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ABSTRACT

Background: Aerobic capacity (AC) in adults with congenital heart disease (CHD) is often reduced, mainly due
to low confidence levels towards physical activity (PA). The main objective of this study was to estimate the asso-
ciation between PA level and AC (measured as peak of oxygen consumption, VO2peak) in adults with CHD.Meth-
ods: A total of 183 individuals (83 women and 100 men; mean (SD) age 36.9 (11.0) years old) from Vall d’Hebron
Hospital, Barcelona-Spain in 2019, participated in this cross-sectional study. The AC was assessed by cardiopul-
monary exercise testing (CPET) using a treadmill ramp protocol. Considering values of metabolic equivalent of
task (MET, MET-min·week-1) obtained by the short International Physical Activity Questionnaire (IPAQ), par-
ticipants were divided into three categories of PA: health-enhancing PA (HEPA), minimally active, and inactive.
Results:Median (SD) PA was 2737.2 (2835.7) MET-min·week-1, with 60 participants (32.8%) reporting HEPA, 91
(49.7%) minimally active, and 32 (17.5%) inactivity. Participants demonstrated a mean VO2peak of 28.9 (8.8)
mL·Kg-1·min-1, showing AC values on average 13% lower than expected in a healthy population. Overall, PA
and AC were positively associated. Adjusting for sex and age, an increase of 1000 MET-min·week-1 was associated
with an increase in VO2peak of 0.8 units (95% CI 0.4–1.2; p < 0.001). There were no differences in the degree of
increase between sexes (p = 0.427). Conclusion: These findings suggest that an increase in PA in patients with
CHD significantly improves their AC, and hence, could be recommended when the goal is to improve their phy-
sical condition.
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1 Introduction

The relationship between physical activity (PA) level and the aerobic capacity (AC) of adults with
congenital heart disease (CHD) is subject of interest in PA and health research. Some authors demonstrate
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that this population of adults follows the general guidelines of PA, while others highlight low levels of daily
PA [1–6]. However, there is limited information about the effect of PA on the AC of adults with CHD.

The AC of people with CHD has been described to be lower than among people from a healthy
population [7]. When evaluating adults with CHD, common findings in maximum tests of
cardiopulmonary exercise testing (CPET) include a reduced peak oxygen consumption (VO2peak),
resulting in a compromised physical condition with anomalies that primarily affect the heart, the blood
vessels, the lungs and the muscles [8]. The capability to carry out daily living activities in people with
CHD is often linked to the quality of the post-surgical results [9]. However, their AC-an approximation
of physical condition-can be also related to the anatomical defect and the PA level [10].

A lowAC in adults with CHD can be attributed to different reasons, such as low confidence levels towards
physical exercise, disease symptoms, exercise restrictions or childhood overprotection [11]. In some cases,
these aspects can result in a poor development of psychomotor skills, a limited fitness level, fear to
participate in physical exercise, or fear of sudden death. Nevertheless, data confirms that adults with CHD
are willing to engage in physical exercise following appropriate advice and under suitable supervision [12].

Current guidelines featuring recommendations of PA for people with CHD have traditionally been very
useful to make informed decisions related to their participation in competitive sports based on heart injuries
[9,13]. However, there are limited guidelines for leisure or daily PA. In these cases, the recommendations
could be more practical and objective when the prescription of PA for these patients has, as a reference,
the CPET. The CPET has proved to be an essential tool that can objectively evaluate the functional
cardiovascular ability of the patients, and identify pathological mechanisms, as circulatory failure, shunt
and/or pulmonary hypertension [8], as well as help to prescribe an individualized program of physical
exercise when applicable, and promote daily PA [14].

In a study of the risks and benefits of exercise training in adults with CHD, Chaix et al. [15] proposed a
model of assessment of PA, including current exercise (type, intensity, duration, frequency), before exercise
prescription that it is suggested to help to increase confidence and encourage patients towards the practice of
PA. However, it remains unknown whether an increase in PA level has an effect on the AC of adults with
CHD. The main objective of this study was to evaluate the association between PA level and AC in
adults with CHD and assess if increasing levels of PA could improve the AC of adults with different CHD.

2 Material and Methods

2.1 Study Design and Participants
This study followed a cross-sectional design. Participants were all adults recruited from the CHDUnit of

Vall d’Hebron Hospital in Barcelona (Spain). All of them presented a CHD, and were referred to the CPET
department of Santa Creu i Sant Pau Hospital in Barcelona (Spain) from September 2018 to April 2020. A
total of 212 individuals received a detailed information sheet regarding this study and were invited to
participate. However, 29 of them were excluded based on the following exclusion criteria: two were
pregnant, 25 were younger than 18 years, and two were unable to provide informed consent due to
language barriers. The remaining 183 participants accomplished with the inclusion criteria and agreed to
volunteer taking part in the study providing their informed consent duly signed.

Considering the multiplicity of diagnoses of CHD and the different surgeries performed, we classified
the residual state of heart disease in three categories according to its severity: simple, moderate and complex.
These categories are shown in Tab. 1, and were obtained based on the criteria of a previous study by Serra-
Grima et al. [11] including (1) clinical, surgical, echocardiographic data, (2) result of the surgery, presence of
residual injuries, sequel or possible complications, (3) the hemodynamic condition, (4) functional class and
the possibility of hospital admission due to heart failure. An expert cardiologist performed this classification
without direct relationship with the participants, and without knowledge of the CPET results to avoid
expectation and maintain a blind classification.
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The study protocol was approved by the FPCEE-Blanquerna institutional research board (Protocol No.
1718005D) and follows the Helsinki guidelines for ethical behavior [16].

Table 1: CHD severity classification

Simple

Stenotic valve lesions with significant reduction of the gradient after surgery

Mild regurgitate lesions

Aortic coarctation (gradient between 10–20 mmHg)

Atrial septal defect corrected

Ventricular septal defect corrected

Previously ligated or occluded ductus arteriosus

Moderate

Anomalous pulmonary venous connection (partial or total)

Residual obstructive or regurgitating lesions of a moderate degree

Transposition of the great arteries (Jatene correction)

Valve prostheses

Repaired tetralogy of Fallot

Pulmonary hypertension (less than moderate)

Ebstein’s anomaly

Aortic coarctation (gradient >20 mmHg)

Moderate-to-severe pulmonary stenosis or regurgitation

Moderate tricuspid valve regurgitation

Interventricular septum aneurysm

Complex

Severe grade obstructive or regurgitating valve lesions

Aortic coarctation (gradient >50 mmHg)

Aortic Stenosis (systolic gradient >50 mmHg)

Cyanotic congenital heart (all forms)

Transposition of the great arteries with physiological correction (Mustard or Senning)

Tricuspid atresia or single ventricle with Glenn or Fontan surgery

Pulmonary atresia (all forms)

Congenitally corrected transposition great arteries

Truncus arteriosus

Double outlet ventricle

Severe pulmonary hypertension
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2.2 Instruments and Procedure
2.2.1 Anthropometric Measurements

Height was measured to the nearest 0.1 cm using a stadiometer (Seca 225, Seca, Hamburg, Germany).
Weight was measured to the nearest 0.1 kg on a digital scale (Seca 861, Hamburg, Germany) with the subject
wearing lightweight clothing and no shoes. Body mass index (BMI) was calculated as weight in kilograms
divided by height in square meters (kg/m2) [17].

2.2.2 Cardiopulmonary Exercise testing (CPET)
All tests were conducted during the afternoon at a room temperature of 22°C–24°C and relative physical

humidity between 55% and 65%. The CPETwas performed on a treadmill (MTM–1500 MED by Schiller™
España SA, Madrid, Spain) using a ramp protocol. The participants started walking at 3 km/h for two
minutes, after which the speed increased 0.3 km/h and 1.4% grade every minute to a maximum of 12%
until exhaustion of participants. Participants were asked every 2/3 min to tell if symptoms (as dyspnea,
angina, general discomfort or nausea) appeared, and were verbally encouraged to push themselves [14].

Heart rate was obtained using a 12-lead electrocardiogram (Cardiovit® CS–200 by Schiller™ España S.
A, Madrid, Spain) and blood pressure was measured using a sphygmomanometer (Sphygmomanometer
model Big Ben round® by Riester™, Jungigen, Germany) at rest, at the end of each stage, at peak
exercise, and during recovery (at the first, third and fifth minute after finishing the exercise).

Relative VO2peak (mL·Kg-1·min-1), peak ventilation VE (L·min-1), and respiratory exchange ratio
(RER) were obtained breath-by-breath with an automatic gas analysis system (PowerCube®-Ergo by
Ganshorn™ Medizini Electronic GmbH, Niedlauer, Germany).

The expected VO2peak (mL·Kg-1·min-1) for men and women was obtained with the automatic gas
analysis system (PowerCube®-Ergo by Ganshorn™ Medizini Electronic GmbH, Niedlauer, Germany).
The system calculated this parameter based on the equation published by Wassermann et al. [18] to take
into account various influencing factors, including weight (measured and expected), mode of exercise
(treadmill) and sex. We compared the VO2peak with the expected VO2peak through a percentage of
difference between the observed and the expected. For example, a participant with a value of 20% has a
VO2peak 20% higher than the expected based on their sex and age; alternatively, a participant with a value
of -10% has a VO2peak 10% lower than expected.

2.2.3 International Physical Activity Questionnaire (IPAQ)
The IPAQ [19] short form was used to assess PA levels within the last seven days. With three questions

related to vigorous, moderate or walking activities, the questionnaire distinguishes the activity levels in three
categories: health-enhancing PA (HEPA), minimally active, and inactive [20]. The IPAQ shows an
acceptable reliability and validity, and has been shown to be a valid measurement tool for assessing PA
levels in individuals with CHD [21,22].

2.2.4 Statistical Analysis
Descriptive statistics were calculated for all variables. Continuous variables were expressed as mean and

standard deviation (SD), or median and inter-quartile range (IQR, 3rt quartile–1st quartile) when variables
were not normally distributed. Categorical variables were described as frequency and percentage.

The relation between PA, VO2peak and expected VO2peak was assessed by linear regression analysis and
adjusting for sex (men/women) and exact age (as a continuous variable) of the participants. With 11, 71 and
101 cases of simple, moderate and complex CHD, respectively, we did not have a sample large and balanced
enough to investigate potential differences in the association between PA and AC between CHD severities.
Residuals of the models were checked for normality and heteroscedasticity.
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Statistical analyses were conducted using R software (version 3.6.1) [23]. Statistical significance was set
at an alpha level of 0.05.

3 Results

A total of 100 men and 83 women were included in this study, with a mean (SD) age of 36.9 (11.0) years,
mean height and weight of 167.8 cm and 69.0 kg, respectively, and mean BMI of 24.4 kg/m2. Of the
183 participants and according to the WHO BMI criteria, 13 (7.1%) were classified as underweight,
95 (51.6%) as normal weight, 58 (31.5%) as overweight, and 17 (9.2%) as obese (Tab. 2).

Symptom-limited CPET were performed successfully and without complications in all patients (mean
(SD) respiratory exchange ratio of 1.1 (0.1)).

The clinical diagnosis distribution of the participants is presented in Tab. 3. The most frequent diagnosis
related to severity category was the complex CHD presented in 101 participants (55.2%), followed by
moderate CHD seen in 71 (38.8%) and simple CHD in 11 participants (6%).

Table 2: Descriptive characteristics of study participants

Variables n Mean (n = 183) Minimum Maximum

Age (years) 36.9 (11.08) 18.6 69.7

Sex

Men 100

Women 83

Height (cm) 167.8 (10.8) 115 190

Weight (kg) 69.0 (13.8) 37 103

BMI (kg·m2) 24.4 (4.1) 15.8 38.2

Underweight 13 (7.1%)

Normal 95 (51.6%)

Overweight 58 (31.5%)

Obese 17 (9.2%)

Expected VO2peak (mL·Kg-1·min-1) 33.7 (7.1) 18.9 52.5

VO2peak (mL·Kg-1·min-1) 28.9 (8.8) 9.2 55.1

RER peak 1.1 (0.11) 0.9 1.5

VE peak (L·min-1) 66.9 (20.6) 26.5 125.4

HR rest (bpm) 87 (13) 49 140

HR peak (bpm) 163 (21) 60 201

Physical Activity (MET-min·week-1) 1710 (3268.5) 0 17892

HEPA 60 (32.8%)

Minimally activity 91 (49.7%)

Inactivity 32 (17.5%)
Note: Values tare mean (SD), except for physical activity, which is represented in median (IQR). BMI, body mass index; VO2peak, peak oxygen uptake

expressed in mL·Kg-1·min-1; RER, respiratory exchange ratio; HR, heart rate (beat·min-1); VE, peak ventilation (L·min-1); HEPA, Health-enhancing

physical activity; MET-min·week-1 metabolic equivalent per minute per week.
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3.1 Physical Activity
Median PA reports as assessed by IPAQ were 1710 (IQR 3268.5) MET-min·week-1, oscillating between

0 and 17892.0 MET-min·week-1 (Tab. 2). From 183 participants that answered the IPAQ questionnaire,
60 (32.8%) reported HEPA, 91 (49.7%) reported minimally active, and 32 (17.5%) reported inactivity (Tab. 2).

3.2 Peak Oxygen Uptake in Relation to Aerobic Capacity
The mean (SD) value of VO2peak for all participants was 28.9 (8.8) mL·Kg-1·min-1, ranging from 9.2 to

55.1 mL·Kg-1·min-1 (Tab. 2). On average, VO2peak of the participants was 13% lower than expected for
healthy individuals, with values ranging from 58% lower to 53% higher. Even when excluding from the
analysis the group of individuals with complex CHD (n = 82), results showed that participants with
simple and moderate CDH still presented a reduced VO2peak compared to a healthy population (10%
lower, ranging from 56% lower to 53% higher).

The AC of the participants (estimated by VO2peak) was linearly associated with PA reported by IPAQ,
as shown in Fig. 1. After adjusting for sex and age, an increase of 1000 MET-min·week-1 was associated
with an increase in VO2peak of 0.8 units (95% CI 0.4-1.2; p < 0.001). The association between PA and
VO2peak was similar in men and women (p = 0.427) (Fig. 1). Results were very similar when focusing on
participants without complex CHD (0.8 units of increase per 1000 MET-min·week-1 [95% CI 0.2-1.3;
p = 0.008]; Fig. 1B.

Table 3: Distribution of cases by diagnostic group (n = 183)

n %

Tetralogy of Fallot 40 21,9

Transposition of the great arteries with atrial switch operation 21 11,5

Pulmonary valve stenosis 21 11,5

Single ventricle after Fontan procedure 14 7,7

Atrioventricular canal defect 12 6,6

Congenitally corrected transposition of the great arteries 10 5,5

Ebstein's anomaly 8 4,4

Bicuspid aortic valve 8 4,4

Ventricular septal defect 7 3,8

Aortic coarctation 7 3,8

Anomalous pulmonary venous return 7 3,8

Atrial septal defect 6 3,3

Aortic stenosis 6 3,3

Miscellaneous* 5 2,7

Transposition of the great arteries with arterial switch operation 5 2,7

Truncus arteriosus 2 1,1

Congenital mitral valve disease 2 1,1

Tricuspid valve regurgitation 2 1,1
Note: *Miscellaneous (5): 1 atrial septal defect with pulmonary valve disease; 1 pulmonary atresia with ventricular septal defect; 1 ductus arteriosus;
1 double-outlet right ventricle; 1 interventricular septum aneurysm.
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Similarly, most individuals had an observed VO2peak lower than the expected according to their sex and
age. However, the difference between observed and expected VO2peak was smaller as PA reported by IPAQ
increased. An increase of 1000 MET-min·week-1 was associated with a 2.1% (95% CI 1.0–3.1%; p = 0.001)
improvement in the value of VO2peak compared to the expected VO2peak in a healthy population (Fig. 2).
Results were similar when considering only participants without complex CHD (1.5% improvement in
the value of VO2peak compared to a healthy population [95% CI 0.01-3.0; p = 0.048] (Fig. 2B).

4 Discussion

This study describes the association between the self-reported PA questionnaire (IPAQ-short form) and
the objectively measured CPET in a cohort of adults, including both women and men, with CHD from
Catalonia (Spain). The objective of the study was to evaluate the association between PA level and AC in
adults with CHD and assess if increasing levels of PA could improve the AC of adults with different CHD.

Previous studies have pointed out the importance of CPET as a gold standard test to provide information
such as AC, hemodynamic parameters, blood pressure and electrocardiographic parameters, as the
information obtained in this test is a prognostic factor in CHD [14]. The cardiopulmonary parameter
VO2peak has been demonstrated to be valuable in complementing other clinical information to optimize

Figure 1: Aerobic capacity (VO2peak) depending on physical activity (MET-min·week-1) in men and women

Figure 2: Percentage of differences between observed and expected VO2peak depending on physical activity
(MET-min·week-1) in men and women
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risk stratification for cardiac transplantation, medical device therapy (e.g., implantable cardioverter-
defibrillator and cardiac resynchronization therapy) and for a variety of pre-surgical evaluations [24].

A study conducted by Diller et al. [25] assessed a group of 335 adults with CHD and suggested a
VO2peak of 15.5 mL·Kg-1·min-1 as a cut-off point for predicting cardiac events. In our sample, only four
female participants had VO2peak lower than the suggested cut-off point. These four participants had
VO2peak between 9.2 and 11.3 mL·Kg-1·min-1. Our other participants, despite showing a generally lower
VO2peak than a healthy population, they individually showed a higher value than the cut-off reported by
Diller et al. [25].

Importantly, despite the reported lower VO2peak, the AC of people with CHD improved with increasing
levels of PA, suggesting that VO2peak can reach values similar to the estimated for healthy people of the
same age and sex at the highest levels of PA. These results are in agreement with Müller et al. [21] who
demonstrated that adults with CHD that reported HEPA are less likely to present diminished exercise
capacity. In total 80.2% of his sample were physically active, while in our sample 82.5% reported PA
meeting the recommended activity per day to remain healthy (minimum of at least 600 MET-min·week-1).
In our study, we demonstrate a positive linear association between PA and AC that emphasizes that
increasing the practice of PAmay improve the physical condition of people with CHD, even at lower AC levels.

According to Hambrecht et al. [26], to reduce the risk for cardiovascular disease in a healthy population,
including improvement of endothelial function and reduction of lipid accumulation in the arterial wall, it is
necessary a minimum of 1500 MET-min·week-1. In our study, 32.8% of the participants that reported HEPA
were above this threshold of PA level for cardiovascular prevention. The relatively high median PA (1710
(IQR 3268.5) MET-min·week-1) in our population of study suggests that the adults with CHD may be
receptive to advice about meeting the minimum recommendations for physical activity and regardless of
the complexity of the CHD, the functional impact of the residual heart injury is less significant in terms
of daily PA. However, while PA was on average higher than the threshold for cardiovascular prevention,
AC was low compared to the expected VO2peak based on the Wasserman equation for healthy individuals
[18], showing that, even at higher than recommended levels of PA, people with CHD tend to present
reduced AC (even when only considering the group of simple and moderate CHD).

There are some limitations in this study. On one hand, these findings could be affected by the subjective
nature of the instrument for measuring PA (i.e., self-reported questionnaires). An earlier study by Dua et al.
[3] with 61 adults with CHD comparing self-reported with accelerometer-based measurements of PA levels
describes that most participants had relatively low levels of PA, but that these low activity levels were not
mirrored in the self-reported PA questionnaire. A possible explanation for this result could be that the
final classification of PA level by self-report PA questionnaires (for example, IPAQ) use the total amount
of MET-min·week–1. Therefore, high levels of PA could be reached at the expenses of light activities,
such as walking, and not due to engagement in moderate to vigorous intensity PA activities. Such
characteristics make it more difficult to interpret the effect of PA, and particularly those who are
minimally active, on the AC of people with CHD. Another possible limitation of the study is the
unbalanced number of participants classified with different CHD severities. Given the much lower
number of patients diagnosed with a simple CHD, we could not adjust our model for CHD severity. The
association between PA and AC could differ between CHD severities: for instance, it could be
hypothesized that AC of people with simple CHD could improve faster with increasing PA. We argue,
therefore, that this should be considered in future research.

The study emphasizes the importance of sports science professionals as a team with the health
professionals when making decisions about the prescription and monitoring of PA in adults with CHD. It
is very important to note that higher levels of PA in adults with CHD might improve their AC, and
hence, PA prescription should be taken into consideration. Encouraging this collective to an active
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lifestyle, including PA to improve AC is the most important goal of prescription. However, despite the
apparent capability of PA to improve the AC of people with CHD, it is important to highlight that (1) the
prescription of PA aimed at adults with CHD should be individualized and tailored with controlled
intensity when the objective is to improve AC and cardiovascular prevention; (2) the control of weight
(under, overweight and obesity) in this population is part of their cardiovascular prevention, and could
influence the CPET results, considering the relative VO2peak.

Finally, we emphasize that (1) the association between PA reported by IPAQ and AC estimated through
VO2peak highlights that the combination between the self-reported questionnaire IPAQ and CPETcan provide
important clinical information that can be used to prescribe moderate or vigorous exercise, depending on the
CHD, before beginning an exercise program, and (2) the IPAQ is an useful and valid instrument for
estimating PA in clinical practice when there are no objective instruments available. According to the
Guidelines for the Management of Adults with Congenital Heart Disease [27], daily PA should be
monitored and controlled in order to improve the physical condition of this population.

5 Conclusion

AC in adults with CHD was generally low compared to the expected VO2peak values in a healthy
population. However, we demonstrated higher levels of VO2peak associated with increasing levels of PA.
These findings suggest that when the goal is to improve AC among adults with CHD, an increase in PA
should be recommended. Future studies are needed to determine the intensity of PA appropriate to
improve AC in adults with CHD of different severities.
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