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Abstract: Background: The ongoing COVID-19 pandemic has infected more than 500 million people
worldwide. Several measures have been taken to reduce the spread of the virus and the saturation of
intensive care units: among them, a lockdown (LD) was declared in Italy on 9 March 2020. As a result,
gyms, public parks, sports fields, outdoor play areas, schools, and multiple commercial activities
have been closed. The consequences of physical inactivity can be dramatic in adult patients with
congenital heart disease (ACHD), in which the benefit of regular exercise is well known. In this study,
we investigated the effects of reduced physical activity during the COVID-19 pandemic on ACHD’s
exercise capacity. Materials and Methods: Patients who performed exercise or cardiopulmonary
exercise tests from October 2019 to February 2020 and one year after lockdown with the same protocol
were retrospectively enrolled in our database. Inclusion criteria: ACHD patients aged ≥ 18 years old
under regular follow-up. Exclusion criteria: significant clinical and/or therapeutic changes between
the two tests; significant illness occurred between the two tests, including COVID-19 infection;
interruption of one of the tests for reasons other than muscle exhaustion. Results: Thirty-eight
patients (55.6% males) met the inclusion criteria. Before the lockdown, 17 patients (group A) were
engaged in regular physical activity (RPA), and 20 patients (group B) had a sedentary lifestyle. After
LD, in group A, (a) the weekly amount of physical activity reduced with statistical significance
from 115 ± 46 min/week to 91 ± 64 min/week (−21%, p = 0.03); (b) the BMI did not change; (c) the
duration of exercise test and VO2 max at cardiopulmonary exercise test showed a significant reduction
after the LD. In group B, BMI and exercise parameters did not show any difference. Conclusions:
The COVID-19 pandemic dramatically changed the habits of ACHD patients, significantly reducing
their possibility to exercise. Our data analyzed in this extraordinary situation again demonstrated
that physical inactivity in ACHD worsens functional capacity, as highlighted by VO2 max. Regular
exercise should be encouraged in ACHD patients to preserve functional capacity.

Keywords: ACHD; COVID-19; physical activity; lockdown; exercise tolerance

1. Introduction

The COVID-19 pandemic has affected over 500 million individuals globally and signif-
icantly changed the global health, economy, and social and behavioral habits worldwide [1].
During the peak and post-peak pandemic phases, different countries have promoted
different degrees of social distances and restrictions to mitigate the viral spread and alle-
viate strain on healthcare systems. The rapid spread of the virus prompted governments
and health authorities to implement a range of public health measures aimed at curbing
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transmission, including varying degrees of social distancing, mandatory quarantines, and
restrictions on movement. While crucial to slowing the spread of the virus and easing the
burden on health systems, these measures also led to significant and widespread disrup-
tions in daily activities, particularly those related to social interaction and physical activity
(PA) [1–3]. Italy, among the first severely affected countries, implemented a nationwide
lockdown (LD) on 9 March 2020, shuttering various communal spaces like gyms, swimming
pools, parks, and schools [2]. These closures were pivotal in curbing virus transmission but
have had several unintended repercussions. Although published data are heterogeneous, a
decline in all the physical activity measures was noted [2–5].

Physical exercise is widely accepted as part of a healthy lifestyle [5,6]. A plethora of
experimental and clinical studies have conclusively demonstrated that regular physical
activity (RPA) is associated with a reduced risk of occurrence and mortality rate from
non-communicable diseases [6–8]. In particular, much evidence from large prospective
population-based observational studies has shown that maintaining or improving physical
fitness is associated with a lower risk of cardiovascular disease, diabetes, obesity, chronic
obstructive pulmonary disease, and cancer [7,8].

On the other hand, several studies have reported that physical inactivity leads to an
increased risk of all-cause mortality, poor general health, and lower life expectancy, with
high morbidity and mortality rates in patients with non-communicable diseases [8].

In particular, cardiovascular disease (CVD) is the leading cause of morbidity and
mortality worldwide. Among the numerous risk factors that predispose to the development
and progression of CVD, a sedentary lifestyle, characterized by persistently low levels of
physical activity, is now recognized as a major contributor to poor cardiovascular health.
In contrast, regular exercise and physical activity are associated with significant health
benefits and a significantly lower risk of CVD. Several long-term studies have shown that
increased physical activity is associated with a reduction in hospitalization rates, overall
cardiovascular mortality, and increased life expectancy [8].

PA can improve insulin sensitivity, alleviate plasma dyslipidemia, reduce high blood
pressure and blood viscosity, promote endothelial nitric oxide production, and improve the
metabolic profile to protect the heart and vessels [8].

Over the years, the benefits of PA have been demonstrated in patients with different
cardiovascular diseases such as hypertension, ischemic heart disease, heart valve disease,
heart failure, and cardiomyopathy [7,8]. More recently, several studies have demonstrated
the effectiveness of physical activity in improving physical, psychological, and social
conditions, even in patients with congenital heart disease [9,10].

Congenital heart disease (CHD) is defined as a heterogeneous group of pathologies
characterized by structural alterations of the heart or large vessels already present during fe-
tal life. It is the most common malformation at birth (about 40%) and affects approximately
one newborn in every 100 live births [10,11].

Until a few decades ago, neonatal mortality was extremely high, and only a few
patients reached adulthood [9,11]. Today, thanks to clinical and surgical innovations,
approximately 80–85% of children born with congenital heart disease manage to survive to
adulthood [9,10]. Therefore, if in the past, the ratio of children/adults with congenital heart
disease showed that survival to adulthood was low, in recent years, the percentage of adult
patients with congenital heart disease has increased significantly. Indeed, it is estimated
that in the next few years, the number of adult patients with congenital heart disease in the
world will exceed the number of children [9,11,12].

We are, therefore, facing a new and growing population of adult congenital heart pa-
tients, previously identified with the acronym GUCH (Grown Up Congenital Heart), while
currently ACHD (Adult with Congenital Heart Disease) is preferred. The management of
these patients can be challenging and requires an intense multidisciplinary integration that
involves figures who operate both in the field of pediatric cardiology and cardiac surgery,
as well as in the field of adult cardiology and cardiac surgery [11–13].
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In fact, this population is decidedly heterogeneous, as some congenital heart diseases
can be tolerated with hemodynamic stability for decades and become clinically evident
in adult life. Other patients undergo palliative or radical correction of their heart disease
in childhood but often require medical and surgical care long after the corrective surgery.
Added to this is the need to develop, for this particular type of patient, specific multidisci-
plinary counseling programs that concern the sexual sphere, pregnancy, work activity, and
indeed physical activity and sport [9,11–14].

Today, it is well-established that physical activity benefits physical and mental health
in adult patients with congenital heart disease [6,11,12]. Recent studies have shown that
regular exercise increases cardiopulmonary performance, improves cardiac biomarker
values, increases exercise tolerance, and improves the quality of life in adult patients with
congenital heart disease, including complex ones [9,11–14]. However, in the past, the
evidence of such benefits in patients with congenital heart disease has been historically
weak, and the most complex congenital heart disease has traditionally been cautioned
against moderate or vigorous PA due to safety concerns [13–15]. However, over the last
25 years, we assisted in a paradigm shift [7], and nowadays, the majority of the literature
favors physical activity in adult patients with congenital heart disease (ACHD) following
the appropriate screening with few exceptions [14–17].

In this population, regular exercise has been shown to be beneficial in the short and
long term [8,9] and has become paramount in the management and treatment of cardiac
conditions and in sustaining overall health [10–16]. However, during LD, the closure
of exercise facilities and outdoor areas significantly disrupted their ability to engage in
physical activity. An abrupt halt in exercise routines can precipitate various adverse
outcomes, exacerbating existing cardiac issues and impeding recovery and rehabilitation
efforts. Cardiovascular deconditioning, muscle weakness, weight gain, and psychological
distress are among the potential consequences of prolonged physical inactivity in this
population. This study aimed to investigate the effects of reduced PA and LD during the
COVID-19 pandemic on the cardiopulmonary capacity of ACHD.

2. Materials and Methods

Adult patients with congenital heart disease who had been followed for continuity of
care since childhood at our institution were retrospectively examined. Patients ≥ 18 years
old who completed an exercise test (ETT) or a cardiopulmonary exercise test (CPET)
between October 2019 and February 2020 (i.e., before COVID-19 LD) and repeated the
same test one year after were selected for the analysis. Patients with significant changes in
their cardiac condition (i.e., worsening in NYHA class, need for medication up-titration,
hospital admission, percutaneous, or surgical interventions) between the tests, patients with
severe non-cardiac illness occurred between the two tests (including COVID-19 infection),
and patients who requested interruption of one of the tests for reasons other than muscle
exhaustion were excluded from the analysis. Age, sex, type of congenital heart disease,
NYHA class, and level of physical activity were recorded as baseline parameters. All
information was collected from the patient’s medical records. In our institution, regular
physical activity (minutes per week) is regularly asked in detail during the visit and before
the exercise test in ACHD patients. This information is routinely collected during the
clinical evaluation both for clinical purposes and to set the appropriate exercise protocol
when the exercise test is requested.

Patients were divided according to their level of physical activity before the LD in
group A (regular physical activity) and group B (sedentary patients).

The following parameters were investigated before the lockdown and one year after:
body mass index (BMI), duration of exercise test, and maximal oxygen consumption (VO2
max), where available.
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2.1. Exercise Test and Cardiopulmonary Exercise Test

ETT was performed on a treadmill (Technogym, Cesena, Italy) following Bruce proto-
col [9]. Electrocardiogram (ECG) and oxygen saturation (SpO2) were monitored continu-
ously. Blood pressure was monitored at rest, at each Bruce stage, at maximal effort, and
during the recovery at 30 s, 60 s, and every two minutes after.

When clinically required, CPET was on a treadmill (Technogym, Cesena, Italy) follow-
ing Bruce protocol [9]. ECG and SpO2 were monitored continuously. Blood pressure was
monitored at rest, at each Bruce stage, at maximal effort, and during the recovery at 30 s,
60 s, and every two minutes after. Ergospirometry with breath-by-breath sampling was
used to assess a full set of CPET parameters. Gas exchange and CPET parameters were
processed by a COSMED gas analyzer (COSMED, Rome, Italy). For our study, we decided
to focus on the VO2 max.

Regardless of the test modality, all the patients were encouraged to exercise until
exhaustion and asked to specify the reason for the test interruption.

This study was approved by the ethics committee of Bambino Gesù Children’s Hospital
IRCCS (protocol code 2610), and all patients signed informed consent. It was conducted in
accordance with the Declaration of Helsinki.

2.2. Statistical Analysis

Continuous variables were presented as means ± SD if they were normally distributed
or with median and range in case of skewed distribution. The Shapiro–Wilk normality test
was used to test the characteristics of the distribution. Categorical variables were presented
as counts and percentages.

Differences in the rate of physical activity, weight, BMI, duration of exercise, maximal
HR, and VO2 max pre- and post-lockdown in the same Group were assessed by paired
Student t-test or paired nonparametric tests (Wilcoxon test), as appropriate.

Independent sample t-test was used to evaluate differences in VO2 max between
group A and group B.

Additionally, repeated measures ANOVA was conducted to examine the effect of time
and physical exercise on VO2 max. The results of the analysis are expressed as F-factor, p-
value, and partial eta squared. The normality assumption was verified using Shapiro–Wilk
tests, which were insignificant for any group level. The sphericity assumption was assumed
as met as VO2 max had only two levels. Levene’s test was used to test the homogeneity
of variances. Post-hoc tests for time * group analysis were performed using Bonferroni
correction.

A p-value < 0.05 was considered statistically significant. All analyses were performed
using SPSS (version 20.0).

3. Results

Between October 2019 and February 2020, 162 ACHD patients completed a functional
evaluation at our institution. Among them, 37 (55.6% males, aged 26 ± 6 years) met the
inclusion criteria. VO2 max was available in 29 (78.3%). The baseline characteristics of the
patients are summarized in Table 1.

According to the level of physical activity before the lockdown, 17 patients (46%) were
included in group A (regular physical activity) and 20 patients (54%) in group B (sedentary).
Patients in group A practiced monitored physical activity at least two sessions per week,
30 min of walking or running on a treadmill or exercise bike, with an intensity of not less
than 50–60% of maximum heart rate (HR). Characteristics of the exercise of the two groups
at baseline (pre-LD) and after one year are summarized in Table 2.
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Table 1. Baseline characteristics of 37 ACHD patients.

Tot (37) Group A (17) Group B (20)

Age (years) 26 (6) 26 (6) 26 (7)
Gender (Male) 22 (55.6) 12 (71) 10 (50)
CHD rTOF 15 (40.5) 7 (41) 8 (40)

Fontan 8 (21.6) 3 (18) 5 (25)
rCoA 5 (13.5) 2 (12) 3 (15)
Valvular 4 (10.8) 3 (18) 1 (5)
TGA Arterial switch 2 (5.4) 1 (6) 1 (5)
AVSD 1 (2.7) 1 (6) -
PA-VSD 1 (2.7) - 1 (5)
TGA Rastelli Repair 1 (2.7) - 1 (5)

NYHA I 30 (81.1) 16 (94) 14 (70)
II 7 (18.4) 1 (6) 6 (30)

rTOF repaired tetralogy of Fallot, rCoA repaired coarctation of the aorta, TGA transposition of the great arteries,
AVSD atrioventricular septal defect, and PA-VSD pulmonary atresia with ventricular septal defect.

Table 2. Characteristics of the two groups at baseline (pre-LD) and after one year (post-LD).

Group A Group B

Pre-LD Post-LD p-Value Pre-LD Post-LD p-Value

RPA min/week, mean (SD) 115 (46) 91 (64) 0.03 - - -
Weight (kg), median (range) 63 (51–100) 68 (49–98) 0.092 62.5 (47–84) 64 (45–85) 0.067

BMI, mean (SD) 22.0 (2.7) 22.6 (2.9) 0.130 22.8 (3) 23.0 (3.4) 0.318
Duration (s), median (range) 625 (546–900) 581 (350–720) 0.009 630 (383–750) 578 (321–720) 0.118
HR max (%), median (range) 90 (76–97) 87 (70–95) 0.674 86 (69–93) 84 (56–97) 0.496

VO2max (mL/kg/min), mean (SD) 31.3 (5.5) 28.0 (4.1) 0.015 24.9 (4.7) 25.1 (5.5) 0.820

RPA: regular physical activity, BMI: body-mass index, HR max: achieved percentage heart rate, VO2 max: maximal
oxygen consumption, LD: lockdown. Normally distributed variables are presented as mean (SD) and differences
pre- and post-LD within the same group assessed with paired Student t-tests. Skewed variables are presented as
median (range), and differences pre- and post-LD within the same group are assessed with the Wilcoxon test.

During the COVID-19 pandemic, four patients of group A (24%) completely stopped
their training, while others reduced it. Overall, the amount of regular physical activity
(RPA) in group A reduced significantly from 115 ± 46 min/week to 91 ± 64 min/week
(−21%, p = 0.03).

Furthermore, in the patients of group A, the duration of exercise and VO2 max reduced
significantly after the lockdown (p = 0.009 and p = 0.015, respectively). The maximal
achieved HR, weight, and BMI did not show statistically significant changes before and
after the lockdown.

In group B, there were no significant differences in the analyzed parameters.
Before LD, the VO2 max was significantly higher in group A compared to group B

(p = 0.008), but the difference was not statistically significant post-LD (p = 0.164) (Figure 1).
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A repeated measures ANOVA was conducted to examine the effect of time and
physical exercise (groups A and B) on VO2 max. The main effect of time was significant,
with F-value = 6.31, p < 0.022, and partial eta-squared = 0.271. There was also a significant
interaction between time and group (time × group), with F-value = 4.85, p < 0.042, and
partial eta-squared = 0.222. There was a significant interaction effect between VO2 max and
group, with F-value = 9.89, p < 0.006, and partial eta-squared = 0.368. Post-hoc tests for the
time x group revealed that VO2 pre-LD was significantly higher in group A compared to
group B (mean difference 8.098 mL/kg/min, p Bonferroni 0.011). Also, in group A, the VO2
pre-LD was significantly higher than the VO2 post-LD (mean difference 3.600 mL/kg/min,
p Bonferroni 0.039). There was no difference in the VO2 max pos- LD between group A and
group B (mean difference 4.734 mL/kg/min, p Bonferroni 0.261), nor in VO2 max post-LD
of group A and the VO2 max pre-LD if group B (mean difference 4.498 mL/kg/min, p
Bonferroni 0.327).

4. Discussion

The COVID-19 pandemic profoundly changed the habits and lifestyles of patients
worldwide. In particular, during the early phase of the disease, drastic measures such
as lockdowns were necessary to limit the spread of the virus. Our study investigated
retrospectively how the COVID-19 pandemic influenced PA and exercise tolerance in
two cohorts of adult patients with congenital heart disease.

4.1. Physical Activity

Although the majority of the published studies seem to support an overall reduction in
the PA [2,17], the results of a recent meta-analysis highlighted a degree of heterogeneity [5].
The authors described a total sample size of 119,094 participants from 14 countries world-
wide, with participants aged between four and ninety-three years [5]. Thirty-two studies
revealed a significant decline in PA, whereas only five studies found a significant increase
in PA during the COVID-19 pandemic. Instead, fourteen studies revealed mixed results.
The data are sometimes in contrast, especially due to the age of the subjects studied [5].
For example, the trend toward a decrease in PA levels in children and adolescents has not
always been significant since the decrease in sports and indoor PA was counterbalanced in
some studies by an increase in active daily and outdoor activities [18,19], while in adults,
some studies suggested an increase in walking during the pandemic [20]. However, the ma-
jority of the studies suggest a significant decrease in the daily PA in the cohort 20–35 years
of age [21,22]. Furthermore, another study conducted on children and adolescents with
congenital heart disease showed that the percentage of patients engaged in regular physical
activity decreased significantly during the pandemic, while only a small percentage of
sedentary patients started to practice physical activity during the LD [17].

The reduction of the weekly amount of PA in our cohort reached 21% (p = 0.03)
and reflected the impact that isolation measures had on ACHD. Such a difference could
be explained both by the strict policy endorsed by the Italian Government during the
initial phase of the pandemic and the recommendation endorsed by the European Society
of Cardiology, promoting isolation homeworking and homeschooling in patients with
complex congenital heart disease [23,24].

Interestingly, in contrast with other studies [25,26], the reduction in PA was not
associated with an increase in weight or BMI. Instead, the authors of a previous study
showed a significant increase in BMI in pediatric patients with congenital heart disease
who had decreased physical activity during LD [17]. In our cohort, weight did not increase
significantly. This could be attributed to the fact that adult patients with congenital heart
disease, being more aware of their condition, were, to some extent, more attentive to their
eating habits during the lockdown compared to the general population.
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4.2. Exercise Tolerance

The duration of exercise remained stable in the sedentary patients (median 630 vs. 578 s,
p = 0.118) while decreased significantly in the patients of group A (625 vs. 581 s, p = 0.009).
Similarly, the VO2 max remained stable in the sedentary cohort (24.9 ± 4.7 mL/kg/min
pre-LD vs. 25.1 ± 5.5 mL/kg/min post-LD, p = 0.820) but reduced significantly after the
LD in the group of patients who practiced physical exercise (from 31.3 ± 5.5 mL/kg/min
pre-LD vs. 28.0 ± 4.1 mL/kg/min post-LD, p = 0.015). Furthermore, of great relevance is
that before the COVID-19 pandemic the VO2 max was significantly higher in the active
cohort (group A) than in sedentary subjects (group B) (−6.4 mL/kg/min corresponding
to −20.4% in the sedentary cohort, p = 0.008), but the difference in exercise performance
between the two groups halved after the LD (VO2 max −2.9mL/kg/min corresponding to
−10%) and is not statistically significant (p = 0.164).

Both exercise duration and VO2 max are critical measures for assessing the functional
capacity in patients and healthy subjects. Exercise duration provides a practical measure
of endurance and daily functional ability, while VO2 max offers a detailed assessment of
aerobic capacity and cardiorespiratory fitness.

Together, these parameters are pivotal in evaluating disease severity, monitoring
progression, and guiding treatment strategies. In particular, in ACHD patients, VO2 max at
CPET is related to the NYHA functional class and is a predictor of morbidity at mid-term
follow-up [10–16,18,27–32]. The data from our study are comparable with those from
another previous study where children and adolescents with congenital heart disease were
studied, comparing the exercise test before and after LD [17]. In this study, the percentage of
patients engaged in RPA decreased significantly during the pandemic, and BMI increased
significantly, except among the subjects who began RPA during the lockdown, whereas test
duration did not decrease significantly overall but increased in this last subgroup [17].

Exercise capacity generally declines with age [26–28]. This reduction is attributed to
several physiological changes that occur in the aging process. The decline in maximum
heart rate, which decreases at a rate of approximately 0.7 beats per year, together with
lower ventilatory efficiency and reduced oxygen exchange during exercise and age-related
decreases in muscle mass and strength, can contribute to reduced exercise tolerance [29–32].

In individuals with congenital heart disease, these age-related declines in exercise
capacity can be more pronounced [33,34]. The presence of residual hemodynamic abnor-
malities, prior surgeries, and the chronic burden of the disease further complicate the
natural decline in exercise function [32–34].

In our study, a decrease in exercise capacity was noted in group A (duration −44 s and
VO2 max −3.3 mL/kg/min) but not in group B. This is unlikely to be explained solely by
age-related exercise intolerance as the two exercise tests were performed within a one-year
time frame, and the reduction in cardiopulmonary fitness was not observed in patients
who were already sedentary.

Moreover, the exercise protocol and equipment did not change between the two tests.
It is well known that a repeated exercise test, administered after a brief interval, typically
results in improved performance generally attributed to increased familiarity with the test
protocols and the testing environment, and this could have contributed to limiting the drop
in functional capacity, as shown in our sedentary cohort.

This aspect, combined with the observed reductions in both exercise duration (−7%)
and VO2 max (−10.5%), supports the hypothesis that inactivity plays a significant role
beyond the natural, time-related decline in exercise capacity.

In conclusion, our analysis suggests that a reduction of PA in adults with congenital
heart disease during the LD led to a significant worsening of functional capacity.

Exercise is considered part of the active treatment of almost all congenital cardiac
conditions, being contraindicated in only a few exceptions [8,35,36]. Previous studies have
shown its pivotal role in improving functional capacity, symptoms, and cardiac biomarkers
in both simple and complex ACHD [9,16,17], as well as general health, exercise tolerance,
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and quality of life in adults with congenital heart disease being exercise training is a
high-benefit, low-risk intervention in most patients with congenital heart disease [37,38].

Different exercise protocols have been tested, assessing the efficacy and safety of mixed
aerobic and resistance exercise after appropriate counseling and risk stratification [7,9,39–45]

More recently, high-intensity interval training has been effective in improving VO2 max
in patients with coronary artery disease [46,47] but was not superior compared to moderate
continuous training in patients with heart failure during cardiac rehabilitation [48,49].

However, previous studies have shown that several factors may promote a more
sedentary lifestyle, including cardiac and respiratory limitations [13,50], inappropriate
advice regarding exercise [51], and overprotection by the family environment [52].

In this setting, the recent COVID-19 pandemic has dramatically changed not only
working and life habits [22,53–55] but also access to medical care, promoting remote
consultations [56,57].

Many studies have established the feasibility, safety, and efficacy of personalized home
PA prescription [9,58,59], with home exercise protocols aiming to achieve targeted HR
based on exercise performance [9,17].

However, patients with complex anatomy, hemodynamically significant residual
lesions, or high-risk ECG features require closer supervision [39,60,61]. In this context,
recent technological advancements, such as physical activity trackers and applications for
smartwatches and smartphones that monitor vital parameters (heart rate, blood pressure,
and oxygen saturation), have shown to be sensitive and specific in detecting irregular heart
rate [62] and provide single or multiple lead ECGs, may significantly aid in both remote
medical consults and in supervised exercise sessions, aiming to improve or at least maintain
stable the degree of PA in adult patients with congenital heart disease.

4.3. Limitation of the Study

Our study has some limitations. First, the number of patients studied is comparable to
that of other similar studies [63,64]. Furthermore, all our patients were investigated retro-
spectively. Although our population encompassed ACHD patients, it was heterogeneous,
as both simple and complex congenital heart disease were included. Finally, VO2 max was
available in 78.3% of patients.

5. Conclusions

Our study highlights the pivotal role of exercise in ACHD patients and the detrimental
consequences that physical inactivity can produce in the short term, reducing exercise
duration and VO2 max. During periods of restricted mobility, tailored exercise routines
and supervised virtual exercise programs, where indicated, could help ensure continuity
of exercise in ACHD patients and improve exercise self-confidence. Healthcare providers
could encourage an active lifestyle and regular PA in adults with congenital heart disease
unless contraindicated.
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