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Abstract

Purpose of Review This review aims to assess the global impact of the COVID-19 pandemic on the cardiovascular diseases
(CVDs), trying to assess the possible future trajectory of the CVDs and their management.

Recent Findings The COVID-19 pandemic has had a deleterious impact on the CV risk factors, with an increase in both
sedentary and unhealthy food habits. The fear of contagion has decreased the access to the emergency systems with an increase
in out-of-hospital-cardiac-arrests and late presentation of acute myocardial infarctions. The closure of the non-urgent services has
delayed cardiac rehabilitation programmes and chronic clinical care.

Summary As a result of the COVID-19 pandemic impact on the population habits and on the management of CVDs, we will
probably face an increase in CVD and heart failure cases. It is crucial to use all the non-traditional approaches, such as
telemonitoring systems, in order to overcome the difficulties raised by the pandemic.
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AHA American Heart Association

AHF Acute heart failure

AMI Acute myocardial infarction

COVID-19 Coronavirus disease 2019

CVD Cardiovascular disease

EMS Emergency medical system

ESC European Society of Cardiology
GAPPA Global Action Plan on Physical Activity
OHCA Out-of-hospital-cardiac-arrest
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“Life isn’t about waiting for the storm to pass... It’s
about learning to dance in the rain.” Vivian Greene

Introduction

It has already been more than one year since the novel coro-
navirus disease 2019 (COVID-19), officially known as
SARS-CoV-2 (severe acute respiratory syndrome coronavi-
rus-2), pandemic has started [1], and surely it has become a
remarkable challenge for healthcare systems around the
world.

The tragic consequences of the infection in terms of deaths
and intensive care units admissions are evident to everyone.
However, the COVID-19 effects are not limited to those di-
rectly linked to the infection. The pandemic has also had ma-
jor repercussions on the lifestyle of everyone, on the
healthcare systems in general, and on the non-COVID patients
too, who have not been able to receive the same level of
assistance as before.
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The rapid increase of cases and the fear of being infected
during a hospital staying have led to a progressive reduction in
emergency department attendances, even for acute coronary syn-
dromes, which contributed to the increase in out-of-hospital-
cardiac-arrest (OHCA) [2]. The delayed access to the treatments
will lead to an increase in infarction-related complications.
Progressive lockdown measures delayed most elective proce-
dures, outpatient visits, and rehabilitation programmes with ef-
fects on the most vulnerable cardiovascular patients [3]. The
restrictions to contain the infection have caused lifestyle changes
in a deleterious direction, with a possible impact on the future
prevalence of cardiovascular diseases [4]. All the indirect conse-
quences of the COVID-19 pandemic not only have changed our
daily practice, but will have a long-term impact. Cardiologists
need to be prepared for a different cardiovascular disease scenar-
io in the future and take advantage of this challenges time
implementing the current healthcare modalities with new e-
health methods [5e, 6] (Fig. 1).

The Impact on Primary Cardiovascular
Prevention Risk Factors

Regular physical activity is considered an important compo-
nent for primary and secondary prevention of cardiovascular
disease (CVD), reducing cardiovascular and all-cause mortal-
ity. According to the recently published Guidelines on Sports
Cardiology and Exercise in patients with cardiovascular dis-
ease of the European Society of Cardiology [7¢¢] (ESC),

Primary prevention

Reduced physical activity
Unhealthy food habits

Increased CV risk factors

-

COVID-19

PANDEMIC
EFFECTS

Acute cardiovascular care

moderate exercise should be performed on most days of the
week, amounting to a minimum of 150 min/week. The
COVID-19 pandemic has forced the world to an unforeseen
stop: the measures taken by the governments to contain the
infection have involved the shutdown of all the recreational
activities, including sports clubs and sports events, and the
mandatory homestay. Considering that inactive individuals
have about a two-fold higher relative risk of coronary artery
disease in comparison with physically active people and tak-
ing in account all the beneficial effects of physical activity on
metabolic disorders, immune system, mental health, and sev-
eral non-cardiovascular diseases [8], the impact of this forced
lockdown may be deleterious.

Between March and April 2020, a reduction of physical
activity by 48% in 7-day rolling step count has been reported
in the USA [9]. A reduction of physical activity was also
reported by 49% of 1491 Australian adults in April 2020
[10, 11]; by 43% of 2381 Polish adults in April and
May 2020 [12]; and by 41% of English individuals in April
2020 [13], in contrast with an increased physical activity re-
ported by 21%, 19%, and 31% of adults, respectively. Using
continuous monitoring of daily step counts, Ding et al. report-
ed a physical activity reduction in a cohort of 815 Chinese
adults living in Shangai over 202 days and 164,630 person-
days across different phases of the COVID-19 pandemic [14].
They found a sharp decline in daily step counts upon the
lockdown by an average of 3796 steps, followed by a trend
in 34-step per day increase until the end of the lockdown,
which continued into the reopening phase at a slower rate of
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Fig. 1 Effects of the COVID-19 pandemic on cardiovascular diseases. CV, cardiovascular; OHCAs, out-of-hospital-cardiac-arrests; ACS, acute

coronary syndromes
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5 steps per day [14]. Also, the workers who telecommuted in
the Tokyo metropolitan area were less physically active and
had longer sedentary behaviours [15].

Similar observations have also been reported in children
and teenagers, not only in adults. From parents reports of
211 children of 35 US states, it has been registered a greater
sedentary behaviour and a reduction in physical activity
among children aged 5-13 years old [16]. A German study
reports a decline in sports activities and an increase in recrea-
tional screen time among 1711 children aged 4-17 years old
[17]. Barkely et al. compared the physical activity and seden-
tary behaviour in a sample of university students and em-
ployees pre and post the campus closure: they observed an
increase in sedentary behaviour and a decrease in physical
activity, the latter one being greater among the participants
who were the most active before the pandemic [18].

The effects of the restrictions on physical activity, in-
deed, are not similar in all individuals and in all countries.
Ding et al. report an attenuated increase in steps during the
lockdown in older, married, university educated, insuffi-
ciently active at baseline, and with a “at-risk” body compo-
sition individuals [14]. A Canadian online survey indicates
that 40.5% of inactive individuals became less active, while
only 22.4% of active individuals decreased their active lev-
el; on the other hand, 33% of inactive subjects and 40.3% of
active individuals, respectively, became more active [19]. A
Belgian survey registered a general increase in exercise fre-
quencies as well as in sedentary behaviour: baseline low
active subjects aged less than 55 years old started to exercise
more during the lockdown; among the baseline active peo-
ple, those older, with lower education and who used to ex-
ercise with friends or in a sports club, reduced their physical
activity [20]. In a study on 3052 US adults from all 50 states,
the subjects who met the physical activity guidelines prior
to the restrictions decreased their physical activity by 32%
on average [21]. This percentage reached a peak of 43%
among the subjects in self-isolation, with an increase in
sitting and screen time [21]. Also among the individuals
who were not active before the restriction, those in self-
isolation increased their sitting and screen time, while no
significant change was reported in physical activity [21].
Italians living in north-western regions, instead, maintained
a moderate amount of physical activity during the quaran-
tine [22]. Also, among Swiss office workers, it was not
observed a reduction in total physical activity during the
first weeks of lockdown [23].

However, besides these differences, overall, the effect of
the restrictions on physical activity has been deleterious
worldwide. Using the data released by a step counter
smartphone app, Tison et al. collected the data of 455,404
individuals from 187 different countries [24]. Worldwide,
there was a 5.5% and a 27.3% decrease in mean daily steps
within 10 and 30 days of pandemic, respectively [24].

These modifications in lifestyle are such a concern that a
call to change the Global Action Plan on Physical Activity
(GAPPA) 2018-2030 of the World Health Organization has
been done, and probably the goals of the GAPPA will be
revised [25].

Also, the diet is one of the milestones of a healthy body and
mind [26], and food habits have changed during the COVID-
19 pandemic.

An international survey including 35 research organiza-
tions from Europe, North Africa, Western Asia, and
America registered more unhealthy food consumption and
meal patterns, including the type of food, snacks between
meals, eating out of control, and number of main meals [27].
A review of 12 articles analysing the preliminary effects of the
quarantine on dietary habits revealed a sharp rise of carbohy-
drates sources consumption, especially those with a high gly-
cemic index, such as homemade pizza, as well as frequent
snacks [28]. Both an Italian [29] and Spanish [30] study re-
ported an increase adherence to the Mediterranean diet; how-
ever, increase consumption of “unhealthy” food was also ob-
served among Spanish subjects [30]. A study including 700
Chilean subjects reports increase food consumption, with
51.3% of subjects declaring to eat more and eating junk food
and fried foods more than before [31].

These changes are concerning given the well-known health
risks associated with physical inactivity, unhealthy food
habits, and the resulted gain of weight. They are even more
concerning given that they may turn from short term to per-
manently fixed changes with exacerbations of cardiovascular
diseases [4]. This is the reason for which video- or app-guided
exercise training should be encouraged [6].

The Impact on Acute Cardiac Care

The coronavirus pandemic deeply and rapidly changed the
population’s approach to the health system and the way
healthcare services are delivered [32]. The reduction in emer-
gency departments’ attendance was immediate, caused both
by fear of contagion in a hospital setting and the willingness
not to further overload the healthcare system [2, 32]. Both
these reasons may explain some citizens’ reluctance to acti-
vate the emergency medical system (EMS), which itself has
been focused on managing the pandemic.

De Rosa et al. analysed acute myocardial infarction (AMI)
admission rates during the COVID-19 outbreak compared to a
control period in 2019 [33]. They found a 50% reduction of
AMI admissions across Italy, together with an increase in
fatality and complication rates [33]. Interestingly, this trend
was more significant for NSTEMI than for STEMI, suggest-
ing as an addictive cause the need to postpone non-urgent
procedures and the tendency to use more pharmacological
reperfusion [33]. This tendency is confirmed in other
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countries, as seen in a study held at the Minneapolis Heart
Institute that shows a 38% reduction in US catheterization
laboratory activations [34], similar to a 40% reduction docu-
mented in Spain [35]. Also, the shortage of intensive care unit
beds, full of COVID-19 patients, reduced the possibility to
perform cardiac surgeries that needed to be rescheduled once
the peak was reached.

Even though most studies focused on the impact on acute
coronary syndrome admissions, hospitalizations for many oth-
er cardiovascular causes were affected as well. Recently,
Bollmann et al. reported that in Germany hospitalizations also
decreased for heart failure, arrhythmias, valvular heart disease,
arterial hypertension, and peripheral vascular disease,
reaching a nadir of over 40% reduction [36]. A similar study
showed an important decline in hospitalization rates for acute
heart failure (AHF) in London, with higher rates of more
severe symptoms and NYHA class III/IV, suggesting that pa-
tients with milder clinical conditions have avoided presenting
to the hospital [37].

One of the dramatic consequences is a parallel increase in
out-of-hospital cardiac arrest (OHCA), documented in differ-
ent studies. Baldi et al. analysed OHCA rates in 2020 com-
pared to the same period in 2019 in Italy, and found a 58%
increase, strongly associated with the progressive outbreak of
COVID-19 in the same region [38]. It was interesting to notice
that the trend of OHCAs followed the shape of the epidemic
curve, with a more rapid increase at the beginning and a fol-
lowing plateau phase [38]. Infection-related causes are likely
to be present, such as the high probability of cardiac arrest due
to hypoxia, one of the main causes of non-shockable rhythms.
Nevertheless, pandemic-related causes must be taken into ac-
count. Together with the delay of activation of EMS by the
patients, a 3-min median increase in EMS arrival was docu-
mented, explaining the prevalence of non-shockable rhythms
upon arrival. Moreover, the need for isolation due to lock-
down leads to a higher rate of unwitnessed cardiac arrests
and a lower rate of bystander cardiopulmonary resuscitation.
Characteristics of OHCAs were also different: in 2020, med-
ical aetiology, home location, and not witnessed cardiac ar-
rests were more frequent than in 2019 during the same period,
together with worse outcomes in those patients who received
an attempt of resuscitation by the EMS [38].

The Importance of Cardiac Rehabilitation
and Telemedicine Programmes

To face the COVID-19 pandemic, many hospitals worldwide
had to close non-urgent outpatients appointments, day cases,
and also centre-based cardiovascular rehabilitation
programmes. This has affected the vulnerable population [3,
39]. As such, it is crucial to assure appropriate chronic clinical
care, as it is well established that delaying the start of

@ Springer

cardiovascular rehabilitation may result in less improvement
after a cardiac event. An exercise-based rehabilitation
programme’s cancellation after a myocardial infarction leads
to a 20 to 30% increase in overall mortality and hospital ad-
mission rates after discharge [40]. The same problem regards
people with heart failure that have a 40% higher risk of hos-
pitalization if a proper rehabilitation programme is lacking
[40, 41].

In fact, cardiac rehabilitation is a class IA recommendation
by the American Heart Association (AHA) for secondary pre-
vention after myocardial infarction, percutaneous coronary
intervention, and coronary bypass graft surgery, and is also
recommended in the setting of stable angina and chronic heart
failure with reduced ejection fraction in order to reduce hos-
pital admissions and mortality [42].

A widely proposed solution is to implement home-based
programmes, where all interventions are delivered at patients’
houses with the help of telemedicine tools [5¢]. Even if an “at-
home” approach is still at its first steps, the ESC guidelines on
cardiovascular diseases prevention state that “home-based re-
habilitation with and without telemonitoring holds promise for
increasing participation and supporting behavioural change”
[43]. There are no definitive data about the long-term effec-
tiveness of home-based programmes compared to centre-
based ones, but the potential advantages of overcoming logis-
tic barriers, especially during COVID-19 times, are evident
[44].

A study comparing home-based cardiac rehabilitation,
center-based rehabiliation and hybrid cardiac rehabilitation
(a combination between center-based and home-based reha-
bilitation) shows that home-based cardiac rehabilitation can be
a valid alternative program for patients with heart failure [45].
Also the AHA has concluded that home-based cardiac reha-
bilitation may be a reasonable option for selected patients who
are eligible for rehabilitation programmes but cannot attend a
traditional centre-based one [46].

In this setting, telemedicine plays a key role to ensure con-
stant monitoring of patients’ activity and safety during exer-
cise. New tools such as physical activity trackers, mobile ap-
plications and wearable devices for heart rate and ECG allow a
remote-controlled rehabilitation that clinicians can track to
assure the same level of clinical care without the need to be
face-to-face with the patients [46].

A recently published study demonstrated that an alternative
home-based cardiac telerehabilitation model designed during
the COVID-19 quarantine for people with coronary heart dis-
ease is able to increase cardiorespiratory fitness [47].

These alternative approaches can help the maintenance of
rehabilitation programmes and the prevention of future in-
crease in hospital readmissions and mortality rates, while
avoiding a rise in COVID-19 transmission and a further bur-
den of healthcare systems. Besides, the psychological advan-
tage of a continuum of care must be considered in these
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peculiar times, as it can counterbalance the negative effect of
social isolation.

As such, also the European Association of Preventive
Cardiology has made a call for action for telerehabilitation in
this difficult period [S¢], a position paper to overcome chal-
lenges in digital health implementation in cardiovascular med-
icine has been published by the ESC e-Cardiology Working
Group [48¢¢], and several national associations have published
consensus papers on how to deliver a cardiac rehabilitation
programme during this period [49-52]. Also the European
Association of Preventive Cardiology has timely provided
general recommendations for cardiac rehabilitation activities
during the COVID-19 pandemic [53].

What Is in the Future?

As the pandemic proceeds, there are growing concerns about
the future of cardiology as we were used to know it. It is likely
that the massive interruption of clinical outpatient consults,
elective procedures, rehabilitation programmes, and clinical
trials will have a significant impact on cardiovascular diseases
prevalence and future everyday practice.

The combination of deleterious changes in lifestyle, re-
duced supply, and reduced demand for cardiovascular ser-
vices will have a long-term impact on cardiovascular disease.
Recently a study has estimated the direct incident impact of
31,205 and the prevalent impact of 62410 excess death in
England and indirect effect of 49,932 to 99,865 deaths [54].

The population needs to be educated to seek medical care
even during the COVID-19 emergency. The European
Society of Cardiology has launched a campaign “you can’t
pause your heart” that urges anyone with symptoms of heart
attack to seek care without delay. However, we are still facing
a decrease in hospital admissions for acute cardiovascular is-
sues. This is worrisome as it is unlikely that this decrease is
due to a reduction of myocardial infarction rates. As it is more
reasonable that the decrease in hospital admission is due to a
lack of seeking of care, this will probably result in an increas-
ing number of patients with post-myocardial infarct compli-
cations and heart failure.

In fact, for patients with acute myocardial infarction, the
time frame between the onset of symptoms and the initial
medical assessment is one of the most important predictors
of mortality and severe complications [55]. Delayed presenta-
tion of AMI is associated with larger infarct size, increased
mortality, and a higher risk of mechanical complications [56].
A study on myocardial infarctions in Hong Kong during the
COVID-19 pandemic shows an average of 318 min between
the infarction and the initiation of medical care, compared to a
median of 82 min in the previous period [57]. The logic tragic
consequence of a higher number of late diagnosis might be a

superior incidence of post-ischemic heart failure that will need
chronic care.

Missed or delayed diagnosis of acute cardiovascular disor-
ders or rapid deterioration of chronic issues will result in a
possible scenario of increased morbidity and mortality, for
which we must be prepared.

Acknowledging the important consequences of less effec-
tive cardiologic care is important: although stay-at-home mes-
sages are needed to limit the contagions, it is also important to
give precise information about the importance of urgent acti-
vation of emergency services to best protect the population.
The media need to tell the entire population that seeking med-
ical care is safe, that protection against the virus is always
present in health centres, and that symptoms related to serious
medical conditions need immediate attention.

Cardiologists need to be prepared for the worst. However,
the implementation of the health system with remote monitor-
ing and home-based programmes will surely represent a logis-
tic advantage both for the patients and the caregivers. A time
of crisis does not represent only a time of worry: it is also an
opportunity, the opportunity to improve.
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