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The Value of Exercise Stress Testing for Renal-Cardiac Risk Assessment in
Military Personnel: Exploring the Hidden Half!
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For decades, the exercise stress test (EST) has been known as a well-established non-invasive diagnostic test in patients with suspected
or known cardiovascular disease (CVD). However, EST is also used for several other purposes in the armed forces including fitness
assessment and adjustment training in simulated non-conventional environments such as altitude chambers. While exercise stress test
is a part of periodic health check-up in specific groups of the military forces such as aviators, divers, and commanders, its diagnostic
value for cardiovascular disease (CVD) detection is unclear in asymptomatic healthy subjects with low and intermediate cardiovascular
risk according to the current clinical practice guidelines. Furthermore, it is demonstrated that it has a modest sensitivity and specificity
for the diagnosis of coronary artery disease (67-72% and 69-90% respectively) in symptomatic patients. Hence, the hidden half of the test
including non-electrical variations such as hemodynamic changes would be taken into the account or results of other tests such as arterial
evaluations would be combined to provide a diagnostic battery. Meanwhile, its performance is also related to the CVD pre-test probability
and the prevalence of the disease in the target population. On the other hand, not only the heart, but also vessels and kidneys can be
evaluated by EST. Current evidence demonstrates that the hemodynamic response to exercise and exercise-induced micro-albuminuria
are associated with cardiac, renal, and arterial functional status. In addition, impaired hemodynamic response to exercise predicts the
development of renal dysfunction in the future.
In conclusion, EST would be particularly important in the early detection of cardiac, vascular, and renal diseases in military personnel;
however, justification and arrangements for the testing must be individually assessed, and this process can be facilitated by decision
analysis methods.
Keywords:Exercise Test; Risk Assessment; Diabetes Mellitus

1. Introduction
The exercise stress test (EST) is a well-established noninvasive diagnostic test that has been frequently used in
patients with suspected or known cardiovascular disease
(CVD) for decades (1). Additional applications include the
assessment of physical fitness, functional capacity, ventilatory function, metabolic assessment, and the evaluation of peripheral vascular disease (2).
In fact, CVD is a leading cause of mortality in both developed and developing countries. Despite the initial health
screening during military forces recruitment, CVD is still
considered as an important cause of morbidity, work
loss, and mortality among in-duty military personnel
and veterans. Therefore, early detection and treatment of
CVD is an important goal in military health services.
In addition, CVD is the leading cause of mortality among
patients with diabetes mellitus (DM) (3, 4), in whom the
prevalence, incidence, and mortality from all forms of

CVD is two- to eight-fold higher in comparison to those
without DM. Similarly, CVD is the main cause of mortality in renal failure. Therefore, given the increasing epidemic of diabetes in the armed forces, a special attention
should be paid to the detection and management of the
DM complication including renal and cardiac complications. Subsequent sections of this review will focus on
techniques, interpretation, and clinical applications of
the EST with particular emphasis on risk stratification for
military personnel.

2. An Overview of Exercise Test
2.1. Exercise Equipment

Cycle ergometers are generally less expensive, smaller,
and less noisy than treadmills and produce less upper
body motion; however, muscle fatigue in patients who
are inexperienced cyclists is a major limitation to reach

Implication for health policy/practice/research/medical education:
Although exercise stress testing (EST) is routinely used in clinical practice in military health services, its applications are very limited. In fact, several
aspects of EST are currently overlooked by which risk assessment and early diagnosis would be improved. This opens new windows for better preventive
strategies for military personnel, in particular for officers with critical duties.
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their maximum oxygen uptake (5, 6). In contrast, because
of the gravitational effects of being upright, walking requires a higher level of myocardial oxygen demand (6)
and as a result, a treadmill is more commonly used. Patients who cannot perform leg exercise can be evaluated
by arm and upper trunk rowing or cranking. However,
because these maneuvers often do not produce adequate
workload for cardiac assessment, a pharmacologic stress
test is preferred (6).
Since cardiovascular (CV) load can vary considerably
among individuals at the same exercise setting (2), energy expenditure should be reported in “estimated metabolic equivalent” (metabolic equivalent of task or METs)
of exercise and the nature of the protocol must be clearly
specified (1). In the current format, MET refers to a unit
of oxygen uptake in a sitting, resting person; one MET is
equivalent to 3.5 mL O2/kg/min oxygen consumption and
work activities can be calculated in multiples of METs.
One formula for estimating VO2 from treadmill speed and
grade is as follows (7):

VO2 (mLO2/kg/min = (mph × 2.68) + (1.8 × 26.82 × mph ×
grade/100) + 3.5
In most patients with CAD, 8 METs workloads are sufficient for angina evaluation. Healthy, sedentary individuals seldom exercise beyond a 10 to 11 METs workload,
although physically active individuals including athletes
may be able to achieve 16 or more. For functional class I:
7-8 METs; class II: 6 METs and class III: 3-4 METs is tolerable
(5). The workload is expressed by watt or kilopond-meters
per minute (kpm) when a bicycle ergometer is used. One
watt is equivalent to approximately 6 kpm (7). Estimated
oxygen costs for cycle ergometer and selected treadmill
protocols are presented in Figure 1.

2.2. Clinical Applications

The exercise test may be used for diagnostic, prognostic,
and therapeutic purposes as well as for physical activity
counseling and to design an exercise regimen. However,
the recommendations for performing the EST as part of
the pre-participation health evaluation in order to initiate or maintain an exercise program, especially a vigorous intensity training program, may differ from those
regarding the use of EST to gain information for clinical
decision making and management that may include an
exercise program. The simple stress test is sometimes
combined with other diagnostic means including pharmacologic stress tests, stress echocardiography, radionuclide stress cardiac imaging, and stress testing for artificial pacing.
The most common indication for EST is CAD diagnosis;
assessment of cardiac (particularly exercise-induced) arrhythmia, detection of labile hypertension, assessment
of functional capacity, evaluation of anti-angina drugs,
patient evaluation after bypass surgery or angioplasty, rehabilitation purposes, and research or screening are other indications. The test is contraindicated in acute myocardial infarction (within two days), high risk unstable
angina, hemodynamically compromising uncontrolled
arrhythmias, symptomatic severe aortic stenosis, uncompensated heart failure, acute pulmonary embolism or infarction, acute endocarditis, myocarditis or pericarditis,
hypertrophic cardiomyopathy, acute thrombophlebitis
or deep vein thrombosis, and acute aortic dissection. Additionally the test must be performed with precaution in
less severe cardiac diseases, high degree conduction defects, severe hypertension (SBP > 200, DBP > 110) (1, 2, 5, 8),
and possibly hypotension (SBP < 90) (9).

Figure 1. Estimated Oxygen Cost of Bicycle Ergometer and Selected Treadmill Protocols.

The standard Bruce protocol starts at 1.7 mph and 10 percent grade (5 METs), with larger increments between stages compared to other protocols such
as the Naughton, ACIP, and Weber, which start at less than 2 METs at 2 mph and increase by 1- to 1.5-MET increments between stages. The Bruce protocol
can be modified by two 3-minute warm-up stages at 1.7mph and zero percent grade and 1.7 mph and five percent grade. METs = metabolic equivalents.
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3. Diagnostic Value of Exercise Test
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Physical exercise leads to increased myocardial oxygen
consumption via an increased heart rate (HR), intra-myocardial tension, and the velocity of myocardial contraction. The HR acceleration is associated with a reasonably
linear increment of myocardial oxygen consumption. In
patients with coronary artery disease, coronary blood
flow fails to increase adequately to meet myocardium
oxygen demands, leading to myocardial ischemia. Myocardial ischemia may manifest by angina, ST segment or
T wave changes, ventricular dysfunction, arrhythmias,
or a combinations of the above. There are three major
responses to an exercise test in myocardial ischemia:
electric events, hemodynamic events, and symptomatic
manifestations (Table 1), of which, electric events are the
most reliable diagnostic criteria.

3.1. Electric Events

One mm or more horizontal or down-sloping ST depression is generally accepted as a definite positive exercise ECG
test. In addition, an up-sloping ST depression of 2 mm or
more beyond 0.08 second in duration from J point suggests
a positive result (5, 6, 8). ST elevation is uncommon, and it
is almost always encountered in patients with previous MI
associated with ventricular aneurysm or ventricular wall
dyskinesia; hence, its presence with a previous Q-wave is not
considered as positive result (8). P-wave morphology has
also been used for CAD diagnosis (10).

3.2. Hemodynamic Criteria

A relatively recent development in our understanding of
exercise testing is from the data regarding the prognostic
significance of hemodynamic responses during and immediately after exercise testing (11, 12). Lauer has presented evidences showing that patients who cannot achieve
an adequate HR response to exercise (i.e. chronotropic
incompetence) have an unfavorable prognosis beyond
that accounted for by only symptoms or ECG changes.
The most widely accepted cut point is a failure to achieve
80% of the age-predicted maximal HR in patients with no

pharmacologic reason to have a limitation in their HR response. The prognostic value of a poor HR response is as
significant as an exercise-induced myocardial perfusion
deficit. An abnormal chronotropic response apparently
provides information that is independent of myocardial perfusion because the combination of the perfusion
deficit and an abnormal chronotropic index suggests
a worse prognosis than either abnormality alone. In a
similar fashion, the failure of the HR to recover promptly
after exercise provides independent information related
to prognosis. A failure of the HR to decrease by at least 12
beats per minute (bpm) by the end of the first minute or
22 bpm by the end of the second minute of recovery are
strongly associated with future mortality (13).
The development of exercise-induced hypotension with
typical angina pectoris is a strong evidence for CAD. Failure to increase SBP by 10 to 30 mmHg during exercise
testing is shown to be an independent predictor of adverse outcome, particularly in post myocardial infarction
tests (5, 14). On the other hand, more than the expected
rise in SBP during exercise most likely represents labile
hypertension. Insignificant sinus rate acceleration (less
than 120 beats per minutes) during sub-maximal or maximal exercise may be indicative of sick sinus syndrome. It
is noteworthy that very anxious subjects with excessive
sympathetic tone at the beginning of the exercise may
show a temporary reduction of their HR and SBP in the
first 2-3 minutes.
An absolute peak systolic pressure of 250 mmHg or a
relative increase of 140 mmHg above resting levels is
considered a hypertensive response and is predictive of
future resting hypertension. A decrease in systolic BP below the resting value, or by 10 mmHg after a preliminary
increase, particularly in the presence of other indices of
ischemia, is generally abnormal. A systolic blood pressure
of 250 mmHg is a relative indication to abort a test. There
is typically no change or a slight decrease in diastolic BP
during an exercise test. An increase of 10 mmHg in diastolic BP is generally considered as an abnormal finding
and may occur with exertional ischemia; the same is true
about an increase in dialectic BP to 115 mmHg (15).

Table 1. Available Measurements From Exercise Treadmill Test
Electrocardiographic

Maximum ST depression

Maximum ST elevation

ST change slop (up or down sloping or horizontal)

Number of leads showing ST changes
Duration of ST deviation to recovery
ST/HR indexes

Exercise-induced ventricular arrhythmia

Hemodynamic

Symptomatic

Maximum exercise HR

Exercise-induced angina

Maximum exercise SBP

Exercise limiting symptoms

Maximum exercise double product (SBP.HR)

Time to onset of angina

Total exercise duration
Exertional hypotension
Chronotropic incompetence

Time of onset of ST deviation
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Normally, during the post-exercise period, systolic BP decreases promptly. Several recent investigators have demonstrated that a delay in the recovery of systolic BP is highly
related to both ischemic abnormalities and a poor prognosis. As a general principle, the three minutes post-exercise
systolic BP should be 90% of the systolic BP at the peak exercise. If peak exercise BP is not available, the three minutes
post-exercise systolic BP should be less than the systolic BP
measured one min after exercise (16, 17).

3.3. Symptoms Indicating CAD

Functional capacity can be reported by the tolerated exercise stage and achieved METs. Exercise-limiting symptoms
include angina, dyspnea, fatigue, muscular pain, palpitation, dizziness, and claudication. Both the presence and the
timing of angina are important in CAD diagnosis. Among
other commonly cited symptoms, dyspnea is of particular
interest, since it may be a sign of occult left ventricular dysfunction, non-cardiac disease (especially pulmonary disorders such as chronic bronchitis or emphysema), or possibly,
an exertional "angina equivalent" (18).

4. Hemodynamic Response to Exercise
4.1. Normal Response

The normal hemodynamic response to exercise includes
tachycardia and enhanced cardiac contractility due to increased sympathetic discharge and simultaneous parasympathetic inhibition. Blood flow redistribution, splanchnic
vasoconstriction, and local vasoactive metabolites lead to
diversion of blood to the myocardium and active muscles
shortly after initiating exercise. In addition, arterial pressure increases roughly parallel to the severity of exercise,
mainly due to the enhanced cardiac output. Systolic pressure usually increases more than diastolic pressure, which
results in an increased pulse pressure (PP) (19). Although
stroke volume usually increases with exercise, the primary
cause of increased cardiac output is an augmented HR,
which in turn, is due to the vagal withdrawal followed by
the sympathetic outflow (8).

4.2. Abnormal Response

Aging and hypertension change the exercise response.
Cardiac output during exercise is reduced in older and
hypertensive patients due to decreased left ventricular (LV) compliance, diastolic filling, and therefore, decreased stroke volume. In addition, maximal exercise
HR is reduced in the elderly, possibly due to decreased
beta-adrenergic responsiveness. However, the increase in
SBP is usually greater with exercise in the elderly, probably due to reduced aortic elasticity and baroreceptor
dysfunctional (20). An impaired HR and cardiac output
response to exercise occurs in elderly (but not young)
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patients with non-DM hypertension, possibly due to
the reduced left ventricular compliance and impaired
stroke volume. An impaired HR response to exercise in
the elderly is associated with reduced beta-adrenergic responsiveness (20). On the other hand, Khan reported that
the severity of cardiac autonomic neuropathy inversely
correlated with a maximal increase in HR and pressurerate product after exercise (21). Nevertheless, baroreflex
abnormalities, which commonly occur with or without
overt autonomic neuropathy (22), may be attributed to
the impaired HR response amongst the elderly.
The exercise-induced increase in SBP is greater in the
elderly. This is mainly attributed to arterial stiffness and
impaired arterial vasodilatory function (19, 20, 23, 24). In
addition, Poirier et al. found that maximal treadmill performance was higher in subjects with normal diastolic
function compared to those with left ventricular dysfunction (25). Thus, diastolic function may also affect the
SBP response to exercise. Furthermore, both symptomatic and subclinical silent myocardial ischemia may also
contribute to the blood pressure response to the exercise
(8, 26, 27). Finally, impaired renal function may alter the
BP response to the exercise since an increased incidence
of CAD and cardiac mortality (28, 29), a reduced vagallymediated tachycardic response (30), and endothelial dysfunction have been observed in this population, even before the development of atherosclerotic lesions (28). This
has been observed in the early stages of chronic kidney
disease (31) and raises the possibility that changes in the
cardiac and renal function may be inter-related and may
develop in parallel. However, there is no directly relevant
longitudinal study to examine this hypothesis and renal
function might simply have a direct effect on left ventricular function and exercise capacity.
Although an impaired exercise capacity in patients
with DM in comparison to the age- and activity-matched
normal subjects has been reported (32, 33), the available
evidence on the hemodynamic response to the exercise
in DMs is contradictory. A few years ago, we reported an
impaired exercise capacity, circulatory power, HR, and
systolic blood pressure response to EST in patients with
DM even among patients with low CV risk (34) and raised
the question of potential impact of pulse pressure, arterial compliance, and diastolic dysfunction in this regard.
Several complex indices have also been used for better
describing the hemodynamic response to the exercise,
including maximal predicted heart rate (MPHR) and
heart rate reserve (HRR) as chronotropic indices as well
as circulatory power and rate-pressure product (double
product) as representatives of myocardial functional status. These are calculated as follows (35-38):
MPHR = 220 - age
HRR = [(Peak HR - HR arrest) / (220 - age -HR arrest)] × 100
Circulation power = O2 × max SBP
Rate - pressure product = (max HR - max SBP)/100
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5. Exercise-Induced Albuminuria
Current evidence shows that albuminuria not only
is a marker of renal disease, but also represents CV risk
(39). Furthermore, microalbuminuria is an independent
predictor of the exercise tolerance (40), left ventricular
function (41, 42), and further development of CAD (43).
Moreover, asymptomatic patients with DM and microalbuminuria are more likely to have a positive exercise test
results (44, 45). Therefore, given this increased pre-test
probability, the test results are expected to be more accurate in patients with DM and microalbuminuria.
In the first stage of DM, urinary albumin excretion is typically normal but transient microalbuminuria (evoked by
stress, physical exercise, poor glycemic control, and intercurrent febrile illness) may occur. Thus, induction of proteinuria by physical stress, sympathetic stimulation, oral
or intravenous loading tests (e.g. saline or protein), and
the use of medical substances (e.g. dexamethasone) may
unmask sub-clinical proteinuria. Exercise-induced proteinuria includes both albumin and IgG in patients with
DM but only albumin in healthy individuals (46). However,
exercise-induced proteinuria varies in diverse situations.
For instance, measurements of four endogenous proteins
before, during, and after exercise in patients with DM and
normal urine albumin demonstrated that in normal subjects and non-obese patients with DM, exercise-induced
microproteinuria is probably of both glomerular and tubular origin, yet in patients with obesity and DM it is mainly glomerular in origin (47). However, regardless of origin,
basal and exercise-induced proteinuria have been reported to be significantly higher in patients with DM than in
healthy controls (48). Additionally, there are evidences indicating that exercise-induced albuminuria might be an
early sign of diabetic nephropathy and predictive of further irreversible changes of diabetic renal disease (49-51).
As a result of these studies, both qualitative and quantitative evaluation of exercise-induced proteinuria might be
helpful in the early diagnosis of renal damage and provide
additional information relating to CV health. In fact, miTable 2. Meta-analyses of Exercise Test Performance

croalbuminuria reflects a general arterial damage, which
may present as a cardiac disease, renal dysfunction, hypertension, and cerebrovascular manifestations. Thus, it has
been suggested that a combination of blood pressure profile, microalbuminuria (at rest or after exercise), and arterial assessment may help in risk assessment in very early
stages of circulatory derangement (52).

6. Assessment of Arterial Stiffness
Arterial stiffness is an early presentation of arteriosclerosis and can be non-invasively estimated in outpatient
clinical practice (53). It is an independent predictor of
all-cause and CV mortality in various groups of patients
(54-56) and is associated with early stages of DM and
chronic renal failure (57). Interestingly, our recent studies demonstrated that hemodynamic response to EST is
also correlated with the degree of arterial stiffness (58).
Moreover, evidence-based approach to the risk stratification of suspicious CVD could be improved by measuring
arterial stiffness (52). Thus, implementation of arterial
studies in combination with EST may help in a better risk
management of the military population.

7. Epidemiologic Aspects of Cardiac Stress
Test
7.1. Diagnostic Performance

A meta-analysis of 147 consecutively published reports
(Table 2) involving 24074 patients who underwent both
coronary angiography and a stress test revealed a wide
variability in its sensitivity and specificity, although exclusion of possible confounders improved the sensitivity
and specificity to 67-72% and 69-90%, respectively (5).
Test sensitivity may be reduced if 85% of the maximum
predicted heart rate is not achieved (8), in the presence
of left ventricular hypertrophy, resting ST changes in the
ECG, and taking medications including digoxin (5).

Grouping

Number of Studies

Total Number

Sensitivity, %

Specificity, %

Meta-analysis of standard ESTa

Predictive Accuracy, %

147

24047

68

77

73

58

11691

67

72

69

3

> 1000

50

90

69

22

9153

69

70

69

3

840

67

84

75

15

6338

68

74

71

Meta-analysis without MIa

Meta-analysis without workup bias
Meta-analysis with STa depression

Meta-analysis without ST depression
Meta-analysis with digoxin

Meta-analysis without digoxin
Meta-analysis with LVHa

Meta-analysis without LVH

9

3548

72

69

70

15

8016

68

69

68

10

1977

72

77

74

a Abbreviations: EST, Exercise stress test; LVH, Left ventricular hypertrophy; MI, Myocardial infarction; ST, stress test
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Despite the marked effect of beta-blockers on maximal
exercise HR, when the patients were sub-grouped according to beta-blocker administration, no difference in test
performance was found (59).
Both individual pre-test probability of CAD (estimated
clinically) and CAD prevalence in the target population
can affect its diagnostic value (5, 60). The frequency of
false-positive or false-negative results is directly influenced by the pre-test probability of CAD (the lower the
pre-test probability the higher the possibility of false
results). Not surprisingly, the test is most valuable in the
intermediate pre-test probability category because it can
affect the diagnostic decision to the highest degree. The
test predictive value is also affected by CAD prevalence in
the population. For instance, considering values of 50%
and 90% for sensitivity and specificity of the test, respectively, a 10-fold increase in the CAD prevalence increases
the positive predictive value from 21 to 83%.
A report from Pakistan army (61) evaluated 291 soldiers
with chest pain or left arm pain and normal resting ECG.
It concluded that EST had 74% sensitivity and 78% specificity, while Thallium stress test performed better with 91%
sensitivity and 71% specificity in comparison to angiography. However, the report has been criticized for sampling
and selection bias, since the Thallium stress test was used
for patients with greater probability of coronary disease.
Despite this modest accuracy, combining variables into
scores has improved exercise stress test performance. Using post-exercise SBP to maximal SBP ratio in combination
with monitoring for ST depression, improves the accuracy
of treadmill exercise testing (62); the ratio was greater
than 0.87 and had 68% sensitivity and 82% specificity for detection of coronary stenosis. However, this result was obtained from a small sample size and further investigation
is needed to assess its impact on test performance.

7.2. Prognostic Value

Exercise testing provides not only diagnostic information but also, more importantly, prognostic data. The sensitivity of EST for the prediction of coronary heart events
in a three- to twelve-year follow-up ranged from 40 to
62% (63). In a large study of asymptomatic, apparently
healthy individuals, the risk of cardiac events was ninetime greater when the result was abnormal (7). While silent ischemia is a frequent finding in young individuals,
studies have demonstrated that screening of asymptomatic subjects cannot effectively reduce the risk of major
CV events (64-66). Furthermore, there is a considerable
false positive rate and the lack of a generally accepted
strategy for managing false positive cases is still an obstacle to employ it as a screening tool (5).
Mark and colleagues developed a treadmill score that
is shown to be accurate in prediction of prognosis and
effective in risk estimation in patients younger than 75
years of age (7):

6

Treadmill score = excersise time - (5 × ST deviation) - (4 ×
treadmill angina index)
This score was used to develop a nomogram that incorporated pre-test disease probability to predict a five-year
survival and the annual mortality rate (Figure 2).
The most widely accepted and used prediction method
is the Duke treadmill Score or the related Duke treadmill
normogram. Both of these tools would be appropriate
for patients with known or suspected CAD being considered for coronary angiography without a history of
a myocardial infarction or revascularization procedure.
The Duke score normogram considers exercise capacity,
the magnitude of ST-segment depression, and the presence and severity of angina pectoris. The calculated score
is shown to be related to annual and five-year survival
rates and allows the categorization of patients into low-,
moderate-, and high-risk subgroups. This categorization
may guide the caring physician to proceed to conservative or aggressive therapies, depending on the classification category that the patient falls into (67).
Interestingly, patients’ symptoms also have prognostic
value. A large recent epidemiologic study showed that
patients with dyspnea had a substantially higher rate of
both cardiac and all-cause mortality than those with other or no symptoms at cardiac exercise testing. In contrast,
patients with typical angina did not have a higher rate of
death. Interestingly, patients with dyspnea had significantly higher rates of DM and hypertension (18).
An association between exercise capacity and CVD has
been reported (40) and HR increase in response to exercise has been demonstrated to be predictive against
sudden death (68), mortality (35, 36), and CAD (69). Nevertheless, our recent finding of a relatively impaired
hemodynamic response to EST in patients with DM (34)
as well as greater incidence of severe renal failure in patients with impaired hemodynamic response to exercise
(70) are of paramount importance in the risk assessment
strategies in populations like military personnel.

8. Exercise Stress Test in Military Forces

Military personnel are supposed to be completely
healthy, physically fit, and less likely to have CAD when
compared to their age-matched counterparts selected
from general population. However, they would be exposed to unusual environment (such as extreme coldness
or warmth, very high altitudes or hypoxia, stress, and
emotional deprivation) and must perform extraordinary
duties, which need a completely competent CV system.
Currently, EST applications in military forces includes
assessment of body fitness, muscle strength, endurance and combat readiness in conventional and unconventional environments, cardiopulmonary evaluation,
training, and annual check-ups in specific occupations.
From clinical point of view, it is sometimes recommended for CV diagnosis. However, its diagnostic and
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prognostic performance could be hampered by several
factors including clinical symptoms, co-morbidities,
risk factors, job stress, and the pre-test probability of
the disease.
It is important to consider that EST produces other
important information that can be used in cardiac, arterial, and renal risk assessment. This fact is commonly
overlooked. Given the increasing frequency of non-communicable diseases among military personnel in recent
decade, it would bear clinical advantages for early detection and improvement of preventive policies. In a large
study, CDC evaluated 284850 active-duty Air Force personnel in US and determined 5.3% with hypertension, 4.6%
with dyslipidemia, and 0.3% with DM (71), which is significantly higher than the previous reports of US armed
forces a decade ago (72). Our previous investigations in
Iran estimated greater rates for Iranian military personnel: hypertension in 25% of parachutists and 8.8% in army,
while diabetes was detected in 5.2 % of military parachutists and 1.8% of army (73, 74). Meanwhile, metabolic syndrome is estimated to be present in about 18.4 % in Bangladesh army (75), compared to 8.2% in Iranian army (73,
76) and 13.5% in military parachutists (74). Furthermore, a
study in India has recently demonstrated that about 15%
of asymptomatic active-duty armed force personnel had
some degrees of chronic renal dysfunction and/or albuminuria (77). According to the aforementioned health
profiles, more effective preventive strategies and early

detection measures must be incorporated into the periodic health check-up in armed forces and EST would be
an important part of such a program.

8.1. Exercise Stress Test in Asymptomatic Military
Personnel
The United States Preventive Service Task Force (USPSTF)
has recently stated that for low-risk asymptomatic individuals resting or exercise ECG does not over-perform
usual risk scores (such as Framingham’s score) and does
not modify the management strategies (64). Even in intermediate or high risk groups, there is no adequate data
regarding effectiveness of resting or exercise ECG screening in reduction of CV events. Thus, given the potential
direct or indirect harms of testing, EST is not generally
recommended, neither for diagnosis nor for screening
(64). However, American College of Cardiology Foundation recommends that resting ECG is reasonable for CV
risk assessment in asymptomatic adults with hypertension or DM. The recommendation also includes considering non-ECG markers in EST such as exercise capacity (64).
A recent review noted that combining vascular age into
the CV assessment, improves discrimination by Framingham’s risk score (78). Consequently, the decision would
be influenced by other factors in people in certain occupations such as pilots for whom sudden CV events may
endanger others or result in failing in critical missions.

Figure 2. Nomogram of Prognostic Variables Using the Duke Treadmill Score

It incorporates duration of exercise (in minutes) – (5 × maximal ST segment deviation during or after exercise) (in mm) – (4 × treadmill angina index).
Treadmill angina index is 0 for no angina, 1 for non-limiting angina, and 2 for exercise-limiting angina. The marks on the ischemia reading line and
duration of exercise line are connected, and the intersection on the prognosis line determines five-year survival rate and average annual mortality rate
for patients with these selected specific variables. MET = Metabolic Equivalent. (Adapted from Mark DE, Shaw L, Harrell FE Jr, et al: Prognostic value of a
treadmill exercise score in outpatients with suspected coronary artery disease. N Engl J Med 325:849, 1991. Copyright Massachusetts Medical Society).
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8.2. Exercise Stress Test in Diabetic Military Personnel

The special writing group of the American Heart Association established that DM is a “coronary risk equivalent” and indicated that patients with DM belong to the
same risk category as patients with known CVD (79).
This risk increases with age (> 35 years), duration of DM
(> 10 years), presence of microvascular complications,
and other CV risk factors (5). Screening and risk assessment of DM patients is also strongly recommended in
many guidelines including a French guideline that recommended screening for silent myocardial ischemia
(including EST) in patients with DM and one additional
risk factor (79). However, the American Heart Association
gave an evidence rating of IIb to EST screening in patients
with DM due to limited evidence (5). Nevertheless, they
recommended EST in this group when individuals plan
to perform moderate to high intensity exercise (5). While
the US preventive services task force did not support EST
in asymptomatic patients without another CV risk factor,
they did not present any recommendation for or against
an EST in asymptomatic patients with CV risk factors due
to a lack of enough evidence and the potential harms
from false positive results (e.g. invasive investigations)
(63). In contrast, the consensus statement from the American Diabetes Association and American College of Cardiology suggested non-invasive cardiac testing for patients
with DM and one additional risk factor including peripheral arterial disease, cerebrovascular disease, resting ECG
abnormalities, or the presence of two or more CVD risk
factors. Hence, the decision must be based on the individual clinical judgment (79).

8.3. Harms of Exercise Stress Testing

Although EST is generally a safe procedure, there is a small
but definite mortality risk of approximately one in 10000,
and two to three per 10,000 tests results in the context of
a major morbid event such as myocardial infarction (1, 2, 5,
60). Furthermore, direct harms of the tests, adverse events
associated with future testing such as angiography or percutaneous coronary angioplasty, and also psychological distresses must be considered (64).

8.4. Decision Making Analysis

There is still no consensus regarding exercise stress testing in asymptomatic subjects and currently individual
justification is preferred, as opposed to a general recommendation. Meanwhile, a “clinical decision analysis” may
help evaluate the utility of such a test for each patient.
Decision analysis is a mathematical tool designed to facilitate complex clinical decisions in which many variables must be considered simultaneously. Importantly,
individual pre-test probability and variability in the test
performance is considered in this method (80).
The analytic procedure is based on the probability and

8

predetermined value (utility) of all possible outcomes of
diagnostic or therapeutic options (illustrated on a decision
tree) and attempts to simplify the comparison between the
available alternatives. A decision tree is a map of all relevant
courses of action and their associated outcomes. A branch
point representing a diagnostic or therapeutic decision is
known as a “decision node” (square node) and the one representing a chance outcome, not directly controlled by the
physician, called a “chance node” (circle node).
The probability of outcomes in each branch is determined by available published reports and the probability
of the branches related to a diagnostic procedure is estimated from the reported test performance by the “back
calculation” method using a “decision matrix” (Table 3).
The utility of the outcome is represented on an ordinal
scale based on a simple or multidimensional clinical
judgment. The expected utility at any given chance node
is then estimated by the “folding back” process, i.e. multiplying the probability of each branch by the corresponding utility and then summing the branches emanating
from the node. This process provides an expected utility
for each possible action and the option with the highest
utility is selected. Finally, the cross point between the two
actions in a “sensitivity analysis” can determine the decision threshold based on different pre-test probabilities.
Figure 3 is an example of the clinical application of
this system when a decision should be made for EST in
an asymptomatic 45-year-old patient. He was an Asian
smoker colonel in the army with DM (diagnosed five
years ago in the annual check-up), total cholesterol of
250 mg/dL, HDL of 20 mg/dL, and systolic blood pressure of 145 mmHg whose CV risk score is estimated to
be 39.2% risk of CAD in 10 years. The calculations can be
changed according to the pre-test probability and the
test performance compared with the closest group of
subjects to the individual patient. For instance, in an
asymptomatic patient with DM, having microalbuminuria may increase the pre-test probability by two to six
times (81-83). A similar adjustment could be considered
for impaired hemodynamic responses to exercise based
on the available evidences (84-86). Importantly, according to our previous findings of significant degrees of arterial stiffness in asymptomatic aviators (87) and based
on evidence-based logics (52), the CV risk in our presumptive patients should be increased.
Figure 4 illustrates a decision threshold (above which
the test is beneficial) for performing an EST with two values for the test performance (one with a 70% sensitivity
and a 75% specificity, and another with a 80% sensitivity
and 85% specificity). The results suggest that the test is
beneficial if the pre-test probability of CAD is about 35%
or higher. This is in agreement with the suggestion of
Greenland et al. regarding the possible advantages of EST
in the intermediate cardiac risk group (88). However, evidences from longitudinal studies are sparse.
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Table 3. An Example of Decision Matrix When Sensitivity Is 70%,
Specificity Is 75% and the Estimated Pre-test Probability Is 40%.
ESTa+
EST-

Total

CADa (+)

CAD (-)

Total

280

150

430

120

450

570

400

600

1000

a Abbreviations: CAD, coronary artery disease; EST, exercise stress test.

Figure 3. Decision Tree for Exercise Stress Testing in an Asymptomatic
Military Officer With Stressful Job

TP(CAD+) [9]

positive
C3

FP(CAD-) [5]
Do EST

C1
FN(CAD+) [0]
negative C4

Asymptomotic
military
aviator

TN(CAD-) [7]

(CAD+) [2]
Avoid EST

C2
(CAD-) [10]

[X] represents utility of the outcome, circles are the chance nodes and the
square is the decision node; the calculation must be performed using the disease pre-test probability and the test performance in the target population.
Figure 4. Sensitivity Analysis for Decision About Exercise Stress Test (EST)
Given Different Assumptions for Pre-test Probability

Expected ullty of the acbon

10
9
8
7
6
5
4
3
2
1
0

Expected ullty of the acbon

A

10
9
8
7
6
5
4
3
2
1
0

conduct EST
avoid EST

9. Conclusions

With increasing incidence and prevalence of non-communicable diseases in military populations, it seems that EST
would be a useful tool for risk assessment for cardiac, renal,
and arterial subclinical pathologies. Although EST yields a
significant false positive result rate in low risk groups, it is
recommended in military personnel with a medium to high
CV risk status or even in otherwise healthy asymptomatic
personnel with DM. It not only assesses cardiopulmonary
fitness, but also detects subclinical cardiac ischemia and
provides further information about the cardiac conductive
system and left ventricular function. Considering electric,
hemodynamic, and symptomatic events together increases
the diagnostic test performance, and enhances the predictive and prognostic value of the test for detecting further
complications of the diseases such as CV events, stroke, kidney damage, and mortality. However, the test performance
may vary due to different factors including pre-test probability; consequently, every clinical decision must be made
on an individual basis. It can be facilitated by decision analysis methods that are based on individualized criteria.
As experts have suggested concomitant evaluation and
treatment of kidney and heart problems (89, 90), a combination of blood pressure profile, arterial stiffness evaluation, exercise-induced albuminuria, and hemodynamic response to exercise may represent the “cardiorenal
risk”. Hence, the neglected hidden half of the test should
be properly explored. EST needs to be better performed,
evaluated, reported, and applied in the risk stratification,
particularly in high-risk stressful military jobs.
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