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Abstract

Angina pectoris, a constricting pain resulting from inadequate oxygen supply to the
heart, typically develops as a consequence of physical exertion or emotional stress in
the presence of coronary artery disease (CAD). However, there is also evidence that
physical activity is effective in the prevention of CAD and may also prevent angina
in the long term. Guideline-based strategies for chronic stable angina aim to reduce
symptoms and improve patient prognosis through lifestyle changes and appropriate
medications and interventions. Physicians may have uncertainty and concerns
around the safety of exercise regimens in patients with chronic angina, a factor
complicated by the paucity of data related to this clinical condition. This narrative
review discusses the importance of regular physical activity as a key component
in the management of patients with stable angina, demonstrating cardioprotective
effects in patients with CAD, as well as improving prognosis and physical fitness
while maintaining an appropriate risk/benefit ratio. Given these benefits, current
guidelines recommend 30-60 minutes of moderate-intensity aerobic activity for at
least 5 days/week in patients with chronic coronary syndromes, personalized based
on the ‘Frequency, Intensity, Time and Type' (FITT) principle to derive optimal
efficacy with the lowest risk; addition of resistance training 2 days/week can provide
further benefits. We also highlight the importance of complementing pharmacological
options with regular physical exercise in patients with stable angina, and how web-
based technologies can help to overcome some of the barriers to exercise training
and challenges associated with implementing cardiac rehabilitation programmes
during the COVID-19 pandemic.
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Introduction

Chest pain caused by coronary artery disease (CAD) is called angina pectoris.
It is brought on by physical exertion or emotional stress and may be aggravated by
additional stressors, such as cold weather or the ingestion of a heavy meal; the pain
is usually relieved by rest. Angina pectoris was first described by William Heberden
in 1772 as a “painful and most disagreeable sensation in the breast, which
seems as if it would extinguish life, if it were to increase or to continue; but
the moment they stand still, all this uneasiness vanishes” [1]. Heberden also
noted that a patient “who set himself a task of sawing wood for half an hour
every day and was nearly cured’, indicating the prognostic and symptomatic
effects of exercise in a patient with persisting angina [2]. The definition of angina
has essentially remained the same over the years, and anginal pain is described as
constricting discomfort that usually occurs in the front of the chest, but may radiate
to the neck, shoulders, jaw or arms [3].

It is widely known that regular physical activity, including systematic exercise, is
an important component that may prevent or reduce the development of CAD and
reduce cardiovascular (CV) and all-cause mortality and morbidity. Furthermore,
evidence also indicates that physical activity may prevent CAD. One early study
noted that male executive-grade civil servants who engaged in vigorous physical
activity for at least 2 hours per week during their leisure time had a one-third lower
risk of developing CAD and a marked reduction in symptoms of CAD compared
with their inactive peers (Table 1) [4].
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Table 1: Effect of vigorous physical exercise on prognosis and
symptoms of coronary heart (CHD) disease in male executive-grade
civil servants aged 40-64 years (Used with permission of Elsevier from
Morris JN, Chave SP, Adam C, et al. Vigorous exercise in leisure-time
and the incidence of coronary heart-disease. Lancet 1(1973):333-9,
permission conveyed through Copyright Clearance Center, Inc. [4])

Men with first Matched
n (%) attack of CHD controls
(N =214) (N = 428)
Men doing vigorous 23 (10.7) 111 (25.9)
exercise
Men not doing vigorous 191 (89.2) 317 (74.1)
exercise
Form of vigorous exercise
Active recreation 5(2.3) 15 (3.5)
Keep fit 3(1.4) 15 (3.5)
Hard physical work 17 (7.9) 73 (17.1)
Vigorous getting about 1(0.5) 18 (4.2)
Climbing up 500+ stairs 0 8(1.9)
Chegt pain in men.doing (n=23) (n=111)
vigorous exercise
Angina pectoris 2 (8.7) 5 (4.5)
Other pain and discomfort 7 (30.4) 20 (18.0)
No pain/discomfort 14 (60.9) 86 (77.4)
Chest pain in men nf)t doing (n=191) (n=317)
vigorous exercise
Angina pectoris 14 (7.3) 14 (4.4)
Other pain and discomfort 51 (26.7) 63 (19.9)
No pain/discomfort 126 (66.0) 240 (75.7)

In general, modern guideline-based therapeutic strategies
for chronic stable angina aim to reduce symptoms and improve
patient prognosis through lifestyle changes (e.g. smoking
cessation, healthy diet, healthy body weight and physical activity
combined with appropriate medications and interventions) [S].

On the other hand, evidence for the association between
physical exertion and the onset of myocardial infarction (MI)
was provided by a case-control study, which showed that patients
with acute MI were twice as likely to have engaged in strenuous
physical activity at the onset of infarction than matched controls
(adjusted odds ratio [OR] 2.1; 95% confidence interval [CI]
1.1-3.6) [6]. Intense exercise may trigger life-threatening
ventricular arrhythmias in the presence of underlying CV disease
[7]. Major CV adverse events associated with exercise include
sudden cardiac arrest and sudden cardiac death, acute coronary
syndromes (e.g. myocardial ischemia and MI), transient ischemic
attacks and cerebrovascular accidents, and supraventricular
tachyarrhythmias [7].

The case-control study by Willich et al. also showed that
patients who exercised infrequently were more likely to have
onset of MI after strenuous physical activity. The OR of having

engaged in physical activity in the hour prior to onset of MI was
significantly higher in individuals who engaged in exertional
physical activity <4 times a week than in those who reported a
usual frequency of physical activity of > 4 times a week (OR 6.9;
95% CI4.1-2.2 vs OR 1.3; 95% CI 0.8-2.2) [6].

Against the background of the controversial and potentially
conflicting data with respect to the association between physical
activity and stable angina, this narrative review presents a summary
of the currently available literature on this topic (a free-form
search was performed using PubMed and SPOLIT [a German-
language database of the Federal Institute of Sport Science in
Cologne]). Furthermore, we discuss the importance of regular
physical activity for patients with stable angina as a complementary
treatment strategy and the current recommendations for exercise
prescription in these patients.

Angina in coronary artery disease

Angina is frequently the initial clinical manifestation of CAD
in approximately half of patients, and adversely affects quality of
life (QoL) [8]. Of note, the 2019 European Society of Cardiology
(ESC) Guidelines for the diagnosis and management of chronic
coronary syndromes (CSS) now include dyspnoea as one of
the primary symptoms, equivalent to angina, and incorporate
dyspnoea in the determination of pretest probability [S]. In
addition, the presence of angina increases the risk of major CV
events by approximately 2-fold [8].

Although the exact aetiology of angina is not well defined, it is
thought to result from a deficiency in myocardial oxygen supply,
and is usually caused by atherosclerotic CAD, which restricts
blood flow and, therefore, oxygen supply to the heart muscle [3,
9]. Patients with angina episodes that are stable over 3-6 months
are considered to have stable angina [10], while angina at rest
or on minimal exertion in the absence of acute cardiomyocyte
injury/necrosis describes unstable angina [11].

Angina is often under-recognized by cardiologists and
general practitioners (GPs). Beltrame et al. [12]. showed
a substantial discordance when comparing physicians’ and
patients’” assessments of angina control. GPs considered patients’
angina to be optimally controlled in 80% of cases, despite the
high prevalence of frequent angina symptoms described by the
patients. Among the patients with weekly and daily angina, GPs
felt that 48% and 37%, respectively, were optimally controlled.
This under-recognition may result in less aggressive treatment
escalation and potentially poorer angina control [13].

In the APPEAR study in patients with CAD (n = 1257),
angina was under-recognized in 43.3% of the 411 patients who
reported angina in the previous month [13]. Patients with
under-recognized angina were significantly less likely to undergo
treatment escalation than those whose angina was appropriately
recognized (8.4% vs 39.1%; p < 0.001) [13]. The likelihood of
angina being under-recognized is higher if angina occurs less
frequently (OR for monthly vs daily/weekly angina 1.69; 95% CI
1.12-2.56) [14].
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Up to 80% of patients with CAD can develop warm-up angina,
which is defined by reduced ischemia (ST-segment depression)
or a raised ischemic threshold on second versus first exertion
[15]. Studies have shown that it is safe for patients to exercise to
the point of angina [15], and a warm-up period of 5-10 minutes
may allow patients to safely engage in higher-intensity exercise
training [16].

The exact mechanism of warm-up angina is unclear, but
several mechanisms explaining the cardioprotective phenomenon
have been proposed, including (1) improvement in myocardial
perfusion; (2) increased myocardial resistance to ischemia,
similar to ischemic preconditioning; (3) areduction in myocardial
work [15] and improvement in endothelial function resulting in
increased coronary arterial reserve [17]..

Role of exercise in the prevention and treatment
of chronic coronary syndrome (CCS)

Exercise is defined as physical activity that is structured,
repetitive and purposeful to improve or maintain physical fitness
[7]. As exercise has numerous beneficial effects on the CV system
and CV risk factors, it has also been referred to as a “polypill’ [,
18-20]. Besides improving the prognosis of patients with CCS,
the second principal aim of treatment is to improve QoL and
to eliminate angina [13]. Regular physical activity and exercise
training is protective in patients with CAD and improves prognosis
and physical fitness [21, 22]. The STABILITY study showed that
increased physical activity was associated with a lower mortality
risk in patients with CAD (n = 15,486) [23]. Doubling of exercise
volume lowered all-cause mortality (HR 0.90; 95% CI 0.87-
0.93), CV mortality (HR 0.92; 95% CI 0.88-0.96) and non-CV
mortality (HR 0.88; 95% CI 0.83-0.95) in these patients [23].

Exercise capacity is considered to be a strong prognostic factor
in patients with and without CV disease [24]. Among 6,213 men
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referred for exercise testing for clinical reasons, 1,256 deaths were
reported during a mean follow-up period of 6.2 years (average
mortality rate 2.6%). After adjustment for age, peak exercise
capacity was found to be the strongest predictor of a decreased
risk of death in healthy individuals (7 = 2534; HR 0.84; 95% CI
0.79-0.89; p < 0.001) and in patients with CV disease (1 = 3679;
HR 0.91; 95% CI10.88-0.94; p < 0.001), with every one metabolic
equivalents (MET) increase in exercise capacity conferring a 12%
improvement in survival in the overall population.

The age-adjusted relative risk (RR) of any-cause mortality
increased significantly as exercise capacity decreased, both in
healthy individuals and patients with CV disease (Figure 1) [24].
A meta-analysis of 33 epidemiological studies showed that the risk
of developing CAD was 14% lower (RR 0.86; 95% CI 0.77-0.96)
in individuals who engaged in the equivalent of 150 minutes/
week (550 kcal/week) of moderate-intensity leisure-time physical
activity (recommended minimum in the US physical activity
guidelines [25]) and 20% lower (RR 0.80; 95% CI 0.74-0.88)
in those who engaged in the equivalent of 300 minutes/week
(1000 kcal/week) compared with individuals who did not engage
in leisure-time physical activity [26]. Interestingly, the association
between leisure-time physical activity and the risk of CAD was
stronger in women than in men (p = 0.03) [26]. A recent, large
(n = 130,843) prospective cohort study found that increasing
recreational and non-recreational physical activity over a 6.9-year
follow-up period lowered the risk of mortality and CV disease in
low-, middle- and high-income countries [27]. Graded reductions
in mortality were observed with low (<600 METs/week or
<150 minutes/week of moderate intensity physical activity),
moderate (600-3000 METs/week or 150-750 minutes/week)
and high (>3000 METs/week or >750 minutes/week) physical
activity levels. Both recreational and non-recreational activities
were associated with CV benefits. A graded association was also

seen between increasing physical fitness and lower CV risk [27].
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Figure 1. Age-adjusted relative risk of death from any cause (A) among individuals with various risk factors in the overall population and (B)
according to quintile of exercise capacity in normal individuals and patients with cardiovascular disease (from Myers J, Prakash M, Froelicher V,
et al. Exercise capacity and mortality among men referred for exercise testing. New England Journal of Medicine 346 (2002) :793-801. Copyright
© 2002 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society [24]). BMI, body mass index; COPD,
chronic obstructive pulmonary disease; CV, cardiovascular; MET, metabolic equivalents.
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These results were also confirmed by a multimodal exercise-based
prevention program in CV-high risk patients demonstrating a
significant reduction of coronary events [28].

In contrast, reduced physical activity has been shown to
increase the risk of MI, ischemic heart disease and mortality. In
the population-based Copenhagen city heart study, women who
decreased leisure-time physical activity by at least one level had
a higher risk of MI (hazard ratio [HR] 1.30; 95% CI 1.03-1.65),
ischemic heart disease (HR 1.28; 95% CI 1.10-1.49) and all-
cause mortality (HR 1.23; 95% CI 1.11-1.35) than women with
an unchanged level of physical activity [29]. In this study, men
who reduced physical activity by at least two levels had a higher
risk of MI (HR 1.74; 95% CI 1.17-2.60), and those who reduced
physical activity by at least one level had a higher risk of all-cause
mortality (HR 1.15; 95% CI 1.04-1.28) [29].

Similarly, inactivity or sedentary behaviour has been associated
with a higher risk of mortality in patients with CAD [30, 31]. Over
2 years’ follow-up in one study, patients with CAD (n = 1,746)
who remained inactive or became inactive had a 4.9- and 2.4-
fold higher risk of cardiac death, respectively, than patients who
remained at least irregularly active (both p < 0.01) [30]. Over a
10-year follow-up period in a prospective cohort study in patients
with CAD (n = 1038), the least active group of patients had an
approximately 2-fold higher risk of major CV events and a 4-fold
higher risk of both CV and all-cause mortality than the reference
group of moderately frequent active patients [31]. However,
a reverse J-shaped association was observed between physical
activity levels and CV mortality, with the most frequently active
patients who engaged in daily strenuous physical activity also
having increased CV mortality [31].

Moreover, the Nord-Trendelag Health Study (HUNT) found
that regular and sustained physical activity is needed to derive the
greatest benefit in terms of reductions in CV disease mortality
[32]. The HUNT study assessed the association between physical
activity, body mass index and all-cause and CV mortality in 3,307
patients with CAD over a 30-year follow-up period. The risk of
CV mortality was significantly lower in patients who maintained
a high level of physical activity (adjusted HR 0.62; 95% CI 0.43—
0.89) or changed from inactive to high physical activity (adjusted
HR 0.68; 95% C1 0.47-0.97) over the follow-up period [32].

Several underlying mechanisms for these favorable effects
of regular moderate-to-vigorous physical activity are suggested.
It has been demonstrated that regular physical activity reduces
myocardial oxygen demand at rest and during any given
submaximal workload. Among others, lowering of heart rate and
systolic blood pressure and an increase of the period of diastole,
during which coronary perfusion predominates, may be the
underlying mechanisms [21]. Exercise also augments coronary
blood flow by improving endothelial and coronary smooth
muscle function, thereby enhancing coronary vasodilation [33].
Furthermore, exercise promotes coronary collateralization and
attenuates the progression of coronary atherosclerosis [33, 34].
Exercise also improves the production of endothelial progenitor

cells and increases nitric oxide delivery [21, 35]. Further benefits
of regular exercise include improvements in atherosclerosis risk
factors, endurance, muscle strength, mood and cognition, self-

esteem and sleep quality [36].

Medically supervised, structured cardiac rehabilitation (CR)
programs aim to stabilize, slow or even reverse the progression
of CV disease, thereby reducing the risk of a future cardiac event
[37]. Structured exercise and CR programmes have been shown
to reduce total mortality by > 20%, CV mortality by > 26% and
nonfatal MI by > 21% [21]. CR also reduces hospital admissions
and improves psychological wellbeing, QoL and the CV risk
profile [38]. Exercise-based CR may improve short-term exercise
capacity in patients with stable angina [39]. A meta-analysis of
seven studies (n = 581 patients) with a median follow-up of 12
months found evidence that exercise-based CR resulted in an
improvement in exercise capacity (standard mean difference
0.45; 95% CI 0.20-0.70). A Cochrane analysis of randomized
controlled trials, which exclusively examined patients with CCS
and evaluated the effect of training-based CR over a period of
up to 12 months, found evidence that such training resulted in
a significant but moderate improvement in exercise capacity
(standard mean difference 0.45; 95% CI 0.20-0.70) [39]. CR
may also be particularly beneficial in frail patients [40]. Hence,
older patients with CV disease should be assessed for frailty and
encouraged to increase physical activity [40].

Exercise t'raining as adjunctive treatment for
stable angina

There is a lack of information regarding the effects of exercise
specifically in patients with symptomatic CAD, where angina
is present and stable despite therapy. Several studies report that
in spite of optimal medical and interventional therapy, around
50% of CAD patients remain symptomatic with angina periods.
The angina frequency varies between monthly to weekly and up
to daily [41]. The 2020 ESC Guidelines on Sports Cardiology
and Exercise in Patients with Cardiovascular Disease do not
make specific recommendations on patients with stable angina.
Our scientific knowledge is largely derived from the subgroup of
patients with persisting angina pectoris and only a few studies are
available where specifically patients with angina were included;
many of the available studies are 20 to 30 years old. Todd et al.
investigated exercise training as an adjunct to pharmacological
management of CAD with angina pectoris [42]. A 1-year high-
intensity training programme in men with CCS improved exercise
tolerance to a greater extent than atenolol, as indicated by an
increase in treadmill time from 741 seconds at baseline to 1272
seconds with training versus 974 seconds with atenolol [42]. Thus,
the anti-anginal effects of exercise training were as good as those
achieved with p-blockers, indicating that exercise training may
provide an alternative to pharmacological therapy [42]. Another
study suggested that exercise training together with medical
treatment could be an alternative to an interventional strategy in
selected, motivated patients with CAD [43]. Among 101 patients
randomized to 12 months of exercise training (20 minutes/
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day of bicycle ergometry) or standard percutaneous coronary
intervention (PCI), exercise training was found to be associated
with a higher rate of event-free survival (88% vs 70%; p = 0.023)
and a greater increase in maximal oxygen uptake (p = 0.008) [43].
The costs associated with exercise training were also significantly
lower than the cost per PCI (p < 0.001), with costs of $3,429 in
the exercise training group and $6,956 in the PCI group in order
to gain a clinical improvement of one Canadian Cardiovascular
Society classification of angina class [43].

A study in 40 patients with PCI showed that regular high-
intensity interval training (HIIT) significantly (p = 0.01)
reduced restenosis (assessed as late luminal loss in the stented
coronary segment), suggesting that medical therapy, mechanical
revascularization and physical rehabilitation complement each
other and should be a natural part of the treatment program for
patients with CAD [44]. Exercise after PCI may improve left
ventricular ejection fraction (LVEF) and reduce the risk of cardiac
death, MI, coronary angioplasty, angina pectoris and restenosis
[45]. Although, patients who undergo coronary stenting are
routinely advised to resume exercise in a delayed and graduated
fashion, a study in 21 patients with stable CAD showed that it was
safe to perform maximal physical exercise immediately after PCI,
asindicated byimmediate normalization of objective physiological
responses to exercise following PCI [46]. Thus, patients can start
exercising soon after PCI, allowing them to derive the benefits
associated with physical activity.

Safety aspects of exercise in patients with CCS

A strong endorsement for the safety of promoting exercise in
patients with CAD and angina is that the 2020 ESC Guidelines on
Sports Cardiology and Exercise in Patients with Cardiovascular
Disease recommend “leisure-time exercise, below the angina
and ischaemic thresholds, may be considered in individuals
at high risk of exercise induced adverse events”. Also, these
guidelines do not consider angina to be a high-risk feature in the
context of exercise-induced adverse cardiac events in patients
with atherosclerotic CCS [7].

A number of studies have examined the safety of exercise
in patients with CCS/CV diseases and support the application
of exercise as a diagnostic aid. In a safety study by Noel et al,,
vigorous endurance training was titrated so that at least 1 mm but
no more than 3 mm of ST-segment depression was induced, in
order to target and remain in the ischemic zone. These training
sessions were well tolerated in patients with ischemic heart disease
without apparent myocardial injury, significant arrhythmias or
left ventricular dysfunction [16]. The risk of cardiac arrest during
swimming was historically thought to account for a considerable
number of deaths during exercise in patients with CAD. This
was investigated in 25 patients with proven CAD and angina.
After treadmill testing and Holter monitoring during swimming
and jogging, the authors concluded that swimming bears a slight
risk since one patient developed ischemia-induced ventricular
tachycardia, requiring resuscitation during swimming. The authors
still recommend swimming, but advise testing with treadmill and
Holter [47].

Practical recommendations for exercise in stable
angina

Giventhebenefits of physical activity/exercise, the ESC clinical
guidelines recommend that patients with CCS should engage in
30-60 minutes of moderate-intensity aerobic activity for >5 days/
week [S, 7]. Every 1 mL/kg/min increase in maximal oxygen
consumption (VO,max) is associated with an approximately 15%
reduction in the risk of death [48]. Similarly, the American Heart
Association guidelines recommend 30-60 minutes of moderate-
intensity physical activity (e.g. brisk walking) 7 days per week
(minimum $ days/week), supplemented by an increase in daily
activities, such as walking breaks at work, gardening or household
work [49]. Patients’ CV risk should be evaluated via assessment of
their physical activity history and, where appropriate, an exercise
test conducted to guide exercise prescription. For at-risk patients
(i.e. those with recent acute coronary syndrome, revascularization
or heart failure), medically supervised CR programmes are
recommended. Also, the addition of resistance training 2 days/
week may be reasonable for expanding physical activity in patients
at moderate-to-high CV risk [49].

Exercise training in cardiac rehabilitation programs

Exercise-based CR is recommended by the ESC guidelines
as an effective means for patients with CCS to achieve a healthy
lifestyle and manage risk factors [S]. Exercise training is a
cornerstone of CR, and aerobic interval training appears to be safe
in patients with CAD and preserved and/or reduced LVEF [S0,
51]. A meta-analysis of 15 studies found aerobic interval training
to be superior to moderate continuous training for improving
peak exercise capacity in these patients (1.60 mL/kg/min greater
increase in exercise capacity; p = 0.03) [50]. Safe and progressive
exercise programs are essential for improving functional capacity,
which is a key prognostic indicator for patients with CV disease.
Functional capacity, among other factors, measures the heart’s
ability to deliver oxygen to tissues and the proficiency of tissues to
utilize oxygen [52].

According to the 2020 ESC Guidelines on Sports Cardiology
“individuals with risk factors should be restricted from
competitive sport only when there is substantial risk of an
adverse event, as indicated by functional tests, or when
there is evidence of disease progression during serial
evaluations” [7]. Furthermore, “exercise recommendations
should be individually tailored based on the intensity of
the exercise and the sporting discipline. Participation
in competitive endurance, power, and mixed disciplines
generally requires vigorous effort and is more likely to induce
myocardial ischaemia, whereas leisure sports or intentional
recreational exercise allows for greater control of physical
effort. Individuals with a high risk of atherosclerotic CAD
and asymptomatic individuals in whom CAD is detected at
screening who participate in intensive exercise should be
assessed with a maximal exercise test or functional imaging
test on an annual basis” [7].

Citation: Ralf Dechend, Hans-Georg Predel. Exercise in Patients with Chronic Angina Pectoris: Friend or Foe?. Cardiology and Cardiovascular

Medicine 6 (2022): 364-373.



Volume 6 « Issue 4 369

Dechend R and Predel HG, Cardiol Cardiovasc Med 2022

Journals DOI:10.26502/fccm.92920271

Due to heterogeneity within the population, exercise training
should be personalized based on the ‘Frequency, Intensity, Time
and Type’ (FITT) principle to derive the optimal effectiveness
with the lowest associated risk [51]. The preferred type of exercise
should be a global endurance training involving a large number
of muscle groups (e.g. exercises on an ergometric bicycle or
treadmill Nordic walking) combined with resistance training of
specific muscle groups. The recommended frequency of exercise
varies from three to five sessions/week and the recommended
duration ranging from 30 minutes to 2 hours per session, with
the length of programs fluctuating between 2 and 3 months. Of
the four FITT factors, exercise intensity is the least standardized
and may vary from exercises aimed at improving aerobic capacity
(based on moderate-intensity training to facilitate activities
of daily living) or improving performance with high-intensity
exercises. The proposed intensity of exercise can range from 40%
to 80%, or even up to 95%, of maximal capacity [S1]. In patients
with CAD, a graded exercise test is important for determining the
exercise intensity level at which symptoms occur (reported as the
ischemic or anginal threshold) [52]. Exercise intensity at each
CR session should remain below the ischemic threshold (i.e. the
exercise heart rate should be 10 bpm lower than the heart rate at
which angina symptoms occur) [52].

Regarding heart rate analysis, peak heart rate and VO, values
from a maximal-effort graded exercise test are used to prescribe
aerobic exercise intensity [51]. Commonly used indicators of
exercise intensity are percentages of heart rate reserve (%HRR),
VO, reserve (%VO,R) and peak aerobic power (%VO,max)
[51, 52]. Usually, the goal is to titrate exercise intensity to
achieve 40-80% HRR, VO,max or VO,R [52]. Incremental
cardiopulmonary exercise testing is the best tool for assessing
exercise capacity, CV risk and functional capacity [$1]. It is most
useful for developing an individualized exercise prescription and
for assessing the effectiveness of training during the program
and after its completion [53]. Without a graded exercise test, the
intensity goal for the first CR exercise session is a heart rate 20-30
bpm above resting, and a rate of perceived exertion monitored of
within the range of 11 to 14 on the Borg scale [52]. The Borg scale
is a subjective 6- to 20-point scale assessing the rate of perceived
exertion, with a target of 12-16 (moderate to hard) [51, 52].

In patients with stable CCS, it is obligatory to individually
tailor the training [54]. With respect to additive resistance
training [S1], it is recommended that resistance training is
initiated at 30-50% of maximum voluntary contraction in order
to avoid cardiac events and musculoskeletal complications, with
an increase to 50-80% of the maximum muscle strength as CR
progresses. Periodic evaluation permits accurate adjustment of
the training program, while avoiding significant muscle injury
or soreness [51]. Walking speed can also be used to personalize
training especially in patients with reduced exercise capacity [S1].
Self-selected walking velocity, representing a comfortable walking
speed, ensures that walking is well tolerated and practiced with
pleasure, thus encouraging compliance with lifestyle changes in
patients with CAD. Walking tests, e.g. the 6-minute walking test

or the shuttle-walking test, are well tolerated and can be used to assess
the effects of exercise training in the context of a CR programme [51].

Patients with CV disease have been shown to achieve larger
improvements in functional capacity with high-intensity exercises
throughout CR [52]. One study found that among patients with
stable CAD who signed up for CR (1 = 39), VO,max after CR
improved to a significantly greater extent with HIIT than with
moderate-intensity continuous training (3.6 +3.1vs 1.7+ 1.7 mL/
kg/min; p < 0.05) [S5]. Thus, it s critically important that patients
with CV disease progress towards achieving higher exercise loads
throughout their CR program [52]. In older patients, specific
deficits in physical activity can be identified and exercise-based
CR may also aim to prevent and treat frailty (Figure 2) [40]. In
addition, medical supervision and electrocardiographic (ECG)
and blood pressure monitoring during the initial prescription
sessions are beneficial [56].

Barriers to exercise training

Despite the benefits associated with exercise training, referral
and enrolment into CR program are limited [21]. Patient factors
shown to negatively impact participation in CR programs
include female sex, older age, lack of or limited health insurance,
poor self-management, decreased health literacy, inadequate
understanding of the disease and its treatment and a lack of
perceived need. Failure of patient referral is the most significant
factor for the poor use of CR programs. In order to improve
CR uptake, it is recommended that hospital discharge plans for
patients with myocardial ischemia should include referral to an
outpatient CR program and close attention be given to follow-up
appointments, while non-hospitalized patients should be referred
by their physician. Details regarding CR programs should be made
available in multiple languages, and home-based programs should
be made available for low-risk patients with myocardial ischemia.
The addition of home-based CR increases exercise frequency and
may also help transition patients from center-based programs to
self-care programs [21].

Figure 2. Treatment algorithm for older adults with cardiovascular
disease (from Singh M, Stewart R, White H. Importance of frailty in
patients with cardiovascular disease. European Heart Journal 35
(2014): 1726-31, by permission of the European Society of Cardiology
[40]). CR, cardiac rehabilitation; CV, cardiovascular.
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Another barrier to performing regular exercise is the patient’s
avoidance of physical stress and activity for fear of precipitating an
angina attack [57]. Medications that improve exercise tolerance
or reduce the incidence of angina episodes can improve the
uptake of exercise interventions. Prophylactic use of rapidly
absorbed sublingual nitroglycerine tablets and oral nitroglycerine
spray can improve exercise tolerance and reduce the incidence of
MI [3,5,10,57]. Also, calcium channel blockers have been shown
to reduce the incidence of angina episodes, increase exercise
duration and decrease nitroglycerine use [10]. p-Blockers inhibit
sympathetic stimulation of the heart, reducing heart rate and
contractility and resulting in decreased myocardial demand [42].
The effect of B-blockers on heart rate is minimal at rest, but the
effect is more apparent during physical or emotional stress [9,
42]. In patients with chronic angina, extended-release ranolazine
increased total exercise time up to 46 seconds after 1 week of
monotherapy compared to placebo [58], and demonstrated a
23.7-second improvement in exercise duration when administered
in combination with other antianginals compared with standard
antianginal therapy alone [59]. CR programs could also be greatly
improved by digital health tools [60]. Web-based technologies,
such as video conferencing, and devices, including mobile phones
and blood pressure, glucose and heart rate monitors, can be used
to mitigate at least two barriers to participation in CR programs,
namely cost and accessibility [21, 37]. The increased availability
of smartphones and high-speed internet provides an opportunity
to promote a major shift in CR programs, thereby improving the
health of a larger number of individuals with cardiac disease [61].
Web-based technologies have the potential to favorably deliver all
core components of CV risk reduction interventions. They can be
used to enhance program compliance, provide ongoing feedback
to patients and practitioners, and document program outcomes
[21, 37]. An ideal digital program is one that can be delivered
fully to patients’ homes, either as an add-on to, or replacement
for, traditional center-based CR [60]. Home-based CR programs
include the same core components as center-based ones, but the
interventions are delivered mostly or entirely in the patient’s
home [62]. Use of telemedicine tools (e.g. video-conferencing) in
home-based programs could also overcome the disadvantages of a
lack of direct supervision and socialization [62]. Invasive and non-
invasive sensors can monitor various physiological parameters and
thus improve the training in patients with cardiovascular disease.
In the future, medication and physical activity prescription could
be driven by artificial-intelligence algorithms. Furthermore,
delivery of this highly personalized medicine represents a low
burden on the healthcare system. These digital tools should be
integrated into a system that is supported by a multidisciplinary
team of CR providers. If required, video conferencing can enable
swift contact between patients and healthcare facilities [60].
Privacy and data protection are of key importance in the context

of digital technology [60].
The three cornerstones of the treatment of angina

The effective management of angina should comprise three
key elements: 1. PCI (stent implant or balloon angioplasty)

or coronary artery bypass graft surgery, 2. symptomatic
pharmacological therapy, to reduce angina (such as a B-blocker,
calcium channel blocker, or ranolazine, ivabradine, or long-acting
nitrates); and 3. physical activity [63]. Cook and colleagues
compared pre- and post-PCI exercise performance (exercising
until rate-limiting angina or exhaustion) in 21 patients with
stable CAD [46]. In addition to significantly improving many
coronary and CV parameters (flow velocity, perfusion pressure,
systolic blood pressure and myocardial workload) after PCI,
exercise time significantly improved and rate-limiting angina
symptoms significantly reduced, thereby rapidly normalizing the
objective physiological response to exercise [46]. Few studies
have examined the effect of combining the key elements of the
management of angina, e.g. the combination of pharmacological
treatment and exercise training. One such study investigated
whether the addition of ranolazine to an exercise program could
provide greater benefits than exercise alone in patients with CAD
and stable, frequent angina [64]; it demonstrated that ranolazine
would allow patients to exercise at greater intensities during
training and derive greater clinical benefit.In patients receiving
ranolazine, the improvement in aerobic capacity, physical activity
and health-related QoL was significantly greater than that achieved
with exercise alone. While this study involved a small number of
patients (# = 37 randomized to treatment), it is unique in that it
examined the benefit of combining two management approaches:
medical therapy and exercise [64].

Angina and COVID-19

Post-acute coronavirus disease 2019 (COVID-19), also
referred to as long-COVID, appears to be a multisystem disease
that can occur after a relatively mild acute COVID infection [65].
It is characterized by persisting symptoms 12 weeks after an acute
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection. In addition to fatigue, chest pain is one of the most
common complaints in these patients and it is critical to separate
musculoskeletal and other non-specific chest pain from serious
CV conditions [65].

Chest pain in patients with post-acute COVID-19 should
be assessed in the same manner as any chest pain (i.e. by taking
into account past medical history and risk factors, a physical
examination and further investigations as necessary) [65, 66]. If
the patient is acutely unwell or if the diagnosis is unclear, hospital
referral may be required for further assessments and investigations
[65]. The COVID-19 pandemic has resulted in the suspension
of many CR services and programs. Given the health benefits of
CR, cessation of these programs can result in dramatically adverse
consequences in terms of public health [61]. Thus, there is an
urgent need to develop remote home-based CR programs, both
in clinical research and routine clinical care, as discussed in the
section above [61]. Before resuming CR, cardiac assessment
is recommended [65]. Upon recovery from mild COVID-19
illness, one week of low-level physical activity such as stretching
and strengthening is suggested before commencing targeted CV
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sessions; patients with mild symptoms should limit their activity
to slow walking, avoiding high-intensity training, while those
with persistent symptoms (e.g. fatigue, cough, breathlessness and
fever) should limit activity to 60% maximum heart rate until 2-3
weeks after their symptoms resolve [65]. The German guidelines
for the management of patients with post-acute COVID suggest
performing a 12-channel ECG and determination of blood count,
and C-reactive protein, troponin and N-terminal pro B-type
natriuretic peptide levels [67]. If these parameters are within the
normal range, the risk of a cardiovascular event in the future is very
low and physical exercise at moderate intensities can be resumed.

Conclusion

Regular physical activity is a key component in the
management of CCS, including stable angina. Regular physical
activity and exercise training provides cardioprotective benefits
for patients with CAD and improves their physical fitness and
QoL. Even irregular leisure-time physical activity reduces the risk
of mortality in previously sedentary patients. Given the benefits of
exercise on cardiac health in patients with CCS, current guidelines
recommend 30-60 minutes of moderate-intensity aerobic
activity combined with low-to-moderate intensity resistance
training for at least 5 days/week. It should be noted that there
are no specific recommendations for symptomatic patients with
angina but only for CAD patients in general. Symptoms of angina
induced by physical exercise should be targeted by concomitant
pharmacological treatment. The use of digital technology will help
to individually tailor the exercise therapy.
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