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This report on Exercise Testing for the Prediction of Cardiac Events in Patients 
with Diabetes examines the clinical research evidence on the prognostic 
value of exercise testing (including electrocardiogram exercise testing and 
cardiopulmonary exercise testing) for the prediction of cardiac events in 
patients with diabetes.
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EXECUTIVE SUMMARY

n	 Background
Chronic diseases such as diabetes are a significant public health problem in 
Canada and worldwide. Patients with diabetes have a higher risk of developing 
cardiovascular disease, which is the leading cause of death in this population. 
Physical exercise is a key component of the clinical management of diabetes. 
Clinical practice guidelines based on expert consensus recommended that 
exercise testing be performed for sedentary patients with diabetes before they 
start a more vigorous exercise. However, exercise testing is not widely available in 
some rural areas in Alberta, Canada, which poses a significant barrier for patients 
with diabetes to participate in community-based supervised exercise programs.

n	 Objectives
To assess research evidence on the safety and prognostic value of exercise testing 
for the prediction of cardiac events in patients with chronic diseases including 
diabetes, chronic obstructive pulmonary disease (COPD), and arthritis.

n	 Results
No systematic reviews or primary studies on COPD and arthritis that met the 
inclusion criteria were located through a comprehensive literature search.

Five primary prognostic studies with eight publications examined the association 
of prognostic variables derived from exercise electrocardiogram (ECG) tests or 
cardiopulmonary exercise tests and the number of cardiac events that occurred in 
patients with diabetes over a 2.8 to 16 year period.

The majority of the patients included in these studies had no history of 
cardiovascular disease or symptoms of coronary heart disease such as chest pain; 
however, they differed in terms of types, duration, and presence of secondary 
complications of diabetes, as well as co-morbidities such as hypertension. Four 
studies used the exercise ECG test and examined prognostic variables such 
as ECG ST-segment depression, Duke Treadmill Score, heart rate recovery, 
chronotropic responses, and metabolic equivalents. One study used the 
cardiopulmonary exercise test and examined the prognostic variable peak oxygen 
uptake. No study considered physician judgment as a prognostic variable; 
however, all studies included body mass index, blood pressure, and resting 
heart rate as covariates. Clinical outcomes measured in these studies included 
cardiovascular mortality and/or non-fatal cardiac events such as myocardial 
infarction.
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These studies demonstrated that prognostic variables, including ECG ST-segment 
depression, low Duke Treadmill Score, delayed heart rate recovery, impaired 
chronotropic responses, reduced metabolic equivalents, and low peak oxygen 
uptake, are independent and significant predictors of cardiovascular mortality and 
non-fatal cardiac events.

However, the prognostic value of these tests might be overestimated because 
of potential publication bias; that is, only studies with positive results might 
have been published. Moreover, no conclusion could be drawn in terms of the 
prognostic value of exercise testing in patients with COPD or arthritis because of 
the lack of sufficient published evidence.

n	 Conclusions
The published evidence indicates that the exercise ECG test and the 
cardiopulmonary exercise test can provide important prognostic information 
for future cardiac events in patients with diabetes. However, there is a lack of 
research evidence currently available that examined the incremental prognostic 
value of exercise testing compared with physicians’ judgment based on medical 
history and physical examination.

Patients with diabetes, who often have silent myocardial ischemia, may be at risk 
of future cardiac events when participating in a more vigorous exercise program 
than brisk walking if they are previously physically inactive. Therefore, exercise 
testing may provide additional prognostic information for those patients with 
diabetes planning to enter a structured community-based exercise program 
although there is a lack of direct research evidence.

n	 Method
This is a qualitative systematic review. A comprehensive literature search was 
conducted to identify research articles published from 1997 to 2009. Electronic 
databases searched included the Cochrane Library; Centre for Reviews and 
Dissemination (CRD) Databases: Databases of Abstracts of Reviews of Effects 
(DARE), Health Technology Assessment (HTA) and the National Health Services 
Economic Evaluation Database (NHS EED); MEDLINE; EMBASE; Web of 
Science; PEDro; and SPORTDiscus. Clinical practice guidelines, websites of various 
HTA agencies, and reference lists of retrieved articles were also searched.

The critical appraisal of the quality of the research evidence was conducted 
using a 10-item checklist. Two researchers independently applied the quality 
assessment checklist. Disagreements were resolved by discussion and consensus.

Reference: Guo B, Harstall C. Exercise testing for the prediction of cardiac events in 
patients with diabetes. Institute of Health Economics, Edmonton AB: May 2009, 
HTA Full Report.
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n	 ABBREVIATIONS
ACSM	 American College of Sports Medicine
ABI	 ankle brachial index
ADA	 American Diabetes Association 
AER 	 albumin excretion rate
BMI	 body mass index 
BP	 blood pressure 
bpm 	 beats per minute
CAD	 coronary artery disease
CHD	 coronary heart disease
CHF	 chronic heart failure
CI 	 confidence interval
COPD	 chronic obstructive pulmonary disease
CPET	 cardiopulmonary exercise testing
CR 	 chronotropic response
CV 	 cardiovascular
CVA 	 cerebrovascular accident
CVD 	 cardiovascular disease
DTS 	 Duke Treadmill Score
ECG 	 electrocardiogram
EOB 	 exercise oscillatory breathing
HR 	 hazard ratio
HRR 	 heart rate recovery
MACE 	 major adverse cardiac events
METs 	 metabolic equivalents
MI 	 myocardial infarction
mph 	 miles per hour
6MWT 	 6-minute walking test
RER 	 respiratory exchange ratio
SMI 	 silent myocardial ischemia
SpO2	 pulse oximetry
VCO2 	 carbon dioxide output
VE	 minute ventilation
VO2 	 oxygen uptake
VE/VCO2 	� rate of increase in ventilation per unit increase in carbon dioxide 

production
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n	 GLOSSARY OF TERMS
Main source: Tremblay et al. 20071 Sigal et al. 20042

Cardiorespiratory fitness – also known as cardiorespiratory endurance or 
aerobic fitness. It is the ability of the circulatory and respiratory systems to supply 
oxygen during sustained physical activity.

Electrocardiogram – a test that records the electrical activity of the heart. 
Information about heart rate, rhythm, and electrical conduction is recorded. 
Evidence of damage, ischemia, and hypertrophy can be identified.

Exercise prescription – the process whereby a person’s recommended regimen 
of physical activity is designed in a systematic and individualized manner.

Exercise intolerance – an inability to complete a required physical task 
successfully.

Maximal VO2 – the point at which no further increase in measured VO2 occurs 
despite an increase in work rate (a plateau is reached) during graded exercise 
testing. It is defined as the greatest rate at which oxygen can be consumed during 
exercise or the maximal rate at which oxygen can be taken up, distributed, and 
used by the body during physical activity.

Metabolic equivalent (MET) – a measure of energy output equal to the basal 
metabolic rate of a resting, seated, awake individual. One MET equals the resting 
metabolic rate of approximately 3.5 mL O2 per kilogram of body weight per 
minute. Formula: (1.44 × [maximal minutes on treadmill] + 14.99)/3.5. Physical 
activity intensity is often expressed in multiples of METs.

Peak VO2 – the highest VO2 attained during graded exercise testing, but the term 
does not imply that a plateau in measured VO2 is reached.

Physical activity – any body movement produced by the contraction of skeletal 
muscles that result in a substantial increase over resting energy expenditure.

Physical fitness – a physiological state of well-being that enables the individual 
to meet the demands of daily living and/or provide the basis for sport 
performance. It includes cardiorespiratory fitness, muscular fitness, and flexibility.

Silent myocardial ischemia (SMI) – objective documentation of myocardial 
ischemia in the absence of angina or angina equivalents.
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Introduction

This report was prepared in response to a request from two rural health regions in 
Alberta, Canada: the David Thompson and Aspen Health Regions. The two health 
regions have implemented community-based supervised exercise programs for 
people with chronic diseases. Although until recently only a physician’s judgment 
based on medical history and physical examination was required for pre-participation 
screening of patients’ cardiac risk, exercise testing is now recommended according 
to recent clinical practice guidelines. However, lack of local access to exercise testing 
within some rural communities poses a significant barrier for patients to participate 
in exercise programs. The exercise program managers found that recommendations 
from the clinical practice guidelines tend to rely on expert consensus and that primary 
research results appeared to conflict. This issue led to a question about the state of 
the evidence concerning exercise testing as a predictor of cardiac risk, in addition 
to physician’s judgment, in patients with chronic diseases prior to participating in a 
community-based exercise program.

Scope of the Report 

Addressing this practical issue appeared to be complex as it involved various 
patient groups with different chronic diseases, different types of exercise testing, 
and different outcome measures. Through several meetings with the regional 
health managers the following was agreed to based on the PICO (population, 
intervention, comparator, outcomes) model:

	 Population: patients with diabetes (type 1 or type 2), chronic obstructive 
pulmonary disease (COPD), or arthritis.

	 Intervention: exercise tests of interest, including exercise electrocardiogram 
(ECG) test, cardiopulmonary exercise test (CPET), and 6-minute walking test 
(6MWT). Pharmacological stress tests and the use of imaging technologies 
(e.g. radionuclide imaging, echocardiography) were excluded.

	 Comparator: physician’s judgment based on medical history and physical 
examination.

	 Outcome measures: safety of performing exercise testing and prognostic value 
of exercise testing in predicting cardiac events during exercise. 

This systematic review focuses on the prognostic value rather than diagnostic 
value of exercise testing. A comprehensive literature search (see Appendix A: 
Method/Search strategy) did not locate any primary prognostic studies on 
patients with COPD or arthritis that met the pre-defined inclusion criteria (see 
Appendix A: Method/Study selection); therefore, this report focused solely on 
patients with diabetes.



	 Exercise Testing for the Prediction of Cardiac Events in Patients with Diabetes	 11

Background

n	 Clinical condition

Definition
Diabetes mellitus is a chronic metabolic disorder characterized by the presence of 
hyperglycemia due to defective insulin secretion, defective insulin action, or both.3 
Type 1 diabetes is primarily a result of pancreatic beta cell destruction caused by 
an autoimmune process or unknown mechanisms. Type 2 diabetes results from a 
progressive insulin secretory defect on the background of insulin resistance.4

Epidemiology
Diabetes is currently one of the most common non-communicable diseases 
globally and is quickly emerging as one of the most serious public health 
problems.5 It was estimated that 246 million people worldwide had diabetes in 
2007, representing 5.9% of the adult population (age 20 to 79 years).5 Diabetes 
is the fourth leading cause of death by disease globally,5 and approximately 3.8 
million adults die from diabetes-related causes each year.5 Furthermore, type 2 
diabetes, a disease that often affects older people, has increased substantially in 
younger people. It is also increasing in children as well as in adolescents as a 
consequence of increased obesity among young people. Worldwide, the 40- to 
59-year age group currently has the greatest number of persons with diabetes.5

Currently more than two million Canadians have diabetes.6 Type 2 diabetes 
accounts for about 90% of all diagnosed cases, with over 60,000 new cases each 
year.6 In Alberta, 130,000 adults are living with diabetes, and 12,000 new cases of 
diabetes were identified in 2004.7

Prognosis
Chronic hyperglycemia (i.e. increased blood sugar levels) is associated with 
significant long-term complications involving various organs, particularly the 
kidneys, eyes, nerves, heart, and blood vessels.3 The mechanisms by which 
diabetes leads to secondary complications are complex. They are not fully 
understood but are directly related to the toxic effects of high glucose levels, 
along with the impact of elevated blood pressure, abnormal lipid levels, and both 
functional and structural abnormalities of small blood vessels.8

Patients with diabetes are 2 to 4 times more likely to develop cardiovascular 
diseases than the general population.8 Approximately 65% to 75% of patients with 
diabetes die of cardiovascular disease.9
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Furthermore, coronary artery disease in patients with diabetes is often silent, 
more advanced and diffuse, and associated with less favourable prognoses than 
those in the non-diabetic population.10

Silent myocardial ischemia (SMI) is defined as objective documentation 
of myocardial ischemia (e.g. detected by exercise testing) in the absence of 
symptoms (e.g. chest pain) due to differences in pain threshold sensitivity 
and autonomic neuropathy.11,12 Studies have demonstrated that a significant 
percentage of patients with diabetes who have no symptoms of coronary 
artery disease have abnormal stress tests.10 Patients with diabetes may remain 
asymptomatic until immediately before an acute major cardiac event.10 In 
approximately 50% of patients, the first manifestation of silent coronary artery 
disease is a fatal cardiac event.13

Diabetes is the most common cause of kidney failure in developed countries.5 
Microalbuminuria, defined as a urinary albumin excretion rate between 20 and 
200 μg/minute, is present in approximately 25% of patients with type 2 diabetes 
and is associated with a doubling of the risk of early death, mainly from coronary 
heart disease.14

n	 Management − physical exercise
Regular physical exercise is a key part of the treatment plan for patients with 
diabetes.3 Exercise can help achieve a variety of goals, including improved control 
of blood glucose, increased insulin sensitivity, improved blood lipoprotein profile 
and lowered blood pressure, increased vigour, and improved cardiovascular and 
muscular fitness. It is useful as an adjunct to diet for weight reduction, enhanced 
sense of well-being and quality of life, and reduced risk of heart disease and 
stroke.3,15

Studies have demonstrated that moderate to high levels of physical activity and 
cardiorespiratory fitness are associated with substantial reductions in morbidity 
and mortality in both men and women with either type 1 or type 2 diabetes.3 
However, a Canadian study showed that 63.7% of 682 patients with type 1 
diabetes and 71.9% of 1593 patients with type 2 diabetes were not achieving 
recommended physical activity level, defined as achieving ≥ 600 MET minutes 
per week of moderate and/or vigorous activity.16 A US study17 also indicated 
that only 38.5% to 41.7% of patients with diabetes met the American Diabetes 
Association recommendations for aerobic physical activity (≥150 minutes a week 
of moderate-intensity physical activity or at least 90 minutes a week of vigorous 
aerobic exercise).4
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n	 Safety concerns about exercise
Starting an exercise program or increasing one’s level of physical exercise means a 
transient increased risk of negative health outcomes, ranging from joint problems 
to sudden cardiac death.18 Cardiac arrest is more likely to occur during exercise 
than at rest, and this association is much stronger in sedentary than in active 
persons.19 Studies have shown that the risk of acute myocardial infarction during 
or immediately after strenuous physical exertion was 2 to 6 times greater than 
the risk during periods of lighter activity or rest in people with or without known 
coronary heart disease.20 Furthermore, 10% of heart attacks occur during or 
immediately after vigorous exertion, making vigorous exertion one of the most 
common triggers of acute heart attack.21

Pathologic evidence suggests that increased myocardial demands can precipitate 
cardiovascular events in patients with documented or occult coronary artery 
disease. For people with coronary artery disease, the increase in heart rate and 
blood pressure during intensive exercise may disrupt the deposits in the narrowed 
coronary blood vessels, setting into motion a chain of events that can cause a 
complete blockage and heart attack.15

Surveys have revealed that 50% of health/fitness facility members are older 
than 35 years and that the fastest-growing segments are middle-aged and older 
participants.15 According to the American Heart Association, a considerable 
proportion of Americans have some form of cardiovascular disease (including 
hypertension), and the prevalence rises with age.15 To ensure safe participation 
in exercise programs, therefore, it is essential that people with underlying 
cardiovascular disease be identified before they participate in a vigorous exercise 
program.15

n	 Pre-exercise examinations
The exercise test, a common physiological stress test, can elicit cardiovascular 
abnormalities that are not present at rest and can be used to determine cardiac 
function.22 A number of professional organizations (e.g. American College of 
Sports Medicine, Australian Association for Exercise and Sports Science) have 
recommended pre-exercise screening procedures to identify those at particular 
risk from functional exercise testing and/or from subsequent exercise prescription. 
These procedures usually involve risk stratification, which categorizes individuals 
into various classes (known disease, at higher risk, apparently healthy).18 On the 
basis of this stratification, decisions are made as to whether the individual needs 
to undergo a medical screening by a physician, including a stress ECG test and 
blood tests, and whether a physician needs to be present during maximal or sub-
maximal testing.18
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Overview of Technology – Exercise Testing

n	 Description of exercise testing
Exercise testing is a controlled physical activity, usually performed on a treadmill 
or stationary bicycle, that is used to assess how well the heart and the body deal 
with exercise or stress.23 It is designed to increase total body and myocardial 
oxygen demands at safe increments within a reasonable time. This requires 
dynamic exercise that uses major muscle groups, permitting a large increase 
in cardiac output, oxygen delivery, and gas exchange.24 When performed 
appropriately, exercise testing yields valuable diagnostic, prognostic, functional, 
and therapeutic information at a relatively low cost and with minimal risk.25

Among the many types of exercise tests used for prognostic purposes, three 
exercise tests, the exercise ECG test (or graded exercise test), the cardiopulmonary 
stress test (CPET), and the 6-minute walking test (6MWT), are of interest in this 
report. These exercise tests differ in terms of equipment used, monitoring systems, 
parameters measured, and definitions of positive test results.

Exercise ECG test (graded exercise test)
This test is performed on a bicycle or treadmill and is used primarily for the 
diagnosis of coronary artery disease (myocardial ischemia) and arrhythmias, and 
to assess therapeutic interventions. During the test, ECG and blood pressure are 
monitored.

Protocols suitable for clinical testing consist of an initial low-intensity warm-
up phase, 8 to 10 minutes of continuously progressive exercise during which 
the myocardial oxygen demand is elevated to the patient’s maximal level, and a 
suitable recovery or cool-down period.22,26 The Bruce protocol, consisting of five 
progressive stages, each 3 minutes in duration, is the most popular. The metabolic 
equivalents (METs) increments in the Bruce protocol are large and uneven, which 
limits the number of sub-maximal responses that may be observed in relation to 
exercise states. The Balke-Ware protocol is a particularly attractive alternative 
because of its constant treadmill speed of either 2.0 or 3.3 mph26 and grade 
increments of 1% applied every one minute (Dr. R Sigal, personal communication, 
January 2009). The Ramp protocol, in which work increases constantly and 
continuously, is a relatively new and very useful protocol.26

Interpretation of the exercise ECG test should include exercise capacity and 
clinical, hemodynamic, and electrocardiographic responses.19 Variables such as 
exercise capacity, exercise duration, positive exercise ECG, abnormal change in 
systolic blood pressure during exercise, marked cardiac arrhythmia, and delayed 
heart rate recovery are associated with the risk of death and cardiovascular 
morbidity even among apparently healthy and asymptomatic individuals.27
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Symptoms during exercise test: The occurrence of ischemic chest pain consistent 
with angina is important, particularly if it forces termination of the test.

ST-segment deviation: The most important ECG findings are ST-segment 
depression or elevation, which helps identify underlying cardiovascular disease. 
The most commonly used definition of a positive result on exercise testing 
is greater than or equal to 1 mm of horizontal or down-sloping ST-segment 
depression or elevation for at least 60 to 80 milliseconds after the end of the QRS 
complex.19

Duke Treadmill Score (DTS): The DTS has been recommended by the American 
College of Cardiology/American Heart Association for cardiac risk stratification.19 
It incorporated three components − exercise duration, ST-segment changes on 
ECG, and presence of angina − in a simple and quantitative equation that is 
calculated as:

	 duration of exercise in minute − (5 × maximal ST deviation 

	 during or after exercise, in mm) − (4 × treadmill angina index)

The treadmill angina index is coded as 0 if no angina, 1 if typical angina occurred 
during exercise, and 2 if angina is the reason for stopping exercise. Patients 
with a DTS ≥ 5 were classified as low risk (99% 4-year survival), −10 to 4 as 
intermediate risk (95% 4-year survival), and < −10 as high risk (79% 4-year 
survival).28

Heart rate recovery (HRR) is the difference between the maximal heart rate during 
exercise testing and the heart rates 1, 2, or 5 minutes after discontinuation of 
exercise testing.

Chronotropic response (CR) is the ability to achieve 85% of predicted maximal heart 
rate during exercise testing (calculated as 220 − age). Impaired chronotropic 
response is defined as the inability of the heart rate to increase normally with 
exercise and may be related to alterations in sympathetic and parasympathetic 
tone as well as to autonomic dysfunction.

Exercise capacity is measured by metabolic equivalents, using the formula:

(1.44 × [maximal minutes on treadmill] + 14.99)/3.5

Cardiopulmonary exercise testing (CPET)
CPET combines the routine measurements of the ECG, blood pressure, and 
work output with the analysis of exhaled gases, which allows the simultaneous 
assessment of the cardiovascular and respiratory systems along with the 
assessment of gas exchange.29-31

CPET involves measuring oxygen uptake (VO2), carbon dioxide output 
(VCO2), minute ventilation (VE), and other variables in addition to monitoring 
ECG, blood pressure, and pulse oximetry (SpO2) during a maximal symptom-
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limited incremental exercise test on the cycle ergometer or treadmill.32 When 
appropriate, the additional measurement of arterial blood gases provides 
important information on pulmonary gas exchange.33 Symptoms such as dyspnea, 
fatigue, and chest pain are also recorded during the test.

The key measurement is peak oxygen uptake, a measure of physical fitness, 
whose usefulness as a prognostic marker is widely accepted.34 Oxygen uptake 
rises during incremental exercise and peak oxygen uptake represents the highest 
rate of oxygen uptake achieved on a test performed to the limit of tolerance.32 
A reduction in its level may result from a variety of factors, including limitation 
in cardiac output, poor peripheral blood flow, impaired skeletal muscle 
metabolism, or early termination of the test because of cardiac-related or other 
symptoms. The prognostic significance of peak oxygen uptake may result from its 
dependence on a clinically relevant combination of these numerous mechanisms 
of impairment of functional capacity.34

The protocols vary in terms of their correlation with peak oxygen uptake. Ramp-
type protocols have the highest correlation with peak oxygen uptake, whereas 
the Bruce protocol has less correlation (Dr. W Dafoe, personal communication, 
January 2009).

Six-minute walking test (6MWT)
The 6MWT is a practical, simple test that measures the maximal distance that 
a patient can walk at his/her own pace in 6 minutes.33 This self-paced test is 
performed in an indoor corridor. The 6MWT provides a global assessment of 
functional capacity but does not provide specific information on each of the 
different organ systems involved in exercise, including mechanisms of exercise 
limitation.35 Therefore, this test has limited diagnostic capacity, especially for 
occult ischemia and combined heart-lung disease.33

In clinical practice, the 6MWT is commonly used to assess changes in functional 
exercise capacity following pulmonary rehabilitation, with the primary outcome 
reported being the distance walked during the time of the test.36 Compared to 
laboratory-based tests using a cycle ergometer or treadmill, these field walking 
tests have advantages of increased availability and low cost; furthermore, ground-
based walking is more representative of activities of daily living than some other 
tests are.36

The 6MWT is primarily useful in very debilitated people. In most younger and 
middle-aged patients with diabetes it would be inadequate to test their exercise 
capacity. It also is not useful for detecting myocardial ischemia (Dr. R Sigal, 
personal communication, January 2009).
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n	 Indications and contraindications

Indications
In patients with diabetes who plan to start a vigorous exercise program, exercise 
testing may be helpful both for the screening of silent coronary artery disease and 
for exercise prescription.13

A key issue facing clinicians is to risk-stratify the long-term likelihood of 
morbidity and mortality due to coronary artery disease and to identify those 
patients who might benefit from more aggressive treatment strategies to mitigate 
these risks.9

According to a review article, no evidence suggests that patients who 
initiate physical activity by walking or similar exercise increase their risk of a 
cardiovascular disease event; therefore, these patients are unlikely to need a 
stress test.10 Exercise stress testing is indicated for patients who will be exercising 
beyond their level of daily living activities, or those who are at increased mortality 
risk.10

Contraindications
Absolute and relative contraindications to exercise ECG testing according to 
the American College of Cardiology/American Heart Association guidelines for 
exercise testing are summarized in Table 1.

Table 1: Contraindications to exercise testing

Absolute

Acute myocardial infarction (within 2 days)--
High-risk unstable angina --
Uncontrolled cardiac arrhythmias causing symptoms or hemodynamic compromise --
Symptomatic severe aortic stenosis--
Uncontrolled symptomatic heart failure --
Acute pulmonary embolus or pulmonary infarction--
Acute myocarditis or pericarditis --

Relative

Left main coronary stenosis--
Moderate stenotic valvular heart disease--
Electrolyte abnormalities --
Severe arterial hypertension --
Tachyarrhythmias or bradyarrhythmias--
Hypertrophic cardiomyopathy and other forms of outflow tract obstruction--
Mental or physical impairment leading to inability to exercise adequately --
High-degree atrioventricular block --

Source: Gibbons et al. 200219
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n	 Safety issues
Although exercise testing is generally considered a safe procedure, both 
myocardial infarction and death have been reported.19 A US survey showed that, 
of a total of 75,828 exercise tests performed during a one-year period, four major 
cardiac events were reported (three myocardial infarctions and one sustained 
ventricular tachycardia), representing an event rate of 1.2 per 10,000.37 Good 
clinical judgment should therefore be used in deciding which patients should 
undergo exercise testing and whether a physician’s on-site supervision is needed.

Local Context

The Calgary Health Region is a large, primarily urban region in Alberta. It started 
the Living Well with a Chronic Condition program several years ago, and thousands 
of patients have completed it. We will refer to this as the “Living Well” program. 
The Aspen and David Thompson Health Regions are rural regions and both 
have implemented community-based exercise programs throughout their regions 
based on the Calgary program for patients with a variety of chronic diseases (Dr. 
R Sigal, personal communication, January 2009).

Since the Aspen Health Region introduced the Living Well exercise program, 146 
participants between the ages of 21 and 85 years (mean age 65) with a variety of 
primary diagnoses such as hypertension (24 patients), coronary artery disease (17 
patients), arthritis (17 patients), obesity (13 patients), diabetes (10 patients), and 
COPD (2 patients) have been enrolled in it. The method used for exercise test 
triage is presented in Appendix B: Figure 1.

The David Thompson Health Region’s Community Care – Chronic Disease 
Programs Network – Supervised Exercise program has enrolled 67 participants 
(as of November 2008), including 24 patients with diabetes and 36 with COPD.

According to the chronic disease program managers in the two health regions, 
using exercise ECG testing is a new requirement for the community-based 
exercise programs. In the past, only physicians’ judgments about patients’ safety, 
based on the medical history and physical examination, were required. The 
only other screening test is the use of a questionnaire called “PAR-Q (Physical 
Activity Readiness Questionnaire)” but all patients failed this test (no details were 
available in terms of specific items that led to exclusion). Lack of availability of 
exercise ECG testing in local communities, the cost of the test, and lack of human 
resources present significant barriers to accessing the community-based exercise 
programs.
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Methods of Analyzing  
Prognostic Studies

n	 Definitions
In this report, prognostic studies refer to clinical studies of variables that are 
predictive of future cardiac events. Variables that are predictive of future events are 
called independent variables (or prognostic variables), whereas the defined clinical 
outcomes or endpoints (e.g. cardiac death) are called dependent variables (or 
target variables).

Independent variables and dependent variables can be continuous or 
dichotomous. Continuous data such as height, weight, or blood pressure can take 
on any value in a continuum.38 Dichotomous data are nominal data that can be 
divided into two categories, such as yes/no, present/absent, or alive/dead.38 It 
is important to select appropriate methods of analyses for different variables in 
prognostic studies.

Clinical outcomes of prognostic studies are the number of events that occur over 
time and are expressed in absolute terms (e.g. 5-year survival rate), relative terms 
(e.g. risk from prognostic variable), or survival curves (cumulative events over 
time).39

n	 Analytical methods and interpretation
Two types of analyses, univariate analysis and multivariate analysis, can be used to 
examine the relationship between independent variables and dependent variables. 
Univariate analysis considers only one independent variable at a time, whereas 
multivariate analysis considers several independent variables at the same time.40

As the majority of clinical outcomes (e.g. death) are the results of many variables 
acting together in complex ways, prognostic studies generally require some sort of 
multiple regression analysis.38,41 For outcomes that are dichotomous or time to a 
specific event, logistic regression or Cox proportional hazards regression models, 
respectively, are appropriate for examining the influence of several prognostic 
factors simultaneously.41

An exploratory univariate analysis is undertaken first, and then the variables with 
statistical significance are entered into the multivariate analysis to avoid including 
too many prognostic factors.42 Some prognostic factors are only significant when 
using univariate analysis, but lose significance in a multivariate analysis. This 
means that the prognostic factor is probably a surrogate for (i.e. highly correlated 
with) one of the other variables causing the outcome.42 Multivariate analysis 
should take precedence over any of the univariate analyses.
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The Cox proportional hazards model, which compares two or more categories 
and measures the hazard ratio (HR) with a 95% confidence interval, is the most 
common form of analysis for prognostic studies. Hazard is the probability of the 
clinical endpoint such as death. A HR is the relative effect of a predictive factor 
on an outcome. HR expresses the effect of each predictive variable included in 
the Cox model in relation to the reference group, adjusted for other variables in 
the model. HRs are a comparison of the incidence of the outcome of interest (e.g. 
death) in two different categories of patients and can be interpreted as a measure 
of the relative risk. An HR of 1 indicates no difference in the incidence of the 
outcome of interest between the two patient categories. On the other hand, an 
HR less than 1 indicates that the incidence of the outcome of interest in a given 
patient category is lower than that in the reference category.

Available Evidence

n	 Description of the selected studies
A comprehensive and systematic literature search (Appendix A: Method/Search 
strategy) resulted in the identification of 4414 citations. After the researchers 
screened titles and abstracts, they retrieved the full texts of 56 potentially relevant 
articles and evaluated them for inclusion in the report. On closer examination 
of the full text of the articles, eight published articles met the inclusion criteria 
(Appendix A: Method/Study selection); the 48 excluded primary studies and the 
reasons for their exclusion are listed in Appendix C. The search did not locate 
any relevant systematic reviews on the topic that met Cook’s criteria43 (Appendix 
A: Method/Study selection).

Of the eight included articles14,44-50, three were identified as multiple publications 
of the original study, which were not considered to be unique studies. In total, 
then, five unique studies with eight articles14,44-50 were included in this report 
(Table 2).
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Table 2: Overview of the included prognostic studies

Study No. of 
patients

Exercise 
test

Prognostic 
variable

Follow-up† 
(year)

Cardiac events

Rutter et al. 
200214

United Kingdom

86 Exercise 
ECG test

ST-segment 
depression

Median 2.8 Sudden cardiac 
death, AMI, new-
onset angina

Lakkireddy et al. 
200544

United States

100 Exercise 
ECG test

Duke Treadmill 
Score

Median 6.6 Cardiac death, 
non-fatal MI

Cheng et al. 
200346

United States

Church 200545*

Lyerly et al. 
200847*

2333

2316

2854

Exercise 
ECG test

Exercise 
ECG test

Exercise 
ECG test

Heart rate 
recovery

Maximal METs

ECG ST-
segment 
deviation

Median 14.9

15.9 ± 7.9

15.8 ± 9.6

CVD mortality

CVD mortality

CVD mortality, 
CHD mortality 

Seyoum 200648

United States

Chacka et al. 
200849*

68

871

CPET

Exercise 
ECG test

Peak VO2

Heart rate 
recovery

5

5

Cardiac events

CVD mortality, 
non-fatal MI, 
CHF hospital 
admission  

Ho et al. 200850

United States 
1,341 Exercise 

ECG test
Chronotropic 
response to 
exercise ECG 
test

Up to 4.6 MI, 
revascularization 
procedures  

* Later publications including the patients from a previous study

† Data expressed as mean ± standard deviation unless otherwise indicated

Abbreviations: AMI: acute myocardial infarction; CHD: coronary heart disease; CHF: chronic heart failure; CPET: 
cardiopulmonary exercise test; CVD: cardiovascular disease; ECG: electrocardiogram; METs: metabolic equivalents; MI: 
myocardial infarction; No.: number; VO2: oxygen uptake.

n	 Methodological quality of the selected studies 
Two researchers (BG and MS) independently assessed the methodological 
quality of each of the eight articles. There are no generally accepted or widely 
used quality assessment tools for prognostic studies. The researchers developed 
a quality assessment checklist by incorporating some important aspects of a 
prognostic study proposed by other authors.41,51,52 This checklist consists of 
10 questions within six domains: study design, participants, prognostic factor 
measurement, follow-up, outcome measurement, and methods of analysis. The 
checklist and the quality assessment results are summarized in Appendix D.

All but one article scored ‘yes’ to at least 7 of the 10 questions, indicating an 
overall acceptable quality of the included articles. All clearly defined methods 
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for measuring prognostic factors, had a complete follow-up (more than 80% of 
participants completed follow-up), and considered other important prognostic 
factors in their statistical analysis. Continuous prognostic variables were analyzed 
appropriately in the majority of the selected studies. However, important 
information on the study participants were not consistently reported. For 
example, patient inclusion and exclusion criteria were clearly defined and patients 
were recruited at a common point in their disease in only two studies. In some 
studies, it was difficult to determine whether the patients were assembled at a 
common point in their disease course due to the lack of published information. 
Two of the five studies followed patients for less than five years, which might 
have not allowed sufficient time for cardiac events to occur. Furthermore, clinical 
outcomes of interest were not clearly defined in more than half of the studies. 
These methodological limitations have an influence on the interpretations of the 
study results.

n	 Prognostic value of exercise testing
Details regarding the objectives, patient characteristics, exercise tests used, length 
and rate of follow-up, and outcomes extracted from each of the five studies are 
presented in Appendix E. Covariates that were considered in these studies are 
listed in Appendix F.

Five cohort studies (one46 with two additional publications45,47 and one48 with 
one additional publication49) examined prognostic values of variables measured 
during exercise testing for predicting future cardiac events among patients with 
type 1 or type 2 diabetes (Table 3). Four studies were conducted in the United 
States, whereas one14 was conducted in the United Kingdom. The total number 
of participants included in these studies ranged from 86 to 2854, with mean ages 
ranging from 49 to 62 years. The study46 with two additional publications45,47 had 
the largest sample size (more than 2000), but included only male participants 
with a wide variation in age (range from 21 to 99 years). In addition, information 
on the duration of diabetes was not available in this study.



	 Exercise Testing for the Prediction of Cardiac Events in Patients with Diabetes	 23

Table 3: Characteristics of the included participants 

Study Total 
number

Age 
(years)*

Gender
(M/F)

BMI
(kg/m2)*

Duration 
of DM 
(years)*

Rutter et al.14 86 62 ± 7 (range 46 
to 74)

62/24 29.8 ± 5.0 Median 7 
(range 1 to 
23)

Lakkireddy et 
al.44

100 59 ± 10 58/42 31 ± 6 NA

Cheng et al.46 2333 49.4 ± 9.5 (range 23 
to 79)

2333/0 27.5 NA

Church et al.45 2316 50 ± 10 (range 21 
to 99)

2316/0 26.8 ± 3.4 NA 

Lyerly et al.47 2854 49.5 ± 9.7 2854/0 28 NA

Seyoum et al.48 468  57.6 307/161 31.2 9.1 

Chacko et al.49 871 58.5 ± 8.2 549/322 31.4 ± 5.5 8.8 ± 7.0

Ho et al.50 1341 NA NA NA NA

*Data are mean ± standard deviation or mean unless otherwise indicated

Abbreviations: BMI: body mass index; DM: diabetes; F: female; kg: kilogram; M: male; m: metre; NA: not available.

As shown in Table 4, the treadmill exercise ECG test was used in four studies 
and CPET was used in one study.48 The primary prognostic variables under 
investigation varied across the studies; they included ECG ST-segment 
depression (two studies), the Duke Treadmill Score (one study), exercise 
capacity measured by peak VO2 (one study), cardiorespiratory fitness measured 
by METs (one study), and heart rate recovery following exercise (two studies), 
and impaired chronotropic response to exercise test (one study). The follow-up 
periods were sufficiently long (defined as longer than 5 years) for all but one 
study.14 In four studies, outcomes were measured blinded to the status of the 
prognostic variables; however, this information is not provided in one study.50



24	 Exercise Testing for the Prediction of Cardiac Events in Patients with Diabetes

Table 4: Prognostic variables under investigation

Study Prognostic 
variable

Follow-
up (year) 

Blinded 
outcome 
measure-
ment 

Frequency of 
cardiac events

Independent 
predictor

Rutter et 
al.14

ECG ST-
segment 
depression 

Median 
2.8 (range 
1.3 to 
4.9)

Yes 23 events in 15 
patients (17%): 
Sudden cardiac 
death: 3
AMI: 7 events
New-onset angina: 
13 events

Silent myocardial 
ischemia 
Ankle brachial index

Lakkireddy 
et al.44

Duke 
Treadmill 
Score (DTS)

Median 
6.6

Yes Cardiac death or 
MI: 8 patients (8%) 
Revascularization 
and CHF: 39 
patients (39%)

DTS 

Cheng et 
al.46

Heart rate 
recovery 
(HRR)

Median 
14.9 
(range 1 
to 25)

Yes CVD mortality: 142 
patients (6.1%)  

Delayed HRR 

Church et 
al.45

Maximal 
METs

Mean 
(SD) 15.9 
± 7.9

Yes CVD mortality: 179 
patients (7.7%) 

Maximal METs, 
fasting glucose 
level, systolic BP, 
parental history 
of premature 
CVD, abnormal 
exercise ECG (ST-
depression) 

Lyerly et 
al.47

ECG ST-
segment 
deviation

Mean 
(SD) 15.8 
± 9.7

Yes CVD mortality: 210 
patients (7.4%)
CHD mortality: 133 
patients (4.7%)

Equivocal and 
abnormal exercise 
ECG test, BMI ≥ 
30, hypertension, 
hypercholesterolemia

Seyoum et 
al.48

Peak VO2

 
5
 

Yes
 

CVD events 
(cardiac death, 
non-fatal MI, 
non-fatal cerebral 
vascular accident, 
CHF requiring 
hospital admission, 
pulmonary 
infarction): 71 
patients (15.2%)

Peak VO2, duration 
of diabetes, overt 
albuminuria

Chacko et 
al.49

HRR 5 Yes CV mortality: 35 
patients (4.0%)
CV events 
(non-fatal MI, 
CVA, and CHF 
requiring hospital 
admission): 135 
(15.5%) 

Delayed HRR, 
urinary albumin 
excretion, 
macro-vascular 
complications

Ho et al.50 CR Up to 4.6 NA MI: 31 patients 
(2.3%)

Impaired CR

Abbreviations: CHD: coronary heart disease; CHF: chronic heart failure; CR: chronotropic response; CV: cardiovascular; 
CVA: cerebrovascular accident; CVD: cardiovascular disease; DTS: Duke Treadmill Score; ECG: electrocardiogram; HRR: 
heart rate recovery; METs: metabolic equivalents; MI: myocardial infarction; SD: standard deviation; VO2: oxygen uptake



	 Exercise Testing for the Prediction of Cardiac Events in Patients with Diabetes	 25

ECG ST-segment deviation 
One study14 examined the prognostic value of silent myocardial ischemia (SMI) 
(defined as exercise-induced ST-segment depression in the absence of coronary 
heart disease symptoms such as angina) and microalbuminuria in predicting 
cardiac events in 86 asymptomatic patients with type 2 diabetes free from known 
coronary heart disease; 43 patients had microalbuminuria at baseline. This study 
did not provide details of the diagnostic criteria, and the participants differed at 
baseline in terms of the secondary complications of diabetes such as peripheral 
neuropathy or retinopathy. Furthermore, the follow-up period in this study was 
relatively short (less than 5 years).

Of the 86 patients, 45 (52%) were found to have SMI. The study suggested 
that SMI was more strongly related to the presence of cardiac events than the 
presence of microalbuminuria. Patients with both SMI and microalbuminuria 
were much more likely to experience cardiac events compared to other patients.

The study found that the only independent predictive variables were SMI and 
ankle brachial index (ABI: ratio of ankle and brachial systolic blood pressure). 
It also found that SMI was the single most sensitive test for the identification of 
patients at risk for developing coronary heart disease events.

This study showed that the presence of SMI assessed by exercise ECG was 
strongly and independently related to subsequent cardiac events in asymptomatic 
patients with type 2 diabetes and had good sensitivity (100%) and negative 
predictive value (100%). The relationship of SMI to cardiac events is independent 
of the presence of microalbuminuria.

It is of note that the high prevalence of SMI and the high event rate in this 
study is probably explained by the selection of only type 2 diabetes, the age of 
the patients (mean age 62 years), the high proportion (50%) of patients with 
microalbuminuria, and the geographical area, which has a high prevalence of 
coronary heart disease. The high sensitivity of treadmill exercise testing in this 
study is probably explained by patient selection (older and high proportion with 
microalbuminuria), a population at high risk. The high incidence of cardiac 
events in this study’s population increases the positive predictive value of the test.

A US study47 also examined the relationship between abnormal ECG tests and 
coronary heart disease (CHD) mortality and cardiovascular disease (CVD) 
mortality. This article is one of the multiple publications of the Aerobics Center 
Longitudinal Study, an ongoing epidemiology study. The study participants 
are all male and predominantly white, well-educated, and of middle to upper 
socioeconomic status. There was a lack of information about the type and 
duration of diabetes.

A total of 2854 men without a history of myocardial infarction or stroke were 
included in this study and followed for an average of 16 years. The study 
demonstrated that exercise ECG test results were a strong predictor of CHD 
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mortality risk. The other predictors of CHD death were abnormal resting ECG, 
obesity (BMI ≥ 30), hypertension, and hypercholesterolemia.

The authors concluded that abnormal exercise ECG response is a significant 
determinant of CHD mortality in men with diabetes mellitus. Assessment of 
ECG by maximal stress testing provides important prognostic information 
independent of cardiorespiratory fitness level and traditional CHD risk factors.

These two studies are consistent in their findings that ECG ST-segment deviation 
is a significant predictor of cardiac events.

Duke Treadmill Score
One study44 examined the prognostic value of the Duke Treadmill Score (DTS) 
in 100 patients with diabetes. None of the patients had a history of coronary 
heart disease, but 76 had chest pain. Patients who failed to achieve 85% of their 
predicted maximum heart rate during exercise testing or who had unsatisfactory 
study results were excluded.

The DTS was calculated as: exercise time – (5 × maximum ST deviation) – (4 
× angina index). Thirty-six percent of the patients with diabetes were classified 
as low-risk (i.e. DTS ≥ 5), 48% were classified as intermediate risk (i.e. DTS 
between − 10 and 4), and 15% were stratified as high risk (i.e. DTS < − 10). 
The study demonstrated that survival rates free of major adverse cardiac events 
(MACE: cardiac death or nonfatal myocardial infarction) differed significantly 
across risk groups: 97% in the low-risk group, 93% in the intermediate risk group, 
and 70% in the high-risk group (P = 0.002). The survival rates free of composite 
events (MACE, revascularization, and congestive heart failure) were 89% in the 
low-risk group, 54% in the intermediate-risk group, and 13% in the high-risk 
group (P < 0.0001). The multivariate analysis revealed that the DTS was the only 
independent predictor of combined event outcomes of cardiac death, nonfatal 
myocardial infarction, congestive heart failure, or revascularization.

As the authors pointed out, patients with diabetes are a distinct group with 
respect to exercise testing. These patients are usually obese and have more 
associated co-morbidities such as hypertension, peripheral neuropathy, peripheral 
vascular disease, decreased functional capacity, and physical deconditioning, 
and a higher usage of heart rate–limiting medications such as β-blockers and 
calcium channel blockers. These factors adversely influence the ability of the 
patients with diabetes to exercise long enough to achieve a low-risk DTS. The 
exercise workload that they can achieve, therefore, might not be adequate to 
induce ischemia and related ECG changes and symptoms despite the presence 
of significant coronary artery disease, which is more prevalent in patients with 
diabetes.
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Delayed heart rate recovery 
One study46 examined the prognostic value of heart rate recovery (HRR) 
following a maximum exercise test for cardiovascular disease (CVD) mortality 
and mortality from all causes in 2333 male patients with diabetes, of whom 218 
had a history of CVD at baseline. This article is another one of the multiple 
publications of the Aerobics Center Longitudinal Study. The study participants 
are all men and predominantly white, well educated, and of middle to upper 
socioeconomic status. There was a lack of information about the type and 
duration of diabetes.

The study found that lower HRR measured 5 minutes following maximal 
exercise was independently associated with higher CVD death and all-cause 
mortality in men with diabetes. This association persists even after adjusting for 
age, cardiorespiratory fitness, prior cardiovascular disease, and other possible 
confounders. However, cardiorespiratory fitness was a stronger predictor of risk 
of CVD death compared to HRR. The authors suggested that when assessing risk 
in men with diabetes, HRR should not be used alone, but rather in conjunction 
with other strong predictors such as cardiorespiratory fitness.

This ongoing prospective study began in 1970, and thus some important 
data are lacking. There was no information about the DTS calculation, for 
example. During the follow-up period, the independent covariates may change 
and this kind of change will reduce the association between covariates and 
cardiovascular disease and all-cause death. In addition, there was no information 
about 1- or 2-minute rates (only 5-minute) of recovery (heart rate at 1 or 2 
minutes of recovery is sensitive to detection of the association between HRR 
and cardiovascular disease events); thus, the study could not determine the 
relative strengths of prediction of 1-, 2-, or 5-minute HRR values. Furthermore, 
information on the medications, such as those prescribed for the treatment of 
hypertension and other cardiovascular diseases that might affect HRR, was 
incomplete.

Another study49 also examined the relationship between HRR and cardiovascular 
events in 871 patients with type 2 diabetes. In contrast to the one just described,46 
this study used 1- and 2-minute HRR as a prognostic variable.

The study demonstrated that individuals with an attenuated HRR (< 12 bpm) 
at one minute after exercise were older; had longer durations of diabetes, higher 
rest heart rates, higher systolic blood pressure at entry into the study, and shorter 
exercise times; and were more likely to have chronotropic incompetency as 
well as micro-vascular disease (overt albuminuria, retinopathy, or neuropathy at 
baseline) compared with those patients without attenuated HRR after exercise. 
After adjusting for traditional risk factors, attenuated 1- and 2-minute HRR 
remained significantly associated with increased risk of cardiovascular events as 
compared to those without attenuation. The study concluded that HRR provides 
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information beyond traditional cardiovascular risk factors that could aid in the 
clinical risk stratification of patients with type 2 diabetes.

The results from these two studies complemented each other as one study 
provided information on the prognostic value of 1- and 2-minute HRR and the 
other provided information on the prognostic value of 5-minute HRR. HRR 
aids in clinical risk stratification of patients with diabetes.

Metabolic equivalents (METs)
Another article from the above-mentioned Aerobics Center Longitudinal 
Study45 assessed cardiorespiratory fitness (quantified by maximal METs) as a 
prognostic variable with a symptom-limited maximal treadmill exercise test in 
2316 male patients with diabetes.

This study found an inverse relation between cardiorespiratory fitness and 
cardiovascular disease mortality within this cohort of men with diabetes, and 
this association was independent of body mass index. Higher levels of fitness 
were inversely related to cardiovascular disease mortality in normal weight, 
overweight, and class 1 obese men with diabetes. Men who were overweight or 
class 1 obese but were at least moderately fit had lower cardiovascular disease 
mortality risk compared to men who had normal weight but were physically 
unfit.

This study also found that other variables such as fasting glucose level, systolic 
blood pressure, parental history of premature cardiovascular disease, and 
abnormal exercise ECG (ST-segment depression) were independently predictive 
of future cardiac events.

The characteristics of the participants, such as being exclusively male and 
predominantly white, well-educated, and of middle to upper socioeconomic 
class, limit the ability to generalize the results of this study. As well, the lack of 
information on the use of medications prevents the evaluation of medications as 
a possible effect modifier.

Peak VO2

One study48 used CPET to measure baseline peak VO2 in 468 patients with type 
2 diabetes who did not have a history of coronary heart disease. These patients 
underwent graded exercise testing and were followed up for 5 years. All baseline 
exercise tests and peak VO2 measurements were performed after 7 to 11 weeks 
of wash out from any antihypertensive medications. Respiratory exchange ratio 
(RER), the ratio of carbon dioxide production to oxygen consumption, was used 
as a measure of exercise intensity. Patients who were unable to reach a RER of 
1.0 were excluded from the analysis.
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The study found that patients who developed cardiovascular disease events had 
a significantly lower baseline peak VO2 (20.3 ± 0.6 mL kg-1 min-1) compared 
to those who did not (21.9 ± 0.3 mL kg-1 min-1) (P = 0.02). The multiple Cox 
regression analysis showed that in addition to duration of diabetes and overt 
albuminuria, low peak VO2 was also an independent and significant predictor of 
future clinical cardiovascular disease events (P = 0.0165). Decreased peak VO2 
is therefore one of several pathophysiological mechanisms leading to the time-
dependent development of cardiovascular events in patients with type 2 diabetes.

Impaired chronotropic response (CR)
One study50 examined the association between impaired CR and adverse events 
among 1341 patients with diabetes referred to exercise treadmill test. Impaired 
CR is defined as the inability to achieve 85% of predicted maximal heart rate 
during exercise testing (calculated as 220 minus age).

This study reported that more than one-third of the included patients 
demonstrated impaired CR during exercise ECG test and found that patients 
with impaired CR were more likely to have co-morbidities (e.g. hypertension, 
coronary artery disease, peripheral vascular disease, or CHF) and abnormal 
HRR during exercise testing. In addition, patients with impaired CR, compared 
to those with normal CR, were at increased risk of myocardial infarction and 
revascularization procedures. In the multivariate analysis impaired CR remained 
significantly associated with increased risk of combined all-cause mortality, 
myocardial infarction, and revascularization procedures.

This study provided no description of patients’ characteristics such as age, gender 
distribution, BMI, and duration of diabetes, which makes it difficult to generalize 
the study findings. In addition, the follow-up period was relatively short (less  
than 5 years).

n	 Safety
None of the five studies described above reported adverse events that occurred 
during or immediately following exercise testing. No other study was found that 
specifically addressed the safety issue of exercise stress testing in patients with 
diabetes.
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Guidelines/Consensus Statements/ 
Position Statement 

The 2008 Canadian Diabetes Association Clinical Practice Guidelines3 has stated 
that moderate to high levels of physical activity and cardiorespiratory fitness are 
associated with substantial reductions in morbidity and mortality in both men 
and women and in both type 1 and type 2 diabetes. Before beginning a program 
of physical activity more vigorous than walking, however, people with diabetes 
should be assessed for conditions that might contraindicate certain types of 
exercise, predispose them to injury, or be associated with an increased likelihood 
of cardiovascular disease (CVD). Based on expert consensus, the guidelines 
recommended that an exercise ECG stress test be considered for previously 
sedentary individuals with diabetes at high risk for CVD who wish to undertake 
exercise more vigorous than brisk walking.

In 2007, the American Diabetes Association (ADA)4 recommended that “a 
graded exercise test with ECG monitoring should be seriously considered before 
undertaking aerobic physical activity with intensity exceeding the demands of 
everyday living (more intense than brisk walking) in previously sedentary diabetic 
individuals whose 10-year risk of a coronary event is likely to be ≥ 10%.” These 
recommendations were also based on expert consensus or clinical experience.

In the fifth edition of “ACSM’s resource manual for Guidelines for exercise testing 
and prescription” published in 2006, the American College of Sports Medicine53 
provided clinical guidelines for patients with diabetes who should undergo a 
graded exercise test to evaluate his/her cardiac health status before beginning 
a moderate- to high-intensity exercise program. These patients include: (1) 
previously sedentary individuals with diabetes aged > 35 years or sedentary 
at any age, diagnosed with diabetes > 10 years; (2) individuals diagnosed with 
type 1 diabetes > 15 years or type 2 diabetes > 10 years; (3) individual with 
additional major risk factors for coronary artery disease such as the presence 
of smoking, hyperlipidemia, obesity, and being sedentary; (4) individuals 
with clinically advanced peripheral vascular or renal disease, micro-vascular 
disease, cardiomegaly, or congestive heart failure; (5) individuals with advanced 
autonomic, renal, or cerebrovascular disease, and (6) individuals with known 
advanced coronary artery or carotid occlusive disease. These recommendations 
were primarily based on an ADA position statement published in 200454 that does 
not reflect current ADA recommendations, and several primary studies; however, 
it is not clear whether a systematic approach was used to identify clinical research 
evidence. 

According to this resource manual, patients with diabetes may not need an 
exercise test before starting a very light or light exercise program if they are 
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anticipating exercise activity level approximately equal to his or her walking pace; 
under age 35 years; without additional major risk factors for coronary artery 
disease; without additional risk factors for sudden death; and have normal resting 
ECG. These recommendations were based on the ADA clinical guidelines/
position statement.

The American College of Cardiology/American Heart Association 2002 
Guideline Update for Exercise Testing19 recommended evaluation of 
asymptomatic persons with diabetes mellitus who plan to start vigorous exercise. 
This recommendation was based on expert consensus.

Discussion

n	 Summary of results
Five primary studies (with eight published articles) examined the prognostic 
values of exercise tests for future cardiac events in patients with diabetes. All 
five studies demonstrated that the prognostic variables under investigation 
were independent predictors of future cardiac events (fatal or non-fatal). The 
prognostic variables under investigation varied across the studies. For exercise 
ECG testing, the prognostic variables included ECG ST-segment deviation, 
the Duke Treadmill Score, exercise capacity measured by maximal metabolic 
equivalents, delayed heart rate recovery after exercise testing, and impaired 
chronotropic response to exercise testing. For CPET, prognostic variables 
included peak oxygen uptake.

Results from each individual study indicated that ST-segment depression on 
ECG, low Duke Treadmill Score, delayed heart rate recovery following exercise, 
low fitness level (measured by METs), reduced peak oxygen uptake during 
exercise, and impaired chronotropic responses were independent predictors of 
future cardiac events (fatal and non-fatal). In addition, other variables such as 
ankle brachial index (one study), fasting glucose, systolic blood pressure, and 
parental history of premature cardiovascular disease (one study), hypertension, 
hypercholesterolemia, and abnormal resting ECG (one study), duration of 
diabetes and overt albuminuria (one study) were also independent and significant 
predictors of future cardiac events.

These results suggest that the considerable prognostic power of the exercise 
ECG test lies beyond the ST-segment response and the presence of angina during 
exercise. Parameters including exercise capacity, heart rate recovery, and impaired 
chronotropic response to exercise testing offer significant prognostic information, 
particularly in patients with diabetes who may not experience angina during 
exercise and who may have increased autonomic dysfunction.9
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None of the five primary studies reported any adverse events related to exercise 
testing. None of the included primary studies provided information on whether 
the cardiac events occurred during exercise. 

The literature search did not locate any study that compared the prognostic 
value of exercise testing with physician’s judgment based on medical history and 
physical examination. Some studies however considered individual variables such 
as body mass index, blood pressure, and resting heart rate, which are important 
components of physical examination, in their multivariate analyses. 

No study was found that examined the prognostic value of the 6-minute walking 
test in patients with diabetes. No prognostic study was found for patients with 
COPD and arthritis.

n	 Methodological issues
A prospective study design is important for prognostic studies. Four of the five 
primary prognostic studies utilized a prospective cohort study design, whereas 
only one was a retrospective cohort study, indicating that most of the evidence 
came from well- designed studies overall.

Ideally, prognostic parameters should be evaluated in a representative sample 
of patients assembled at a common point in the course of the disease. However, 
patients were similar in terms of secondary complications of diabetes in only two 
studies. Furthermore, patient inclusion and exclusion criteria were clearly defined 
in only two studies, which makes generalizing the research findings difficult.

Although follow-ups were complete or nearly complete in the majority of studies, 
the length of follow-up appeared to be sufficient (defined as at least 5 years) in 
only three studies. This might lead to underestimation of the prognostic power of 
the variables under investigation.

Prognostic studies are prone to publication bias; that is, studies that demonstrate 
a strong (often statistically significant) prognosis ability are more likely to be 
published.41 All of the included primary studies reported statistically significant 
association between the predictive variables of interest and the clinical endpoints 
(dependent variables). The true value of the prognostic variables derived from 
exercise tests might be overestimated because of publication bias.

Given the above-mentioned weakness, the findings from the included studies 
should be interpreted with caution.

n	 Questions unanswered
The primary question of interest was whether exercise testing could provide 
additional prognostic information about patients’ risk of future cardiac events 
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compared to physicians’ judgment based on medical history and physical 
examination. A cohort study that examined the prognostic value of exercise 
testing that is incremental to that obtained from medical history and physical 
examination would help to address this question. However, no study with such a 
design was found through a comprehensive literature search. Furthermore, even 
if good clinical judgment may be appropriate in some patients, there is still a need 
to utilize objective prognostic markers.55

None of the studies mentioned whether the clinical endpoints (fatal or non-fatal 
cardiac events) were observed during or immediately following exercise. The 
reason for this may be that these studies were not designed to predict the risk of 
future cardiac events during exercise but to stratify high-risk patients for future 
interventions; for example, indication for earlier intervention (revascularization) in 
patients with diabetes.

The information obtained from the included studies may not directly answer the 
question whether exercise testing could provide additional information about 
the risk of exercise in patients with chronic diseases. However, these studies still 
provide some insights that an abnormal exercise test (which could be defined in 
many different ways: ST-segment depression, low Duke Treadmill Score, reduced 
metabolic equivalents, delayed heart rate recovery, impaired chronotropic 
response, reduced peak oxygen uptake, etc.) can provide important prognostic 
information regarding future cardiac death or non-fatal cardiac events in patients 
with diabetes. Given that the risk of experiencing cardiac events during vigorous 
exercise is higher than that at rest and that patients with diabetes have higher 
prevalence of silent myocardial ischemia on average than most populations, the 
prognostic variables examined in these studies could be useful for predicting 
cardiac risk during or immediately after exercise.

The questionnaire Physical Activity Readiness Questionnaire (PAR-Q) was 
claimed to be a useful tool for evaluating whether a patient is safe to participate 
in an exercise program. This questionnaire consists of seven questions concerning 
history and symptoms of heart disease. No study was found that examined the 
prognostic value of this questionnaire.

n	W hich patient groups can forgo the exercise stress 
testing?
Recommendations from the Canadian Diabetes Association, the American 
Diabetes Association, and the American College of Sports Medicine are 
consistent in that only previously sedentary individuals with diabetes who want 
to start vigorous (moderate- to high-intensity) exercise need to undergo exercise 
testing before participating in an exercise program. However, the term sedentary 
individual needs to be defined clearly in the recommendations from these clinical 
guidelines.



34	 Exercise Testing for the Prediction of Cardiac Events in Patients with Diabetes

The research findings from the included studies did not provide any guidance 
on the selection of patients with chronic diseases who can forgo exercise tests 
prior to vigorous exercise. A clinical expert suggested that an opinion article 
published in 199656 might be helpful in this regard. This article proposed that four 
groups of patients with chronic diseases may be referred to a cardiopulmonary 
rehabilitation program without an exercise test. Details of those four groups of 
patients are provided in Appendix G.

This article also emphasized that patients entering a cardiac rehabilitation 
program without an entry exercise test should be under close supervision. Their 
exercise program should be gradually titrated to provide the most efficacious 
program possible while maintaining the patient within their physical limitations 
and below their symptomatic threshold. However, no subgroup of patients with 
diabetes was mentioned in this article.

n	 The best way to predict patients’ risk of future 
cardiac events
There are currently no guidelines on the best way to predict the risk of future 
cardiac events in patients with chronic diseases such as diabetes, COPD, or 
arthritis. Physicians’ judgment based on medical history and physical examination 
in combination with exercise testing is recommended but these recommendations 
are based on expert opinion or consensus.

Although exercise ECG testing or CPET may provide prognostic information 
for patients with diabetes, only those who are able to exercise or are expected 
to have interpretable exercise ECGs can undergo exercise testing. A single 
study involving a non-random sample of middle-aged and older people with 
long-standing diabetes and at least one other cardiac risk factor demonstrated 
that the exercise ECG test is either unfeasible or uninterpretable in up to 50% 
of these patients.57 However, people with shorter duration of diabetes and 
fewer risk factors would have a much lower prevalence of inability to exercise 
or uninterpretable test (Dr. R Sigal, personal communication, January 2009). 
The exercise ECG test is considered to be uninterpretable when patients have 
negative clinical and ECG criteria but patients are unable to reach 85% of the 
maximal predicted heart rate.57 Other tests, such as pharmacological stress testing, 
may be useful in some of these patients but the prognostic value of the variables 
measured by these tests was outside the scope of this report.

n	 Limitations
The present review has several limitations.

The literature review was confined to published reports of systematic reviews 
and primary studies that were written in English or German and were publicly 
available. Only full-text articles were included because abstracts provide 



	 Exercise Testing for the Prediction of Cardiac Events in Patients with Diabetes	 35

insufficient details to allow an accurate, unbiased assessment of the study results. 
The authors of the abstract-only publications were not contacted to request full 
details because of time constraints.

The methodological quality of the selected cohort studies was assessed using a 
quality tool, with the expectation that this would aid in identifying the studies 
that should be given more weight in the overall synthesis. However, the findings 
from the selected studies were not comparable. The extent of publication bias was 
not assessed because of the small number of the studies (less than 10) included in 
this report.

The present review only summarizes the recommendations from relevant 
clinical practice guidelines and consensus documents and does not appraise their 
scientific foundations. In some clinical guidelines/position statement documents, 
the guideline development working groups did not provide information on the 
methodological approaches used. They were not contacted to determine if the 
recommendations were based on research evidence.

Qualitative research literature that discussed the benefits and limitations of using 
exercise testing from physicians’ and patients’ perspectives was not included in 
this report because of time constraints.

Conclusion

The evidence presented in this report is from five primary studies that focused 
on prognostic values of exercise testing in patients with diabetes. No systematic 
review on this topic or primary studies on patients with COPD and arthritis were 
found. No study that addressed safety issue of exercise testing was located. 

Based on the published evidence, the exercise ECG test and the cardiopulmonary 
exercise test could provide statistically significant and important prognostic 
information to predict future cardiac events in patients with diabetes.

No study was found that examined the incremental prognostic value of exercise 
testing compared to physicians’ judgment based on medical history and physical 
examination in patients with diabetes. For patients with diabetes who often 
have silent myocardial ischemia, physicians’ judgment based on medical history 
and physical examination may not be sufficient to detect their underlying 
cardiovascular disease; these patients may be at risk of future cardiac events when 
participating in a more vigorous exercise program than brisk walking if they are 
previously physically inactive. Therefore, exercise testing may provide additional 
prognostic information for risk stratification of those patients with diabetes who 
are able to undergo exercise testing before entry into a structured community-
based exercise program.
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Appendix A: Method

n	 Search strategy 
A comprehensive literature search was conducted by the IHE Information 
Specialist between January 2008 and March 2009 to retrieve articles published 
between 1997 and 2009. The searches were limited to human studies where 
possible. No language restrictions were applied. Reference lists of relevant articles 
were also browsed to find more studies. The search strategy was developed and 
carried out prior to the study selection process.

Medical Subject Headings (MeSH) terms relevant to this topic include: Exercise 
Test; Chronic Disease, etc.

Table A.1: Search strategy

Database Edition or date 
searched 

Search Terms †† 

Databases

The Cochrane Library
http://www.
thecochranelibrary.com

Issue 1, 2009
March 6, 2009

“exercise test” or “exercise tests” or “exercise testing” 
or “ergometry test” or “ergometry tests” or “stress 
test” or “stress tests” or “stress testing” or “step test” 
or “step tests” or “step testing” or “treadmill test” 
or “treadmill tests” or “treadmill testing” or “stress 
echocardiography” or “exercise echocardiography” or 
“walk test” or “walking test” or “walk distance test” or 
“walking distance test :ti,ab,kw and “chronic disease” 
or “chronic diseases” or arthritis or diabetes or copd or 
“chronic obstructive pulmonary disorder” :ti,ab,kw, from 
1997 to 2009

MEDLINE March 6, 2009 Exercise Test/1.	
((exercise or ergometry or step or stress or 2.	
treadmill) adj2 test$).mp.
Echocardiography, Stress/3.	
((stress or exercise) adj echocardiography).mp.4.	
((walk$ adj2 test$) or 6mwt).mp.5.	
or/1-56.	
Chronic Disease/7.	
exp Diabetes Insipidus/ or exp Diabetes Mellitus/8.	
exp Pulmonary Disease, Chronic Obstructive/ or 9.	
Lung Diseases, Obstructive/
exp Arthritis/10.	
diabetes.mp.11.	
(copd or coad or (chronic obstructive adj2 12.	
disease)).mp.
arthritis.mp.13.	
or/7-1314.	
6 and 1415.	
limit 15 to (yr=”1997 - 2009” and “all adult (19 16.	
plus years)”)
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CRD Databases 
(DARE, HTA, & NHS 
EED) 

March 6, 2009 MeSH Exercise Test1.	
“exercise test” OR “exercise tests” OR “exercise 2.	
testing” OR ergometry OR “step test” OR “step 
tests” OR “step testing” OR “stress test” OR 
“stress tests” OR “stress testing” OR “treadmill 
test” OR “treadmill tests” OR “treadmill testing” 
OR “walk test” OR “walking test” OR “walk 
testing” OR “walk distance test” OR “walking 
distance test” OR 6mwt
MeSH Echocardiography, Stress3.	
“stress echocardiography” OR “exercise 4.	
echocardiography” 
#1 OR #2 OR #3 OR #45.	
MeSH Chronic Disease6.	
MeSH Diabetes Mellitus EXPLODE 1 27.	
MeSH Diabetes Insipidus EXPLODE 1 28.	
diabetes 9.	
MeSH Lung Diseases, Obstructive EXPLODE 110.	
MeSH Arthritis EXPLODE 111.	
arthritis 12.	
copd OR coad OR “chronic obstructive 13.	
pulmonary disease” OR “chronic obstructive 
pulmonary disorder” OR “chronic obstructive 
lung disease” OR “chronic obstructive lung 
disorder” OR “chronic obstructive airway 
disease” OR “chronic obstructive airway 
disorder” 
#6 OR #7 OR #8 OR #9 OR #10 OR #11 OR 14.	
#12 OR #13
#5 AND #14 RESTRICT PD 1997 200915.	

EMBASE –Ovid 
platform (Licensed 
resource)

March 6, 2009 exercise test/1.	
((exercise or ergometry or step or stress or 2.	
treadmill) adj2 test$).mp.
stress echocardiography/3.	
exercise electrocardiography/4.	
((stress or exercise) adj (echocardiography or 5.	
electrocardiography)).mp. or ((walk$ adj2 test$) 
or 6mwt).mp.
or/1-56.	
Chronic Disease/7.	
exp Diabetes Mellitus/8.	
exp Diabetes Insipidus/9.	
chronic lung disease/ or chronic obstructive lung 10.	
disease/
exp Arthritis/11.	
diabetes.mp.12.	
(copd or coad or (chronic obstructive adj2 13.	
disease)).mp.
arthritis.mp.14.	
or/7-1415.	
6 and 1516.	
limit 16 to (yr=”1997 - 2009” and (adult <18 to 17.	
64 years> or aged <65+ years>))
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Web of Science – ISI 
platform (Licensed 
resource)

March 9, 2009 “exercise test” OR “exercise tests” OR “exercise 
testing” OR ergometry OR “step test” OR “step 
tests” OR “step testing” OR “stress test” OR “stress 
tests” OR “stress testing” OR “treadmill test” OR 
“treadmill tests” OR “treadmill testing” OR “stress 
echocardiography” OR “exercise echocardiography” 
OR “walk test” OR “walking test” OR “walk testing” 
OR “walk distance test” OR “walking distance test” 
OR 6mwt
AND
“chronic disease” OR “chronic diseases” OR “chronic 
disorder” OR “chronic disorders” OR diabetes OR 
arthritis OR copd OR “obstructive pulmonary disease” 
OR “obstructive pulmonary disorder” OR “obstructive 
lung disease” OR “obstructive lung disorder” OR 
“obstructive airway disease” OR “obstructive airway 
disorder”
DocType=All document types; Language=All 
languages; Databases=SCI-EXPANDED, SSCI, A&HCI; 
Timespan=1997-2009

PEDro March 9, 2009 “exercise test” AND diabetes;
“exercise tests” AND diabetes;
“exercise testing” AND diabetes;
“stress test” AND diabetes;
“stress tests” AND diabetes;
“stress testing” AND diabetes;
“exercise test” AND arthritis;
“exercise tests” AND arthritis;
“exercise testing” AND arthritis;
“stress test” AND arthritis;
“stress tests” AND arthritis;
“stress testing” AND arthritis;

“exercise test” AND “obstructive pulmonary”;
 “exercise tests” AND “obstructive pulmonary”;
 “exercise testing” AND “obstructive pulmonary

“exercise test” AND “obstructive lung”
“exercise tests” AND “obstructive lung”
“exercise testing” AND “obstructive lung”

“stress test” AND “obstructive pulmonary”;
 “stress tests” AND “obstructive pulmonary”;
 “stress testing” AND “obstructive pulmonary”

“stress test” AND “obstructive lung”
“stress tests” AND “obstructive lung”
“stress testing” AND “obstructive lung”

“walk test” AND diabetes
“walking test” AND diabetes

“walk distance test”
“walking distance test”
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6mwt AND diabetes
6mwt AND copd

“walk test” AND lung
“walking test” AND lung

“walk test” AND pulmonary
“walking test” AND pulmonary

“walk test” AND copd
“walking test” AND copd

SPORTDiscus March 9, 2009 “exercise test” OR “exercise tests” OR “exercise 
testing” OR ergometry OR “step test” OR “step 
tests” OR “step testing” OR “stress test” OR “stress 
tests” OR “stress testing” OR “treadmill test” OR 
“treadmill tests” OR “treadmill testing” OR “stress 
echocardiography” OR “exercise echocardiography” 
OR “walk test” OR “walking test” OR “walk testing” 
OR “walk distance test” OR “walking distance test” 
OR 6mwt

AND
“chronic disease” OR “chronic diseases” OR “chronic 
disorder” OR “chronic disorders” OR diabetes OR 
arthritis OR copd OR “obstructive pulmonary disease” 
OR “obstructive pulmonary disorder” OR “obstructive 
lung disease” OR “obstructive lung disorder” OR 
“obstructive airway disease” OR “obstructive airway 
disorder”
1997-2009

Library Catalogue

NEOS (Central Alberta 
Library Consortium) 

January 9, 2008 Any field “”exercise test” (also tests and testing)” AND 
Any field “”chronic disease” or diabetes or arthritis 
or “obstructive pulmonary disorder” or “obstructive 
pulmonary disease” or “obstructive lung disorder” or 
“obstructive lung disease””

Any field “”stress test” (also tests and testing)” AND 
Any field “”chronic disease” or diabetes or arthritis 
or “obstructive pulmonary disorder” or “obstructive 
pulmonary disease” or “obstructive lung disorder” or 
“obstructive lung disease””

Any field “treadmill” AND Any field “”chronic disease” 
or diabetes or arthritis or “obstructive pulmonary 
disorder” or “obstructive pulmonary disease” or 
“obstructive lung disorder” or “obstructive lung 
disease””

Any field “echocardiography” AND Any field “”chronic 
disease” or diabetes or arthritis or “obstructive 
pulmonary disorder” or “obstructive pulmonary 
disease” or “obstructive lung disorder” or “obstructive 
lung disease””
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Guidelines

AMA Clinical Practice 
Guidelines http://www.
topalbertadoctors.
org/guidelines/
guidelinespdf.aspx

December 19, 
2007

List of CPGs was reviewed. No guidelines found.

CMA Infobase http://
mdm.ca/cpgsnew/
cpgs/index.asp

December 19, 
2007

Exercise test; stress test; step test; ergometry; 
treadmill; echocardiography

National Guideline 
Clearinghouse  http://
www.ngc.gov

December 19, 
2007

Exercise test AND diabetes; “exercise test” AND 
“chronic disease”; “stress test” AND diabetes; “stress 
test” AND “chronic disease”; “exercise testing”; “stress 
testing”
Results saved in search folder under ‘Grey lit search 
results’

Clinical Trials

ClinicalTrials.gov (US)  
http://clinicaltrials.gov/

January 11, 2008 Exercise test AND chronic disease AND cardiac; 
Exercise test AND diabetes AND cardiac; 
Exercise test AND arthritis AND cardiac;
Exercise test AND COPD AND cardiac;
Exercise test AND obstructive pulmonary disease AND 
cardiac;

Stress test AND chronic disease AND cardiac
Stress test AND diabetes AND cardiac; 
Stress test AND arthritis AND cardiac;
Stress test AND COPD AND cardiac;
Stress test AND obstructive pulmonary disease AND 
cardiac;

Echocardiography AND chronic disease AND cardiac
Echocardiography AND diabetes AND cardiac;
Echocardiography AND arthritis AND cardiac;
Echocardiography AND COPD AND cardiac;
Echocardiography AND obstructive pulmonary disease 
AND cardiac

Ergometry; ergometer

Results saved in search folder.

CenterWatch 
Clinical Trials Listing 
Service http://www.
centerwatch.com/ 

January 11, 2008 Exercise test (s;ing); stress test (s;ing); 
echocardiography; treadmill; step test; ergometry; 
ergometer
No relevant results found.

metaRegister of 
Controlled Trials 
(mRCT) http://www.
controlled-trials.com/
mrct/ 

January 11, 2008 Exercise test (s;ing); stress test (s;ing); 
echocardiography; treadmill; step test; ergometry, 
ergometer

Results saved in search folder.
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National Research 
Register https://portal.
nihr.ac.uk/Pages/
NRRArchive.aspx 

January 14, 2008 Exercise test (s;ing); stress test (s;ing); stress 
echocardiography; exercise echocardiography; 
treadmill; step test; ergometry; ergometer

Relevant results saved in search folder.

UK Clinical Research 
Network Portfolio 
Database http://
pfsearch.ukcrn.org.uk/ 

January 14, 2008 Exercise test (s;ing); stress test (s;ing); 
echocardiography; treadmill; step test (s;ing)
No relevant results found.

HTA resources

AETMIS http://www.
aetmis.gouv.qc.ca

January 2, 2008 Exercise test (s;ing); stress test (s;ing); ergometry; step 
test (s;ing); treadmill test (s;ing); echocardiography; 
walk(ing) test(s;ing); 6MWT
No results found.

CADTH http://www.
cadth.ca

January 2, 2008 Exercise; stress; echocardiography; ergometry; 
ergometer; treadmill; walk test; 6MWT
No relevant results found.

Institute for Clinical and 
Evaluative Sciences 
(ICES), Ontario  http://
www.ices.on.ca/

January 2, 2008 Exercise test (s;ing); stress test (s;ing); stress 
echocardiography; exercise echocardiography; 
treadmill; ergometer; ergometry; step test (s;ing); walk 
test; 6MWT
Results saved in Search folder.

Health Technology 
Assessment Unit At 
McGill http://www.
mcgill.ca/tau/

January 2, 2008 Browsed list of reports. No relevant results found.

Medical Advisory 
Secretariat http://
www.health.gov.on.ca/
english/providers/
program/mas/mas_
mn.html  

January 2, 2008 Browsed list of recommendations. No relevant results 
found.

CCE http://www.
med.monash.edu.au/
healthservices/cce/

January 2, 2008 Browsed list of reports. No relevant results found.

ECRI  http://www.
ecri.org (Licenced 
Resource) 

January 2, 2008 exercise test (s;ing); stress test (s;ing); ergometry; step 
test (s;ing); treadmill test (s;ing) 
No relevant results found.

Health Quality Council, 
Saskatchewan                  
http://www.hqc.sk.ca/

January 2, 2008 Exercise test (s;ing); stress test (s;ing); ergometry; step 
test (s;ing); treadmill test (s;ing); electrocardiography; 
6MWT; walk test(s;ing)
No relevant results found.

NZHTA http://nzhta.
chmeds.ac.nz/
publications.htm

January 14, 2008 Browsed list of publications.
No relevant results found.

NICE (UK) http://www.
nice.org.uk/

January 14, 2008 Exercise; stress; echocardiography; ergometry; 
ergometer; treadmill; 6mwt; walk test(s;ing)
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Association Websites Searched

February 2008 American Diabetes Association•	
Canadian Diabetes Association•	
International Diabetes Federation•	
American Association of Cardiovascular and •	
Pulmonary Rehabilitation
American College of Cardiology •	
American Heart Association•	
Canadian Association of Cardiac Rehabilitation •	
Canadian Cardiovascular Society•	
European Society of Cardiology •	
International Society for Heart Research  •	
Society of Geriatric Cardiology  •	
Canadian Society for Exercise Physiology•	
Canadian Arthritis Network•	
American College of Sports Medicine•	
American Medical Society for Sports Medicine•	
Canadian Academy of Sports Medicine•	
International Federation of Sports Medicine•	
Canadian Council of Sports Medicine•	
Canadian Lung Association•	
Arthritis Society of Canada•	

Note: ††   “*”, “# “, and “?” are truncation characters that retrieve all possible suffix variations of the root word; e.g. surg* 
retrieves surgery, surgical, surgeon, etc. 

; are used to separate search terms that were searched separately.

n	 Study selection 
One information specialist (PC) scanned all titles and abstracts identified from 
the literature search and excluded the ones that appeared to be irrelevant. 
One researcher (BG) reviewed the remaining abstracts and retrieved full-text 
articles for further examination. The retrieval was limited to published studies 
written in English or German. Copies of the full-text articles were reviewed by 
one researcher (BG) and key research studies were selected according to the 
following pre-determined inclusion and exclusion criteria.

Inclusion criteria
Study design: systematic reviews of prospective cohort studies, primary studies 
including prospective or retrospective cohort studies.

An article was deemed to be a systematic review if it met all of the following 
criteria as defined by Cook et al.:43

focused clinical question;•	

explicit search strategy;•	
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use of explicit, reproducible, and uniformly applied criteria for article selection;•	

critical appraisal of the included studies; and•	

qualitative or quantitative data synthesis.•	

Population: adult patients (18 years or older) with any of the following chronic 
diseases/conditions: diabetes (type 1 or type 2), COPD, or arthritis (rheumatoid 
arthritis or osteoporosis).

Intervention: exercise test including exercise ECG test, cardiopulmonary stress 
test, or 6-minute walking test.

Comparator: physician’s judgment based on medical history and physical 
examination.

Outcome: at least one of the following:

Safety outcome: any cardiac events occurred during or immediately after •	
exercise testing;

Prognostic value of exercise testing in predicting any of the following cardiac •	
events: major adverse cardiac events (cardiac death, acute myocardial 
infarction), other milder cardiac events (e.g. new-onset angina).

Full-text articles in the English or German languages published from 1997 
onward (The literature search was limited the publications in the past 10 years 
because of time constraints.)

Exclusion criteria
Study design: conference abstracts, letters, news, commentaries.

Population: patients younger than 18 years old.

Intervention: other types of exercise tests (e.g. pharmacological or isotopic 
stress test), dobutamine stress echocardiography, combination of cardiac stress 
testing with other exercise testing but results not reported separately.

Outcome: correlation of prognostic variables with other tests or only all-cause 
mortality reported.

In some cases, closer examination of the full-text of the article revealed that it did 
not meet the inclusion criteria specified by the review protocol. Consequently, 
these papers, listed in Table C.1, were not included to formulate the evidence 
base for the systematic review. However, where appropriate, relevant information 
contained in the excluded papers was used to inform other sections of the report 
and to expand the review discussion.
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n	 Data extraction
One researcher (BG) abstracted data from each of the included studies according 
to a standardized data extraction form developed a priori. A second assessor (CH) 
fact-checked the evidence table to ensure accuracy and consistency of the data 
extracted.

n	 Methodological quality assessment
The selected research studies were critically appraised with respect to various 
methodological aspects using a 10-item quality assessment checklist along with a 
dictionary developed by the research team. This checklist addresses six important 
aspects of prognostic studies: study design, study participants, follow-up, 
prognostic factor measurement, outcome measures, and analysis. Because of the 
limitations of using numerical scores to rate the quality of prognostic studies, each 
criterion was rated as yes, no, partial or unclear (Appendix D).

Two researchers (BG, MO) independently assessed the methodological quality 
of the five selected studies (eight articles) to minimize the risk of judgment errors. 
The two reviewers discussed the checklist and the dictionary with respect to the 
interpretation of the questions prior to assessing the studies. Any disagreement 
between the two researchers was resolved according to a predefined strategy 
using consensus and arbitration as appropriate. A statistical measure of the inter-
rater agreement for quality assessment was not performed.

Critical appraisal results for all selected studies are presented in Appendix D. The 
evidence was not graded but was described in terms of potential sources of bias 
that should be taken into account when interpreting the reported results. 

n	 Data analysis and synthesis
Information from each of the included studies was summarized qualitatively in 
this review. It was not possible to perform a meta-analysis because of the small 
number of studies, different prognostic variables under investigation, and different 
outcome measures.

n	 External review
External reviewers with clinical expertise in exercise testing and/or health 
technology assessment methodologies evaluated the draft report and provided 
feedback. In selecting reviewers, the practice of the Institute of Health Economics 
is to choose experts who are well recognized and have published widely in peer-
reviewed literature, and who can offer a provincial and/or national perspective 
with respect to the use of exercise tests.
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Appendix B: Living Well Exercise Test Triage

(Source: Aspen Health Region, 2007)

Abbreviations for Figure 1

ACSM − American College of Sports Medicine

BMI − body mass index

CABG − coronary artery bypass graft

CAD − coronary artery disease

C-era − private stress testing clinic

CKD − chronic kidney disease 

CPET − cardiopulmonary exercise testing

CVA − cerebral vascular accident (stroke)

CVD − coronary vascular disease

CWIC − Cardiac Wellness Institute of Calgary

F − female

GXT − graded exercise test (stress test in this context)

IFG − impaired fasting glucose

LW − Living Well program

M − male

MD − medical doctor

METs − metabolic equivalents

MI − myocardial infarction

mo − month

PAD − peripheral artery disease

PCTA − percutaneous transluminal angiography/angioplasty

PVD − peripheral vascular disease

RGH − Rockyview General Hospital

TIA − transient ischemic attack 

TM − treadmill 

WG − waist girth
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 Figure 1: Living well exercise test triage

1. Known coronary artery disease, PAD, or CVA/TIA (if no, go to #2) 4.  Known COPD, CKD, or CHF  

**For patients with CVA/CVD/PVD, if physical function if very limited  (< 3 METs) and TM or bike test is 5.  Hypertension, dyslipidemia, and obesity
   not feasible, and patient is asymptomatic, no exercise test is necessary.

2.  Symptoms suggestive of angina –  no known CAD (if no, go to #3) 

3. Known diabetic (if no, go to #4)

          **Defined as more than their
     usual habitual activity

Note: if capacity at RGH to handle volumes and ECG interpretation/safety screening in

place then 50% will be sent to RGH.

Change in 
condition*
(< 1 year)

Send to C - era** 
or CWIC

Recent GXT (< 6
mo)

Yes

No No

Yes

Send to C-era**

Obtain results
before booking into 

LW assess

Symptoms suggestive of 
angina

Previous exercise/stress 
investigations for CAD

No previous exercise/stress 
investigations for CAD

Obtain results 
before booking into 

LW class

Discuss with 
referring MD; send 

to C - era-

Plan to 
exercise at 
more than 
moderate 

level**

No GXO, book into 
LW class

Previously 
sedentary

< 30 min, 3x/wk

No

Yes

No GXO, book into 
LW class

No

Yes 1 risk factor**

CPET at RGH
No GXT, book into 

LW class

NoYes

Moderate > 
3 METs

Yes

No

CEPT at 
RGH

No GXT, 
book into 
LW class

Vigorous 
exercise 
 6 METs

No GXT, 
book into 
LW class

No

Yes

Previously 
sedentary < 

30 min, 
3x/wk

No

Yes

No GXT, 
book into 
LW class

2 risk factors**

CPET at RGH
No GXT, book 
into LW class

NoYes
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1. Known coronary artery disease, PAD, or CVA/TIA (if no, go to #2) 4.  Known COPD, CKD, or CHF  

**For patients with CVA/CVD/PVD, if physical function if very limited  (< 3 METs) and TM or bike test is 5.  Hypertension, dyslipidemia, and obesity
   not feasible, and patient is asymptomatic, no exercise test is necessary.

2.  Symptoms suggestive of angina –  no known CAD (if no, go to #3) 

3. Known diabetic (if no, go to #4)

          **Defined as more than their
     usual habitual activity

Note: if capacity at RGH to handle volumes and ECG interpretation/safety screening in

place then 50% will be sent to RGH.

Change in 
condition*
(< 1 year)

Send to C - era** 
or CWIC

Recent GXT (< 6
mo)

Yes

No No

Yes

Send to C-era**

Obtain results
before booking into 

LW assess

Symptoms suggestive of 
angina

Previous exercise/stress 
investigations for CAD

No previous exercise/stress 
investigations for CAD

Obtain results 
before booking into 

LW class

Discuss with 
referring MD; send 

to C - era-

Plan to 
exercise at 
more than 
moderate 

level**

No GXO, book into 
LW class

Previously 
sedentary

< 30 min, 3x/wk

No

Yes

No GXO, book into 
LW class

No

Yes 1 risk factor**

CPET at RGH
No GXT, book into 

LW class

NoYes

Moderate > 
3 METs

Yes

No

CEPT at 
RGH

No GXT, 
book into 
LW class

Vigorous 
exercise 
 6 METs

No GXT, 
book into 
LW class

No

Yes

Previously 
sedentary < 

30 min, 
3x/wk

No

Yes

No GXT, 
book into 
LW class

2 risk factors**

CPET at RGH
No GXT, book 
into LW class

NoYes

Definitions
*Change in Condition (within the past year)
New event – MI
**Defined as more than their
New Intervention – CABG, PCTA, valve repair, replacement, other cardiac surgery usual habitual activity		
					     Change or increase in symptoms – angina or other 
symptoms suggestive of CVD

Risk factors (ACSM)		  Exercise levels
Family history		  3 METs = walking (2.5 mph)
Cigarette smoking		  6 METs = brisk walking (3.5 mph & uphill)
Hypertension
Dyslipidemia
IFG
Obesity (BMI > 30, or WG >102 cm M and > 88 cm F)
Sedentary lifestyle

GXT – graded exercise test
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Appendix C: Excluded Studies

Table C.1: Excluded studies and reasons for exclusion

Excluded study Reason for exclusion

Al-Attar AT et al. Cardiac tests in asymptomatic type 2 diabetics. 
Medical Principles & Practice 2002;11(4):171-75

Did not focus on the 
prognostic value of exercise 
testing

Bacci et al. Screening for silent myocardial ischaemia in type 2 
diabetic patients with additional atherogenic risk factors: applicability 
and accuracy of the exercise stress test. European Journal of 
Endocrinology 2002;147(5):649-54

Did not focus on the 
prognostic value of exercise 
testing

Bacci et al. Heart rate response during positive exercise stress test 
predicts coronary artery disease and its severity in high- risk type 2 
diabetic patients with silent ischemia. Diabetes Care 2003;26(9):2698-
99

Letter

Charvat et al. [Relation between diabetes compensation, albuminuria 
and biochemical parameters and the results of stress myocardial 
SPECT in asymptomatic type 2 diabetics]. Vnitrni Lekarstvi 
2004;50(12):894-900

Focused on diagnostic but 
not prognostic value of 
exercise testing

Choi et al. Prognostic significance of asymptomatic coronary artery 
disease in patients with diabetes and need for early revascularization 
therapy. Diabetic Medicine 2007;24(9):1003-11

Included diabetic patients 
with coronary artery disease; 
did not focus on prognostic 
value of exercise testing.  

Church et al. Exercise capacity and body composition as predictors of 
mortality among men with diabetes. Diabetes Care 2004;27(1):83-8

Clinical outcome was all-
cause mortality 

Cosson et al. Detecting silent coronary stenoses and stratifying cardiac 
risk in patients with diabetes: ECG stress test or exercise myocardial 
scintigraphy? Diabetic Medicine. 2004;21(4):342-48

Focused on exercise 
myocardial scintigraphy

Ellis et al. Is systolic blood pressure recovery after exercise a predictor 
of mortality? American Heart Journal 2004;147(2):287-92

Study participants were 
not patients with chronic 
diseases of interest

Enright et al. The 6-min walk test: a quick measure of functional status 
in elderly adults. Chest 2003;123(2):38798

Study participants were not 
with defined chronic diseases

Faglia et al. Cardiac events in 735 type 2 diabetic patients who 
underwent screening for unknown asymptomatic coronary 
heart disease: 5-year follow-up report from the Milan Study 
on Atherosclerosis and Diabetes (MiSAD). Diabetes Care 
2002;25(11):2032-36

Focused on exercise 
myocardial scintigraphy

Faglia et al. Risk reduction of cardiac events by screening of unknown 
asymptomatic coronary artery disease in subjects with type 2 diabetes 
mellitus at high cardiovascular risk: an open-label randomized pilot 
study. American Heart Journal 2005;149(2):E1-E6

Focused on diagnosis and 
treatment, not on prognostic 
value of exercise testing 

Fornengo et al. Prevalence of silent myocardial ischaemia in new-onset 
middle-aged Type 2 diabetic patients without other cardiovascular risk 
factors. Diabetic Medicine 2006;23(7):775-9

Did not focus on the 
prognostic value of exercise 
testing

Georgoulias et al. Evaluation of abnormal heart-rate recovery after 
exercise testing in patients with diabetes mellitus: correlation with 
myocardial SPECT and chronotropic parameters. Nuclear Medicine 
Communications 2007;28(3):165-71

Did not focus on the 
prognostic value of exercise 
testing
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Excluded study Reason for exclusion

Gokcel et al. Silent coronary artery disease in patients with type 2 
diabetes mellitus. Acta Diabetologica 2003;40(4):176-80

Focused on the prevalence 
of silent coronary artery 
disease 

Hayashi et al. The treadmill exercise-tolerance test is useful for the 
prediction and prevention of ischemic coronary events in elderly 
diabetics. Journal of Diabetes & Its Complications 2005;19(5):264-8

Less than half of the 
participants had diabetes; 
did not focus on the 
prognostic value of exercise 
testing

Hayashino et al. Cost-effectiveness of coronary artery disease 
screening in asymptomatic patients with type 2 diabetes and other 
atherogenic risk factors in Japan: factors influencing on international 
application of evidence-based guidelines (Provisional record). 
International Journal of Cardiology 2007;118(1):88-96

Did not focus on the 
prognostic value of exercise 
testing

Hayashino et al. Cost-effectiveness of screening for coronary artery 
disease in asymptomatic patients with Type 2 diabetes and additional 
atherogenic risk factors. Journal of General Internal Medicine 
2004;19(12):1181-91

Did not focus on the 
prognostic value of exercise 
testing

Hiraga et al. Prognostic predictors for survival in patients with COPD 
using cardiopulmonary exercise testing. Clinical  Physiology and 
Functional Imaging 2003;23 (6): 324-31

Clinical outcome was all-
cause mortality

Inoguchi et al. High incidence of silent myocardial ischemia in elderly 
patients with non insulin-dependent diabetes mellitus. Diabetes 
Research & Clinical Practice 2000;47(1):37-44

Did not focus on the 
prognostic value of exercise 
testing

Janand-Delenne et al. Silent myocardial ischemia in patients with 
diabetes: who to screen. Diabetes Care 1999;22(9):1396-1400

Did not focus on the 
prognostic value of exercise 
testing

Kallinen et al. The predictive value of exercise testing for survival 
among 75-year-old men and women. Scandinavian Journal of 
Medicine & Science in Sports 2006;16(4):237-44

Study participants were 
not patients with chronic 
diseases of interest

Lacasse et al. Post-exercise heart rate recovery and mortality 
in chronic obstructive pulmonary disease. Respiratory Medicine 
2005;99:877-86

Clinical outcome was all-
cause mortality

Laukkanen et al. The predictive value of cardiorespiratory fitness 
combined with coronary risk evaluation and the risk of cardiovascular 
and all-cause death. Journal of Internal Medicine 2007;262(2):263-72

Study participants were 
not patients with chronic 
diseases of interest

Laukkanen et al. Systolic blood pressure during recovery from exercise 
and the risk of acute myocardial infarction in middle-aged men. 
Hypertension 2004;44(6):820-5

Study participants were 
not patients with chronic 
diseases of interest

Laukkanen et al. The predictive value of cardiorespiratory fitness 
combined with coronary risk evaluation and the risk of cardiovascular 
and all-cause death. Journal of Internal Medicine 2007;262(2):263-72

Study participants were 
not patients with chronic 
diseases of interest

Lee et al. Clinical utility of the exercise ECG in patients with diabetes 
and chest pain. Chest 2001;119(5):1576-81

Did not focus on the 
prognostic value of exercise 
testing
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Excluded study Reason for exclusion

May et al. Cardiovascular autonomic neuropathy in insulin-dependent 
diabetes mellitus: prevalence and estimated risk of coronary heart 
disease in the general population. Journal of Internal Medicine 
2000;248(6):483-91

Did not focus on the 
prognostic value of exercise 
testing

May et al. Prevalence and prediction of silent ischaemia in diabetes 
mellitus: a population-based study. Cardiovascular Research 
1997;34(1):241-7

Did not focus on the 
prognostic value of exercise 
testing

McAuley et al. Exercise capacity and body mass as predictors of 
mortality among male veterans with type 2 diabetes. Diabetes Care 
2007;30(6):1539-43

Clinical outcome was all-
cause mortality (causes of 
death not specified)

Myers et al. Fitness versus physical activity patterns in predicting 
mortality in men. American Journal of Medicine 2004;117(12):912-18

Study participants were 
not patients with chronic 
diseases of interest

Ong and Ong Cardiopulmonary exercise testing in patients with 
chronic obstructive pulmonary disease. Annals of the Academy of 
Medicine, Singapore 2000;29(5):648-52

Did not focus on the 
prognostic value of exercise 
testing

Penfornis et al. Use of dobutamine stress echocardiography in 
detecting silent myocardial ischaemia in asymptomatic diabetic 
patients: a comparison with thallium scintigraphy and exercise testing. 
Diabetic Medicine 2001;18(11):900-5

Did not focus on the 
prognostic value of exercise 
testing

Rutter et al. Silent myocardial ischemia and microalbuminuria in 
asymptomatic subjects with non-insulin-dependent diabetes mellitus. 
American Journal of Cardiology 1999;83(1):27-31

Did not focus on the 
prognostic value of exercise 
testing

Sejil et al. Six-year follow-up of a cohort of 203 patients with diabetes 
after screening for silent myocardial ischaemia. Diabetic Medicine 
2006;23(11):1186-91

Used exercise or imaging 
testing but the results not 
reported separately 

Seshadri et al. Association of diabetes mellitus with abnormal heart 
rate recovery in patients without known coronary artery disease. 
American Journal of Cardiology 2003;91(1):108-11

Did not focus on the 
prognostic value of exercise 
testing

Seshadri et al. Association of an abnormal exercise heart rate recovery 
with pulmonary function abnormalities. Chest 2004;125(4):1286-91

Did not focus on the 
prognostic value of exercise 
testing

Sukhija et al. Silent myocardial ischaemia in patients with type II 
diabetes mellitus and its relation with autonomic dysfunction. Indian 
Heart Journal 2000;52(5):540-6

Did not focus on the 
prognostic value of exercise 
testing

Takigawa et al. Distance and oxygen desaturation in 6-min walk 
test predict prognosis in COPD patients. Respiratory Medicine 
2007;101:561-7 

Clinical outcome was all-
cause mortality 

Tojo et al. Pulmonary exercise testing predicts prognosis in patients 
with chronic obstructive pulmonary disease. Internal Medicine 
2005;44(1):20-5

Clinical outcomes were not 
cardiac events

Ugur-Altum et al. Factors related to exercise capacity in asymptomatic 
middle-aged type 2 diabetic patients. Diabetes Research & Clinical 
Practice 2005;67(2):130-6

Did not focus on the 
prognostic value of exercise 
testing

Vacanti et al. In comparison to the myocardial perfusion scintigraphy, 
a treadmill stress test is a viable, efficient and cost effective option to 
predict cardiovascular events in elderly patients. Arquivos Brasileiros 
de Cardiologia 2007;88(5):531-6

Study participants were 
not patients with chronic 
diseases of interest

Valensi et al. Predictive value of silent myocardial ischemia for cardiac 
events in diabetic patients: influence of age in a French multicenter 
study. Diabetes Care 2005;28(11):2722-27

Used exercise or imaging 
testing but the results not 
reported separately  
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Excluded study Reason for exclusion

Valensi et al. Predictive value of cardiac autonomic neuropathy in 
diabetic patients with or without silent myocardial ischemia. Diabetes 
Care 2001;24(2):339-43

Used exercise or imaging 
testing but the results not 
reported separately  

Valensi et al. Silent myocardial ischaemia and left ventricle hypertrophy 
in diabetic patients. Diabetes & Metabolism 1997;23(5):409-16

Did not focus on the 
prognostic value of exercise 
testing

Vanzetto et al. Prediction of cardiovascular events in clinically selected 
high-risk NIDDM patients. Prognostic value of exercise stress test and 
thallium-201 single-photon emission computed tomography. Diabetes 
Care 1999;22(1):19-26

Used exercise or imaging 
testing but the results not 
reported separately  

Wackers et al. Detection of silent myocardial ischemia in asymptomatic 
diabetic subjects: the DIAD study. Diabetes Care 2004;27(8):1954-61

Focused on the prevalence, 
not prognostic value of 
exercise testing 

Wei et al. Low cardiorespiratory fitness and physical inactivity as 
predictors of mortality in men with type 2 diabetes. Annals of Internal 
Medicine 2000;132(8):605-11

Clinical outcome was all-
cause mortality (causes of 
death not specified)

Williams et al. Exercise duration and peak systolic blood pressure 
are predictive of mortality in ambulatory patients with mild-moderate 
chronic heart failure. Cardiology 2005;104(4):221-6

Clinical outcome was all-
cause mortality (causes of 
death not specified)
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Appendix D: Quality Assessment Results

Quality assessment checklist (Adapted from Altman, 200141 Hyden et al. 2006,51 
Doust et al. 200552)

Study design 
1. Were data collected prospectively?

Study participation
2. Were inclusion/exclusion criteria defined?

3. Were the patients recruited at a common point in their disease?

To be answered yes, ≥ 80% patients either with or without known cardiovascular 
disease and other secondary complications for diabetes.

Follow-up
4. Was follow-up sufficiently long for the clinical outcome?

To be answered yes, the patients should have been followed up 5 years or longer.

5. Was follow-up complete?

To be answered yes, follow-up should have been completed in 80% or more of 
the participants.

Prognostic factor measurement
6. Was the method for measuring prognostic factors defined?

Outcome
7. Were outcomes of interest clearly defined?

To be answered yes, a clear definition of outcomes of interest should be provided.

8. Were outcomes measured “blind”?

To be answered yes, outcomes should be measured without knowing the patients’ 
clinical characteristic and prognostic factors.
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Analysis
9. Were continuous predictor variables analyzed appropriately?

To be answered yes, a cut-off point for continuous data should not be determined 
by a data dependent process (i.e. exploring all cut-off points to find the one that 
minimizes the P value).

10. Was statistical adjustment performed for most important prognostic 
factors?

To be answered yes, statistical adjustment should have been performed for 
most important prognostic factors, that is, age, gender, plus at least one of other 
clinically relevant factors such as smoking, blood pressure, heart rate, or body 
mass index.

Table D.1: Methodological quality assessment results 

Study feature Quality criteria Rutter et 
al.14

Lakkireddy 
et al.44

Cheng et 
al.46

Church 
et al.45

Study design Data collected 
prospectively 

+ + + +

Study participation Inclusion/exclusion 
criteria defined

? + ? +

Recruited at a 
common point in their 
disease

- + + +

Follow-up Sufficiently long for the 
clinical outcome

- + + +

Follow-up complete + + + +

Prognostic variable 
measurement 

Method for measuring 
prognostic factors 
defined

+ + + +

Outcome Outcomes of interest 
clearly defined

+ ? + +

Outcomes measured 
blind 

+ + + +

Analysis Continuous predictor 
variable analyzed 
appropriately

+ + + +

Statistical adjustment 
for all important 
prognostic factors

+ + + +

Total number of “yes” responses 7 9 9 10

+: yes; -: no; ?: partial or unclear
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Table D1: Methodological quality assessment results (cont’d)

Study feature Quality criteria Lyerly et 
al.47

Seyoum et 
al.48

Chacko 
et al.49

Ho et 
al.50

Study design Data collected 
prospectively 

? + - +

Study 
participation 

Inclusion/exclusion criteria 
defined

+ ? ? -

Recruited at a common 
point in their disease

+ - - ?

Follow-up Sufficiently long for the 
clinical outcome

+ + + -

Follow-up complete + + + +

Prognostic 
variable 
measurement 

Method for measuring 
prognostic factors defined

+ + + +

Outcome Outcomes of interest 
clearly defined

+ ? + ?

Outcomes measured blind ? + + ?

Analysis Continuous predictor 
variable analyzed 
appropriately

+ + + ?

Statistical adjustment for 
all important prognostic 
factors

+ + + +

Total number of “yes” responses 8 7 7 4
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Appendix E: Summary of Results  
From the Selected Prognostic Studies 

Table E.1: Prognostic studies for diabetes

Study Patient Intervention Results

Rutter et al. 
200214

United Kingdom 
Study design: 
prospective 
cohort 
Objective: to 
investigate the 
relationship 
between future 
coronary heart 
disease events 
and baseline 
SMI and 
microalbuminuria 
in patients with 
type 2 diabetes 
free from known 
CHD

Total No.: 86
Age (yrs): 62 ± 7 
(range 46 to 74)
Gender (M/F): 62/24
Disease: type 2 
diabetes
Duration of DM (yrs): 
median 7 (1 to 23) 
BMI (kg/M2): 29.8 
± 5.0
History of CVD: none
Smoking status: 
current (20.9%), past 
(52.3%), never (26.7%) 
Secondary 
complications: 
microalbuminuria 
(50%), neuropathy 
(26.7%), retinopathy 
(31.4%)
Co-morbidity: NA 
Treatment: medical 
treatment: β-blockers 
at baseline (10.5%)

Exercise testing
Types: exercise 
(treadmill) ECG test
Prognostic variable: 
ST-segment 
depression
Criteria for 
abnormal test: 
ECG change (> 1 
mm downsloping 
or horizontal 
ST-segment 
depression from 
baseline occurring 
0.08 seconds after 
the J point for 3 
consecutive beats) 
Follow-up: median 
2.8  yrs (range 1.3 
to 4.9), none lost 
to follow-up (100% 
follow-up rate)

Frequency of cardiac 
events:
Total: 23 events in 15 patients 
(17%)
Cardiac death: 3 
AMI: 7 events
New-onset angina: 13 events 
Relationship of prognostic 
variables to cardiac events:
Univariate analysis:
Ankle brachial index (ABI) (as 
a continuous variable) (P = 
0.014)
SMI (P = 0.02)
Microalbuninuria (P = 0.046)
Framingham 10-year CHD risk 
> 30% (P = 0.035)
Fibrinogen (g/l) (as a 
continuous variable) (P = 
0.026)
Multivariate analysis: 
HR (95% CI):
SMI: 21 (2–204) (P = 0.008) 
ABI: 17 (1.3–213) (P = 0.032)

Continuous data are expressed as mean ± standard deviation unless otherwise indicated. 

Abbreviations: ABI: Ankle brachial index; AMI: acute myocardial infarction; bpm: beats per minute; CHD: coronary heart 
disease; CI: confidence interval; CPET: cardiopulmonary exercise test; CVD: cardiovascular disease; DM: diabetes; DTS: Duke 
Treadmill Score; ECG: electrocardiogram; F: female; HR: hazard ration; HRR: heart rate recovery; M: male; MACE: major 
adverse cardiac events; METs: metabolic equivalents; MI: myocardial infarction; NA: not available; No.: number; SMI: silent 
myocardial ischemia; VO2: oxygen uptake.
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Table E.1: Prognostic studies for diabetes (cont’d)

Study Patient Intervention Results
Lyerly et al. 
200847

United States
Study design:
Analysis of 
previously 
prospectively 
collected data  
Objective: to 
examine the 
association 
between exercise 
ECG responses 
and CHD and 
CVD mortality 
in patients with 
diabetes

Total No.: 2854
Age (yrs): 49.5 ± 9.7 
(range 21 to 84)
Gender (M/F): 2854/0
Disease: diabetes
Duration of DM (yrs): 
NA
BMI (kg/M2): mean 28
History of CVD: no 
history of MI or stroke
Smoking status: 
current (18.6%) 
Secondary 
complications: NA
Co-morbidity: 
hypertension (43.5)
Treatment: NA

Exercise testing 
Types: maximal 
symptom-limited 
treadmill exercise 
test with a modified 
Balke protocol
Prognostic 
variable: 
ST-segment 
depression
Criteria for 
abnormal test: 
ECG change (≥ 1 
mm ST-segment 
depression or 
elevation that lasted 
≥ 0.08 seconds 
from the J point) 
Follow-up: mean 
15.8 (SD 9.6, range 
1.3 to 30.0) yrs

Frequency of cardiac 
events:
Total death: 441 
210 deaths due to CVD, 133 
deaths due to CHD
Relationship of prognostic 
variables to cardiac events:
Multivariate analysis: 
HR (95% CI):
Equivocal exercise ECG test: 
2.11 (1.29 to 3.46) 
Abnormal exercise ECG test: 
3.00 (1.95 to 4.61)
BMI ≥ 30: 2.81 (1.76 to 4.51)
Hypertension: 2.15 (1.50 to 
3.18) 
Hypercholesterolemia: 1.46 
(1.04 to 2.07)

Table E.1: Prognostic studies for diabetes (cont’d)

Study Patient Intervention Results
Lakkireddy et al. 
200544

United States
Study design: 
prospective 
cohort 
Objective: 
to determine 
whether the Duke 
Treadmill Score 
(DTS) has the 
same predictive 
capacity in 
patients with 
diabetes as 
it does in 
the general 
population

Total No.: 100
Age (yrs): 59 ± 10
Gender (M/F): 58/42
Disease: diabetes
Duration of DM (yrs): 
NA
BMI (kg/M2): 31 ± 6
History of CVD: none
Smoking status: 
current (16%)
Secondary 
complications: NA 
Co-morbidity: 
hypertension (67%), 
hypercholesterolemia 
(37%)
Treatment: anti-
anginal medication: 
β blockers (17%), 
calcium channel 
blockers (43%)

Exercise testing:
Types: Exercise 
(treadmill) ECG 
test using standard 
Bruce protocol
Prognostic variable: 
DTS
Criteria for 
abnormal test: DTS 
≥ 5 (low risk), −10 
to 4 (intermediate 
risk), < −10 (high 
risk) 
Follow-up: median 
6.6 yrs (none lost to 
follow-up)

Frequency of cardiac 
events: 
MACE (death or MI): 8 patients 
(8%)
Revascularization or CHF: 39 
patients (39%) 
Relationship of prognostic 
variables to cardiac events:
Survival free of MACE (death 
or MI) differed significantly 
across risk groups (P = 0.002); 
survival free of composite 
event (MACE, CHF, or 
revascularization) differed 
significantly across risk groups 
(P < 0.001)
Multivariate analysis: 
DTS was the only independent 
predictor of combined event 
outcomes in patients with 
diabetes (P < 0.001)
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Table E.1: Prognostic studies for diabetes (cont’d)

Study Patient Intervention Results
Cheng et al. 
200346

United States
Study design: 
prospective 
cohort 
Objective: to 
evaluate whether 
slow HRR 
after maximal 
exercise predicts 
cardiovascular 
disease and all-
cause mortality 
among diabetic 
men

Total No.: 2333
Age (yrs): 49.4 ± 9.5 
(range 23 to 79)
Gender (M/F): 2333/0
Disease: diabetes
Duration of DM (yrs): 
NA 
BMI (kg/M2): mean 
27.5
History of CVD: 218 
(9.3%)
Smoking status: 
current (20.5%), past 
(44.4%), never (35.1%)
Secondary 
complications: NA 
Co-morbidity: 
hypertension (51.6%), 
hypercholesterolemia 
(41.9%), CAD (9.3%)  
Treatment: NA

Exercise testing:
Types: Symptom-
limited maximal 
treadmill exercise 
testing using 
a modified 
Balke protocol, 
continuous ECG 
monitoring 
Prognostic variable: 
HRR (defined as 
the heart rate 
decline during the 
first 5 min following 
completion of the 
maximal exercise 
test)
Criteria for 
abnormal test: 
quartile 1 (< 55 
bpm), quartile 2 (55 
to 66 bpm), quartile 
3 (67 to 75 bpm), 
quartile 4 (> 75 
bpm) 
Follow-up: median 
14.9 (range 1 to 
25) yrs (none lost to 
follow-up)

Frequency of cardiac 
events:
CVD mortality: 142 (6.1%)
Relationship of prognostic 
variables to cardiac events:
Lower HRR associated with 
higher cardiac mortality  
Univariate analysis (adjusted 
for age):
Cardiorespiratory fitness 
(METs): (likelihood ratio χ2 = 
35.3)
HRR: (likelihood ratio χ2 = 
31.3)
Multivariate analysis:
HR (95% CI) (adjusted for 
other variables):   
For HRR as categorical 
variable (in quartile) 
HRR < 55 bpm: HR = 2.0 (1.1 
to 3.8)
HRR 55 to 66 bpm: HR = 1.5 
(0.8 to 2.7)  
HRR 67 to 75 bpm: HR = 1.5 
(0.9 to 2.8)
P value for trend = 0.007
For HRR as a continuous 
variable (10-bpm decrease):
HR=1.2 (1.1 to 1.4)
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Table E.1: Prognostic studies for diabetes (cont’d)

Study Patient Intervention Results

Chacko et al. 
200849

United States
Study design: 
retrospective 
cohort 
Objective: to 
evaluate the 
relationship of 
1- and 2-min 
HRR and the 
incidence of 
all-cause and 
CV mortality 
and CV events 
in patients with 
type 2 diabetes

Total No.: 871
Age (yrs): 58.5 
± 8.2
Gender (M/F): 
549/322 
Disease: type 2 
diabetes
Duration of DM 
(yrs): 8.8 ± 7.0
BMI (kg/M2): 31.4 
± 5.5
History of CVD: 
218 (9.3%)
Smoking status: 
current smoker 
(13.8%)
Secondary 
complications: 
macrovascular 
disease (29.6%), 
microvascular 
disease (68.5%)
Co-morbidity: NA   
Treatment: NA

Exercise testing:
Types: modified 
Bruce protocol, 
monitoring of 
symptoms, HR, 
BP, and ECG 
changes 
Prognostic 
variable: 
HRR: defined as 
the value between 
the HR at peak 
exercise and minus 
the value at 1 or 
2 min into the 
recovery period 
(1-min HRR, 2-min 
HRR)
Chronotropic 
incompetence: 
defines as the 
inability to reach 
85% of predicted 
maximal HR 
(calculated as 220 
– age in years)
Criteria for 
abnormal test: 
HRR < 12 bpm
1-min HRR (bpm):
quintal 1 (≤ 12), 
quintal 2 (13 to 18),  
quintal 3 (19 to 22),  
quintal 4 (23 to 28), 
quintal 5 (> 28) 
2-min HRR (bpm):
quintal 1 (<28),  
quintal 2 (29 to 36),  
quintal 3 (37 to 42),  
quintal 4 (43 to 49), 
quintal 5 (> 49) 
Follow-up: 5 
yrs (none lost to 
follow-up)

Frequency of cardiac events:
Cardiovascular mortality: 35
Cardiovascular events (non-fatal 
MI, cerebrovascular accident, CHF 
requiring hospital admission): 135 
patients (15.5%)
Relationship of prognostic 
variables to cardiac events:
Lower HRR associated with higher 
cardiovascular mortality and 
cardiovascular events  
HR (95% CI) for HRR as categorical 
variable (in quintile) 
1-min HRR 
For cardiovascular mortality:
HRR ≤12 bpm: HR = 1.0 (reference)
HRR 13 to 18 bpm: HR = 0.8 (0.3 
to 2.1) 
HRR 19 to 22 bpm: HR = 0.4 (0.1 
to 1.4) 
HRR 23 to 28 bpm: HR = 0.4 (0.1 
to 1.4) 
HRR > 28 bpm: HR = 1.6 (0.6 to 4.0) 
For cardiovascular events
HRR ≤12 bpm: HR = 1.0 (reference)
HRR 13 to 18 bpm: HR = 0.5 (0.3 to 
0.8) (P < 0.01) 
HRR 19 to 22 bpm: HR = 0.6 (0.4 to 
1.0) (P < 0.05)
HRR 23 to 28 bpm: HR = 0.5 (0.4 to 
0.9) (P < 0.05)
HRR > 28 bpm: HR = 1.0 (0.6 to 1.5) 
2-min HRR 
For cardiovascular mortality:
HRR ≤ 28 bpm: HR = 1.0 (reference)
HRR 29 to 36 bpm: HR = 0. (0.3 
to 1.5) 
HRR 37 to 42  bpm: HR = 0.2 (0.04 
to 0.9)(P < 0.05)
HRR 43 to 49 bpm: HR = 0.4 (0.1 
to 1.3) 
HRR > 49 bpm: HR = 1.0 (0.3 to 2.8) 
For cardiovascular events
HRR ≤28 bpm: HR = 1.0 (reference)
HRR 29 to 36 bpm: HR = 0.8 (0.5 
to 1.1) 
HRR 37 to 42  bpm: HR = 0.5 (0.3 to 
0.8) (P < 0.01) 
HRR 43 to 49 bpm: HR = 0.6 (0.4 
to 1.0) 
HRR > 49 bpm: HR = 1.2 (0.8 to 1.9)
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Church et al. 
200545

United States
Study design: 
prospective 
cohort 
Objective: 
to examine 
(1) the risk of 
CVD mortality 
associated with 
fitness level and 
BMI, (2) the 
dose-response 
relationship 
between 
categories of 
fitness and 
CVD mortality 
within levels of 
BMI, and (3) 
the shape of 
the fitness-CVD 
mortality curve 
when fitness 
is quantified 
by increments 
of maximal 
metabolic 
equivalents 
(METs)

Total No.: 2316 
Age (yrs): 50 ± 10
Gender (M/F): 
2316/0
Disease: type 1 
and type 2 diabetes
Duration of DM 
(yrs): NA 
BMI (kg/M2): 26.8 
± 3.4
History of CVD: 
NA
Smoking: current 
(20.5%), past 
(44.3%), never 
(35.2%)
Secondary 
complications: 
NA
Co-morbidity: 
hypertension 
(31.9%)
Treatment: NA

Exercise testing:
Types: Symptom-
limited maximal 
treadmill exercise 
test using a 
modified version 
of the protocol of 
Balke and Ware, 
continuous ECG 
monitoring  
Prognostic 
variable: maximal 
METs 
Criteria for 
abnormal test: 
fitness level defined 
as low (lowest 
20%), moderate 
(middle 40%), or 
high (upper 40% 
of the previously 
defined age-
specific distribution 
of maximal 
exercise duration) 
Follow-up: 15.9 ± 
7.9 yrs (range 1 to 
27.7 yrs)

Frequency of cardiac events: 
CVD mortality: 179 (7.7%)
Relationship of prognostic 
variables to cardiac events:
Multivariate analysis:
HR (95% CI):
Maximal MET obtained (per 1-MET 
increment): 1.2 (1.10 to 1.32) (P < 
0.001)
Fasting glucose level (per 10-mg/
dL increment): 1.04 (1.02 to 1.06) (P 
< 0.001)
Systolic blood pressure (per 10-mm 
Hg increment): 1.10 (1.01 to 1.19)
Parental history of premature CVD: 
1.72 (1.20 to 2.50) (P = 0.004)
Abnormal exercise ECG (ST-
depression): 2.2 (1.55 to 3.09) (P < 
0.001)

Table E.1: Prognostic studies for diabetes (cont’d)

Study Patient Intervention Results

Seyoum et al. 
200648

United States
Study design: 
prospective 
cohort  
Objective: to 
determine the 
predictive value 
of baseline peak 
exercise oxygen 
consumption 
on subsequent 
development of 
cardiovascular 
events in patients 
with type 2 
diabetes

Total No.: 468
Age (yrs): mean 57.6
Gender (M/F): 
307/161
Disease: type 2 
diabetes
Duration of DM (yrs): 
mean 9.1
BMI (kg/M2): mean 
31.2
History of CVD: none
Smoking (pack yrs): 
mean 19.7
Secondary 
complications: 
retinopathy (52.1%), 
nephropathy (15.2%)
Co-morbidity: 
hypertension (100%) 
Treatment: NA

Exercise testing:
Type: exercise 
treadmill test 
using a Half Bruce 
protocol
Prognostic variable: 
peak VO2
Criteria for 
abnormal test: NA 
Follow-up: 5 yrs 
(none lost to follow-
up)

Frequency of cardiac 
events: 
Cardiac death, non-fatal MI, 
non-fatal cerebral vascular 
accident, HF requiring 
hospitalization, and pulmonary 
infarction: 71 patients (15.2%) 
Relationship of prognostic 
variables to cardiac events:
Baseline peak VO2 (mL kg-1 
min-1): 20.3 ± 0.6 in patients 
who developed cardiac events 
vs. 21.9 ± 0.3 in patients who 
did not (P = 0.02) 
Multivariate analysis: 
HR (95% CI):
Peak VO2: 0.931 (0.879 to 
0.987) (P = 0.0165)
Duration of diabetes: 1.047 
(1.016 to 1.079) (P = 0.0027)
Overt albuminuria: 2.174 
(1.244 to 3.798) (P = 0.0064)
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Table E.1: Prognostic studies for diabetes (cont’d)

Study Patient Intervention Results

Ho et al. 200850

United States
Study design: 
prospective 
cohort 
Objective: 
to assess the 
association 
between impaired 
chronotropic 
response (CR) 
and adverse 
events among 
patients with 
diabetes referred 
for exercise 
treadmill testing

Total No.: 1341
Age (yrs):  NA
Gender (M/F): NA 
Disease: diabetes
Duration of DM (yrs): 
NA
BMI (kg/M2): NA
History of CVD: NA
Smoking status: NA
Secondary 
complications: NA
Co-morbidity: NA
Treatment: NA

Exercise testing:
Types: symptom-
limited exercise 
treadmill test, the 
Bruce protocol 
used in 85% of 
tests, monitoring of 
symptoms, HR, BP, 
and ECG changes 
and METs 
Prognostic variable: 
Impaired CR: 
defined as 
achievement of < 
80% of a patient’s 
heart rate reserve, 
calculated as (220 
– age) – resting 
heart rate, at peak 
exercise, or < 62% 
for patients taking 
β-blockers within 
72 hours of exercise 
testing 
Follow-up: up to 
4.6 yrs (99% of 
patients completed 
follow-up)

Frequency of cardiac 
events:
MI: 31 patients (2.3%) (3.3% 
in impaired CR vs. 1.7% in 
normal CR (P = 0.06)
Revascularization procedure: 
23.8% in impaired CR vs. 
11.7% in normal CR (P < 0.01)
Relationship of prognostic 
variables to cardiac events:
HR (95% CI)
For all-cause mortality, MI, or 
revascularization procedure: 
For all patients: HR = 1.53 
(1.10 to 2.14)
For patients with low risk DTS: 
HR = 1.36 (0.85 to 2.20)
For patients with intermediate 
risk DTS: HR = 1.95 (1.15 to 
3.31)
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Appendix F: Covariates Considered in the 
Included Prognostic Studies

Table F.1: Covariates considered in the univariate analysis

Study Covariate

Rutter et al.14

Exercise ECG test
Age, gender, BMI, duration of DM, smoking status, baseline claudication, BP, 
total cholesterol, high-density lipoprotein cholesterol, HbA1c, fibrinogen, AER, 
microalbuminuria, positive exercise test, ABI, echocardiographically determined 
left ventricular mass index, No. of abnormal autonomic function tests, HR 
variability, and calculated Framingham coronary risk

Lakkireddy et al.44

Exercise ECG test
Age, gender, BMI, smoking, peak HR, peak systolic BP, peak diastolic BP, peak 
rate pressure product, hypertension, hyperlipidemia, use of β-blockers, calcium 
channel blockers, nitrates

Cheng et al.46

Exercise ECG test
Age, BMI, smoking status, systolic and diastolic BP, resting HR, 
cardiorespiratory fitness (METs), fasting glucose, cholesterol, and triglyceride 
levels, alcohol intake, prior history of CVD

Church et al.45

Exercise ECG test
BMI, parental history of premature CVD, systolic BP, fasting glucose level, total 
cholesterol level, cigarette smoking, abnormal resting and exercise ECGs

Lyerly et al.47

Exercise ECG test
Age, BMI, smoking status, systolic and diastolic BP, resting HR, fasting glucose 
level, hypercholesterolemia, hypertension, abnormal resting ECG responses, 
family history of CVD or diabetes, HR reserve, and treadmill time

Seyoum et al.48

CPET
Age, gender, duration of DM, duration of hypertension, BP, overt albuminuria, 
total serum cholesterol

Chacko et al.49

Exercise ECG test
Age, gender, duration of diabetes, duration of exercise, chronotropic 
incompetency, baseline systolic BP, urinary albumin excretion, total cholesterol, 
smoking status, study drug (either enalapril or nisoldipine), and BP goal 
(intensive or moderate) 

Ho et al.50

Exercise ECG test
Demographic factors: age, gender, 
Clinical factors: smoking status, history of CHD, cerebral vascular disease, 
peripheral vascular disease, obstructive sleep apnea, diabetes, hypertension, 
lipid disorders, depression, and congestive heart failure, Treadmill variables: 
DTS, abnormal HRR, and ventricular ectopy in recovery 

Abbreviations: ABI: ankle brachial index; AER: albumin excretion rate; BMI: body mass index; BP: blood pressure; CAD: 
coronary artery disease; CPET: cardiopulmonary exercise test; CVD: cardiovascular disease; DM: diabetes mellitus; 
DTS: Duke Treadmill Score; ECG: electrocardiogram; HbA1c: glycosylated hemoglobin; HR: heart rate; METs: metabolic 
equivalents.
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Appendix G: Patients With Chronic Diseases  
Who May Forego Exercise Testing

McConnell56 proposed that four groups of patients with chronic diseases may be 
referred to a cardiopulmonary rehabilitation program without an exercise test:

Patients with extreme muscle weakness and deconditioning may be unable to •	
exert adequate exercise effort during an exercise test. This might include the 
elderly, those who have been inactive for prolonged periods, or those with 
prolonged bed rest.

Patients with orthopedic limitations may not be able to give an adequate •	
exercise effort to ensure a valid test result. This includes patients with arthritis, 
amputees, or patients with past stroke/functional defects.

An exercise test for patients who have left ventricular systolic dysfunction who •	
are limited by shortness of breath as demonstrated during their in-hospital or 
home exercise program may only indicate what is already known.

An entry exercise test may not offer any new information for patients with •	
known coronary artery disease and stable angina whose exercise limitations 
and disease status are well documented.
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This report on Exercise Testing for the Prediction of Cardiac Events in Patients 
with Diabetes examines the clinical research evidence on the prognostic 
value of exercise testing (including electrocardiogram exercise testing and 
cardiopulmonary exercise testing) for the prediction of cardiac events in 
patients with diabetes.




