescription, and docu-
mentation of diabetes management
parameters did not improve consis-
tently with electronic medical record
intervention.

� Combinations of electronic medical re-
cord interventions (including reminders,
feedback, and clinical decision support
systems) should be implemented to
match a clinician’s workflow, patient
Information Sources and
Literature Search
Four databases were searched

(CINAHL, MEDLINE, PubMed,

and Cochrane Library) in August

2016, November 2017, and June

2020. With assistance of an informa-

tion scientist, a search strategy was

developed for key terms: “electronic

health records” “practice guide-

lines,” and “ambulatory care”

(Supplementary Table 1, available

online). Reference lists of relevant

studies were manually reviewed.

population, and target outcomes to
improve clinical and process outcomes.
Study Selection Process
After abstract selection, full-text

articles were reviewed indepen-

dently by pairs of review authors.
Disagreements were discussed and resolved with team

members.
Data Items and Data Collection Process
Data were tabulated according to study setting, patient sam-

ple characteristics, duration, type of intervention, contex-

tual factors (motivation, incentives, and training), and

outcomes. Prior to full-text abstraction, a calibration exer-

cise ensured consistent and accurate data abstraction. Each

review author independently abstracted a full-text article

and compared with another team member, with disagree-

ments in abstraction resolved by discussion.
Risk of Bias Assessment
Methodological risk of bias of included studies was

assessed using the Cochrane Collaboration's tool for assess-
ing risk of bias in randomized controlled trials (RCTs)12

and Quality Assessment Tool for Quantitative Studies by

the Effective Public Health Practice Project for other stud-

ies.13 Pairs of review authors independently assessed risk of

bias of included studies, with disagreements resolved by

discussion.
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RESULTS

Results of the Search
The article search and inclusion process is depicted in the

Figure.
 of Health and Social Security de
zación. Copyright ©2021. Elsevie
Study Design
Twenty-one studies (Supplementary

Table 2,14-34 available online) were

included: 9 experimental studies

(5 randomized-controlled trials

[RCTs]14-18 and 4 cluster RCTs19-22),

10 quasi-experimental studies (1 non-

RCT,23 5 uncontrolled before-and-

after studies,24-28 1 controlled before-

and-after study,29 3 interrupted time

series studies30-32), and 2 observa-

tional studies (1 retrospective cross-

sectional study33 and 1 retrospective

cohort study34).

Study Settings and
Population Characteristics
All studies were conducted in pri-

mary care settings between 199415

and 2020.21 Fourteen studies were

conducted in the United States.14-17,

19,20,24-26,28-32 Study durations ranged

from 2 months24 to 12 years,33 and

sample sizes ranged from 9024 to

4,629,300 participants.33
Interventions
Intervention types are summarized in Table 114,20,24,28, with

study designs described in Table 2, and outcomes detailed

in Table 3.14-34 Six studies implemented reminders/

prompts,15,16,19,24,29,30 1 implemented feedback,14 4 imple-

mented a Clinical Decision Support System,17,20-22 and 10

implemented combinations of interventions.18,23,25-28,31-34

Outcomes Reported
Experimental and observational studies reported different

outcomes and could not be directly compared; 3 of 9

RCTs14-16 and 1 quasi-experimental study29 reported physi-

cian compliance to the intervention, whereas the other

quasi-experimental and observational studies reported

patient and process-related outcomes (Table 214-34). Results

are described by clinical outcome, process outcome, and

intervention, and are listed in Table 3.
A)Clinical Outcomes

Supplementary Table 3,18,20-23,25-28,30,31,33,34 (available

online) summarizes clinical outcomes described by the

included studies.
 ClinicalKey.es por Elsevier en agosto 09, 
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Figure A flow diagram of the article search and inclusion process.

Table 1 Types of Interventions and their Definitions

Intervention Type Definition Example

Reminders/Prompts A computer-generated reminder system for diabe-
tes care guidelines or recommended care that
patient is due for.

A customized EMR alert recommending assessment of
atherosclerotic cardiovascular disease (ASCVD) and statin
therapy.24

Feedback Feedback to provider about his/her response to
the recommendations made by the EMR.

A computer-generated report summarizing the response to
care guideline recommendations presented through a
CAMP.14

Clinical Decision Support
System (CDSS)

Based on patient characteristics, a CDSS uses an
algorithm to generate recommendations,
thereby guiding the provider in making
decisions.

Diabetes Wizard made recommendations about medications,
laboratory tests, and follow-up intervals based on detailed
clinical algorithms.20

Combination Some combination of reminders/prompts, perfor-
mance audit and feedback, educational materi-
als and workshops for staff on guidelines and
changes in office workflow, decision support
systems and appointment scheduling systems

A combination of enabling tools, reminders, audit and feed-
back, and financial incentives.28

CAMP = Computer-Assisted Management Protocol; EMR = electronic medical record.

954 The American Journal of Medicine, Vol 134, No 8, August 2021
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Table 2 Study Outcomes Sorted by Study Design

RCTs and Cluster RCTs Quasi-Experimental Observational

Patient-level outcomes
Clinical outcomes 4 studies18,20-22 7 studies23,25-28,30,31 2 studies33,34

Processes of care 4 studies17,19,21,22 9 studies23-28,30-32 2 studies33,34

Provider-level outcomes 3 studies14-16 1 study29 0 studies

RCT = randomized controlled trial.

Table 3 Study Outcomes Organized by Intervention Type

Primary Author, Year, Study Type Intervention Details Outcomes Measured Outcomes Reported

Bronner 2012;30 Interrupted
time series

Step-wise approach to EMR inter-
vention with prompts for A1c,
LDL, or microalbumin-to-creat-
inine testing.

Composite of care markers
including screening for dia-
betic nephropathy, documen-
tation of lipid profile and
glycemic control; and lipids
and A1c

Improvement in composite of
care markers including screen-
ing for nephropathy, documen-
tation of lipid profile and A1c;
and no difference in LDL or A1c
control

El-Kareh 2011;19 Cluster RCT Actionable reminders (electronic
reminders linked to computer-
ized order entry).

Documentation of lipid profile
and glycemic control

No difference in documentation
of lipid profile or A1c

Garza 2017;24 Before-and-after
study

Customized EMR alert recom-
mending assessment of athero-
sclerotic cardiovascular disease
(ASCVD) and statin therapy for
the targeted group of patients.

Documentation of CAD risk score;
and

Medication prescription

Improvement in the prescription
of lipid-lowering medications
and documentation of CAD risk
score

Lobach 1994;15 RCT Computer-Assisted Management
Protocol (CAMP) that provided
recommendations about which
tests are indicated for the
patient based on care
guidelines.

Physician compliance with
guideline recommendation

Improvement in physician
compliance with guideline
recommendation

Nilasena 1995;16 RCT Reminder system that summa-
rized the patient's preventive-
health status and listed a
schedule of upcoming or past
due preventive-health activi-
ties for the patient. Clinical
alerts about high-risk aspects
of the patient's current profile
were also presented.

Physician compliance with
guideline recommendation

Improvement in physician
compliance with guideline
recommendation

Ramirez 2020;29 Before-and-after
study

Implementation of EMR alert
requiring action or reason for
deferral prior to chart closure
for patients with diabetes and
hypertension eligible but not
prescribed an ACEI or ARB.

Medication prescription Increased probability of prescrip-
tion of ACEI or ARB; Subgroup
analysis demonstrated that the
increased probability was sig-
nificant where there was also a
pharmacist-led medication
management program

Lobach 1996;14 RCT Intervention group received
biweekly e-mail message con-
sisting of a computer-gener-
ated report summarizing his/
her response to care guideline
recommendations presented
through the EMR.

Physician compliance with
guideline recommendation

Improvement in physician
compliance with guideline
recommendation

Heselmans 2020;21 Cluster RCT CDSS that gives patient-specific
reminders, therapeutic

Lipid, blood pressure and A1c
control;

No difference in lipid, blood
pressure, and A1c control; no
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Table 3 (Continued)

Primary Author, Year, Study Type Intervention Details Outcomes Measured Outcomes Reported

suggestions, and diagnosis-
specific guideline links to the
user. Electronic forms and
calculators are integrated into
the system.

Process composite score: docu-
mentation of A1c, BP, LDL,
microalbuminuria, and medica-
tion prescription; and patient
composite score: lipids, BP and
A1c

difference in process composite
score: documentation of A1c,
BP, LDL, microalbuminuria, and
medication prescription; and
no difference in patient
composite score: lipids, BP,
and A1c control

Hetlevik 2000;22 Cluster RCT CDSS that guided the doctors in
diagnostics, history taking,
physical examination, addi-
tional tests, and treatment.

Blood pressure and A1c control;
and documentation of blood
pressure, lipid profile and glyce-
mic control, BMI, family history
of CAD, CAD risk score, and
smoking history

Improvement in BP control; no
difference in A1c control;
Improvement in documenta-
tion of BMI, smoking and fam-
ily history, CAD risk score; and
no difference in documenta-
tion of BP, lipids, or A1c

O'Connor 2011;20 Cluster RCT CDSS that made recommenda-
tions about medications, labo-
ratory tests, and follow-up
intervals based on detailed
clinical algorithms.

Lipid, blood pressure, and A1c
control

Improvement in BP, A1c control;
and no difference in LDL
control

Schnipper 2010;17 RCT CDSS that included assessments
of the current state of clinical
care and suggested actionable
orders for medication additions
or changes, laboratory studies,
appointments and referrals,
and printing of patient
educational materials.

Screening for microvascular
complications; documentation
of glycemic control; and
medication prescription

No difference in screening for
microvascular complications;
no difference in documenta-
tion of A1c; and no difference
in ACEI/ARB prescription

Ali 2016;18 RCT Combination of electronic
prompts to providers and non-
physician care coordinators
who individualized patient fol-
low-up based on patients’ risk
level and adherence.

Lipid, blood pressure, and A1c
control

Improvement in LDL, BP, and A1c
control

Ciemins 2009;31 Interrupted time
series

Combination of diabetes man-
agement module for point-of-
care alerts, electronic forms
documenting foot and eye
examinations, patient reports
with individualized results and
provider patient panel reports
to track performance. Included
education program for primary
care staff on guidelines and
changes in office workflow.

Lipid, blood pressure, and
A1c control; screening for
microvascular complications;
documentation of lipid profile
and glycemic control

Improvement in LDL, BP, and A1c
control; Improvement in
screening for microvascular
complications; improvement in
documentation of lipid profile;
and no difference in documen-
tation of A1c

Goldfracht 2011;33 Retrospective
cross-sectional study

Combination of educational
strategies, registries, clinical
pathways, care quality indica-
tors, computerized reminders
and feedback, feedback for
physicians, and patient educa-
tion tools.

Lipid and A1c control; screening
for microvascular complications;
documentation of blood pres-
sure, lipid profile and glycemic
control

Improvement in LDL and A1c
control; improvement in
screening for microvascular
complications; and improve-
ment in documentation of BP,
LDL, and A1c

Gunathilake 2013;34 Retrospec-
tive cohort study

Combination of provider
reminder systems and patient
reminder systems that
prompted administrative staff
to contact patients to attend

Composite of care markers
including planned review of A1c,
medication prescription, die-
tetic and nurse educator inputs;
A1c control

Improvement in composite of
planned review of A1c, adjust-
ment of medication, prescrip-
tion of statins, dietetic and

956 The American Journal of Medicine, Vol 134, No 8, August 2021
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Table 3 (Continued)

Primary Author, Year, Study Type Intervention Details Outcomes Measured Outcomes Reported

appointments and to have reg-
ular monitoring. There was also
a CDSS that would be applied if
certain criteria were met.

nurse educator inputs; and
improvement in A1c control

Guzek 2009;25 Before-and-after
study

Combination of changes in office
visit structure, protocol-driven
electronic prompts for nursing
and physician staffs, clinical
decision support built into a
new electronic medical record
form, and audit with feedback.

Lipid, blood pressure, and
A1c control; screening for
microvascular complications;
and documentation of blood
pressure, lipid profile, and
glycemic control

Improvement in LDL and BP con-
trol; no difference in A1c con-
trol; improvement in screening
for microvascular complica-
tions; no difference in docu-
mentation of BP, lipids; and
improvement in documentation
of A1c

Hunt 2009;26 Before-and-after
study

Combination of point-of-care
decision support and care
reminders, diabetes registry
with care prompts, perfor-
mance feedback with bench-
marking and access to
published evidence, and
patient educational materials.

Lipid, blood pressure, and
A1c control; screening for
microvascular complications;
and documentation of blood
pressure, lipid rofile, glycemic
control, and immunization
status; and medication
prescription

Improvement in LDL and BP
control; no difference in A1c
control; improvement in
screening for microvascular
complications; improvement in
documentation of LDL and A1c;
no difference in documenta-
tion of BP; improvement in
frequency of vaccination;
improvement in prescription
of ACEI/ARB, lipid-lowering,
oral antihyperglycemic, and
antiplatelet medication

O'Reilly 2014;27 Before-and-after
study

Tracked and reported last result
and time since result for each
care component, with updated
dashboard summary of overall
care status and progress flow
sheet. Reported data from all
patients in order of urgency
(lack of control or time elapsed
since care); provided dash-
board summary and chart of
the registry's performance
measures; and permitted
approval of a patient list for
reminder letters.

Lipid, blood pressure, and A1c
control; screening for microvas-
cular complications; documen-
tation of blood pressure, lipid
profile and glycemic control;
and medication prescription

No difference in A1c control;
improvement in lipid and BP
control; decrease in screening
for microvascular complica-
tions; improvement in docu-
mentation of BP; no difference
in documentation of lipid pro-
file, A1c; and decrease in ACEI/
ARB prescription

Samoutis 2010;23 Nonrandom-
ized controlled trial

Combination of educational com-
ponents, audit and feedback,
and the introduction of an EMR
system, including a decision
support system enabled
through e-library and
electronic reminders.

Lipid, blood pressure, and A1c
control; and screening for
microvascular complications

Improvement in LDL and BP con-
trol; no difference in A1c con-
trol patients; improvement in
screening for microvascular
complications.

Weber 2008;28 Before-and-after
study

Combination of enabling tools,
reminders, audit and feedback,
and financial incentives.

Lipid, blood pressure, and A1c
control; documentation of lipid
profile, glycemic control, smok-
ing history and immunization
status; and composite of care
markers (all of above)

Improvement in LDL, BP and A1c
control; improvement in
screening for microvascular
complications; improvement in
documentation of lipid profile
and A1c; improvement in fre-
quency of vaccination;
improvement in documentation
of smoking history; and
improvement in number of
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Table 3 (Continued)

Primary Author, Year, Study Type Intervention Details Outcomes Measured Outcomes Reported

patients receiving a “bundle”
of best practice measures

Zhou 2011;32 Interrupted
time series

Combination of point-of-care
recommendations, disease reg-
istry capabilities, and continu-
ous performance feedback for
providers.

Composite of care markers
including medication prescrip-
tion, documentation of glyce-
mic control, lipid profile,
immunization status, and
screening for microvascular
complications

No difference in patients
receiving a “bundle” of care
recommendations

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; BP = blood pressure; CAD = coronary artery disease; CDSS = Clinical

Decision Support System; EMR = electronic medical record; LDL = low-density lipoprotein; RCT = randomized controlled trial.
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i) Lipid Control

Eight of 11 studies (Supplementary Table 4,18,23,25-28,31,33
available online) reporting lipid control outcomes
demonstrated improvement, while 3 demonstrated no

change.20,21,30 Studies demonstrated improved proportion

of patients achieving low-density lipoprotein (LDL) tar-

get, 18,25,26,28,31,33 absolute change in LDL cholesterol,23

total cholesterol,23 and high-density lipoprotein-to-total-

cholesterol ratio.27 The proportion of patients who

achieved LDL target <100 mg/dL after intervention

ranged from 56%26-65.2%.25
ii) Hypertension Optimization
Nine of 10 studies (Supplementary Table 5,18,20,22,23,

25-28,31 available online) reporting hypertension outcomes

demonstrated improvement after guideline-integration

intervention. Hypertension outcomes included targets of

blood pressure <130/80 mm Hg,25,28,31 change in absolute

values,22,23,27 and a composite of proportion achieving tar-

get and change in absolute values.18,20,26 One study

reported significant change in proportion of patients achiev-

ing systolic but not diastolic blood pressure targets, and no

significant change in mean systolic or diastolic pressures.20

The proportions of patients who achieved systolic blood

pressure <130 mm Hg, diastolic blood pressure <80 mm

Hg, or both after intervention ranged from 43.9%28,31-

80.2%.20 The absolute change in mean diastolic blood

pressure after intervention ranged from 1.227-3 mm Hg,26

and change in mean systolic blood pressure ranged from

3.523-5 mm Hg.26
iii) Glycemic Control
Six of 13 studies (Supplementary Table 6,18,20,28,31,33,34

available online) examining glycated hemoglobin (A1c)

control demonstrated improvement, while 7 demonstrated

no change.21-23,25-27,30 Four studies reported improvement

in proportion of patients achieving target A1c28,31,33,34 and

2 studies reported improvement in proportion of patients

achieving A1c target and absolute change in A1c.18,20

Among these, the proportion attaining A1c targets ranged

from 21.5%18-92.1%.34
Descargado para BINASSS Circulaci (binas@ns.binasss.sa.cr) en National Library
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B) Process Outcomes

iv)Microvascular Complication Screening
Six of 9 studies (Supplementary Table 7,23,25,26,30,31,33

available online) reporting microvascular complication

screening outcomes demonstrated improvement, 217,21

demonstrated no difference, and 127 demonstrated

decreased screening. Documentation of retinal examina-

tions, foot examinations, or urinary microalbumin testing

were reported in 6 studies,23,25-27,31,33 and nephropathy

screening in a care bundle was reported in 2 studies.21,30

One study reported no difference in number of patients with

outstanding eye or foot examination and albumin/creatinine

ratio tests within 1 month of intervention.17
v) Vaccinations

Two studies noted improvement in frequency of influ-

enza and pneumococcal vaccination among diabetic

patients after intervention.26,28
vi)Up-to-Date Documentation of Cardiovascular Risk
Factors

Documentation of cardiovascular risk markers including

blood pressure, lipid profile, or A1c improved in approxi-

mately half of the studies. Five of 9 studies demonstrated

improvement26,28,30,31,33 in documentation of lipid profile,

while 4 demonstrated no change.19,22,25,27 Two of 5 studies

demonstrated improvement27,33 in blood pressure documen-

tation, while 3e demonstrated no change.22,25,26 Five of 10

studies demonstrated improvement in A1c

monitoring,25,26,28,30,33 while 5 demonstrated no

change.17,19,22,27,31 Documentation of other risk factors such

as body mass index,22 smoking history,22,28 and coronary

disease family history22 and risk score22,24 showed consistent

improvement.
vii)Medication Prescription
Four studies assessing medication prescription outcomes
demonstrated improvement in prescription of one or more

of: angiotensin-converting enzyme inhibitor (ACEI)/angio-

tensin receptor blocker (ARB), lipid-lowering, oral antihy-

perglycemic and antiplatelet therapies,24,26,29,34 while one
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
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RCT demonstrated no difference in ACEI/ARB prescrip-

tion17 and one before-and-after study demonstrated possible

decrease.27 Two studies investigating insulin prescription

rates demonstrated no change.26,34

viii) Composite Outcomes
Five studies listed a composite of care markers as an

outcome.21,28,30,32,34 An interrupted time-series study eval-

uating intervention effect on a composite of process out-
comes including medication prescription, documentation of

glycemic control, lipid profile, immunization status, and

microvascular complication screening reported no signifi-

cant difference after 20 months of intervention.32 A before-

and-after study demonstrated postintervention improvement

in proportion of patients receiving a “bundle” of diabetes

best practices (attainment of dyslipidemia, hypertension,

and glycemic targets, and documentation of lipid profile,

glycemic control, smoking history, and immunization sta-

tus) from 2.4% to 6.5% (P < .0001) over a 12-month

period.28 A retrospective cohort study demonstrated that

electronic record integration of decision support was associ-

ated with improved frequency of review of glycemic con-

trol, medications (including statins), and dietetic and nurse

educator inputs (71.3% vs 58.5%, P = .001).34 In one inter-

rupted time series, the introduction of prompts improved

frequency of ordering all indicated tests (A1c, LDL, urine

microalbumin-to-creatinine ratio) from 29% to 49% (P <
.001).30 However, a cluster RCT demonstrated that imple-

mentation of clinical decision support resulted in no signifi-

cant difference in a composite score of hypertension, lipid

and glycemic control, or a process composite score incorpo-

rating documentation of glycemic, hypertension, and lipid

control, microalbuminuria, and appropriate statin, antiplate-

let, and ACEI/ARB prescription.21

ix)Physician Compliance to Guideline Recommendation
All 3 RCTs demonstrated improved physician compli-

ance to guidelines after intervention.14-16 Prompts for indi-
cated tests (32.0% vs 15.6%, P = .02),15 computerized

reminders (19.7% vs 7.6%, P = .006),16 and computer-gen-

erated individualized feedback about adherence to care

guidelines (35% vs 6.1%, P < .01)14 improved clinician

compliance with the guideline recommendations.
C) Intervention Characteristics

Improvements in lipid and hypertension control, lipid

and glycemic monitoring, and microvascular complication

screening, but not documentation of blood pressure, were

consistently seen with studies employing a combination of

intervention strategies (Table 3). No relationship between

type(s) of intervention and change in A1c was identified.
D)Quality Assessment

x) RCT

Of 9 included RCTs and cluster RCTs, the risk of bias

was moderate in 5,14,15,17,20,21 high in 3,16,19,22 and low in
Descargado para BINASSS Circulaci (binas@ns.binasss.sa.cr) en National Library
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one trial.18 RCTs at moderate or high risk of bias lacked

description of blinding or concealment, in contrast to one

study that reported baseline characteristics and blinding

procedures.

xi)Non-RCT
Two26,27 of 1223-34 non-RCT studies were of moderate

quality and the remainder were of weak quality. None of

the studies described participant awareness of the research

question, consistency of the intervention, or the reliability

or validity of data collection tools.

DISCUSSION
Previous reviews examined the effect of specific electronic

record intervention strategies on diabetes outcomes. To our

knowledge, this is the first systematic review comparing

diabetes outcomes of various electronic record intervention

strategies.35,36

Summary of Findings
In this systematic review of 21 studies, we analyzed clinical

and process-related outcomes after various electronic

record interventions in diabetic patients.

While clinical outcomes of dyslipidemia and hyperten-

sion control consistently improved with electronic record

guideline integration, glycemic control improvements did

not consistently improve. The A1c is known to be more dif-

ficult to positively influence, may require longer interven-

tion periods,23 and may be less responsive to available

therapies in comparison with hypertension and dyslipide-

mia. Other patient-related factors such as comorbidities,

medication access and side effects, lack of time, and nonad-

herence to lifestyle and medications contribute to unmet

A1c targets in other studies.37

Process-related outcomes including microvascular com-

plication screening, immunization status, and documentation

of body mass index, smoking history, family history, and

risk score for coronary disease largely improved with inter-

ventions. The effect of interventions on prescription of

related medications, and documentation of blood pressure,

lipids, or A1c did not consistently improve across studies.

All 3 RCTs14-16 evaluating physician compliance to

guideline recommendations demonstrated improvement in

clinical and process outcomes such as hypertension and

dyslipidemia optimization, microvascular complication

screening, and monitoring of lipids and A1c by using a

combination of electronic record interventions. However,

there was no consistent relationship between type of elec-

tronic record intervention and change in A1c or rate of doc-

umentation of blood pressure.

Comparison with Other Studies
A review of 49 studies by Solomon et al38 evaluating inter-

ventions to improve laboratory testing practices found that

interventions targeting multiple behavioral factors (includ-

ing educational materials, audits, consensus building,
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
zación. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.
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targeted behavioral change, and reassessments) trended

toward improved outcomes. While not specific to electronic

record interventions, this supports the conclusion that stud-

ies implementing a combination of intervention strategies

were more likely to demonstrate improvement in clinical or

process-related outcomes. Thus, simultaneous multifaceted

interventions targeting barriers to behavioral change at vari-

ous levels39 may be more effective than interventions

addressing single barriers to behavioral change.40

Electronic record interventions have shown utility in

other risk factor mitigation interventions by promoting

smoking cessation and human immunodeficiency virus test-

ing. An electronic record smoking cessation protocol identi-

fied tobacco users and prompted improved referral to

smoking cessation resources.41 Another electronic record

intervention increased human immunodeficiency virus test-

ing among hospitalized patients.42

Ali et al36 reviewed 21 studies exploring process, self-

care, or patient-level outcomes after electronic record inte-

gration of clinical decision support in patients with diabe-

tes. Improvements in process outcomes ranged from no

difference to approximately 30% increases in patients

receiving annual A1c, blood pressure, lipid, foot, urine, and

eye examinations. Most interventions yielded A1c reduc-

tions of 0.3%-0.9% over 1 year and increased proportion of

patients attaining A1c targets by up to 20%. Blood pressure

improved up to 10/13 mm Hg reduction from baseline, and

target attainment increased in up to 22% more participants.

LDL reductions up to 15 mg/dL were observed, along with

8%-35% more participants achieving targets. Compared

with that review, we included fewer studies analyzing the

difference in absolute value and more studies analyzing

change in proportion of patients achieving targets. Our

study included various intervention strategies and not

exclusively clinical decision support. Ali et al36 noted more

consistent associations between clinical decision support

intervention and improvements in process outcomes than

improved risk-factor optimization. In contrast, we noted

clear improvements in dyslipidemia and hypertension opti-

mization with no consistent reductions in A1c, and

improvement in process outcomes of microvascular compli-

cation screening but not documentation of lipid profile,

A1c, or blood pressure. Therefore, we cannot conclude the

same as Ali et al,36 as our results for risk factor control and

process-related outcomes were mixed.

Ivers et al43 found that audit and feedback generally lead

to small but important improvements in clinical practice

and patient outcomes, with increased effectiveness when

baseline performance is low, and when feedback is pro-

vided by supervisor or colleague, provided repeatedly, is in

verbal and written format, and includes explicit targets and

action plan. As baseline performance for each practice may

vary, feedback strategies may not demonstrate consistent

superiority over other methods, and may cause reminder

fatigue, especially if there are no clear suggestions for

future actions. This may explain why only one study14

implemented feedback alone and other studies combined
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feedback or audit with other interventions, by incorporating

next steps and an action plan, as suggested by Ivers et al.43

Shojania et al44 quantified the expected magnitude of

improvement in process-related outcomes from computer

reminder-based interventions, finding that adherence to

target processes-of-care increased by a median of 4.2%,

below the clinical significance threshold. There was no

difference in effect between automatic reminders (“push”)

and user-initiated reminders (“pull”). Our qualitative study

only analyzed statistical significance and did not assess

clinical significance.
Strengths and Limitations

Our study's strengths include the use of PRISMA guidelines

for creating thorough systematic reviews.11 Our robust

search strategy included 4 databases coupled with a rigor-

ous data abstraction approach. Pairs of review authors,

working independently, extracted data and referred dis-

agreements to a third review author for resolution.

Of the included RCTs, 5 RCTs14-18 and 4 cluster

RCTs19-22 tested physician compliance to guideline recom-

mendations,14-16 while only few examined clinical18,20-22 or

process-related outcomes,17,19,21,22 limiting interpretation

of our findings.

Furthermore, several studies relied on the International

Classification of Diseases, Ninth Revision coding system or

patient registries to identify study populations, potentially

missing some patients with diabetes due to variation of

diagnostic criteria. The completeness of data within the

patient registries is unclear.

The included studies evaluated various electronic record

interventions applied in primary care settings and included

diabetic patients of diverse backgrounds. Fourteen of the 21

studies were conducted in the United States. Although we

cannot be certain, we believe that the results are generaliz-

able to other settings and patient groups.

While all studies included an electronic record inter-

vention as a major component, some implemented non-

electronic record components as part of their intervention;

such as educational components including educational

materials and sessions,23,24,31,33 pharmacist-led interven-

tions,29 and changes in office structure.18,25,31 Thus, we

cannot attribute all observed effects directly to electronic

record intervention.

There is potential for bias in our review process. Inter-

pretation of results may have been influenced by the hetero-

geneity of the interventions and outcomes included.45

Inclusion of only English-language studies may have

resulted in publication bias. However, inclusion of random-

ized trials published in languages other than English in sys-

tematic reviews found that language did not bias results of

conventional interventions.46 The diversity of approaches

and outcome measures used in these studies made it diffi-

cult to pool results, necessitating a qualitative analysis.
 of Health and Social Security de ClinicalKey.es por Elsevier en agosto 09, 
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CONCLUSION
Guideline integration into electronic medical record soft-

ware improves clinical and process-related outcomes in

patients with diabetes, with greater effect when combining

intervention strategies. As evidence from RCTs is limited

and there is heterogeneity in strategies and outcome meas-

ures, the current evidence cannot support a specific inter-

vention strategy to optimize diabetes care. While no

specific intervention was uniformly superior, a combination

of interventions that incorporate reminders with guideline-

based decision support may support clinicians in providing

evidence-based diabetes care. Specifically, clinicians can

implement a facilitated quality improvement initiative by

conducting a practice audit, identifying care gaps, imple-

menting an electronic record-based intervention to improve

outcomes, and repeating the practice audit.47 Our compre-

hensive review will inform future interventions, particularly

head-to-head comparisons of electronic record-based inter-

ventions to identify components contributing to the effec-

tiveness of multifaceted interventions,48 and metanalyses

that will increase statistical power and improve the esti-

mates of the effect sizes of interventions.49 Ultimately, this

review identified benefits in clinical and process-related

outcomes from electronic record-based interventions but

did not examine cost-effectiveness, necessitating further

studies of the economic impact of such interventions.50
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Supplementary Table 1 CINAHL Search Strategy

1. (MH “Computerized Patient Record”)
2. (MH “Electronic Order Entry”)
3. (online OR computer* OR digital OR electronic or automated) N3 (record*)
4. (health*) N2 (information technolog*)
5. (MH "Reminder Systems")
6. (MH "Decision Making, Computer Assisted")
7. (MH “Therapy, Computer Assisted”)
8. (computer assisted) N2 (protocol* or therap* or decision*)
9. (computer* or medical) N2 (order entr*)
10. (MH "Decision Support Systems, Clinical")
11. (MH "Decision Support Techniques+")
12. (prompt* OR alert* OR reminder*) N3 (automat* OR computer* OR electronic*)
13. (prompt* OR alert* OR reminder*) N2 (system* OR support*)
14. decision N2 support*
15. S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14
16. (MH “practice guidelines”)
17. (MH “Guideline Adherence”)
18. (MH "Medical Practice, Evidence-Based")
19. (MH "Nursing Practice, Evidence-Based")
20. guideline*
21. “best practice*”
22. (care) N4 (standard OR path* OR map* OR plan* or protocol*)
23. (evidence based) N2 (care or practice* or management or medicine)
24. (MH "Consensus")
25. S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24
26. (MH “Family Practice”)
27. (MH “Physicians, Family”)
28. (MH “Primary Health Care”)
29. (MH “Community Medicine”)
30. (MH “Group Practice”)
31. (MH “Independent Practice Associations”)
32. (MH “Joint Practice”)
33. (MH “Nurse Practitioners”)
34. (MH “Family Nurse Practitioners”)
35. (MH “Ambulatory Care Facilities”)
36. (MH “Ambulatory Care”)
37. (MH “Office Visits”)
38. (MH “Community Health Services+”)
39. (general OR community OR family OR primary or ambulatory) N2 (practi* OR physician* OR provider OR medicine OR

doctor* OR care OR healthcare OR team OR clinic* OR office)
40. “health care practitioner*”
41. “nurse practitioner*”
42. outpatient*
43. “urgent care*”
44. (clinic or office) N1 (visit*)
45. (free-standing) N1 (facility* OR clinic* OR cent*)
46. S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41

OR S42 OR S43 OR S44 OR S45
47. S15 AND S25 AND S46
48. PT commentary OR Letter OR editorial
49. S47 NOT S48
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Supplementary Table 2 Characteristics of the Included Studies

Primary Author and
Year

Intervention Study Type Number of
Participants

Country Global Quality or Risk
of Bias Rating

Ali 201618 Combination RCT 1146 India and Pakistan Low risk of bias
Bronner 201230 Reminders/prompts Interrupted time series 3730 USA Weak quality
Ciemins 200931 Combination Interrupted time series 495 USA Weak quality
El-Kareh 201119 Reminders/prompts Cluster RCT Unknown USA High risk of bias
Garza 201724 Reminders/prompts Before-and-after study 90 USA Weak quality
Goldfracht 201133 Combination Retrospective cross-

sectional study
4,629,300 Israel Weak quality

Gunathilake 201334 Combinaton Retrospective cohort
study

875 Sri Lanka Weak quality

Guzek 200925 Combination Before-and-after study 1592 USA Weak Quality
Heselmans 202021 CDSS Cluster RCT 3815 Belgium Moderate risk of bias
Hetlevik 200022 CDSS Cluster RCT 1034 Norway High risk of bias
Hunt 200926 Combination Before-and-after study 7456 USA Moderate quality
Lobach 199415 Reminders/prompts RCT 58 USA Moderate risk of bias
Lobach 199614 Feedback RCT 45 USA Moderate risk of bias
Nilasena 199516 Reminders/prompts RCT 35 USA High risk of bias
O'Connor 201120 CDSS Cluster RCT 2556 USA Moderate risk of bias
O'Reilly 201427 Combination Before-and-after study 2368 Canada Moderate quality
Ramirez 202029 Reminders/prompts Before-and-after study 1163 USA Weak quality
Samoutis 201023 Combination Nonrandomized con-

trolled trial
504 Cyprus Weak quality

Schnipper 201017 CDSS RCT 7009 USA Moderate risk of bias
Weber 200828 Combination Before-and-after study 19,494 USA Weak quality
Zhou 201132 Combination Interrupted time series 263,509 USA Weak quality

CDSS = Clinical Decision Support System; RCT = randomized controlled trial.

Supplementary Table 3 Clinical Outcomes Described by the Studies Included in Our Review

Outcome Specific Outcome Studies that Demonstrated
Positive Change

Studies that
Demonstrated No Change

Lipid control Proportion of patients achieving LDL target 25,28,31,33
Absolute change in LDL or TC 23 21,30
Absolute change in TC:HDL ratio 27
Both the percentage of patients achieving LDL
target and change in absolute value

18,26 20

Blood pressure control Proportion of patients achieving systolic BP
<130 mm HG, diastolic BP <80 or both

20,25,28,31

Absolute change in BP values 22,23,27 20,21
Both the percentage of patients achieving BP
target and change in absolute values

18,26

Glycemic control Proportion of patients achieving target A1c 28,31,33,34 20,25
Both the proportion of patients achieving target
A1c and change in absolute value of A1c

18 26

Change in the absolute value of A1c 20 21-23,27,30

BP = blood pressure; LDL = low-density lipoprotein; TC = total cholesterol.
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Supplementary Table 4 Studies that Noted a Positive Change in Lipid Profile

Study Outcome Preintervention/
Control

Postintervention P Value

Ali 201618 Proportion of patients with LDL
<100 mg/dL (or <70 mg/dL for those
with previous cardiovascular disease)

47.1% 56.4% < .001

Mean LDL 122.4 mg/dL 114.5 mg/dL Not provided
(95% CI, �10.90 to �4.81)

Ciemins 200931 Proportion of patients with LDL <100 mg/
dL

33.1% 56.6% < .0001

Goldfracht 201133 Proportion of patients with LDL ≤100 mg/
dL

26.4% 59.1% < .0001

Guzek 200925 Proportion of patients with LDL <100 mg/
dL

61.3% 65.2% .036

Hunt 200926 Proportion of patients with LDL <100 mg/
dL

32% 56% .002

Mean LDL 106 mg/dL 93 mg/dL .002
O'Reilly 201427 TC:HDL ratio 3.81 3.66 .001
Samoutis 201023 Mean TC 5.85 mmol/L 5.33 mmol/L < .0001

Mean LDL 3.64 mmol/L 3.28 mmol/L .0022
Weber 200828 Proportion of patients with LDL ≤100 mg/

dL
Improvement but percentages not specified < .001

CI = confidence interval; LDL = low-density lipoprotein; TC = total cholesterol.

Supplementary Table 5 Studies that Noted a Positive Change in Blood Pressure Control

Study Outcome Preintervention/ Control Postintervention P Value

Ali 201618 Proportion of patients with systolic
pressure <130 mm Hg

45.0% 51.0% 0.010

Mean systolic pressure 143.3 mm Hg 139.3 mm Hg Not provided
(95% CI, �5.85 to �2.22)

Mean diastolic pressure 81.7 mm Hg 79.7 mm Hg Not provided
(95% CI, �3.00 to �1.05)

Ciemins 200931 Proportion of patients with BP
<130/80 mm Hg

26.9% 43.9% < .0001

Guzek 200925 Proportion of patients with BP
<130/80 mm Hg

40.9% 49.4% .03

Hetlevik 200022 Mean diastolic pressure 85.3 mm Hg 82.8 mm Hg Not provided
Hunt 200926 Proportion of patients with BP

<130/80 mm Hg
30% 52% .002

Mean systolic pressure 133 mm Hg 128 mm Hg .002
Mean diastolic pressure 75 mm Hg 72 mm Hg .002

O'Connor 201120 Proportion of patients with systolic
BP <130 mm Hg

75.1% 80.2% .03

Proportion of patients diastolic BP
<80 mm Hg

81.7% 85.6% .07

Mean systolic pressure 131.5 mm Hg 130.5 mm Hg .56
Mean diastolic pressure 77.1 mm Hg 76.8 mm Hg .38

O'Reilly 201427 Mean diastolic pressure 76.5 mm Hg 75.3 mm Hg .042
Samoutis 201023 Mean systolic pressure 137.1 mm Hg 133.6 mm Hg .0022

Mean diastolic pressure 80.3 mm Hg 77.9 mm Hg .0001
Weber 200828 Proportion of patients with BP

<130/80 mm Hg
39.7% 43.9% < .0001

BP = blood pressure; CI = confidence interval.
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Supplementary Table 6 Studies that Noted a Positive Change in Glycemic Control

Study Outcome Preintervention/
Control

Postintervention P Value

Ali 201618 Proportion of patients with A1c <7 11.1% 21.5% < .001
Mean A1c 9.9% 9.4% Not provided

(95% CI, �0.69 to �0.32)
Ciemins 200931 Proportion of patients with A1c <7 48.5% 66.8% < .0001
Goldfracht 201133 Proportion of patients with A1c ≤7% 10.0% 52.73% < .0001

Proportion of patients with A1c >9% 40.0% 13.0% < .0001
Gunathilake 201334 Proportion of patients with A1c <7.5 78.2% 92.1% .0001
O'Connor 201120 Mean A1c 8.1% 7.9% .01
Weber 200828 Proportion of patients with A1c <7 32.2% 34.8% < .001

CI = confidence interval.

Supplementary Table 7 Studies that Noted a Positive Change in Recommended Screening for Retinopathy, Nephropathy, or Peripheral
Neuropathy

Study Outcome Preintervention/
Control

Postintervention P Value

Bronner 201230 Composite rate of ordering the following tests: A1c, LDL
and urine microalbumin-to-creatinine ratio

29% 49% < .001

Ciemins 200931 Percentage of patients with microalbuminuria testing 38.5% 71.0% < .0001
Percentage of patients with retinal examination 26.2% 58.0% < .0001
Percentage of patients with foot examination 23.4% 66.9% < .0001

Goldfracht 201133 Percentage of patients with microalbuminuria testing 67.6% 68.9% < .001
Guzek 200925 Percentage of patients with microalbuminuria testing 45.6% 66.8%, .006

Percentage of patients with retinal examination 43.3% 55.8% .04
Percentage of patients with foot examination 50.8% 85.4% < .001

Hunt 200926 Percentage of patients with retinal examination 39% 59% .002
Percentage of patients with foot examination 26% 79% .002

Samoutis 201023 Percentage of patients with microalbuminuria testing 0% 37% Not provided
Percentage of patients with retinal examination 0% 59% Not provided
Percentage of patients with foot examination 0% 73% Not provided

LDL = low-density lipoprotein.
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