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Abstract  

Background 

As patients experience transitions in care, there is a need to share information between care providers in 

an accurate and timely manner. With the push towards electronic medical records and other electronic 

tools (eTools) (and away from paper-based health records) for health information exchange, there remains 

uncertainty around the impact of eTools as a form of communication. 

 

Objective 

To examine the impact of eTools for health information exchange in the context of care coordination for 

individuals with chronic disease in the community. 

 

Data Sources 

A literature search was performed on April 26, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, EBSCO Cumulative Index to Nursing & 

Allied Health Literature (CINAHL), the Wiley Cochrane Library, and the Centre for Reviews and 

Dissemination database, for studies published until April 26, 2012 (no start date limit was applied). 

 

Review Methods 

A systematic literature search was conducted, and meta-analysis conducted where appropriate. Outcomes 

of interest fell into 4 categories: health services utilization, disease-specific clinical outcomes, process-of-

care indicators, and measures of efficiency. The quality of the evidence was assessed individually for 

each outcome. Expert panels were assembled for stakeholder engagement and contextualization. 

 

Results 

Eleven articles were identified (4 randomized controlled trials and 7 observational studies). There was 

moderate quality evidence of a reduction in hospitalizations, hospital length of stay, and emergency 

department visits following the implementation of an electronically generated laboratory report with 

recommendations based on clinical guidelines. The evidence showed no difference in disease-specific 

outcomes; there was no evidence of a positive impact on process-of-care indicators or measures of 

efficiency. 

 

Limitations 

A limited body of research specifically examined eTools for health information exchange in the 

population and setting of interest. This evidence included a combination of study designs and was further 

limited by heterogeneity in individual technologies and settings in which they were implemented.  

 

Conclusions 

There is evidence that the right eTools in the right environment and context can significantly impact 

health services utilization. However, the findings from this evidence-based analysis raise doubts about the 
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ability of eTools with care-coordination capabilities to independently improve the quality of outpatient 

care. While eTools may be able to support and sustain processes, inefficiencies embedded in the health 

care system may require more than automation alone to resolve.  
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Plain Language Summary 

Patients with chronic diseases often work with many different health care providers. To ensure smooth 

transitions from one setting to the next, health care providers must share information and coordinate care 

effectively. Electronic medical records (eTools) are being used more and more to coordinate patient care, 

but it is not yet known whether they are more effective than paper-based health records. In this analysis, 

we reviewed the evidence for the use of eTools to exchange information and coordinate care for people 

with chronic diseases in the community. There was some evidence that eTools reduced the number of 

hospital and emergency department visits, as well as patients’ length of stay in the hospital, but there was 

no evidence that eTools improved the overall quality of patient care. 
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Background 

  

In July 2011, the Evidence Development and Standards (EDS) branch of Health Quality Ontario (HQO) began developing an 
evidentiary framework for avoidable hospitalizations. The focus was on adults with at least 1 of the following high-burden chronic 
conditions: chronic obstructive pulmonary disease (COPD), coronary artery disease (CAD), atrial fibrillation, heart failure, stroke, 
diabetes, and chronic wounds. This project emerged from a request by the Ministry of Health and Long-Term Care for an 
evidentiary platform on strategies to reduce avoidable hospitalizations.  

After an initial review of research on chronic disease management and hospitalization rates, consultation with experts, and 
presentation to the Ontario Health Technology Advisory Committee (OHTAC), the review was refocused on optimizing chronic 
disease management in the outpatient (community) setting to reflect the reality that much of chronic disease management 
occurs in the community. Inadequate or ineffective care in the outpatient setting is an important factor in adverse outcomes 
(including hospitalizations) for these populations. While this did not substantially alter the scope or topics for the review, it did 
focus the reviews on outpatient care. HQO identified the following topics for analysis: discharge planning, in-home care, 
continuity of care, advanced access scheduling, screening for depression/anxiety, self-management support interventions, 
specialized nursing practice, and electronic tools for health information exchange. Evidence-based analyses were prepared for 
each of these topics. In addition, this synthesis incorporates previous EDS work, including Aging in the Community (2008) and a 
review of recent (within the previous 5 years) EDS health technology assessments, to identify technologies that can improve 
chronic disease management.  

HQO partnered with the Programs for Assessment of Technology in Health (PATH) Research Institute and the Toronto Health 
Economics and Technology Assessment (THETA) Collaborative to evaluate the cost-effectiveness of the selected interventions 
in Ontario populations with at least 1 of the identified chronic conditions. The economic models used administrative data to 
identify disease cohorts, incorporate the effect of each intervention, and estimate costs and savings where costing data were 
available and estimates of effect were significant. For more information on the economic analysis, please contact either Murray 
Krahn at murray.krahn@theta.utoronto.ca or Ron Goeree at goereer@mcmaster.ca.  

HQO also partnered with the Centre for Health Economics and Policy Analysis (CHEPA) to conduct a series of reviews of the 
qualitative literature on “patient centredness” and “vulnerability” as these concepts relate to the included chronic conditions and 
interventions under review. For more information on the qualitative reviews, please contact Mita Giacomini at 
giacomin@mcmaster.ca.  

The Optimizing Chronic Disease Management in the Outpatient (Community) Setting mega-analysis series is made up of the 
following reports, which can be publicly accessed at http://www.hqontario.ca/evidence/publications-and-ohtac-
recommendations/ohtas-reports-and-ohtac-recommendations.  

 Optimizing Chronic Disease Management in the Outpatient (Community) Setting: An Evidentiary Framework 

 Discharge Planning in Chronic Conditions: An Evidence-Based Analysis  

 In-Home Care for Optimizing Chronic Disease Management in the Community: An Evidence-Based Analysis  

 Continuity of Care: An Evidence-Based Analysis  

 Advanced (Open) Access Scheduling for Patients With Chronic Diseases: An Evidence-Based Analysis  

 Screening and Management of Depression for Adults With Chronic Diseases: An Evidence-Based Analysis  

 Self-Management Support Interventions for Persons With Chronic Diseases: An Evidence-Based Analysis 

 Specialized Nursing Practice for Chronic Disease Management in the Primary Care Setting: An Evidence-Based Analysis 

 Electronic Tools for Health Information Exchange: An Evidence-Based Analysis 

 Health Technologies for the Improvement of Chronic Disease Management: A Review of the Medical Advisory Secretariat 
Evidence-Based Analyses Between 2006 and 2011 

 Optimizing Chronic Disease Management Mega-Analysis: Economic Evaluation 

 How Diet Modification Challenges Are Magnified in Vulnerable or Marginalized People With Diabetes and Heart Disease: A 
Systematic Review and Qualitative Meta-Synthesis 

 Chronic Disease Patients’ Experiences With Accessing Health Care in Rural and Remote Areas: A Systematic Review and 
Qualitative Meta-Synthesis 

 Patient Experiences of Depression and Anxiety With Chronic Disease: A Systematic Review and Qualitative Meta-
Synthesis 

 Experiences of Patient-Centredness With Specialized Community-Based Care: A Systematic Review and Qualitative Meta-
Synthesis 

mailto:murray.krahn@theta.utoronto.ca
mailto:goereer@mcmaster.ca
mailto:giacomin@mcmaster.ca
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/ohtas-reports-and-ohtac-recommendations
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/ohtas-reports-and-ohtac-recommendations
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Objective of Analysis 

The objective of this analysis was to examine the impact of electronic tools (eTools) for health 

information exchange in the context of care coordination for individuals with chronic disease in the 

community. Of particular interest was the use of eTools by community-based primary care physicians 

(PCPs) to share information in an accurate and timely manner with laboratories, pharmacies, and other 

health care providers as patients transition between PCPs and acute care or other specialists. This 

evidence-based analysis is a part of the mega-analysis Optimizing Chronic Disease Management in the 

Community. 

 

Clinical Need and Target Population 

Continuity of Care 

Continuity of care can be categorized into 3 domains: relational, management, and informational. 

Informational continuity of care (the focus of this analysis) is the continuous flow of information between 

multiple care providers across different parts of the health care system.  

 

Overall sustained continuity of care has been associated with fewer hospitalizations and emergency 

department (ED) visits, as well as improved patient satisfaction and receipt of preventive services. (1) As 

patients experience transitions in care (such as between primary care, specialists, and hospitalists) they are 

at increased risk for adverse events as a result of errors in information transmission. (2) As such, formal 

efforts towards informational continuity of care have become a key component of care coordination. (3) 

 

Care Coordination 

Care coordination involves the exchange of information about a patient’s care history, current health 

status, and/or care plan. (4) It accompanies breaks in continuity of care and is carried out to facilitate the 

appropriate delivery of health care services by various health care providers. (4) Even the best continuity 

of care efforts cannot entirely eliminate the need for care coordination during patient transitions; for 

example, there will always be a need for care coordination between PCPs and specialists.  

 

As a patient navigates the health care system, complex networks of providers require careful care 

coordination to ensure information continuity (Figure 1). To be well informed, PCPs must coordinate 

with specialists, EDs, hospital-based physicians, and sources of diagnostic data (e.g., laboratory and 

imaging results), as well as communicating with nurses and other allied health care professionals. Failures 

in care coordination can contribute to serious adverse events. (4) 
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Figure 1: Example of Complex Flow of Information Involved in Care Coordination 

Abbreviations: ED, emergency department; PCP, primary care physician. 

 

 

Tools for Care Coordination 
Care coordination may take many different forms. Informal methods include “hallway handoffs” (i.e., 

person-to-person communication), e-mail, phone calls, and even sticky notes on patient charts. (5) More 

formal techniques involve standardized levels of information and include structured person-to-person 

handoffs, discharge summaries with medication history, and organized shared care. (5) 

 

Care coordination is increasingly being conducted using computer-based programs to facilitate 

information transfer and shared care. (6) There are a number of perceived potential benefits to this 

approach, including improved provider communication and coordination (as a result of standardized 

documentation), and speed of availability. (4;5) However, some health care providers are hesitant to adopt 

computer-assisted management; reasons for concern include security and privacy issues, 

depersonalization of care, and the up-front costs of incorporating an electronic system. (7)    

 

Care Coordination and Chronic Disease 
Individuals with a chronic disease often have multiple concurrent chronic conditions and complications 

that require regular visits with a number of different specialists in addition to their PCP. As well, these 

patients may have intermittent interactions with the ED and other acute care settings. (2;3) As such, they 

may be at increased risk for severe adverse events if information does not flow between health care 

settings in a timely and accurate manner. (2;3;8) Given the potential patient safety risks associated with 

poor care coordination, many institutions and health care systems are exploring means of improving care 

coordination. (6)  
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Technology 

Electronic Tools for Health Information Exchange  

Currently, the use of eTools ranges from a single point of information exchange between 2 health care 

providers to real-time complete sharing of patient electronic medical records (EMRs) between everyone 

involved in a patient’s care. Given the current rate of evolution of computer-assisted communication in 

health care, the terminology used to describe eTools is almost as varied as the tools themselves. Table 1 

describes common terminology and potential applications for a number of eTools used in modern health 

care systems.  

 
Table 1: Description and Potential Applications for Various eTools 

eTool Description Application 

Alerts and 
reminders 

A system that uses patient-level data and clinical 
guidelines to prompt physicians with alerts and 
reminders for patient check-ups and treatments 

Usually part of a CPOE or EMR system  

CDSS A system that uses patient-level data and clinical 
guidelines to prompt physicians with treatment and 
prevention opportunities for their patients 

May be part of a comprehensive EMR system or 
implemented as a stand-alone system 

CPOE A system to share physician orders with multiple care 
providers, including nurses, pharmacists, and other 
allied health care professionals 

May be part of a comprehensive EMR system or 
implemented as a stand-alone system 

Disease registry A system that maintains lists of patients with a 
particular diagnosis or who require routine health 
maintenance manoeuvres 

Used to track patients who need regular follow-
up and to conduct population health status and 
service utilization monitoring 

EHR Linked health records to identify a patient’s interaction 
with multiple points of contact in the health care 
system 

Used to monitor and manage the population 
health to identify trends in prevalence rates and 
risk assessments 

EMR A comprehensive health record at the level of the 
patient within a single health care system  

Typically applied at the level of a single 
institution or network; may or may not be 
accessible to health care professionals outside 
of that institution (e.g., PCPs sharing EMRs with 
hospital physicians) 

e-Prescribing A system to add, adjust, edit, monitor, and share 
prescribing orders 

May be part of a comprehensive EMR system or 
implemented as a stand-alone system 

Health information 
system or health 
information tool  

Generic term to describe electronic systems that 
manage, store, and/or retrieve health data 

May be used to describe any combination of 
eTools used in health information management 

PACS A system to manage, store, and retrieve results of 
certain health tests, such as an MRI or CT scan 

May be part of a comprehensive EMR system or 
implemented as a stand-alone system 

Patient portal Extensions of existing EMR systems that allow 
patients to view and interact with at least part of the 
EMR under the responsibility of physicians and 
hospitals  

Used to facilitate patient interactions with their 
physicians and other health care professionals; 
may be used to assist with self-management 
programs that are guided and monitored by 
health care providers 

PHR Patient-accessible health record; may or may not 
include a mechanism to facilitate monitoring by, and 
communication with, health care providers 

May be used to assist with patient self-
management, specifically with chronic disease 
(e.g., monitoring blood glucose levels in patients 
with diabetes). Usually used to give patients 
access to their own health records  

Risk assessment 
tool 

A system that uses patient-level data and validated 
risk assessment tools to identify patients at risk (e.g., 
for diabetes, cardiovascular disease, or 
rehospitalization) 

May be implemented at the level of the individual 
patient, physician practice, or population level 

Abbreviations: CDSS, clinical decision support system; CPOE, computerized physician (or provider) order entry; CT, computed tomography; EHR, 
electronic health record; EMR, electronic medical record; eTool, electronic tool; MRI, magnetic resonance imaging; PACS, picture archiving 
communication system; PCP, primary care physician; PHR, personal (or patient) health record. 
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Dissemination of eTools for Health Information Exchange 

The adoption of EMRs has been steadily on the rise. One study commissioned by Canada Health Infoway 

examined automation in general practice across 10 countries (8 European nations, Australia, and New 

Zealand). (9) The authors found that nearly all physicians in these countries had computers (90 to 100%) 

and that in Denmark and Norway, more than 75% of physician offices conducted business in a “paper-

light” manner. (9) Overall, the most common application was medication prescribing and monitoring, 

whether or not it was a mandated component of government regulations. (9) 

 

Denmark is considered a successful example of the adoption of information and communication 

technology in PCP offices; it had more than 80% dissemination of EMRs among its PCPs by 2009. (10) 

EMRs were equipped, at a minimum, with the ability to record patient appointments, generate medication 

prescriptions, send orders and requests to laboratories, include clinical notes, and receive results from 

other physicians (including discharge summaries). (10) Additionally, as many as 60% of all physicians 

had EMRs in 2009, facilitating communication with specialists and hospitals for referrals and shared-care 

functionalities. (10) Where success in EMR uptake has been observed, it has largely been attributed to a 

central body as the national health system integrator; in the case of Denmark, this is the government 

agency MedCom. (10) Similar trends have been observed in the United Kingdom, where there has been 

substantial uptake in computer use in primary care since the late 1980s, specifically to assist with the 

management of diabetes care. (11) In 1988, 20% of family practices had computers; that number rose to 

70% by 1992 and 92% by 1997.  (11) 

 

In contrast, North America has been significantly slower to reach the same degree of uptake. The United 

States Centers for Disease Control and Prevention determined via survey that as of 2010, 48.3% of 

physicians reported using at least partial EMR/electronic health record (EHR) systems in their practice. 

(12) This was an increase of 6.3% from 1 year earlier, but part of a growth trend since 2003, when only 

17.3% of physicians reported using EMRs/EHRs. (12)   

 

Ontario Context  
Ontario’s primary health teams are generally supportive of computer-assisted communication. (5) There 

is consensus that eTools can facilitate the sharing of information, providing greater ease, speed, and 

accuracy. (5) However, some health care providers maintain a preference for face-to-face communication. 

(5) This may be attributed to lack of time to sit and read email, lack of familiarity with technology, and/or 

concerns that it would be time-consuming to learn. (5) 

 

The Ontario government agency e-Health Ontario is mandated to “play a leading role in harnessing 

[information technology] and innovation to improve patient care, safety and access…” (13) Among its 

numerous initiatives is the creation of a funding program to encourage community physicians to adopt 

EMRs and the launch of a comprehensive e-prescribing system at 2 pilot sites. (14)  

 

OntarioMD, an eHealth Ontario partner agency, operates the “new EMR adopter” funding program. This 

program grants physicians as much as $30,000 (Cdn) in subsidies over the first 3 years of EMR 

implementation in a previously paper-based practice. (15) The program has a predefined list of standards 

that must be met for an EMR system to be eligible. As of February 2012, more than 7,000 community-

based physicians (including both general practitioners [GPs] and specialists) had been funded via 

government programs. (16) 
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Evidence-Based Analysis 

Research Questions 

 What is the impact of eTools for health information exchange on patient outcomes and health 

services utilization when used to improve the care coordination of adults with chronic disease?  

 What specifications of eTools contribute to their effectiveness? 

 

Research Methods 

Literature Search 

Search Strategy 
A literature search was performed on April 26, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, EBSCO Cumulative Index to Nursing & 

Allied Health Literature (CINAHL), the Wiley Cochrane Library, and the Centre for Reviews and 

Dissemination database, for studies published before April 26, 2012 (no start date limit was applied). 

Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, full-

text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search.  

 

Inclusion Criteria*  

English language, full-reports  

 published before April 26, 2012 

 tools and systems for electronic health information exchange that facilitate provider-provider 

communication in the outpatient community setting (including but not limited to referrals, 

prescribing, computerized physician order entries, and intra-team communication) 

 covering 1 or more of the chronic conditions of interest (chronic obstructive pulmonary disease, 

coronary artery disease, congestive heart failure, atrial fibrillation, diabetes, stroke, chronic 

wounds) or otherwise identified with general terms for chronic conditions or multiple chronic 

conditions/multi-morbidity 

 

Exclusion Criteria* 

 eTools to facilitate communication between patient and health care provider 

 patient health records and patient self-monitoring devices  

 database risk-assessment tools 

 eTools to facilitate improved management or care of patients within a single physician’s practice 

(e.g., clinical decision-support and patient data management systems) 

 studies where no outcomes of interest could be extracted, or where there was substantial 

confounding in the exposure of interest 

 letters, comments, editorials, surveys, and other publications based primarily on expert opinion 

 

                                                      
*Interventions were evaluated based on the application of the eTool, not on the label applied to it. For example, telemedicine was considered for 
inclusion if a nurse was involved in the transmission of patient data and the eTool was used as a mechanism for care coordination, but it was excluded 
if the patient was involved in the transmission of data.  
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Outcomes of Interest  

Primary Outcomes  

 health services utilization 

– hospitalizations 

– readmissions 

– length of stay  

– ED use  

– mortality 

– health-related quality of life  

– patient satisfaction 

 disease-specific clinical outcomes (e.g., hemoglobin A1c [HbA1c], blood pressure, total 

cholesterol) 

 

Secondary Outcomes 

 process-of-care indicators 

– achievement of a clinical outcome (e.g., HbA1c < 7%)   

– rate of clinical tests/examinations conducted or recorded (e.g., rate of conducting eye 

examinations among patients with diabetes)  

 measures of efficiency 

– record keeping (e.g., accuracy of information) 

– informational continuity (e.g., time to receive discharge summary) 

– time  

– subjective impact on efficiency (e.g., self-identified provider workload)  

 

Statistical Analysis 

Where appropriate, a meta-analysis was performed using Review Manager Version 5. (17) A fixed-effect 

model was used, unless significant heterogeneity was observed (P ≤ 0.10); then, a random-effects model 

was used to address significant heterogeneity. A P value of < 0.05 was considered statistically significant. 

 

Where meta-analysis was not appropriate and where sufficient data were provided, effect estimates were 

calculated and presented descriptively. Some studies presented adjusted effect estimates; these were 

extracted directly, but they limited the potential for meta-analysis.  

 

Patient-level data were prioritized over population-level data (e.g., number of ED visits per patient versus 

proportion of the population who had an ED visit), as they were considered to more accurately represent 

the impact on health services utilization.  
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Quality of Evidence 

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (18) The overall quality was determined to be very low, low, moderate, or high using a 

step-wise structural methodology. 

 

Study design was the first consideration; the starting assumption was that randomized controlled trials 

(RCTs) are high quality, whereas, observational studies are low quality. Five additional factors—risk of 

bias, inconsistency, indirectness, imprecision and publication bias—were then taken into account. 

Limitations in these areas resulted in downgrading the quality of evidence. Finally, 3 main factors that 

may raise the quality of evidence were considered: large magnitude of effect, dose response gradient, and 

accounting for all residual confounding factors. (18) For more detailed information, please refer to the 

latest series of GRADE articles. (18) 

  

As stated by the GRADE Working Group, the final quality score can be interpreted using the following 

definitions: 

 

High Very confident that the true effect lies close to that of the estimate of the effect 

  

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

 

Very Low Very little confidence in the effect estimate – the true effect is likely to be 

substantially different from the estimate of effect 
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Results of Evidence-Based Analysis 

The database search yielded 2,723 citations published before April 26, 2012 (with duplicates removed). 

Articles were excluded based on information in the title and abstract. The full texts of potentially relevant 

articles were obtained for further assessment. Figure 2 shows the breakdown of when and for what reason 

citations were excluded in the analysis.  

 

Seven studies (3 RCTs and 4 observational studies) met the inclusion criteria. The reference lists of the 

included studies were hand searched to identify any additional potentially relevant studies, and 4 

additional citations (1 RCT and 3 observational studies) were included, for a total of 11 citations.  

 

 
Figure 2: Citation Flow Chart 

 

  

Search results 
(excluding 
duplicates) 
n = 2,723 

Study abstracts 
reviewed 
n = 960 

Full-text studies 
reviewed 
n = 139 

Included Studies (11)c 

 Observational studies: n = 7 

 RCTs: n = 4 

Additional citations 
identified 
n = 4a,b 

Citations excluded 
based on title 

n = 1,763 

Citations excluded 
based on abstract 

n = 821 

Citations excluded 
based on full text 

n = 132 

Reasons for exclusion 

Full text review: Excluded study type  
(n = 50), excluded outcomes of interest 
(n = 13), excluded intervention (n = 50), 
confounded exposure (n= 10), excluded 
patient population (n = 8), additional 
citation identified (n =1)b 

aOne citation was identified through 
targeted key word searches.  

bPeriodic updates to the literature search 
were conducted up to and including 
August 1, 2012. As a result, 3 additional 
citations were included. One of these 

was a longer (24 months) follow-up of a 
previously identified study. 

cThree supplementary publications on 
included studies were referenced for 
further study details (Appendix 2). 
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For each included study, the study design was identified and is summarized in Table 2, which is a 

modified version of a hierarchy of study design by Goodman. (19)  

 
Table 2: Body of Evidence Examined According to Study Design 

Study Design Number of Eligible Studies 

RCT Studiesa  

Systematic review of RCTs  

Large RCT 4 

Small RCT  

Observational Studiesb  

Systematic review of non-RCTs with contemporaneous controls  

Non-RCT with contemporaneous controls 2 

Systematic review of non-RCTs with historical controls  

Non-RCT with historical controls 1 

Database, registry, or cross-sectional study  

Case series  

Retrospective review, modelling 4  

Studies presented at an international conference  

Expert opinion  

Total 11 

Abbreviation: RCT, randomized controlled trial. 
aIncludes 2 cluster RCTs. 
bIncludes 3 studies that are self-identified as controlled trials, but methodology is that of observational studies. 

 

Summary of Other Evidence 

Ten systematic reviews based on original research were identified but not included in the analysis. (20-

29) No systematic review was found to be representative of the population, setting, and interventions of 

interest. Most were narrative reviews that applied no meta-analyses or regression analyses.  

 

The reviews identified components of data management systems that may contribute to the improved care 

of patients with chronic disease. All acknowledged that there are limitations in the current body of 

literature, mostly because of significant heterogeneity among interventions and varying degrees of 

integration of eTools in established organizational structures. None of the reviews identified eTool 

components that could be clearly attributed to the optimization of chronic disease management in the 

community, but additional systematic reviews have noted the potential impact of health information 

exchange in a general primary care population. (30;31) 
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Characteristics of Included Studies 

Eleven studies were included in the evidence-based analysis (Table 3). The studies were from 4 different 

countries (Australia 1, Netherlands 1, United Kingdom 1, United States 8) and included 4 different 

populations of interest (coronary artery disease 1, diabetes 7, heart failure 1, multiple chronic conditions 

2). Study sample sizes ranged from 235 to 27,207 patients; 1 study reported number of patient encounters 

(125,700).  

 

The eTools applied in each study were unique, as were the conditions under which they were applied 

(Table 4). Some were used to coordinate care between hospital-based and outpatient/community-based 

health care providers; (32-35) some were applied in a community setting to help coordinate care between 

PCPs and other health care professionals (e.g., nurses and pharmacists); (36;37) the rest were applied in 

multiple care coordination efforts and/or did not specify their points of care coordination communication. 

(38-42)  

 

The quality of evidence was evaluated individually for each outcome. When evaluating the quality of 

evidence, further study details were sought from additional articles published on the same study if 

possible (Appendix 2). Details of the quality of evidence evaluation are available in Appendix 3. 



 

Ontario Health Technology Assessment Series; Vol. 13: No. 11, pp. 1–76, September 2013 23 

Table 3: Description of Included Studies  

Author, 
Year 

Country, Sites Study 
Design 

Length 
of 

Study 

Patient 
Population 

Mean Age, 
yearsa 

(Intervention/ 
Control) 

Female, % 
(Intervention/ 

Control) 

Sample Size, nb 
(Intervention/ 

Control) 

Loss to Follow-
up 

(Intervention/ 
Control) 

List of All Outcomes 
Reported 

Branger et al, 
1999 (32) 

Netherlands 
(Apeldoorn 
region) 

Case-
control 

1 year Patients with 
diabetes 

58/62  53/53 215/60 None Number of tests recorded 
per patient for 11 clinical 
tests; number of patient 
contacts with GP and 
consultant; number of 
letters between GP and 
consultants 

Cebul et al, 
2011 (38) 

United States 
(Ohio) 

Case-
control 

1 year Adults (18–75 
years) with 
diabetes 

58/53 52/57 24,547/2,660 NA 4 measures of care, 5 
clinical outcomes, and 
composite outcomes for 
each; trends by type of 
clinical practice and 
insurance 

Crosson et 
al, 2012 (39) 

United States 
(New Jersey, 
Pennsylvania) 

Case-
control 

3 years Patients with 
diabetes 

59/61 53/51 306/492 21 practices 
withdrew, 
closed, or 
otherwise 
excluded after 
study 
recruitment 

5 process-of-care 
measures, 3 treatment 
measures, 3 outcome 
measures, and composite 
outcomes for each 

Graumlich et 
al, 2009 (34) 

United States 
(Illinois) 

Cluster 
RCT 

6 months Patients (18–
98 years) with 
the probability 
of repeat 
admission  
≥ 0.40c 

Age presented 
categorically: 
27% were 55–
64 years/30% 
were 18–44 
years 

57/53 316/315  29 (10 deaths)/ 
32 (10 deaths) 

Readmissions, ED visits, 
adverse events, type of 
adverse event, time to 
readmission, time to ED 
visit, time to receive 
discharge summary 

Henderson et 
al, 2010 (36) 

Australia 
(multiple 
regions) 

Non-
RCT 

16 
months 

All patients in 
GP practiced 

NR; logistic 
regression 
model adjusted 
for differences 
in baseline 
characteristics  

NR; logistic 
regression 
model adjusted 
for differences 
in baseline 
characteristics 

106,900/18,800  
patient 
encounters 

NA Consultation length; 
multivariate analyses for 
33 other quality indicators, 
most of which are rate of 
conducting clinical tests 

Herrin et al, 
2012 (40) 

United States 
(Texas) 

Case-
control 

5 years Patients with 
diabetes and 
≥ 40 years of 
age 

Age presented 
categorically: 
34% were 51–
60 years/38% 
were 51–60 
years 

50/50 6,376/7,675 
patients  
 
10,171/35,033 
patient years 

NA; patient 
years are 
accounted 

11 process-of-care 
measures, 6 clinical 
outcome thresholds, and 
composite of these 
outcomes 
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Author, 
Year 

Country, Sites Study 
Design 

Length 
of 

Study 

Patient 
Population 

Mean Age, 
yearsa 

(Intervention/ 
Control) 

Female, % 
(Intervention/ 

Control) 

Sample Size, nb 
(Intervention/ 

Control) 

Loss to Follow-
up 

(Intervention/ 
Control) 

List of All Outcomes 
Reported 

Khan et al, 
2010 (35) 

United States  
(Vermont, New 
York) 

Cluster 
RCT 

32 
months 
(average) 

Adult patients 
with diabetes 

62/63 52/50 3,856/3,512  NR Hospital admission, 
readmission, length of 
stay, ED admission, 
money in patient charges; 
stratified by gender and 
age 

Lester et al, 
2005 (33) 

United States 
(Massachusetts) 

RCT 12 
months 

Adult patients 
(>30 years of 
age) with 
CAD or CAD 
risk 
equivalent 

64/62 57/60 118/117 All randomized 
patients 
received 
allocated 
intervention; 
only 81 patients 
in the 
intervention 
group and 82 in 
the control group 
had LDL-C 
measures taken 

Proportion with change in 
statin prescription, time to 
change in prescription, 
repeat LDL-C, reason for 
deferred action after 
referral 

Montori et al, 
2002 (37) 

United States 
(Minnesota—
Mayo clinic) 

Cluster 
RCT 

24 
months 

Adult (≥18 
years of age) 
patients with 
diabetes 
(type I or II) 

69/72 56/60 399/208  NR 12 performance measures 
of compliance with clinical 
tests, 8 metabolic 
outcomes, 3 health care 
use outcomes 

Walsh et al, 
2012 (41) 

United States 
(multiple 
regions) 

Case-
control 

24 
months 

Patients with 
heart failuree 

70 (median) 28 4,220/2,950 NR Physician practice 
characteristics, conformity 
with 7 quality measures 

Wells et al, 
1996 (42) 

United Kingdom 
(Bedfordshire) 

Case 
series 

23 
months 

Patients with 
diabetes  

NR NR 2,049 (after)/ 
1,190 (before) 

NR Compliance with 9 
performance measures 

Abbreviations: CAD, coronary artery disease; ED, emergency department; GP, general practitioner; LDL-C, low-density lipoprotein cholesterol; NA, not applicable; NR, not reported; RCT, randomized controlled 
trial. 
aUnless otherwise specified. 
bNumber of patients unless otherwise specified. 
cBased on age, health status, number of physician visits, CAD, and diabetes, among other factors. 
dResults stratified and 3 groups of interest were identifiable: 1) diabetes; 2) left ventricular failure, ischemic heart disease, diabetes, or cerebrovascular disease; and 3) atrial fibrillation. 
eBased on myocardial infarction history and left ventricular systolic dysfunction. 
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Table 4: Description of Individual Technologies Applied 

Author, Year Care Coordination 
Communication Sites 

Intervention Control Description and Context of Intervention Technology 

Branger et al, 
1999 (32) 

PCPs (GPs) 

 
Hospital outpatient clinic 

diabetes specialists 

GPs with the highest number of 
referred patients through the EDI 
system to the specialists in the 
outpatient clinic (20 GPs; 215 
patients)   

GPs not in the intervention group 
(12 GPs; 60 patients)  

EDI system that fully replaced paper records and has 
the capability for communication with other electronic 
information systems; an EDI system has been in place 
in the study region since 1989, with increasing levels of 
detail and sophistication since its inception 

Cebul et al, 
2011 (38) 

PCPs 

 
Various sources, including 

fellow health care team 
members 

Practices using EHRs (3 care 
organizations; 33 practices;  
516 providers; 24,547 patients) 

Practices using paper-based 
records (4 care organizations; 13 
practices; 53 providers; 2,660 
patients) 

Details of individual EHR systems were not specified 

Crosson et al, 
2012 (39) 

PCPs 

 
Various sources, including 

fellow health care team 
members 

Practices using EHRs for the 
duration of the study (16 practices; 
306 patients at end of study) 

Practices not using EHRs 
(therefore paper records) for the 
duration of the study (26 
practices; 492 patients at end of 
study) 

Details of individual EHR systems were not specified; at 
the time of this study there were local incentive 
programs designed to encourage the adoption of EHRs 
by smaller practices, but it is not clear whether the 
funders had required components to be eligible for the 
financial incentive programs 

Graumlich et al, 
2009 (34) 

Hospital internists 
↓ 

Outpatient physicians and 
dispensing pharmacists in 

the community 

Use of computer software to 
automatically generate personalized 
discharge summaries (35 physicians; 
316 patients) 

Usual care, handwritten discharge 
summaries (35 physicians; 315 
patients) 

A CPOE with automatically generated discharge 
documents, including prescriptions with details for 
dispensing pharmacist; included decision support 
software 

Henderson et 
al, 2010 (36) 

GPs, PCPs 
 

Various health care 
providers, including 

laboratories, pharmacies, 
and specialists 

GPs who were clinical computer 
users defined as using their 
computers for prescribing or ordering 
tests or medical records; this may or 
may not include the Internet or email 
(1,069 GPs) 

GPs using computers for 
administrative functions only; this 
may or may not include the 
Internet or email capability; this 
group also included any 
physicians who did not use a 
computer at all (188 GPs) 

Details of individual computer programs used were not 
specified; at the time of this study over 97% of 
Australian GPs had a computer available at their 
practice 

Herrin et al, 
2012 (40) 

GPs, PCPs 
 

Various sources, including 
fellow health care team 

members 

Practices using EHRs at some point 
during the study period (6,376 unique 
patients throughout study duration of 
5 years; 10,017 patient years) 

Practices and patients never 
exposed to EHRs (7,675 unique 
patients throughout study duration 
of 5 years; 35,033 patient years) 

The local health authority implemented a network of 
EHRs rolled out to various primary care practices over 
the study period; these EHRs included CDSSs, order 
entry, and alerts/reminders, in addition to patient data 
management and shared care capabilities 

Khan et al, 2010 
(35) 

Laboratories 

↓ 
PCPs 

Vermont Diabetes Information 
System (3,856 patients) 

Usual care (3,512 patients) The Vermont Diabetes Information System compiles lab 
results, maintains a registry and produces a report for 
primary care providers and patients; this report includes 
guideline-based recommendations, and alert letters are 
issued on an as-needed basis; a regional network of 
hospital-based laboratories has been in place since 
1996, and at the time of the study it included 13 of the 
14 regional hospitals  
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Author, Year Care Coordination 
Communication Sites 

Intervention Control Description and Context of Intervention Technology 

Lester et al, 
2005 (33) 

Hospital specialists 
↓ 

PCPs and patients 

Automated identification of patients 
and emailed outreach to PCPs of 
patients at high risk; email included 
best practice decision support, as 
well as electronic physician order 
entry and integration into existing 
EHR (118 patients) 

Usual care with EHR system  
(117 patients) 

A total of 14 physicians were invited to participate; each 
physician had patients in both the intervention and 
control groups; to be eligible, physicians must have 
already demonstrated competence with an EHR system  

Montori et al, 
2002 (37) 

Primary care (physicians, 
nurses, clinical assistants, 
and diabetes educators) 

 
Various sources, including 

fellow health care team 
members 

DEMS (16 PCPs; 6,336 patients at 
end of study) 

Before introduction of DEMS 
(6,646 patients at start of study) 

DEMS includes laboratory, medication, examination, 
and clinical notes in a manner for sharing among 
different health care providers; it also includes 
reminders based on clinical guidelines  

Walsh et al, 
2012 (41) 

Not specified Practices using an EHR alone or in 
combination with paper records (78 
practices; 4,220 patients) 

Practices using only paper 
records (61 practices; 2,950 
patients) 

Details of individual EHR systems were not specified; 
EHR use was self-identified in the IMPROVE-HF survey 

Wells et al, 
1996 (42) 

GPs 
 

Various sources, including 
local hospital, diabetes 
specialist centre, and 

fellow health care team 
members 

Shared care as facilitated by the 
introduction of a computerized 
system to support diabetes 
management  

Baseline (1,190 patients at start of 
study) 

Information regarding a patient in response to 
computer-generated prompts or otherwise of clinical 
importance was transcribed into a central database at 
the diabetes information centre, which was opened in 
1990 to facilitate a shared care structure between the 
community and hospital physicians 

Abbreviations: CDSS, clinical decision support system; CPOE, computerized physician (or provider) order entry; DEMS, diabetes electronic management system; EDI, electronic data interchange; EHR, 
electronic health record; GP, general practitioner; PCP, primary care physician. 
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Analysis 

The included studies reported on 5 of the 8 primary outcomes of interest (Table 5). No studies reported mortality, health-related quality of life, or 

patient satisfaction. Studies also reported a number of process-of-care indicators and measures of efficiency.  

 
Table 5: Studies and Outcomes by Chronic Disease Group 

Author, Year 

Primary Outcomes of Interest  Process 
of Care 

Indicators 

Measures 
of 

Efficiency  Health Services Utilization Disease-Specific Clinical Outcomes 

Hospitaliz
-ations 

Length of 
Stay 

ED Visits 
Readmis-

sions 
HbA1c BP 

Chol-
esterol 

Trigly-
cerides 

Othera 

Achievement 
of Clinical 
Guidelines 

Diabetes 

Branger et al, 1999 (32)             

Cebul et al, 2011 (38)             

Crosson et al, 2012 (39)             

Herrin et al, 2012 (40)             

Khan et al, 2010 (35)             

Montori et al, 2002 (37)             

Wells et al, 1996 (42)             

CAD 

Lester et al, 2005 (33)             

Heart Failure 

Walsh et al, 2012 (41)             

Multiple Chronic Conditions 

Graumlich et al, 2009 (34)             

Henderson, et al 2010 (36)             

Abbreviations: BP, blood pressure; CAD, coronary artery disease; ED, emergency department; HbA1c, hemoglobin A1c; PCP, primary care physician. 
aIncludes PCP visits and adverse events. 
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Health Services Utilization  
Five health services utilization outcomes were reported in the included studies: hospitalizations, length of 

stay, ED visits, readmissions, and primary care visits.  

 

Hospitalizations  

One study identified a statistically significant decrease in hospital admissions (relative reduction 15%) in 

the intervention group (Table 6) (GRADE quality of evidence: moderate).  

 
Table 6: Impact of eTools on Hospitalizations 

Author, 
Year 

Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Admissions Per Patient, n  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Khan et al, 
2010 (35) 

RCT 32 months 
(average) 

3,856/3,512 0.17/0.20 Mean difference 
–0.03 (–0.05 to  

–0.01) 

Abbreviations: CI, confidence interval; eTool, electronic tool; RCT, randomized controlled trial. 

 

 

Montori et al also commented that their research did not identify a statistically significant difference 

between study groups with respect to number of hospitalizations, but they did not provide data to support 

this statement. (37) 

 

Length of Stay 

One study identified a statistically significant decrease in hospital length of stay (relative reduction 10%) 

in the intervention group (Table 7) (GRADE quality of evidence: moderate).  

 
Table 7: Impact of eTools on Length of Stay 

Author, 
Year 

Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Days Per Patient, n  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Khan et al, 
2010 (35) 

RCT 32 months 
(average) 

3,856/3,512 0.99/1.1 Mean difference  
–0.11 (–0.19 to 

–0.03) 

Abbreviations: CI, confidence interval; eTool, electronic tool; RCT, randomized controlled trial. 

 

 

ED Visits 

One study identified a statistically significant decrease in number of ED visits (relative reduction 25%) in 

the intervention group (Table 8) (GRADE quality of evidence: moderate).  

 
Table 8: Impact of eTools on Number of ED Visits 

Author, 
Year 

Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Visits Per Patient, n  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Khan et al, 
2010 (35) 

RCT 32 months 
(average) 

3,856/3,512 0.27/0.36 Mean difference 
–0.09 (–0.14 to  

–0.04) 

Abbreviations: CI, confidence interval; ED, emergency department; eTool, electronic tool; RCT, randomized controlled trial. 
aAdjusted with cluster correction. 
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Patient-level data were prioritized for this review; however, Graumlich et al conducted a smaller RCT that 

found no statistically significant difference between study groups in proportion of patients with an ED 

visit (risk difference adjusted for cluster correction –0.052% [95% confidence interval (CI) –0.115 to 

0.011]). (34)  

 

Montori et al also commented that their research did not identify a statistically significant difference 

between study groups with respect to number of ED visits, but they did not provide data to support this 

statement. (37) 

 

Readmissions 

One study identified no statistically significant difference between study groups in patient readmission 

rates (Table 9) (GRADE quality of evidence: high).  

 
Table 9: Impact of eTools on Readmissions 

Author, Year Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Readmissions, n (%)  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Graumlich et 
al, 2009 (34) 

RCT 6 months 316/315 117 (37.0)/119 (37.8) aDiffa 
–0.005 (–0.074 to 

0.065) 

Abbreviations: aDiff, adjusted risk difference; CI, confidence interval; ED, emergency department; eTool, electronic tool; RCT, randomized controlled 
trial. 
aAdjusted for previous hospitalizations, ED visits, heart failure, and physician function. 

 

 

Other Health Services Utilization: Primary Care Visits 

Montori et al commented that their research did not identify a statistically significant difference between 

study groups with respect to number of primary care visits, but they did not provide data to support this 

statement. (37)  

 

Disease-Specific Clinical Outcomes 
Eight disease-specific outcomes were reported in the included studies: HbA1c, systolic blood pressure, 

diastolic blood pressure, total cholesterol, low-density lipoprotein cholesterol (LDL-C), triglycerides, 

proportion of patients who experienced an adverse event, and achievement of clinical guidelines.  

 

HbA1c 

One RCT and 1 observational study reported on HbA1c levels. Neither study identified a statistically 

significant difference between study groups in HbA1c levels (Table 10) (GRADE quality of evidence: 

low to very low). 

 
Table 10: Impact of eTools on HbA1c 

Author, Year Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

HbA1c, %  
(Intervention/Control) 

Effect Estimate  
(95% CI) 

Montori et al, 
2002 (37) 

RCT 24 months 399/208 NR Mean difference 
0.01 [–0.3 to 0.4) 

Branger et al, 
1999 (32) 

Observational 6 months 215/60 –0.21/–0.12 Mean difference 
–0.09 [–0.69 to 

0.51) 

Abbreviations: CI, confidence interval; eTool, electronic tool; HbA1c, hemoglobin A1c; NR, not reported; RCT, randomized controlled trial. 
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Blood Pressure 

One study identified no statistically significant difference between study groups in mean difference in 

systolic or diastolic blood pressure (Table 11) (GRADE quality of evidence: low).  

 
Table 11: Impact of eTools on Blood Pressure 

Author, Year Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(intervention/Control) 

BP, mm Hg 
(Intervention/Control) 

Effect Estimate  
(95% CI) 

Systolic Blood Pressure     

Montori et al, 
2002 (37) 

RCT 24 months 399/208 NR Mean difference 
–0.8 (–5.0 to 3.4) 

Diastolic Blood Pressure     

Montori et al, 
2002 (37) 

RCT 24 months 399/208 NR Mean difference 
–0.6 (–2.4 to 1.1) 

Abbreviations: BP, blood pressure; CI, confidence interval; eTool, electronic tool; NR, not reported; RCT, randomized controlled trial. 

 

 

Lipids 

One RCT identified no statistically significant difference between study groups with respect to mean 

difference in total cholesterol (Table 12) (GRADE quality of evidence: low). Two RCTs identified no 

statistically significant difference between study groups with respect to mean difference in LDL-C (due to 

different patient populations, estimates could not be pooled) (GRADE quality of evidence: low). One 

study identified no statistically significant difference between study groups with respect to mean 

difference in triglycerides (GRADE quality of evidence: low). 

 
Table 12: Impact of eTools on Lipids 

Author, Year Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/Control) 

Lipids 
(Intervention/Control) 

Effect Estimate  
(95% CI) 

Total Cholesterol, mmol/L 

Montori et al, 
2002 (37) 

RCT 24 months 399/208 NR Mean difference 
–0.1 (–3.5 to 1.8) 

LDL-C, mg/dL 

Lester et al, 
2005 (33) 

RCT 1 month 81/82 106.8/111.5 Mean difference 
–4.7 (–13.4 to 4.0) 

Montori et al, 
2002 (37) 

RCT 24 months 399/208 NR Mean difference 
–0.1 (–3.0 to 2.8) 

Triglycerides, mg/dL 

Montori et al, 
2002 (37) 

RCT 24 months 399/208 NR Mean difference 
0.1 (–1.7 to 3.5) 

Abbreviations: CI, confidence interval; eTool, electronic tool; NR, not reported; LDL-C, low-density lipoprotein cholesterol; RCT, randomized controlled 
trial 

 

 

Lester et al also examined differences in LDL-C levels at the first measures after the introduction of 

eTools and found no statistically significant difference in LDL-C between patient groups (intervention 

111.7 mg/dL, control 118.1mg/dL, P = 0.2). (33) 
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Adverse Events 

One study found no statistically significant difference between study groups with respect to the proportion 

of patients with an adverse event within 1 month after hospital discharge (Table 13) (GRADE quality of 

evidence: high). 

 
 

Table 13: Impact of eTools on Adverse Events 

Author, Year Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/Control) 

Adverse Events, n (%) 
(Intervention/Control) 

Effect 
Estimate 
(95% CI) 

Graumlich et 
al, 2009 (34) 

RCT 1 month 316/315 117 (37.0)/119 (37.8) aDiffa 
0.003 (–0.037 

to 0.043) 

Abbreviations: aDiff, adjusted risk difference; CI, confidence interval; eTool, electronic tool; RCT, randomized controlled trial. 
aAdjusted with cluster correction. 

 

 

Other Disease-Specific Clinical Outcome: Achievement of Clinical Guidelines 

The proportion of patients who met a pre-defined threshold of various clinical outcomes was examined in 

several observational studies (Table 14). An observed increase in the proportion of patients who achieved 

the clinical threshold was considered an indication of good clinical practice (GRADE quality of evidence: 

very low).  
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Table 14: Impact of eTools on Achievement of Clinical Guidelines 

Author, 
Year 

Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/Control) 

Results, % 
(Intervention/Control) 

Effect Estimate 
(95% CI) 

HbA1c Managed and Below Guideline Threshold 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 HbA1c < 8% 
70.5/48.0 

aDiffa 10.9  
(–1.7 to 23.6) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

HbA1c ≤ 8% 
78.9/80.7 

aORb  0.9  
(0.8–1.0) 

BP Managed and Below Guideline Threshold 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 BP < 140/80 mm Hg 
55.8/38.9 

aDiffa 11.1  
(–1.0 to 23.2) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

SBP < 130 mm Hg  
52.2/46.1 

aORb 1.2  
(1.1–1.3) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

DBP < 80 mm Hg 
63.6/53.0 

aORb 1.3  
(1.2–1.3) 

LDL-C Managed and Below Guideline Thresholdc 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 87.0/66.1 aDiffa 18.1  
(11.8–24.4) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

71.3/65.5 aORb 0.7  
(0.6–0.8) 

Triglycerides < 150 mg/dL 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

54.8/52.0 aORb 0.9  
(0.8–1.0) 

BMI < 30 kg/m2 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 32.8/34.1 aDiffa –2.9  
(–8.0 to –2.1) 

Behavioural Intervention: Nonsmoker 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 82.1/52.3 aDiffa 17.0  
(5.3–28.6) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

86.9/82.5 aORb 1.1  
(1.0–1.2) 

Composite 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 Composited 
43.7/15.7 

aDiffa 15.2  
(4.5–25.9) 

Crosson et 
al, 2012 (39) 

Observational 3 years 306/492 All targets mete 
 NR 

aORf 1.42  
(1.12–2.51) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

Optimal careg 
 20.2/11.0 

aORb 1.5  
(1.3–1.6) 

Abbreviations: aDiff, adjusted risk difference; aOR, adjusted odds ratio; BP, blood pressure; BMI, body mass index; CI, confidence interval; DBP, 
diastolic blood pressure; eTool, electronic tool; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; NR, not reported; SBP, systolic 
blood pressure. 
aAdjusted for insurance type, age, sex, race/ethnic group, language preference, estimated household income, and education level. 
bAdjusted for age, sex, insulin usage, and year of study. 
cCebul et al outcome is LDL-C < 100 mg/dL or use of a statin; Lester et al outcome calculated using reported proportion of patients with LDL-C > 130 
mg/dL. 
dComposite of HbA1c < 8%, blood pressure < 140/80 mm Hg, LDL-C < 100 mg/dL or use of statin, BMI < 30 kg/m2, or nonsmoker. 
eCriteria: HbA1c < 7%, LDL-C ≤ 100 mg/dL, or BP ≤ 130/85 mm Hg. 
fAdjusted for clustering effect. 
gAchieving HbA1c ≤ 8%, LDL-C <100 mg/dL, blood pressure < 130/80 mm Hg, nonsmoker, and Aspirin use. 
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Crosson et al also examined a composite outcome of achievement of 2 of 3 targets met and found a 

statistically significant improvement in the intervention group compared to control group (odds ratio [OR] 

1.54, 95% CI 1.06–2.25). (39) They also examined the composite outcome of achievement of all criteria 

related to appropriate treatment (HbA1c ≤ 8% or > 8% and on an antihyperglycemic agent; LDL-C  

≤ 100 mg/dL or > 100 mg/dL and on a lipid-lowering agent; and blood pressure ≤ 130/85 mm Hg or  

> 130/85 mm Hg and on an antihypertensive agent). They observed no statistically significant difference 

in the intervention group compared with the control group (OR 1.42, 95% CI 0.81–2.41). (39) 

 

Process-of-Care Indicators 
Some studies reported the rate at which clinically important tests or examinations were conducted (or 

recorded). An observed increase in the rate at which these tests were conducted was considered an 

indication of good clinical practice.  
 

Blood Pressure Measures Conducted  

Three studies examined the number of blood pressure measures conducted upon the implementation of 

eTools (Table 15) (GRADE quality of evidence: very low). 

 
Table 15: Impact of eTools on Blood Pressure Measures Conducted 

Author, 
Year 

Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Branger et 
al, 1999 (32) 

Observational 1 year 215/60 417 (1.9)/81 (1.4) 
 measures (per patient) 

Mean difference 
0.50 (0.28–0.72) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

100%/99.9%  
of patients 

aORa  
36.5 (6.0–105.9) 

Wells et al, 
1996 (42) 

Observational 23 months 2,049/1,190 92%/74%  
of patients 

OR  
4.12 (3.35–5.07) 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; eTool, electronic tool; OR, odds ratio. 
aAdjusted for age, sex, insulin usage, and year of study. 

 

 

  



 

Ontario Health Technology Assessment Series; Vol. 13: No. 11, pp. 1–76, September 2013 34 

Lipid Tests Conducted 

Three studies found no difference between study groups with respect to total cholesterol and triglyceride 

measurements (Table 16) (GRADE quality of evidence: low to very low).  
 

Table 16: Impact of eTools on Lipid Tests Conducted  

Author, 
Year 

Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/ Control) 

Effect Estimate 
(95% CI) 

Total Cholesterol 

Montori et 
al, 2002 (37) 

RCT 24 months 399/208 84%/79%  
of patients 

aORb  
1.4 (0.8–2.3) 

Branger et 
al, 1999 (32) 

Observational 1 year 215/60 149 (0.7)/25 (0.4)  
measures (per patient) 

Mean difference 
0.30 (0.03–0.57) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

93.7%/87.4% 
 of patients 

aORa  
0.9 (0.8–1.0) 

Triglycerides 

Montori et 
al, 2002 (37) 

RCT 24 months 399/208 82%/75% 
 of patients 

aORb  
5.0 (0.9–2.4) 

Branger et 
al, 1999 (32) 

Observational 1 year 215/60 52 (0.2)/7 (0.1) 
measures (per patient) 

Mean difference 
0.10 (0.02–0.18) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

94.9%/89.7% 
 of patients 

aORa  
0.8 (0.7–0.9) 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; eTool, electronic tool; RCT, randomized controlled trial.  
aAdjusted for age, sex, insulin usage, and year of study. 
bAdjusted with logistic regression; no further details available. 

 

 

Montori et al also examined high-density lipoprotein cholesterol and found no statistically significant 

difference between groups in the proportion of patients receiving the test. (37) 
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HbA1c Tests Conducted 

One RCT found no statistically significant difference between study groups with respect to HbA1c 

measurements (Table 17) (GRADE quality of evidence: low). Five observational studies found a trend 

towards increased proportion of patients who received HbA1c tests in the intervention group compared to 

the control group (GRADE quality of evidence: very low). 

 
Table 17: Impact of eTools on HbA1c Tests Conducted 

Author, 
Year 

Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results 
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Montori et 
al, 2002 (37) 

RCT 24 months 399/208 99%/94% 
 of patients 

aORa   
4.5 (1.0–19.5) 

Branger et 
al, 1999 (32) 

Observational 1 year 215/60 177 (0.8)/9 (0.2)  
measures (per patient) 

Mean 
differenceb  

0.60 (0.21–0.99) 

Cebul et al, 
2011 (38) 

Observational  1 year 24,547/2,660 94.6%/85.6% 
 of patients 

aDiffb  
7.2 (0.4–14.0) 

Henderson 
et al, 2010 
(36) 

Observational  16 months 3,432/688 
encounters 

25.1/17.6 
 per 100 encounters  

aRCc  
3.10 (NR) 
P = 0.24 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033  
patient years 

97.6%/92.7% 
 of patients 

aORd  
0.6 (0.5–0.6) 

Wells et al, 
1996 (42) 

Observational 23 months 2,049/1,190 93%/73% 
 of patients 

OR  
4.89 (3.95–6.04) 

Abbreviations: aDiff, adjusted risk difference; aOR, adjusted odds ratio; aRC, adjusted regression correlation; CI, confidence interval; eTool, electronic 
tool; FRACGP, Fellowship of the Royal Australian College of General Practitioners; GP, general practitioner; HbA1c, hemoglobin A1c; NR, not 
reported; OR, odds ratio; RCT, randomized controlled trial. 
aAdjusted with logistic regression, further details not provided. 

bAdjusted for insurance type, age, sex, race/ethnic group, language preference, estimated household income, and education level. 
cAdjusted for GP age, GP sex, FRACGP status, work in deputizing services in preceding month, bulk billing for all patients, practice accreditation 
status, presence of a practice nurse.  
dAdjusted for age, sex, insulin usage, and year of study. 

 

 

Blood Glucose/Fructosamine Tests Conducted 

One observational study found no significant difference in the number of blood glucose tests conducted 

between study groups; it did find an increase in the intervention group in number of fructosamine tests 

conducted per patient (Table 18) (GRADE quality of evidence: very low). 

 
Table 18: Impact of eTools on Blood Glucose and Fructosamine Tests Conducted 

Author, Year Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Blood Glucose 

Branger et al, 
1999 (32) 

Observational 1 year 215/60 400 (1.9)/105 (1.8) 
measures (per patient) 

Mean difference 
0.10 (–0.04 to 

0.24) 

Fructosamine 

Branger et al, 
1999 (32) 

Observational 1 year 215/60 47 (0.2)/0 (0.0)  
measures (per patient) 

Mean difference 
0.20 (0.05–0.35) 

Abbreviations: CI, confidence interval; eTools, electronic tools. 
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Eye Examinations Conducted 

One RCT found a statistically significant increase in number of eye examinations conducted in the 

intervention group (Table 19) (GRADE quality of evidence: low). Five observational studies and found a 

statistically significant increase in the intervention groups (GRADE quality of evidence: very low). 

 
Table 19: Impact of eTools on Eye Examinations Conducted 

Author, Year Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Montori et al, 
2002 (37) 

RCT 24 months 399/208 Retina examination 
69%36% of patients 

aORa   
2.4 (1.5–3.9) 

Branger et al, 
1999 (32) 

Observational 1 year 215/60 Ophthalmologist assessment 
64 (0.3)/18 (0.3) 

assessments (per patient) 

Mean difference 
0.0 (0.0–0.0) 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 Eye examinations 
62.6%/30.8% of patients 

aDiffb  
25.0 (18.7–31.2) 

Henderson et 
al, 2010 (36) 

Observational 16 months 3,432/688 
encounters  

Referral to ophthalmologist 
or allied health professional  
7.1/3.6 per 100 encounters 

aRCc  
2.94 (NR) 
P = 0.002 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033 
patient years 

Eye examinations 
41.8%/20.0% of patients 

aORd  

1.5 (1.4–1.7) 

Wells et al, 
1996 (42) 

Observational 23 months 2,049/1,190 Fundoscopy 
90%/78% of patients 

OR  
2.54 (2.08–3.10) 

Abbreviations: aDiff, adjusted risk difference; aOR, adjusted odds ratio; aRC, adjusted regression correlation; CI, confidence interval; eTool, electronic 
tool; FRACGP, Fellowship of the Royal Australian College of General Practitioners; GP, general practitioner; NR, not reported; OR, odds ratio; RCT, 
randomized controlled trial.  
aAdjusted with logistic regression, further details not provided. 
bAdjusted for insurance type, age, sex, race/ethnic group, language preference, estimated household income, and education level.  
cAdjusted for GP age, GP sex, FRACGP status, work in deputizing services in preceding month, bulk billing for all patients, practice accreditation 
status, presence of a practice nurse.  
dAdjusted for age, sex, insulin usage, and year of study. 

 

 

In addition, Wells et al examined visual acuity and found a statistically significant OR of 2.79 (95% CI 

2.39 to 3.26) for the number of visual acuity examinations conducted in the intervention groups versus the 

control groups. (42)  
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Foot Examinations Conducted 

One RCT found a statistically significant increase in number of foot examinations conducted in the 

intervention group (Table 20) (GRADE quality of evidence: low). Two observational studies found a 

statistically significant increase in the intervention group (GRADE quality of evidence: very low).  

 
Table 20: Impact of eTools on Foot Examinations Conducted 

Author, 
Year 

Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Montori et 
al, 2002 (37) 

RCT 24 months 399/208 88%/66% of patients aORa   
2.3 (1.2–4.4) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033 
patient years 

56.6%/10.8% of patients aORb  
2.8 (2.6–3.0) 

Wells et al, 
1996 (42) 

Observational 23 months 2,049/1,190 96%/89% of patients OR  
2.97 (2.23–3.95) 

P ≤ 0.01 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; eTool, electronic tool; OR, odds ratio; RCT, randomized controlled trial.  
aAdjusted with logistic regression, further details not provided. 
bAdjusted for baseline performance and cohort. 

 

 

A pooled estimate also demonstrated a significant increase in number of foot examinations in the 

intervention group (Figure 3). 

 

 
Figure 3: Pooled Effect Estimate of Foot Examinations Conducted in Observational Studies 

Abbreviations: CI, confidence interval; IV, instrumental variable; RCT, randomized controlled trial; SE, standard error. 
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Urine Protein Tests Conducted for Kidney Management 

One RCT found a statistically significant increase in number of urine protein tests conducted in the 

intervention group (Table 21) (GRADE quality of evidence: low). Three observational studies found no 

statistically significant increase in the intervention group (GRADE quality of evidence: very low). 

 
Table 21: Impact of eTools on Urine Protein Tests Conducted for Kidney Management 

Author, 
Year 

Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Montori et 
al, 2002 (37) 

RCT 24 months 399/208 Microalbuminuria 
55%/27% of patients 

aORa  
3.2 (1.9–5.2) 

Branger et 
al, 1999 (32) 

Observational 1 year 215/60 Proteinuria level 
20 (0.1)/29 (0.5) 

measures (per patient) 

Mean difference 
–0.40 (–0.95 to 0.15) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033 
patient years 

Microalbumin 
 71.5%/54.8% of patients 

aORb  
1.2 (1.1–1.3) 

Wells, et al, 
1996 (42) 

Observational 23 months 2,049/1,190 Urine protein 
84%/57% of patients 

OR  
3.96 (3.4–4.7) 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; eTool, electronic tool; OR, odds ratio; RCT, randomized controlled trial.  
aAdjusted with logistic regression; further details not provided. 
bAdjusted for age, sex, insulin usage, and year of study. 

 

 

Other Tests for Kidney Management Conducted 

One observational study found no statistically significant difference between study groups in number of 

creatinine tests conducted (Table 22) (GRADE quality of evidence: very low). One observational study 

examined a composite kidney management outcome and demonstrated a statistically significant increase 

in appropriate kidney management in the intervention group (GRADE quality of evidence: very low). 

One observational study found that the number of patients who received urinalysis testing was 

significantly lower in the intervention group (GRADE quality of evidence: very low). 

 
Table 22: Impact of eTools on Other Tests Conducted for Kidney Management  

Author, 
Year 

Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Branger et 
al, 1999 (32) 

Observational 1 year 215/60 Creatinine levels 
106 (0.5)/21 (0.4) 

measures (per patient) 

Mean difference  
0.10 (–0.04 to 0.24) 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 Kidney management 
(microalbumin or  

ACE inhibitor or ARB)  
93.4%/78.2% of patients 

aDiffa  
13.3 (8.4–18.3) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033 
patient years 

Urinalysis 
47.6%/50.6% of patients 

aORb  
0.8 (0.7–0.8) 

Abbreviations: ACE, angiotensin-converting enzyme; aDiff, adjusted risk difference; aOR, adjusted odds ratio; ARB, angiotensin receptor blocker; CI, 
confidence interval; eTool, electronic tool. 
aAdjusted for insurance type, age, sex, race/ethnic group, language preference, estimated household income, and education level. 
bAdjusted for age, sex, insulin usage, and year of study. 
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Weight Measures Conducted 

One study found a statistically significant increase in the number of weight measures in the intervention 

group (Table 23) (GRADE quality of evidence: very low). 

 
Table 23: Impact of eTools on Weight Measures Conducted 

Author, 
Year 

Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Branger et 
al, 1999 (32) 

Observational 1 year 215/60 448 (2.1)/27 (0.5) 
measures (per patient) 

Mean difference 
1.6 (0.62–2.58) 

Abbreviations: CI, confidence interval; eTools, electronic tools.  

 

 

Height Measures Conducted 

One study found a statistically significant increase in the proportion of patients with a height measure 

recorded in the intervention group (Table 24) (GRADE quality of evidence: very low). 

  
Table 24: Impact of eTools on Height Measures Conducted 

Author, 
Year 

Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Wells et al, 
1996 (42) 

Observational 23 months 
(41) 

2,049/1,190 90%/80% of patients OR  
2.25 (1.84–2.75) 

Abbreviations: CI, confidence interval; eTool, electronic tool; OR, odds ratio. 

 

 

Vaccinations and Immunizations Administered 

One RCT found a statistically significant increase in immunizations in the intervention group (Table 25) 

(GRADE quality of evidence: low). Two observational studies found an increase in vaccinations in the 

intervention groups (Table 25) (GRADE quality of evidence: very low). 

 
Table 25: Impact of eTools on Immunizations Administered 

Author, 
Year 

Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results, % of patients  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Montori et 
al, 2002 
(36;37) 

RCT 24 months 399/208 Immunization 
80/64 

aORa  
1.7 (1.1–2.7) 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 Pneumococcal vaccination 
83.0/15.0  

aDiffb  
57.1 (43.6–70.5) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033 
patient years 

Influenza vaccination 
61.6/50.5 

aORc  
1.1 (1.0–1.1) 

Abbreviations: aDiff, adjusted risk difference; aOR, adjusted odds ratio; CI, confidence interval; eTool, electronic tool; RCT, randomized controlled trial.  
aAdjusted with logistic regression; further details not provided. 
bAdjusted for insurance type, age, sex, race/ethnic group, language preference, estimated household income, and education level. 
cAdjusted for age, sex, insulin usage, and year of study. 

 

 



 

Ontario Health Technology Assessment Series; Vol. 13: No. 11, pp. 1–76, September 2013 40 

Appropriately Managed Medications 

Two observational studies found no difference between study groups with respect to number of 

angiotensin-converting enzyme (ACE) inhibitors prescriptions per patient encounter or in proportion of 

patients with prescriptions (Table 26) (GRADE quality of evidence: very low). 

 
Table 26: Impact of eTools on Appropriately Prescribed ACE Inhibitors 

Author, Year Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Henderson et 
al, 2010 (36) 

Observational 16 months 5,838/1,075 
encounters 

5.9/4.5  
per 100 encounters 

aRCa  
0.16 (NR)  
P = 0.86 

Walsh et al, 
2012 (41) 

Observational 24 months 4,220/2,950 ACE inhibitor/ARB 
improvement in use of 
therapy from baseline 

7.3%/8.6% 

aORb  
0.83 (0.63–1.09) 

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor; aOR, adjusted odds ratio; ARB, angiotensin receptor blocker; aRC, adjusted 
regression correlation; CI, confidence interval; eTool, electronic tool; FRACGP, Fellowship of the Royal Australian College of General Practitioners; 
GP, general practitioner; NR, not reported. 
aAdjusted for GP age, GP sex, FRACGP status, work in deputizing services in preceding month, bulk billing for all patients, practice accreditation 
status, presence of a practice nurse.  
bAdjusted for patient and practice characteristics. 

 

 

Two observational studies found no difference between study groups in anticoagulation prescriptions for 

atrial fibrillation (Table 27) (GRADE quality of evidence: very low). 

 
Table 27: Impact of eTools on Appropriately Prescribed Anticoagulation for Atrial Fibrillation 

Author, Year Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Henderson et 
al, 2010 (36) 

Observational 16 months 906/145 
encounters  

Warfarin 
35.4/40.0  

per 100 encounters 

aRCa  
–5.23 (NR) 

P = 0.14 

Walsh et al, 
2012 (41) 

Observational 24 months 4,220/2,950 Anticoagulation for atrial 
fibrillation improvement in 

use of therapy from baseline 
6.4%/8.6% 

aORb  
0.65 (0.40–1.05) 

Abbreviations: aOR, adjusted odds ratio; aRC, adjusted regression correlation; CI, confidence interval; eTool, electronic tool; FRACGP, Fellowship of 
the Royal Australian College of General Practitioners; GP, general practitioner.  
aAdjusted for GP age, GP sex, FRACGP status, work in deputizing services in preceding month, bulk billing for all patients, practice accreditation 
status, presence of a practice nurse.  
bAdjusted for patient and practice characteristics. 
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Two observational studies examined appropriately prescribed Aspirin. One study found no significant 

difference between study groups in the prescribing of Aspirin or clopidogrel, while the other found a 

statistically significant increase in the proportion of patients who received Aspirin in the intervention 

group (Table 28) (GRADE quality of evidence: very low). 
 

Table 28: Impact of eTools on Appropriately Prescribed Aspirin 

Author, Year Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Henderson et 
al, 2010 (36) 

Observational 16 months 5,838/1,075 
encounters 

Aspirin or clopidogrel  
8.7/9.6 

per 100 encounters 

aRCa  
–1.93 (NR) 
 P = 0.14 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033 
patient years 

Aspirin 
82.2%51.4% of patients 

aORb  
4.8 (4.4–5.3) 

Abbreviations: aOR, adjusted odds ratio; aRC, adjusted regression correlation; CI, confidence interval; eTool, electronic tool; FRACGP, Fellowship of 
the Royal Australian College of General Practitioners; GP, general practitioner; NR, not reported. 
aAdjusted for GP age, GP sex, FRACGP status, work in deputizing services in preceding month, bulk billing for all patients, practice accreditation 
status, presence of a practice nurse.  
bAdjusted for age, sex, insulin usage and year of study. 

 

 

A number of other outcomes related to appropriately prescribed medications were examined; no 

statistically significant results were observed, with the exception of the proportion of patients prescribed 

beta-blockers (Table 29) (GRADE quality of evidence: very low). 

 
Table 29: Impact of eTools on Other Outcomes of Appropriately Managed Medications 

Author, Year Study  
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results, %  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Walsh et al, 
2012 (41) 

Observational 24 months 4,220/2,950 Aldosterone antagonist 
 17.4/20.7 

aORa  
0.86 (0.49–1.50) 

Walsh et al, 
2012 (41) 

Observational 24 months 4,220/2,950 ICD/CRT-D 
19.1/18.0 

aORa  
1.06 (0.78–1.44) 

Walsh et al, 
2012 (41) 

Observational 24 months 4,220/2,950 Beta-blocker 
6.9/5.3 

aORa  
1.43 (1.05–1.93) 

Walsh et al, 
2012 (41) 

Observational 24 months 4,220/2,950 CRT-P/CRT-D 
33.6/31.1 

aORa  
1.33 (0.73–2.43) 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; CRT-D, cardio-resynchronization therapy with defibrillator; CRT-P, cardio-
resynchronization therapy with pacemaker; eTool, electronic tool; ICD, implantable cardioverter defibrillator.  
aAdjusted for patient and practice characteristics. 
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Finally, 1 RCT found a statistically significant increase in the number of changes in statin prescriptions in 

the intervention group at 1 month, but not at 1 year (Table 30) (GRADE quality of evidence: low at 1 

month and moderate at 1 year; difference is due to wide confidence intervals at 1 month).  

 
Table 30: Impact of eTools on Appropriate Changes Made to Statin Prescriptions 

Author, Year Study 
Design 

Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results, %  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Lester et al, 
2005 (33) 

RCT 1 month 118/117 At 1 month 
15.3/2.0 

OR  
10.35 (2.34–45.71) 

Lester et al, 
2005 (33) 

RCT 1 year 118/117 At 1 year 
24.6/17.1 

OR  
1.58 (0.83–2.99) 

Abbreviations: CI, confidence interval; eTool, electronic tool; OR, odds ratio; RCT, randomized controlled trial. 
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Behavioural Management Interventions 

Two studies found a statistically significant increase in the proportion of patients receiving diet advice in 

the intervention groups (Table 31) (GRADE quality of evidence: low to very low). 

 

One RCT found no significant change in the proportion of patients receiving tobacco advice, but 1 

observational study found a statistically significant increase in the proportion of patients receiving a 

smoking assessment in the intervention group (GRADE quality of evidence: low to very low). 

 

One RCT found a statistically significant increase in the proportion of patients receiving exercise and 

self-management advice in the intervention group (GRADE quality of evidence: low). One observational 

study found a statistically significant improvement in heart failure education in the intervention group 

(GRADE quality of evidence: very low). 
 
Table 31: Impact of eTools on Behavioural Management Interventions 

Author, Year Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results, % of patients 
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Diet Advice  

Montori et al, 
2002 (37) 

RCT 24 months 399/208 70/60 aORa  
1.9 (1.2–3.0) 

Wells et al, 
1996 (42) 

Observational 23 months 2,049/1,190 Saw dietitian 
91/81 

OR  
2.36 (1.92–2.91) 

Smoking   

Montori et al, 
2002 (37) 

RCT 24 months 399/208 Tobacco advice 
94/87 

aORa  
2.0 (0.9–4.3) 

Herrin et al, 
2012 (40) 

Observational 5 years 10,017/35,033 
patient years 

Smoking assessment 
98.6/94.3 

aORb  
2.6 (2.2–3.1) 

Other  

Montori et al, 
2002 (37) 

RCT 24 months 399/208 Exercise advice 
80/52 

aORa  
2.7 (1.6–4.5) 

Montori et al, 
2002 (37) 

RCT 24 months 399/208 Self-management 
support 
 61/38 

aORa  
2.6 (1.7–3.8) 

Walsh et al, 
2012 (41) 

Observational 24 months 4,220/2,950 Heart failure education 
improvement in use of 
therapy from baseline 

24.7/26.6 

aORc  
0.95 (0.67–1.35) 

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; eTool, electronic tool; NR, not reported; OR, odds ratio; RCT, randomized controlled 
trial. 
aAdjusted with logistic regression; further details not provided. 
bAdjusted for age, sex, insulin usage, and year of study. 
cAdjusted for patient and practice characteristics. 
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Composite Outcomes 

Two observational studies examined a composite outcome of conducting or recording certain 

examinations and tests as good clinical practice measures. One study found a statistically significant 

increase in the proportion of patients who had an HbA1c measurement, kidney management, eye 

examination, or pneumococcal vaccination in the intervention group (Table 32). The other study did not 

find a statistically significant difference between study groups for meeting 3 of the following criteria: 

HbA1c assessed within previous 6 months, urine microalbumin assessed within the previous 12 months, 

smoking status assessed within the previous 6 months, LDL-C assessed within the previous 12 months, or 

blood pressure recorded at the previous 3 visits (GRADE quality of evidence: very low). 
 
Table 32: Impact of eTools on Composite Outcomes of Tests Conducted 

Author, 
Year 

Study Design Length of 
Follow-

up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Cebul et al, 
2011 (38) 

Observational 1 year 24,547/2,660 Compositea 
50.9/6.6% 
 of patients 

aDiffb  
35.1 (28.3–41.9) 

P < 0.001 

Crosson et 
al, 2012 (39) 

Observational 3 years 306/492 3 of 5 criteriac met 
NR 

aORd  
1.60 (0.93–2.74) 

P = 0.09 

Abbreviations: aDiff, adjusted risk difference; aOR, adjusted odds ratio; CI, confidence interval; eTool, electronic tool; HbA1c, hemoglobin A1c; LDL-C, 
low density lipoprotein cholesterol; NR, not reported. 
aComposite of measurement of HbA1c, kidney management, eye examination, and pneumococcal vaccination. 
bAdjusted for insurance type, age, sex, race/ethnic group, language preference, estimated household income, and education level. 
cCriteria: HbA1c assessed within last 6 months, urine microalbumin assessed within last 12 months, smoking status assessed within last 6 months, 
LDL-C assessed within last 12 months, blood pressure recorded at each of 3 previous visits. 
dAdjusted for clustering effect. 
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Measures of Efficiency  
Various measures of efficiency in the context of the utilization of electronic tools for health information 

exchange as a means of chronic disease management in the community were identified in the included 

studies. Specifically, 2 categories of efficiency examined: time and communication.  

 

Time 

One RCT found no statistically significant difference between study groups in time to receipt of discharge 

summary when comparing electronic discharge summaries and handwritten structure summaries (Table 

33) (GRADE quality of evidence: high). 

 

One RCT found a statistically significant shorter time to change in a statin medication among patients 

whose care providers received an electronic outreach summary report, but found no difference between 

study groups in time to first measurement of LDL-C (Table 33) (GRADE quality of evidence: moderate).  

 

One observational evaluation found a statistically significant increase in the length of time PCPs and 

nurses spent with their patients 2 years after implementation of the electronic diabetes management 

system (Table 33) (GRADE quality of evidence: very low). 

 
Table 33: Impact of eTools on Time 

Author, 
Year 

Study Design Length of 
Follow-up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect Estimate 
(95% CI) 

Time to Receive Discharge Summary 

Graumlich et 
al, 2009 (34) 

RCT 6 months 316/315 Proportion of physicians to 
receive discharge summaries 

within 1–7 days 
56.0%/57.1% 

aDiffa 

–1.1%  
(–9.2%–6.9%) 

Time to Receive Clinical Intervention 

Lester et al, 
2005 (33) 

RCT 1 year 118/117 Time to first measure of LDL-C 
99 days/121 days 

Mean difference 
–22.0  

(–82.9 to 38.9) 

Lester et al, 
2005 (33) 

RCT 1 year 118/117 Time to change in statin 
prescription (median) 
 0 months/7.1 months 

Mean difference 
–7.1  

(–12.0 to –2.2) 

Time Spent With Patients 

Montori et al, 
2002 (37) 

Before/after 
evaluation for 
this outcome; 

RCT 

2 years 399/208 Time spent with patients 
(provider) 

Start of implementation:  
median 5 min (range 0–30 min) 
2 years after implementation: 
median 9.5 min (range 0–34) 

 

Time spent with patients (nurse) 

Start of implementation: 
median 15 min (range 4–45 min) 

2 years after implementation: 
median 18 min (range 10–55) 

Mean difference 
4.5 (1.83–7.17) 

 

 

 

 

Mean difference 
3.00 (0.67–5.33) 

Abbreviations: aDiff, adjusted risk difference; CI, confidence interval; eTool, electronic tool; LDL-C, low-density lipoprotein cholesterol; RCT, 
randomized controlled trial. 
aAdjusted with cluster correction. 
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Additionally, the RCT by Lester et al found that it took physicians less than 60 seconds to complete the 

emailed report. (33) 

 

Communication 

One observational study identified a statistically significant increase in the number of letters sent from 

consultants to GPs in the intervention group, but not from GPs to consultants or in the number of patient 

contacts with either GP or consultant (Table 34) (GRADE quality of evidence: very low).  

 
Table 34: Impact of eTools on Frequency of Communication 

Author, Year Study Design Length of 
Follow-

up 

Sample Size, n 
(Intervention/ 

Control) 

Results  
(Intervention/Control) 

Effect 
Estimate 
(95% CI) 

Branger et al, 
1999 (32) 

Observational 1 year 215/60 Number of letters sent from GPs 
to consultants  

151 (0.7)/14 (0.2) 
total (per patient) 

P ≥ 0.05 

  
Number of letters sent from 

consultants to GPs  
339 (1.6)/24 (0.4) 
total (per patient)  

P = 0.00 
 

Number of patient contacts with 
GPs and consultants 

14 with GP, 4 with consultant/ 
 14 with GP, 4 with consultant 

P ≥ 0.05 

Not 
estimable 

Abbreviations: CI, confidence interval; eTool, electronic tool; GP, general practitioner. 

 

 

Potential Trends in Analysis Results 

The second research question was aimed at identifying any potential factors that contribute to the 

observed outcomes of interest, and 96 different outcomes were extracted. Given that most of the included 

studies did not report outcomes in a consistent manner, a simple accounting summary was constructed to 

explore any potential trends. If a trend existed, we would expect to see mostly positive outcomes in 1 

component while mostly nonsignificant outcomes in another with the same categorical exploration. 

 

Three different potential trends were examined: 1) impact of eTools by specific disease population; 2) 

impact of eTools by targeted care coordination aspect; and 3) impact of eTools by technology. 

 

Overall, no outstanding trends were identified, indicating that there was no single disease group, care 

coordination aspect, or technology that contributed more significantly to the observed impacts of eTools. 

This observed trend of no difference held when a subgroup analysis was conducted, limiting the analysis 

to an examination of only process-of-care outcomes (Figure 4). 
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Figure 4: Subgroup Analysis: Process-of-Care Outcomes By Disease, Care Coordination Aspect, 

and Technology 

Abbreviations: EHR, electronic health record; EMR, electronic medical record; PCP, primary care physician. 

 

 

Summary of Results 

Eleven articles were identified from a systematic literature search that examined the application of eTools 

for health information exchange to assist with the management of patients with chronic disease in the 

community setting. There was a substantial amount of technological, clinical, and methodological 

diversity among the included studies.  

 

Three categories of outcomes of interest were examined: 1) the primary outcomes of interest, which 

included both health services utilization and disease-specific clinical outcomes; 2) process-of-care 

indicators; and 3) measures of efficiency.  
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Primary Outcomes (Health Services Utilization and Disease-Specific Clinical Outcomes) 
In summary, 1 RCT demonstrated a reduction in hospitalizations, length of stay, and ED visits (Table 35). 

In this study, the intervention was an electronic laboratory report generated and forwarded to PCPs with 

recommendations linked to guidelines. (35) Among the other studies examining various eTools, there was 

evidence of no difference in readmissions and various disease-specific outcomes between study groups.  

 
Table 35: Summary of Health Services Utilization and Disease-Specific Clinical Outcomes 

Outcome Number of 
Studies 

Statistical 
Method 

Effect Estimate  
(95% CI) 

GRADEa 

Hospitalizations 1 (RCT) Mean difference –0.03 (–0.05 to –0.01) Moderate 

Length of stay, days 1 (RCT) Mean difference –0.11 (–0.19 to –0.03) Moderate 

ED visits 1 (RCT) Mean difference –0.09 (–0.14 to –0.04) Moderate 

Readmissions 1 (RCT) Risk difference –0.005 (–0.074 to 
0.065) 

High 

Disease-Specific Outcomes 

HbA1c, % 1 (RCT) Mean difference 0.01 (–0.3 to 0.4) Low 

1 (Observational) Mean difference –0.09 (–0.69 to 0.51) Very low 

SBP, mm Hg 1 (RCT) Mean difference –0.8 (–5.0 to 3.4) Low 

DBP, mm Hg 1 (RCT) Mean difference –0.6 (–2.4 to 1.1) Low 

Total cholesterol, mmol/L 1 (RCT) Mean difference –0.1 (–3.5 to 1.8) Low 

LDL–C, mg/dL 2 (RCT) Mean difference –4.7 (–13.4 to 4.0) Low 

Mean difference –0.1 (–3.0 to 2.8) Low 

Triglycerides, mg/dL 1 (RCT) Mean difference 0.1 (–1.7 to 3.5) Low 

Adverse events 1 (RCT) Risk difference 0.003 (–0.037 to 0.043) High 

Achievement of Clinical Outcomes 

HbA1c < 8% 2 (Observational) Risk difference 10.9 (–1.7 to 23.6) Very low 

HbA1c ≤ 8% Odds ratio 0.9 (0.8–1.0) 

BP < 140/80 mm Hg 1 (Observational) Risk difference 11.1 (–1.0 to 23.2) Very low 

SBP < 130 mm Hg 1 (Observational) Odds ratio 1.2 (1.1–1.3) 

DBP < 80 mm Hg 1 (Observational) Odds ratio 1.3 (1.2–1.3) 

LDL-C < 100 mg/dL or statin 2 (Observational) Risk difference 18.1 (11.8–24.4) Very low 

LDL-C < 100 mg/dL Odds ratio 0.7 (0.6–0.8) 

Triglycerides < 150 mg/dL 1 (Observational) Odds ratio 0.9 (0.8–1.0) Very low 

BMI < 30 kg/m2 1 (Observational) Risk difference –2.9 (–8.0 to –2.1) Very low 

Nonsmoker 2 (Observational) Risk difference 17.0 (5.3–28.6) Very low 

Odds ratio 1.1 (1.0–1.2) 

Composite of targets metb 1 (Observational) Risk difference 15.2 (4.5–25.9) Very low 

Composite—3 of 3 targets metc 1 (Observational) Odds ratio 1.42 (1.12–2.51) 

Composite—optimal cared 1 (Observational) Odds ratio 1.5 (1.3–1.6) 

Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; ED, emergency department; HbA1c, 
hemoglobin A1c; LDL-C, low density lipoprotein cholesterol; RCT, randomized controlled trial; SBP, systolic blood pressure. 
aDetails of individual GRADE assessments are available in Appendix 3. 
bComposite of HbA1c < 8%, blood pressure <140/80 mm Hg, LDL-C <100 mg/dL or use of statin, BMI < 30 kg/m2, or nonsmoker. 
cCriteria: HbA1c < 7%, LDL-C ≤ 100 mg/dl, or blood pressure ≤ 130/85 mm Hg. 
dAchieving HbA1c ≤ 8%, LDL-C <100 mg/dL, blood pressure < 130/80 mm Hg, nonsmoker, and Aspirin use. 
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Process-of-Care Indicators 
All process of care measures reported were related to the frequency of which certain tests or examinations 

were conducted (or recorded). Results for this grouping of outcomes were inconclusive. Additionally, 

there was no observed trend of an impact based on the disease-specific grouping of patients, the care 

coordination aspect targeted, or the technology applied (Table 36).  

 
Table 36: Summary of Process-of-Care Indicators 

Outcome Number of 
Studies (Study 

Design) 

Statistical Method Effect Estimate 
(95% CI) 

GRADEa 

Rate of Conducting (or Recording) Clinical Tests 

BP measures 3 (Observational) Mean difference 0.50 (0.28–0.72) Very low 

Odds ratio 36.5 (6.0–105.9) 

Odds ratio 4.12 (3.35–5.07) 

Total cholesterol 

 

1 (RCT) Odds ratio 1.4 (0.8–2.3) Low 

2 (Observational) Mean difference 0.30 (0.03–0.57) Very low 

Odds ratio 0.9 (0.8–1.0) 

Triglycerides 

 

1 (RCT) Odds ratio 5.0 (0.9–2.4) Low 

2 (Observational) Mean difference 0.10 (0.02–0.18) Very low 

Odds ratio 0.8 (0.7–0.9) 

HbA1c 

 

1 (RCT) Odds ratio 4.5 (1.0–19.5) Low 

5 (Observational) Mean difference 0.6 (0.21–0.99) Very low 

Risk difference 7.2 (0.4–14.0) 

Regression correlation 3.10 (NR), P = 0.24 

Odds ratio 0.6 (0.5–0.6) 

Odds ratio 4.89 (3.95–6.04) 

Blood glucose 1 (Observational) Mean difference 0.10 (–0.04 to 0.24) Very low 

Fructosamine 1 (Observational) Mean difference 0.20 (0.05–0.35) Very low 

Eye examinations 

 

1 (RCT) Odds ratio 2.4 (1.5–3.9) Low 

5 (Observational) Mean difference 0.0 (0.0–0.0) Very low 

Risk difference 25.0 (18.7–31.2) 

Regression correlation 2.94 (NR), P = 0.002 

Odds ratio 1.5 (1.4–1.7) 

Odds ratio 2.54 (2.08–3.10) 

Foot examinations 1 (RCT) Odds ratio 2.3 (1.2–4.4) Low 

2 (Observational) Odds ratio 2.81 (2.62–3.02)b Very low 

Kidney management: urine 
protein 

1 (RCT) Odds ratio 3.2 (1.9–5.2) Low 

3 (Observational) Mean difference –0.40 (–0.95 to 0.15) Very low 

Odds ratio 1.2 (1.1–1.3) 

Odds ratio 3.96 (3.4–4.7) 

Kidney management: 
creatinine 

1 (Observational) Mean difference 0.10 (–0.04 to 0.24) Very low 
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Outcome Number of 
Studies (Study 

Design) 

Statistical Method Effect Estimate 
(95% CI) 

GRADEa 

Kidney management: 
composite outcome 

1 (Observational) Risk difference 13.3 (8.4–18.3) Very low 

Kidney management: 
urinalysis 

1 (Observational) Odds ratio 0.8 (0.7–0.8) Very low 

Weight  1 (Observational) Mean difference 1.6 (0.62–2.58) Very low 

Height  1 (Observational) Odds ratio 2.25 (1.84–2.75) Very low 

Vaccinations and 
immunizations 

 

1 (RCT) Odds ratio 1.7 (1.1–2.7) Low 

2 (Observational) Risk difference 57.1 (43.6–70.5) Very low 

Odds ratio 1.1 (1.0–1.1) 

Medications: ACE inhibitors 2 (Observational) Regression correlation 0.16 (NR), P = 0.86 Very low 

Odds ratio 0.83 (0.63–1.09) 

Medications: anticoagulation 

 

2 (Observational) Regression correlation –5.23 (NR), P = 0.14 Very low 

Odds ratio 0.65 (0.40–1.05) 

Medications: Aspirin (or 
clopidogrel) 

2 (Observational) Regression correlation –1.93 (NR), P = 0.14 Very low 

Odds ratio 4.8 (4.4–5.3) 

Medications: aldosterone 
antagonist 

1 (Observational) Odds ratio 0.86 (0.49–1.50) Very low 

Medications: ICD/CRT-D  1 (Observational) Odds ratio 1.06 (0.78–1.44) Very low 

Medications: beta-blocker  1 (Observational) Odds ratio 1.43 (1.05–1.93) Very low 

Medications: CRT-P/CRT-D 1 (Observational) Odds ratio 1.33 (0.73–2.43) Very low 

Medications: changes in 
statins (1 month) 

1 (RCT) Odds ratio 10.35 (2.34–45.71) Low 

Medications: changes in 
statins (1 year) 

1 (RCT) Odds ratio 1.58 (0.83–2.99) Moderate 

Behavioural interventions: 
diet advice 

1 (RCT) Odds ratio 1.9 (1.2–3.0) Low 

1 (Observational) Odds ratio 2.36 (1.92–2.91) Very low 

Behavioural interventions: 
smoking assessment 

1 (RCT) Odds ratio 2.0 (0.9–4.3) Low 

1 (Observational) Odds ratio 2.6 (2.2–3.1) Very low 

Behavioural interventions: 
exercise advice 

1 (RCT) Odds ratio 2.7 (1.6–4.5) Low 

Behavioural interventions: 
self-management support 

1 (RCT) Odds ratio 2.6 (1.7–3.8) Low 

Behavioural interventions: 
HF education 

1 (Observational) Odds ratio 0.95 (0.67–1.35) Very low 

Composite outcomes 1 (Observational) Risk difference 35.1 (28.3–41.9) Very low 

1 (Observational) Odds ratio 1.60 (0.93–2.74) 

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor; BP, blood pressure; CI, confidence interval; CRT-D, cardio-resynchronization 
therapy with defibrillator; CRT-P, cardio-resynchronization therapy with pacemaker; HbA1c, hemoglobin A1C; ICD, implantable cardioverter 
defibrillator; NR, not reported; RCT, randomized clinical trial.  
aDetails of individual GRADE assessments are available in Appendix 3. 
bPool effect estimate. 



 

Ontario Health Technology Assessment Series; Vol. 13: No. 11, pp. 1–76, September 2013 51 

 

Measures of Efficiency 
There was evidence that an electronic discharge summary was received in as timely a manner as paper-

based discharge summaries; overall, the evidence did not demonstrate improved efficiency (Table 37).   
 

Table 37: Summary of Measures of Efficiency 

Outcome Number of 
Studies 

Statistical 
Method 

Effect Estimate 
(95% CI) 

GRADEa 

Impact on Time     

Proportion of PCPs receiving discharge 
summary within 1–7 days 

1 (RCT) Risk difference 1.1 (–9.2 to 6.9) High 

Time to first measure of LDL-C, days 1 (RCT) Mean 
difference 

–22.0  
(–82.9 to 38.9) 

Moderate 

Time to change in statin prescription 1 (RCT) Mean 
difference 

–7.1 (–12.0 to –2.2) Moderate 

Time spent by providers with patients 1 (Observational) Mean 
difference 

4.5 (1.83–7.17) Very low 

Time spent by nurses with patients 1 (Observational) Mean 
difference 

3.00 (0.67–5.33) Very low 

Impact on Communication 

Number of letters from GP to consultant 1 (RCT) NR Not significant Very low 

Number of letters from consultant to GP 1 (RCT) NR Significant increase Very low 

Number of patient contacts with GP 1 (RCT) NR Not significant Very low 

Number of patient contacts with consultant 1 (RCT) NR Not significant Very low 

Abbreviations: CI, confidence interval; GP, general practitioner; LDL-C, low-density lipoprotein cholesterol; NR, not reported; PCP, primary care 
physician; RCT, randomized clinical trial. 
aDetails of individual GRADE assessments are available in Appendix 3.  
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Conclusions 

The findings from this evidence-based analysis call into question the ability of eTools to independently 

improve the quality of outpatient care coordination. Although automation is intended to facilitate 

consistency in application and measurement, eTools may not be able to overcome underlying process 

inefficiencies. That said, based on the findings from this report, there does not appear to be evidence of 

patient harm with the implementation of eTools in various contexts and settings. (Note: All conclusions 

are from the perspective of implementation of eTools versus comparator groups.) 

 

Health Services Utilization 

When an automated laboratory results report with clinical alerts mapped to guidelines was shared with 

primary care, there was evidence of a reduction in the following: 

 hospitalizations (relative reduction 15%), based on moderate quality evidence 

 hospital length of stay (relative reduction 10%), based on moderate quality evidence 

 ED visits (relative reduction 25%), based on moderate quality evidence 

 

There was evidence of no difference in the proportion of patients who experienced a readmission, based 

on high quality evidence. 

 

Disease-Specific Clinical Outcomes 

Following implementation of a variety of eTools with health information exchange capabilities, there was 

evidence of no difference in the following: 

 proportion of patients experiencing adverse events, based on high quality evidence 

 blood pressure, based on low quality evidence 

 lipid levels, based on low quality evidence 

 HbA1c, based on very low quality evidence 

 

There was inconclusive evidence of impact on the proportion of patients achieving a previously defined 

guideline threshold (HbA1c, blood pressure control, lipid levels, smoking status, body mass index, or 

composite outcomes), based on very low quality evidence. 

 

Process-of-Care Indicators 

The evidence did not demonstrate that eTools for health information exchange had an overall positive 

impact on process-of-care measures, and there was no trend for specific diseases, care coordination 

aspects, or technologies. 

 

There was evidence of an increase in the number of the following: 

 foot examinations, based on low quality evidence  

 fructosamine tests, based on low quality evidence 

 weight measures, based on low quality evidence 

 height measures, based on low quality evidence 

 blood pressure examinations, based on low to very low quality evidence 
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 vaccinations and immunizations, based on low to very low quality evidence 

 eye examinations, based on very low quality evidence 

 medication management of beta-blockers, based on very low quality evidence 

 

There was evidence of no difference in the following: 

 changes in prescribed statins at 1 year, based on moderate quality evidence 

 blood glucose tests, based on low quality evidence 

 lipid tests conducted, based on very low quality evidence 

 medication management, based on very low quality of evidence, of ACE inhibitors, Aspirin, 

aldosterone antagonists, anticoagulants, or implantable cardioverter and resynchronization devices  

 

There was inconclusive evidence of an impact on the following: 

 kidney management, based on low to very low quality evidence 

 behavioural interventions, based on low to very low quality evidence 

 HbA1c tests, based on very low quality evidence 

 composite outcomes of process of care indicators, based on very low quality evidence 

 

Measures of Efficiency 

The evidence did not demonstrate improved efficiency for care providers upon implementation of eTools 

for health information exchange.  

 

There was evidence of no difference in the proportion of PCPs receiving discharge summaries within the 

first week post-discharge, based on high quality evidence. 

 

There was no demonstrated improved impact on the following: 

 efficiencies related to time, based on very low quality evidence 

 efficiencies related to communication, based on moderate to very low quality evidence 
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Appendices 

Appendix 1: Literature Search Strategies 

Search date: April 26, 2012 

Databases searched: Databases searched: OVID MEDLINE, OVID MEDLINE In-Process and Other Non-Indexed Citations, 

OVID EMBASE, Wiley Cochrane, EBSCO CINAHL, Centre for Reviews and Dissemination. 

Ovid MEDLINE(R) <1946 to April Week 3 2012>, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations <April 25, 

2012>, Embase <1980 to 2012 Week 16> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1     exp Coronary Artery Disease/ (223075) 

2     exp Myocardial Infarction/ use mesz (135539) 

3     exp heart infarction/ use emez (225793) 

4     (coronary artery disease or cad or heart attack).ti. (45983) 

5     ((myocardi* or heart or cardiac or coronary) adj2 (atheroscleros* or arterioscleros* or infarct*)).ti. (153984) 

6     or/1-5 (559947) 

7     exp Atrial Fibrillation/ use mesz (28957) 

8     exp heart atrium fibrillation/ use emez (58378) 

9     ((atrial or atrium or auricular) adj1 fibrillation*).ti,ab. (77199) 

10     or/7-9 (103984) 

11     exp heart failure/ (311514) 

12     ((myocardi* or heart or cardiac) adj2 (failure or decompensation or insufficiency)).ti,ab. (244313) 

13     11 or 12 (396209) 

14     exp Stroke/ (184883) 

15     exp Ischemic Attack, Transient/ use mesz (16552) 

16     exp transient ischemic attack/ use emez (20571) 

17     exp stroke patient/ use emez (5818) 

18     exp brain infarction/ or exp cerebrovascular accident/ use emez (105144) 

19     (stroke or tia or transient ischemic attack or cerebrovascular apoplexy or cerebrovascular accident or cerebrovascular 

infarct* or brain infarct* or CVA).ti,ab. (294576) 

20     or/14-19 (408356) 

21     exp Diabetes Mellitus, Type 2/ use mesz (70547) 

22     exp non insulin dependent diabetes mellitus/ use emez (108517) 

23     exp diabetic patient/ use emez (13718) 

24     (diabetes or diabetic* or niddm or t2dm).ti,ab. (799410) 

25     or/21-24 (825461) 

26     exp Skin Ulcer/ (74421) 

27     ((pressure or bed or skin) adj2 (ulcer* or sore* or wound*)).ti,ab. (29783) 

28     (decubitus or bedsore*).ti,ab. (8729) 

29     or/26-28 (93902) 

30     exp Pulmonary Disease, Chronic Obstructive/ use mesz (17882) 

31     exp chronic obstructive lung disease/ use emez (57527) 

32     (chronic obstructive adj2 (lung* or pulmonary or airway* or airflow or respiratory) adj (disease* or disorder*)).ti,ab. 

(57215) 

33     (copd or coad).ti,ab. (48215) 

34     chronic airflow obstruction.ti,ab. (1086) 

35     exp Emphysema/ (38314) 

36     exp chronic bronchitis/ use emez (7067) 

37     ((chronic adj2 bronchitis) or emphysema).ti,ab. (52038) 

38     or/30-37 (165176) 

39     exp Chronic Disease/ (352795) 

40     ((chronic* adj2 disease*) or (chronic* adj2 ill*)).ti,ab. (230609) 

41     39 or 40 (526597) 

42     6 or 10 or 13 or 20 or 25 or 29 or 38 or 41 (2710352) 

43     exp Medical Informatics/ use mesz (270756) 

44     exp Medical Records Systems, Computerized/ use mesz (20862) 

45     exp *Data Processing/ use emez (451316) 

46     (ehr or ehealth or etool* or eprescri* or (computer* adj2 physician order entry) or CPOE or clinical decision support 

system* or picture archiving communication* system* or PACS).ti,ab. (13421) 
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47     ((electronic or e or computer*) adj2 (health or patient or medical) adj record*).ti,ab. (20226) 

48     ((electronic or e or computer*) adj2 (management or tool* or system* or prescrib* or decision support or discharge or 

(medication adj2 reconciliation))).ti,ab. (40980) 

49     or/44-48 (515984) 

50     exp Intermediate Care Facilities/ use mesz (601) 

51     (intermedia* adj2 care).ti,ab. (2483) 

52     exp ambulatory care/ (77162) 

53     exp Ambulatory Care Facilities/ use mesz (40218) 

54     exp ambulatory care nursing/ use emez (9) 

55     exp Outpatients/ use mesz (7295) 

56     exp Outpatient Department/ use emez (33491) 

57     exp outpatient care/ use emez (17984) 

58     exp Community Health Services/ use mesz (449731) 

59     exp community care/ use emez (88605) 

60     exp Community Medicine/ (3920) 

61     exp Subacute Care/ use mesz (707) 

62     exp General Practice/ (125046) 

63     exp Primary Health Care/ (157916) 

64     exp Physicians, Family/ or exp general practitioners/ or exp Physicians, Primary Care/ use mesz (63980) 

65     exp general practitioner/ use emez (48469) 

66     exp family medicine/ use emez (5959) 

67     exp Group Practice/ use mesz (22240) 

68     exp Team Nursing/ use emez (23) 

69     exp Primary Care Nursing/ use mesz (38) 

70     exp Patient Care Team/ use mesz (49591) 

71     exp Teamwork/ use emez (9370) 

72     *Patient Care Management/ use mesz (1271) 

73     ((primary or family or community or outpatient* or ambulatory) adj2 (care* or physician* or nurs* or service* or clinic* or 

facility or facilities)).ti,ab. (342433) 

74     ((transitional or multidisciplin* or multifacet* or multi-disciplin* or multi-facet* or cooperat* or co-operat* or 

interdisciplin* or inter-disciplin* or collaborat* or multispecial* or multi-special* or share or sharing or shared or integrat* or 

joint or multi-modal or multimodal) adj2 (care or team*)).ti,ab. (43679) 

75     (team* or liaison).ti,ab. (185342) 

76     ((general or family or primary care or community) adj2 (practic* or clinic* or program* or doctor* or nuse* or 

physician*)).ti,ab. (212184) 

77     or/50-76 (1387096) 

78     42 and 49 and 77 (3445) 

79     limit 78 to english language (3248) 

80     limit 79 to (case reports or comment or editorial or letter) [Limit not valid in Embase; records were retained] (56) 

81     Case Report/ use emez (1818833) 

82     79 not (80 or 81) (3157) 

83     remove duplicates from 82 (2435) 

 

CINAHL 

 

#  Query  Results  

S56  

S35 and S53 and S54  

Limiters - English Language 

 

478  

S55  S35 and S53 and S54  484  

S54  S4 OR S7 OR S10 OR S14 OR S18 OR S21 OR S28  110786  

S53  
S36 or S37 or S38 or S39 or S40 or S41 or S42 or S43 or S44 or S45 or S46 or S47 or S48 or S49 or S50 or S51 or 

S52  
218102  

S52  
((general or family or primary care or community) N2 (practic* or clinic* or program* or doctor* or nuse* or 

physician*))  
42239  

S51  (team* or liaison)  51916  

S50  
((transitional or multidisciplin* or multifacet* or multi-disciplin* or multi-facet* or cooperat* or co-operat* or 

interdisciplin*or inter-disciplin* or collaborat* or multispecial* or multi-special* or share or sharing or shared or 
30234  
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integrat* or joint or multi-modal or multimodal) N2 (care or team*)).  

S49  
((primary or family or community or outpatient* or ambulatory) N2 (care* or physician* or nurs* or service* or 

clinic* or facility or facilities))  
120869  

S48  (MH "Team Nursing") OR (MH "Primary Nursing")  1298  

S47  (MH "Multidisciplinary Care Team+")  18615  

S46  (MH "Group Practice+")  5868  

S45  (MH "Physicians, Family")  7237  

S44  (MH "Primary Health Care")  25141  

S43  (MH "Family Practice")  9219  

S42  (MH "Community Medicine")  23  

S41  (MH "Community Programs")  3920  

S40  
(MM "Community Health Services") OR (MH "Community Health Nursing+") OR (MH "Community Networks") 

OR (MH "Family Services") OR (MH "Occupational Health Services+")  
31826  

S39  (MH "Outpatients")  27169  

S38  (MH "Outpatient Service")  3017  

S37  (MH "Ambulatory Care") OR (MH "Ambulatory Care Facilities+") OR (MH "Ambulatory Care Nursing")  13447  

S36  (MH "Subacute Care")  976  

S35  S29 or S30 or S31 or S32 or S33 or S34  39837  

S34  
(electronic or e or computer*) N2 (management or tool* or system* or prescrib* or decision support or discharge 

or (medication N2 reconciliation))  
6013  

S33  ((electronic or e or computer*) N2 (health or patient or medical) N1 record*)  8817  

S32  
(ehr or ehealth or etool* or eprescri* or (computer* N2 physician order entry) or CPOE or clinical decision support 

system* or picture archiving communication* system* or PACS)  
2165  

S31  (MH "Information Technology+") OR (MH "Systems Development+")  13019  

S30  (MH "Computerized Patient Record")  7254  

S29  

(MH "Health Information Systems+") OR (MH "Management Information Systems+") OR (MH "Health 

Informatics+") OR (MH "Image Retrieval Systems") OR (MH "Integrated Advanced Information Management 

Systems") OR (MH "Laboratory Automation Systems")  

25352  

S28  S26 or S27  29029  

S27  chronic*N2 disease* or chronic* N2 ill*  7671  

S26  (MH "Chronic Disease")  24387  

S25  chronic N2 bronchitis or emphysema  1854  

S24  (MH "Emphysema")  911  

S23  chronic obstructive N2 disease* or chronic obstructive N2 disorder* or copd or coad  7697  

S22  (MH "Pulmonary Disease, Chronic Obstructive+")  5746  

S21  S19 or S20  16558  

S20  pressure N1 ulcer* or bedsore* or bed N1 sore* or skin N1 ulcer* OR pressure N1 wound* OR decubitus  9821  

S19  (MH "Skin Ulcer+")  15161  

S18  S15 or S16 or S17  72199  

S17  diabetes or diabetic* or niddm or t2dm  72199  

S16  (MH "Diabetic Patients")  3650  

S15  (MH "Diabetes Mellitus, Type 2")  18985  

S14  S19 or S18 or S17  71  

S13  stroke or tia or transient ischemic attack or cerebrovascular apoplexy or cerebrovascular accident or 38866  
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cerebrovascular infarct* or brain infarct* or CVA  

S12  (MH "Cerebral Ischemia, Transient")  1954  

S11  (MH "Stroke") OR (MH "Stroke Patients")  26468  

S10  S22 OR S21  50  

S9  
myocardi*failure OR myocardial decompensation OR myocardial insufficiency OR cardiac failure OR cardiac 

decompensation or cardiac insufficiency OR heart failure OR heart decompensation OR heart insufficiency  
19373  

S8  (MH "Heart Failure+")  14932  

S7  S25 OR S24  53  

S6  atrial N1 fibrillation* OR atrium N1 fibrillation* OR auricular N1 fibrillation*  8361  

S5  (MH "Atrial Fibrillation")  6776  

S4  S31 OR S28 OR S27 OR S26  76  

S3  
TI myocardi* N2 infarct* or TI heart N2 infarct* or TI cardiac N2 infarct* OR TI coronary N2 infarct* or TI 

arterioscleros* or TI atheroscleros*  
9857  

S2  coronary artery disease OR cad OR heart attack*  7893  

S1  (MH "Myocardial Infarction+") or (MH "Coronary Arteriosclerosis")  24056  

CRD

Line   Search Hits 

1 MeSH DESCRIPTOR coronary artery disease EXPLODE ALL TREES 300 

2 (coronary artery disease or cad or heart attack*):TI 223 

3 
((myocardi* or heart or cardiac or coronary) adj2 (atheroscleros* or arterioscleros* or 

infarct*)):TI 
232 

4 MeSH DESCRIPTOR Atrial Fibrillation EXPLODE ALL TREES 277 

5 (((atrial or atrium or auricular) adj1 fibrillation*):TI 0 

6 ((atrial or atrium or auricular) adj1 fibrillation*):TI 181 

7 MeSH DESCRIPTOR heart failure EXPLODE ALL TREES 500 

8 ((myocardi* or heart or cardiac) adj2 (failure or decompensation or insufficiency)):TI 293 

9 MeSH DESCRIPTOR stroke EXPLODE ALL TREES 668 

10 MeSH DESCRIPTOR Ischemic Attack, Transient EXPLODE ALL TREES 42 

11 
(stroke or tia or transient ischemic attack or cerebrovascular apoplexy or cerebrovascular 

accident or cerebrovascular infarct* or brain infarct* or CVA):TI 
640 

12 MeSH DESCRIPTOR Diabetes Mellitus, Type 2 EXPLODE ALL TREES 631 

13 (diabetes or diabetic* or niddm or t2dm):TI 1276 

14 MeSH DESCRIPTOR Skin Ulcer EXPLODE ALL TREES 280 

15 ((pressure or bed or skin) adj2 (ulcer* or sore* or wound*)):TI 76 

16 ( decubitus or bedsore*):TI 0 

17 MeSH DESCRIPTOR Pulmonary Disease, Chronic Obstructive EXPLODE ALL TREES 291 

18 (chronic obstructive adj2 (lung* or pulmonary or airway* or airflow or respiratory) ):TI 228 

19 (copd or coad):TI 116 

20 (chronic airflow obstruction):TI 0 

21 MeSH DESCRIPTOR Emphysema EXPLODE ALL TREES 11 

22 ((chronic adj2 bronchitis) or emphysema):TI 48 

23 MeSH DESCRIPTOR Chronic Disease EXPLODE ALL TREES 772 

24 ((chronic* adj2 disease*) or (chronic* adj2 ill*)):TI 265 

25 MeSH DESCRIPTOR Comorbidity EXPLODE ALL TREES 170 

26 
(comorbid* OR co-morbid* OR multimorbid* OR multi-morbid* OR (complex* adj1 patient*) 

OR "patient* with multiple" OR (multiple adj2 (condition* OR disease*))):TI 
25 

27 

#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 

OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR 

#25 OR #26 

5010 

28 MeSH DESCRIPTOR medical informatics EXPLODE ALL TREES 2338 

29 MeSH DESCRIPTOR Medical Records Systems, Computerized EXPLODE ALL TREES 49 

30 
((ehr or ehealth or etool* or eprescri* or (computer* adj2 physician order entry) or CPOE or 

clinical decision support system* or picture archiving communication* system* or PACS)) 
64 

31 (((electronic or e or computer*) adj2 (health or patient or medical) adj record*)) 86 

32 
((electronic or e or computer*) adj2 (management or tool* or system* or prescrib* or decision 

support or discharge or (medication adj2 reconciliation))) 
340 
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33 #28 OR #29 OR #30 OR #31 OR #32 2608 

34 MeSH DESCRIPTOR Intermediate Care Facilities EXPLODE ALL TREES 4 

35 (intermedia* adj2 care) 39 

36 MeSH DESCRIPTOR ambulatory care EXPLODE ALL TREES 346 

37 MeSH DESCRIPTOR Ambulatory Care Facilities EXPLODE ALL TREES 205 

38 MeSH DESCRIPTOR Outpatients EXPLODE ALL TREES 73 

39 MeSH DESCRIPTOR Community Health Services EXPLODE ALL TREES 4097 

40 MeSH DESCRIPTOR Community Medicine EXPLODE ALL TREES 3 

41 MeSH DESCRIPTOR Subacute Care EXPLODE ALL TREES 7 

42 MeSH DESCRIPTOR Primary Health Care EXPLODE ALL TREES 673 

43 MeSH DESCRIPTOR Physicians, Family EXPLODE ALL TREES 50 

44 MeSH DESCRIPTOR Group Practice EXPLODE ALL TREES 65 

45 MeSH DESCRIPTOR Patient Care Team EXPLODE ALL TREES 207 

46 MeSH DESCRIPTOR Patient Care Management EXPLODE ALL TREES 2512 

47 

(((primary or family or community or outpatient* or ambulatory) adj2 (care* or physician* or 

nurs* or service* or clinic* or facility or facilities))) OR (((transitional or multidisciplin* or 

multifacet* or multi-disciplin* or multi-facet* or cooperat* or co-operat* or interdisciplin* or 

inter-disciplin* or collaborat* or multispecial* or multi-special* or share or sharing or shared or 

integrat* or joint or multi-modal or multimodal) adj2 (care or team*))) OR (team* or liaison) 

OR (general or family or primary care or community) adj2 (practic* or clinic* or program* or 

doctor* or nuse* or physician*))) 

2134 

48 
#34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 

OR #46 OR #47 
7581 

49 #27 AND #33 AND #48 65 

 

 

Cochrane 

ID Search Hits 

#1 MeSH descriptor Coronary Artery Disease explode all trees 2250 

#2 MeSH descriptor Myocardial Infarction explode all trees 7854 

#3 
(myocardi* or heart or cardiac or coronary) NEAR/2 (atheroscleros* or arterioscleros* or infarct*):ti or 

(coronary artery disease or cad or heart attack*):ti 
8562 

#4 MeSH descriptor Atrial Fibrillation explode all trees 2159 

#5 (atrial NEAR/2 fibrillation* or atrium NEAR/2 fibrillation* or auricular NEAR/2 fibrillation* ):ti 2357 

#6 MeSH descriptor Heart Failure explode all trees 4818 

#7 
(myocardi* NEAR/2 (failure or decompensation or insufficiency)):ti or (heart NEAR/2 (failure or 

decompensation or insufficiency)):ti or (cardiac NEAR/2 (failure or decompensation or insufficiency)):ti 
5347 

#8 MeSH descriptor Stroke explode all trees 4020 

#9 MeSH descriptor Ischemic Attack, Transient explode all trees 469 

#10 
(stroke or tia or transient ischemic attack or cerebrovascular apoplexy or cerebrovascular accident or 

cerebrovascular infarct* or brain infarct* or CVA):ti 
10009 

#11 MeSH descriptor Diabetes Mellitus, Type 2 explode all trees 7179 

#12 (diabetes or diabetic* or niddm or t2dm):ti 16895 

#13 MeSH descriptor Skin Ulcer explode all trees 1599 

#14 (pressure or bed or skin) NEAR/2 (ulcer* or sore* or wound*):ti 673 

#15 (decubitus or bedsore*):ti 100 

#16 MeSH descriptor Pulmonary Disease, Chronic Obstructive explode all trees 1804 

#17 (chronic obstructive NEAR/2 (lung* or pulmonary or airway* or airflow or respiratory) ):ti 2436 

#18 (copd or coad):ti 3352 

#19 (chronic airflow obstruction):ti 72 

#20 MeSH descriptor Emphysema explode all trees 92 

#21 (chronic NEAR/2 bronchitis) or emphysema:ti 1184 
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#22 MeSH descriptor Chronic Disease explode all trees 10019 

#23 (chronic* NEAR/2 disease* or chronic* NEAR/2 ill*):ti 1702 

#24 MeSH descriptor Comorbidity explode all trees 1987 

#25 
(comorbid* OR co-morbid* OR multimorbid* OR multi-morbid* OR (complex* NEXT patient*) OR 

"patient* with multiple" OR (multiple NEAR/2 (condition* OR disease*))):ti 
654 

#26 
(#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR 

#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25) 
69160 

#27 MeSH descriptor Medical Informatics explode all trees 7364 

#28 MeSH descriptor Medical Records Systems, Computerized explode all trees 287 

#29 
((electronic or e or computer*) NEAR/2 (health or patient or medical) NEAR record*):ti or ((electronic or e 

or computer*) NEAR/2 (health or patient or medical) NEAR record*):ab 
276 

#30 

(ehr or ehealth or etool* or eprescri* or (computer* NEAR/2 physician order entry) or CPOE or clinical 

decision support system* or picture archiving communication* system* or PACS):ti or (ehr or ehealth or 

etool* or eprescri* or (computer* NEAR/2 physician order entry) or CPOE or clinical decision support 

system* or picture archiving communication* system* or PACS):ab 

353 

#31 

((electronic or e or computer*) NEAR/2 (management or tool* or system* or prescrib* or decision support or 

discharge or (medication NEAR/2 reconciliation))):ti or ((electronic or e or computer*) NEAR/2 

(management or tool* or system* or prescrib* or decision support or discharge or (medication NEAR/2 

reconciliation))):ab 

889 

#32 (#27 OR #28 OR #29 OR #30 OR #31) 8363 

#33 MeSH descriptor Intermediate Care Facilities explode all trees 13 

#34 (intermedia* NEAR/2 care):ti or (intermedia* NEAR/2 care):ab 95 

#35 MeSH descriptor Ambulatory Care explode all trees 3189 

#36 MeSH descriptor Ambulatory Care Facilities explode all trees 1424 

#37 MeSH descriptor Outpatients explode all trees 692 

#38 MeSH descriptor Community Health Services explode all trees 19917 

#39 MeSH descriptor Community Medicine explode all trees 34 

#40 MeSH descriptor Subacute Care explode all trees 16 

#41 MeSH descriptor General Practice explode all trees 2113 

#42 MeSH descriptor Primary Health Care explode all trees 2928 

#43 MeSH descriptor Physicians, Family explode all trees 445 

#44 MeSH descriptor General Practitioners explode all trees 31 

#45 MeSH descriptor Physicians, Primary Care explode all trees 21 

#46 MeSH descriptor Group Practice explode all trees 378 

#47 MeSH descriptor Primary Care Nursing explode all trees 1 

#48 MeSH descriptor Patient Care Team explode all trees 1177 

#49 MeSH descriptor Patient Care Management explode all trees 13149 

#50 

((primary or family or community or outpatient* or ambulatory) NEAR/2 (care* or physician* or nurs* or 

service* or clinic* or facility or facilities)):ti and ((primary or family or community or outpatient* or 

ambulatory) NEAR/2 (care* or physician* or nurs* or service* or clinic* or facility or facilities)):ab 

2110 

#51 

(transitional or multidisciplin* or multifacet* or multi-disciplin* or multi-facet* or cooperat* or co-operat* or 

interdisciplin* or inter-disciplin* or collaborat* or multispecial* or multi-special* or share or sharing or 

shared or integrat* or joint or multi-modal or multimodal) NEAR/2 (care or team*):ti or (transitional or 

multidisciplin* or multifacet* or multi-disciplin* or multi-facet* or cooperat* or co-operat* or interdisciplin* 

or inter-disciplin* or collaborat* or multispecial* or multi-special* or share or sharing or shared or integrat* 

or joint or multi-modal or multimodal) NEAR/2 (care or team*):ab 

1115 

#52 
((general or family or primary care or community) NEAR/2 (practic* or clinic* or program* or doctor* or 

nuse* or physician*)):ti or ((general or family or primary care or community) NEAR/2 (practic* or clinic* or 
8087 
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program* or doctor* or nuse* or physician*)):ab 

#53 (team* or liaison):ti or (team* or liaison):ab 3183 

#54 (#50 OR #51 OR #52 OR #53) 12346 

#55 (#54 AND #32 AND #26) 
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Appendix 2: Additional Publications  

Table A1: Additional Publications Referenced for Supplementary Details on Included Studies 

Included Studies Additional Publications 

Author, Year Study Design Description of Intervention Author, Year Description of Research Article 

Khan et al, 2010 
(35) 

Cluster RCT Randomized hospital laboratories to use 
electronic laboratory results management 
system, which can automatically generate a 
report for PCPs 

MacLean et al, 2004 
(43) 

Detailed description of planned study 
protocol 

Montori et al, 2002 
(37) 

Cluster controlled 
trial 

Physicians assigned to the intervention group 
used a diabetes electronic management 
system compared to control physicians, who 
maintained usual care with a paper-based 
patient chart system 

Gorman et al, 2000 
(44) 

Detailed description of intervention 
technology 

Walsh et al, 2012 
(41) 

Prospective case 
series 

EHR use was self-identified through physician 
surveys; physicians who used EHRs were 
compared to physicians using paper-based 
practices—details of individual EHR systems 
are unknown 

Walsh et al, 2010 (45) Detailed study description and baseline 
data 

Abbreviations: EHR, electronic health record; PCP, primary care physician; RCT, randomized controlled trial. 
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Appendix 3:  GRADE Tables 

Table A2: GRADE Evidence Profile for Health Services Utilization and Disease-Specific Clinical Outcomes 

No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication 
Bias 

Upgrade 
Considerations 

Quality 

Hospitalizations 

1 (RCT) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕ 
Moderate 

Length of Stay 

1 (RCT) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕ 
Moderate 

ED Visits 

1 (RCT) Serious limitations  
(–1)a 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕ 
Moderate 

Readmissions 

1 (RCT) No serious limitations Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕⊕ 
High 

HbA1c  

1 (RCT) Very serious limitations  
(–2)b 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

1 (observational) Serious limitations  
(–1)c 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

SBP 

1 (RCT) Very serious limitations  
(–2)b 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

DBP 

1 (RCT) Very serious limitations  
(–2)b 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

Total Cholesterol 

1 (RCT) Very serious limitations  
(–2)b 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

LDL-C 

2 (RCTs) Very serious limitations  
(–2)b,d 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 
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Triglycerides  

1 (RCT) Very serious limitations  
(–2)b 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

Adverse Events 

1 (RCT) No serious limitations Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕⊕ 
HIgh 

HbA1c Managed and Below Clinical Guidelines 

2 (observational) Serious limitations  
(–1)e,f 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

BP Managed and Below Clinical Guidelines 

2 (observational) Serious limitations  
(–1)e,f 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

LDL-C Managed and Below Clinical Guidelines 

2 (observational) Serious limitations  
(–1)e,f 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Triglycerides Managed and Below Clinical Guidelines 

1 (observational) Serious limitations  
(–1)e 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

BMI < 30 kg/m2 

1 (observational) Serious limitations  
(–1)f 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Nonsmoker 

2 (observational) Serious limitations  
(–1)e,f 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Composite Outcomes of Various Targets Met 

3 (observational) Very serious limitations  
(–2)e,f,g 

No serious 
limitations 

Serious limitations  
(–1)h 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Abbreviations: BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; ED, emergency department; EHR, electronic health record; EMR, electronic medical record; HbA1c, hemoglobin A1c; 
LDL-C, low density lipoprotein cholesterol; No., number; RCT, randomized controlled trial; SBP, systolic blood pressure. 
aPotential bias as a result of clustering effect. 
bPhysicians to receive intervention were nominated by the study sites through unknown selection methodology. Additional selective reporting bias as authors did not report data for 3 outcomes (hospitalizations, 
ED visits, and primary care visits). 
cPhysicians with greatest number of referrals were provided with electronic intervention, while the others were considered the control group. 
dPhysicians had patients in both study groups, contaminating blinding. 
eUnknown methodology for selecting practices involved early versus later in the process of rolling out EHR systems. 
fSelf-selected to use EMRs (or other eTools), and therefore may inherently be different from those who did not. 

gIntervention was implemented at the level of physician practice, and this resulted in some flux of individual patients within both study groups. 
hThe composite outcomes included different components in the various studies. 

  



 

Ontario Health Technology Assessment Series; Vol. 13: No. 11, pp. 1–76, September 2013 65 

Table A3: GRADE Evidence Profile for Process-of-Care Indicators  

No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication 
Bias 

Upgrade 
Considerations 

Quality 

BP Measures     

3 (observational) Very serious limitations  
(–2)a,b,c 

No serious limitations No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Total Cholesterol    

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

2 (observational) Serious limitations  
(–1)a,b 

No serious limitations No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Triglycerides    

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

2 (observational) Serious limitations  
(–1)a,b 

No serious limitations No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

HbA1c    

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

5 (observational) Serious limitations  
(–1)a,b,c 

No serious limitations Serious limitations  
(–1)e 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Blood Glucose    

1 (observational) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Fructosamine    

1 (observational) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Eye Examinations     

1 (RCT) Very serious limitations  
(–2)d 

No serious limitations No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

5 (observational) Serious limitations  
(–1)a,b,c 

No serious limitations No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Foot Examinations   

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 
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No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication 
Bias 

Upgrade 
Considerations 

Quality 

2 (observational) Serious limitations  
(–1)b,c 

No serious limitations  No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Kidney Management: Urine Protein       

1 (RCT) Very serious limitations  
(–2)d 

No serious limitations No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

3 (observational) Serious limitations  
(–1)a,b,c 

No serious limitations No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Kidney Management: Creatinine    

1 (observational) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Kidney Management: Composite Outcome    

1 (observational) Serious limitations  
(–1)c 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Kidney Management: Urinalysis     

1 (observational) Serious limitations  
(–1)b 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Weight      

1 (observational) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Height      

1 (observational) Serious limitations  
(–1)c 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Vaccinations and immunizations     

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

2 (observational) Serious limitations  
(–1)b,c 

No serious limitations No serious 
limitations 

No serious 
limitations 

 
Undetected 

None identified ⊕ 
Very low 

Medications: ACE Inhibitors     

2 (observational) Serious limitations  
(–1)c 

No serious limitations Serious limitations  
(–1)e 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Medications: Anticoagulation     

2 (observational) Serious limitations  
(–1)c 

No serious limitations Serious limitations  
(–1)e 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Medications: Aspirin     



 

Ontario Health Technology Assessment Series; Vol. 13: No. 11, pp. 1–76, September 2013 67 

No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication 
Bias 

Upgrade 
Considerations 

Quality 

2 (observational) Serious limitations  
(–1)b,c 

No serious limitations Serious limitations  
(–1)e 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Medications: Aldosterone Antagonists    

1 (observational) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Medications: ICD/CRT-D      

1 (observational) Serious limitations  
(–1)c 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Medications:  Beta-blocker     

1 (observational) Serious limitations  
(–1)c 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Medications: CRT-P/CRT-D    

1 (observational) Serious limitations  
(–1)c 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Medications: Changes in Statins (1 month)    

1 (RCT) Serious limitations  
(–1)f 

Not relevant No serious 
limitations 

Serious limitations  
(–1)g 

Undetected None identified ⊕⊕ 
Low 

Medications: Changes in Statins ( 1 year)     

1 (RCT) Serious limitations  
(–1)f 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕ 
Moderate 

Behavioural Interventions: Diet Advice    

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

1 (observational) Serious limitations  
(–1)c 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Behavioural Interventions: Smoking Assessment      

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

1 (observational) Serious limitations  
(–1)b 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Behavioural interventions: Exercise Advice    

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

Behavioural interventions: Self-Management Support    
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No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication 
Bias 

Upgrade 
Considerations 

Quality 

1 (RCT) Very serious limitations  
(–2)d 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕ 
Low 

Behavioural Interventions: Heart Failure Education    

1 (observational) Serious limitations  
(–1)c 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Composite Outcomes of Tests Conducted or Recorded    

2 (observational) Serious limitations  
(–1)a 

No serious limitations Serious limitations  
(–1)e 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CRT-D, cardio-resynchronization therapy with defibrillator; CRT-P, cardio-
resynchronization therapy with pacemaker; ED, emergency department EHR, electronic health record; EMR, electronic medical record; eTool, electronic tool; HbA1c, hemoglobin A1c; ICD, implantable 
cardioverter defibrillator; No., number; RCT, randomized controlled trial. 

aPhysicians with the greatest number of referrals were provided with electronic intervention, while the others were considered the control group. 
bUnknown methodology for selecting practices involved early versus later in the process of rolling out EHR systems. 
cPhysicians self-selected to use EMRs (or other eTools), and therefore may inherently be different from those who did not. 
dPhysicians to receive intervention were nominated by the study sites through unknown selection methodology. Additional selective reporting bias as authors did not report data for 3 outcomes (hospitalizations, 
ED visits, and primary care visits). 
eStudies used different measures (e.g., per-patient versus proportion of patients). 
fPhysicians had patients in both study groups, contaminating blinding. 
gWide confidence intervals. 
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Table A4: GRADE Evidence Profile for Measures of Efficiency  

No. of Studies (Design) Risk of Bias Inconsistency Indirectness Imprecision Publication 
Bias 

Upgrade 
Considerations 

Quality 

Proportion of PCPs Receiving Discharge Summary Within 1–7 Days    

1 (RCT) No serious limitations Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕⊕ 
High 

Time to First Measure of LDL-C    

1 (RCT) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕ 
Moderate 

Time to Change in Statin Prescription    

1 (RCT) Serious limitations  
(–1)a 

Not relevant No serious 
limitations 

No serious 
limitations 

Undetected None identified ⊕⊕⊕ 
Moderate 

Time Spent by Providers With Patients    

1 (RCT) Very serious limitations  
(–2)b 

Not relevant Serious limitations  
(–1)d 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Time Spent by Nurses With Patients    

1 (RCT) Very serious limitations  
(–2)b 

Not relevant Serious limitations  
(–1)d 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Number of Letters From GP to Consultant  

1 (observational) Serious limitations  
(–1)c 

Not relevant Serious limitations  
(–1)d 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Number of Letters From Consultant to GP   

1 (observational) Serious limitations  
(–1)c 

Not relevant Serious limitations  
(–1)d 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Number of Patient Contacts With GP   

1 (observational) Serious limitations  
(–1)c 

Not relevant Serious limitations  
(–1)d 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Number of Patient Contacts With Consultant   

1 (observational) Serious limitations  
(–1)c 

Not relevant Serious limitations  
(–1)d 

No serious 
limitations 

Undetected None identified ⊕ 
Very low 

Abbreviations: GP, general practitioner; eTool, electronic tool; LDL-C, low-density lipoprotein cholesterol; PCP, primary care physician; No., number; RCT, randomized controlled trial;  
aPotential bias as a result of cross-contamination of study groups. 
bPhysicians to receive intervention were nominated by the study sites, but with unknown selection methodology. Additionally, while the study design was that of an RCT, this outcome was measured through 
observational data collected.  
cPhysicians with greatest number of referrals were provided with electronic intervention, while the others were considered the control group. 
dThe correlation between physician time and quality of patient care is unclear. Decrease physician time spent with a patient could be due to improved efficiency or decreased quality of care.    
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Table A5: Risk of Bias Among Randomized Controlled Trials for the Impact of eTools 

Author, Year Allocation 
Concealment 

Blinding Complete Accounting 
of Patients and 

Outcome Events 

Selective Reporting 
Bias 

Other Limitations 

Graumlich, 2009 (34) No limitations No limitationsa No limitationsb No limitations No limitations 

Khan et al, 2010 (35) No limitations No limitationsa No limitationsb No limitations Serious limitationsc 

Lester et al, 2005 (33) No limitations Serious limitationsd No limitationsb No limitations No limitations 

Montori et al, 2002 (37) Very serious 
limitationse 

No limitationsa No limitationsb Serious limitationsf No limitationsg 

Abbreviation: eTools, electronic tools. 
aNot feasible to blind due to the obvious nature of receiving of an automated electronic report; a possible limitation for subjective outcomes, but not for definitive outcomes such as hospitalizations. 
bConducted analyses on an intention-to-treat principle (including studies where no loss to follow-up occurred). 
cCalculations did not account for potential recruitment bias as a result of clustering effects. 
dIndividual physicians had patients in both intervention and control arms and received an email only for patients in the intervention group, causing cross-contamination and potential bias in patient care. 
ePhysicians to receive intervention were nominated by the study sites with unknown selection methodology. 
fAuthors did not report data for 3 outcomes (hospitalizations, ED visits, primary care visits). 
gPerformed multivariate analyses to account for potential baseline differences. 
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Table A6: Risk of Bias Among Observational Trials for the Impact of eTools 

Author, Year Appropriate Eligibility 
Criteria 

Appropriate 
Measurement of 

Exposure 

Appropriate 
Measurement of 

Outcome 

Adequate Control for 
Confounding 

Complete Follow-Up 

Branger et al, 1999 (32) Serious limitationsa No limitations No limitations No limitations No limitations 

Cebul et al, 2011 (38) Serious limitationsb No limitations No limitations No limitationsc No limitations 

Crosson et al, 2012 (39) Serious limitationsb No limitations No limitations No limitationsc Serious limitationsd 

Henderson et al, 2010 
(36) 

Serious limitationsb No limitations No limitations No limitationsc No limitationse 

Herrin et al, 2012 (40) Serious limitationsf No limitations No limitations No limitationsc No limitationsg 

Walsh et al, 2012 (41) Serious limitationsb No limitations  No limitations No limitationsc No limitations 

Wells et al, 1996 (42) Serious limitationsb No limitations No limitations No limitations Serious limitationsd 

Abbreviation: EHR, electronic health record; EMR, electronic medical record; eTools, electronic tools. 
aPhysicians with greatest number of referrals were provided with the electronic intervention, while the others were considered the control group. 
bPhysicians self-selected to use EMRs (or other electronic intervention) and therefore may inherently be different from those who did not. 
cStatistical modelling was applied to adjust for known or otherwise potential confounding factors. 
dIntervention was implemented at the level of physician practice, and this resulted in some flux of individual patients within both study groups. 
eAssessment was conducted at the level of patient encounter; individual patients were not accounted for.  
fUnknown methodology for selecting practices which were early adopters to EHR and up to 5 years later adoption, introducing potential bias in physician practice type. 
gResults accounted patient years, not individual patients.  
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