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Abstract: As physical activity contributes to quality of life and health, we evaluated its association, as measured by 
the Global physical activity (GPAQ) questionnaire, on the quality of life (QoL) and serum glucose and cholesterol lev-
els of patients with congenital heart disease (CHD). This cross-sectional study was carried out in 200 adult patients 
with CHD (17 to 58 years old), of whom 45 had simple defects, 122 moderate defects and 33 great anatomical 
complexity defects. Physiological complexity was defined as stage A in 74 patients, stage B in 29, stage C in 86 and 
stage D in 11. The energy expenditure was below 600 Metabolic Equivalent of Task (MET)-minutes per week in 56 
(28%) patients, while 144 (72%) were above 600 MET-minutes per week. Physically inactive patients with CHD were 
significantly more dyslipidemic than active ones, but no significant differences in serum glucose and cholesterol 
levels were observed. Logistic regression analysis showed that physical activity was associated with a better QoL rat-
ing [0.28 (0.10-0.17), P=0.014] and health satisfaction [0.24 (0.09-0.62), P=0.003]. Physically active patients with 
CHD scored 7.7 and 8.9 points higher, on a 100-point scale, in the physical and social relationships domains respec-
tively, than physically inactive ones. No significant differences were seen in the psychological and the environment 
domains associated with physical activity. Additionally, a worse New York Heart Association (NYHA) functional class 
(≥ 2) was identified as a risk factor for dissatisfaction with health [OR 7.48, 95% CI (1.55-47.14), P=0.020], having 
a significantly negative impact of 8.5 and 7.6, on a 100-point scale, in the physical and psychological domains re-
spectively. In conclusion, physically active patients with CHD had a better QoL assessment, were more satisfied with 
their health and scored higher in the physical and social relationships domains.
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ment

Introduction

Physical activity (PA) is a substantial contribu-
tor to global health and has a significant impact 
on the burden of chronic non-communicable 
diseases [1]. As more children and adults with 
congenital heart disease (CHD) increase their 
life expectancy [2], it has become a topic of 
interest to know whether PA could influence 
and, to what extent, the disease burden of 

adult CHD patients. To date, it is known that 
CHD patients are less physically active [3-5], 
even though physical fitness has been heavily 
associated with future health outcomes in this 
population [6-9]. In fact, research on patients 
with CHD show that, even in complex disease 
scenarios, routine moderate exercise is safe 
and can be beneficial. Likewise, PA has shown 
to have a positive impact on the quality of life 
(QoL), independently of age, PA, and health sta-
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tus [10], and on serum lipid [11] and glucose 
[12] levels. Because most of these studies 
have focused on the anatomical classification, 
and not according to their physiological stage, 
the latest American guidelines for the manage-
ment of adults with CHD have proposed a new 
classification scheme, combining the patient’s 
both anatomic complexity and physiological 
stage in order to shed light on the subject.

Therefore, the objective of this study was to 
determine (a) how PA assessment varied ac- 
cording to this new anatomic and physiologi- 
cal classification system proposed for CHD 
patients, (b) how physical activity level influ-
enced their QoL and (c) evaluate the effect of 
physical activity on their lipid and serum glu-
cose levels.

Material and methods

Subjects

Two hundred consecutive patients were recruit-
ed from a single outpatient CHD unit between 
October 2018 and April 2019. Inclusion criteria 
were being, at least, 16 years old, with struc-
tural CHD verified by cardiac imaging. Excluded 
from the study were patients unable to answer 
the survey, those who did not want to partici-
pate or with a life expectancy of less than one 
year. The researchers conducted the physical 
activity and QoL questionnaires in a face-to-
face interview after ensuring their ability to 
understand them. Either patients or their legal 
representatives gave written informed consent 
to participate in the study, which was approved 
by the Hospital’s Ethics Committee (CEIc/CEIm 
890) and was performed in accordance with 
The Code of Ethics of the World Medical 
Association (Declaration of Helsinki) for experi-
ments involving humans.

Clinical data

Patients with CHD were classified into diagnos-
tic groups, according to the newly elaborated 
AHA/ACC guidelines, that aim to capture the 
complexity of CHD anatomy and physiology. 
Cardiac defects were categorized as simple, 
moderate, or those of great complexity, from an 
anatomical point of view, and the physiological 
stage was graded as A, B, C and D from lower  
to greater severity. Physiological variables in- 
cluded, among others, cyanosis, arrhythmias, 

hemodynamic sequelae, Eisenmenger syndro- 
me or functional class according to the New 
York Heart Association (NYHA) [13]. Other clini-
cal variables were systemic arterial hyperten-
sion, diabetes mellitus, dyslipidaemia and sm- 
oking habit, as previously reported [14]. Body 
weight and height were measured when the 
patients were wearing light clothes and bare-
foot and the body mass index (BMI) was calcu-
lated by the formula weight (kg)/[height (m) x 
height (m)]. The education level (none, primary, 
middle or university) and marital status (single, 
divorced, separated, cohabit, married or wid-
ower) were also recorded. 

Global physical activity questionnaire (GPAQ)

The GPAQ was used to measure subjective PA 
[15]. It has a total of 16 questions that assess 
sedentary behavior and three domains where 
PA was evaluated: work, transport, and leisure-
time PA. Calculation of the overall PA was done 
according to the guidelines on the GPAQ [16]. 
The participants were asked about the intensi-
ty, frequency, and duration of the three domains 
of PA: 1) at work; 2) during travel or transport 
and 3) during recreational or leisure time. Ac- 
cording to the GPAQ, a metabolic equivalent of 
task (MET) value of 4 was assigned for moder-
ately intense PA and a value of 8 was assigned 
for vigorously intense PA. The assigned value 
MET was then multiplied by the number of days 
per week of PA and duration on a typical day for 
each domain to create a PA score as the me- 
tabolic equivalent of task-minutes per week 
(MET-minutes/week). According to WHO guide-
lines, insufficient PA scores below 600 MET-
minutes/week of total energy expenditure, so 
patients with CHD were classified into two 
groups: individuals who achieved the recom-
mended PA levels (≥ 600 MET-minutes/week) 
and those considered as physically inactive (< 
600 MET-minutes/week) [16].

World Health Organization (WHO) QoL-BREF 
questionnaire

QoL was defined as an individual’s satisfaction 
with his or her perceived life comparing with his 
or her ideal life. The WHO QoL-BREF instrument 
comprises 26 items, which measure the follow-
ing broad domains: physical health, psychologi-
cal health, social relationships, and environ-
ment [17]. In addition, the WHO QoL-BREF 
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questionnaire includes two stand-alone ques-
tions, one pertaining to the respondents’ rated 
QoL and one related to their satisfaction with 
their health status. Domain scores of the WHO 
QoL-BREF instrument scale in a positive direc-
tion: 1 point meant nothing, 2 points very little, 
3 points more or less, 4 points very much and 5 
points extremely. Scores were transformed to a 
0-100 scale as recommended [17]. The first 
two stand-alone questions including five-point 
response categories were dichotomized to 0: 
very poor/poor/neither poor nor good overall 
and 1: good/very good overall. The same 
applies to satisfaction with health status (0: 
very dissatisfied/dissatisfied/neither satisfied 
nor dissatisfied and 1: satisfied/very satisfied).

Blood testing

Blood tests were carried out on the following 
days after completing the survey. After an over-
night fast of at least 10 hours blood samples 
were drawn for the measurements by spectro-
photometric methods of plasma glucose, total 
cholesterol, low-density lipoprotein (LDL) cho-
lesterol, high-density lipoprotein (HDL) choles-
terol, and triglycerides (TG) (in milligrams per 
deciliter) using an Olympus AU 2700 chemistry 
analyzer (Olympus Diagnostic, Hamburg, Ger- 
many). 

Statistical analysis

Quantitative variables were expressed as mean 
and standard deviation or median and quar-
tiles (5-95), depending on the normality of dis-
tribution, by using the Kolmogorov-Smirnov 
test. Qualitative variables were expressed as 
percentages. The association between cate-
gorical variables was examined by using the 
Pearson chi-square test (χ2), while the Fisher 
exact test was used instead for small sample 
sizes. Continuous data were compared by 
Student’s t-test or Mann-Whitney test for vari-
ables with or without normal distribution, 
respectively. Logistic regression analysis was 
performed to predict the two questions treated 
as binary outcomes in the WHO QoL-BREF 
questionnaire (QoL rating and satisfaction with 
health) and check the association between 
them and covariates. The technique of genetic 
algorithms was used to select the most optimal 
variables for the logistic regression model. The 
fitness function was used to minimize the 
Akaike information criterion error. To check the 

multicollinearity between the variables the va- 
riance inflation factor was calculated. Multiple 
linear regression was used to predict numeri- 
cal variables (the 4 domains of the WHO QoL-
BREF questionnaire) and check the associa-
tions between them and covariates. The statis-
tical program used was the R Core Team 2019, 
version 3.6.1 (R Foundation for Statistical 
Computing, Vienna, Austria). 

Results

CHD population

Two hundred out of 204 patients with CHD, 
median age 28 (17-58) years old and 102 (60%) 
male patients accepted their participation and 
were included in the study. Four patients with 
Down syndrome, unable to answer the ques-
tionnaire, were excluded. No patient was ruled 
out due to a life expectancy of less than one 
year. According to anatomical complexity, 45 
patients had simple defects, 122 moderate 
defects and 33 great complexity defects. Me- 
anwhile, according to physiological complexity, 
74 patients were in stage A, 29 in stage B, 86 
in stage C and 11 in stage D. Table 1 shows  
the classification of the different types of CHD 
according to their anatomical and physiological 
classification. 

PA according to the CHD anatomical and physi-
ological classification

The analysis of demographic, clinical, and phys-
ical activity data in patients with CHD according 
to the anatomical classification showed no sig-
nificant differences when age, BMI, cardiovas-
cular risk factors, educational level or marital 
status were compared between patients with 
mild, moderate or great anatomical complexity, 
with the exception of vigorous physical activity 
at work, which was significantly lower in the 
group of great anatomical complexity (Table 2). 
Likewise, no significant differences were seen 
when cardiovascular risk factors, sex and any 
of the physical activity parameters were com-
pared among patients with CHD according to 
their physiological stage (Table 3). 

PA, clinical variables, and QoL in CHD patients

When PA was considered, 56 (28%) patients 
with CHD exercised below 600 MET-minutes 
per week and 144 patients (72%) had energy 
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Table 1. Congenital heart disease (CHD) anatomical and physiological classification

Types of congenital heart disease, n Anatomical
Physiological

A B C D
Simple defects 
    Native disease
        Isolated small ASD 1 0 1 0 0
        Isolated small VSD 20 9 7 4 0
        Mild isolated pulmonary stenosis 2 2 0 0 0
        Mild repaired conditions 1 1 0 0 0
        Previously ligated or occluded ductus arteriosus 2 2 0 0 0
        Repaired secundum ASD or sinus venous defect without significant shunt 10 8 0 2 0
        Repaired VSD without significant shunt 9 2 2 5 0
        Total of simple CHD defects 45 24 1 11 0
Moderate defects
    Repaired or unrepaired conditions
        Aorto-left unrepaired conditions 1 0 1 0 0
        Anomalous pulmonary venous connection 1 0 0 1 0
        AVSD partial or complete 21 7 3 9 2
        Congenital aortic stenosis 16 6 1 9 0
        Congenital mitral valve disease 1 0 0 1 0
        Coarctation of the aorta 22 18 2 2 0
        Ebstein anomaly (spectrum from mild to severe) 2 0 0 2 0
        Pulmonary valve regurgitation (moderate or greater) 21 3 5 13 0
        Peripheral pulmonary stenosis 2 1 0 0 1
        Subvalvular aortic stenosis 7 0 1 6 0
        Repaired Tetralogy of Fallot 27 6 3 17 1
        VSD with a great shunt 1 0 0 0 1
        Total of moderate CHD defects 122 41 16 60 5
Great defects
    Cyanotic CHD (unrepaired or palliated, all forms) 1 0 0 0 1
    Double outlet right ventricle 4 2 0 2 0
    Fontan procedures 1 0 0 1 0
    Single ventricle 2 0 0 0 2
    Pulmonary atresia 6 3 0 1 2
    Dextro and Levo transposition of the great arteries 18 4 2 11 1
    Truncus arteriosus 1 0 1 0 0
    Total of great CHD defects 33 9 3 15 6
Total of CHD patients 200 74 29 86 11
n: number of patients, CHD: congenital heart disease, ASD: Atrial septal defect, VSD: Ventricular septal defect, AVSD: atrioven-
tricular septal defect.

expenditure above 600 MET-minutes per week. 
Physically inactive patients with CHD were sig-
nificantly more dyslipidemic than active ones 
(Table 4). Also, but without reaching statistical 
significance, physically inactive CHD patients 
had higher total and LDL-cholesterol levels and 
were more diabetic and hypertensive than 
physically inactive ones. In relation to the QoL 
test, physically inactive patients with CHD had 

a significantly lower rated QoL, were less happy 
with their lives, needed more medical treat-
ment, seemed less energetic and referred a 
lower capacity to work than physically active 
patients with CHD. The median values of the 4 
domains and the two stand-alone questions of 
the WHO QoL-BREF questionnaire, in physically 
active and inactive patients with CHD are 
shown (Table 4).
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Table 2. Demographic, clinical, and physical activity data in CHD patients according to anatomical 
classification

CHD anatomical classification
P

Mild Moderate Great
Number of patients 45 122 33
Age, years 23 (16-70) 30 (16-55) 29 (17-48) 0.185
Sex (male), n 30 (67) 69 (57) 21 (64) 0.445
BMI, kg/m2 23 (17-34) 24 (17-35) 24 (17-38) 0.991
Arterial hypertension, n 4 (9) 11 (9) 2 (6) 0.859
Diabetes mellitus, n 2 (4) 3 (2) 2 (6) 0.562
Dyslipidaemia, n 8 (12) 16 (13) 1 (3) 0.143
Smoking, n 3 (7) 7 (5) 2 (6) 0.975
Down syndrome, n 3 (7) 10 (8) 1 (3) 0.584
Educational levels 0.064
    None, n 6 (13) 10 (8) 0 (0)
    Primary, n 13 (29) 29 (24) 3 (9)
    Medium, n 20 (44) 67 (56) 26 (78)
    University, n 6 (13) 16 (13) 4 (12)
Marital status 0.508
    Single, n 35 (78) 85 (70) 24 (73)
    Divorced, n 1 (2) 1 (1) 0 (0)
    Separated, n 4 (9) 18 (15) 4 (12)
    Cohabit, n 0 (0) 3 (2) 0 (0)
    Married, n 5 (11) 15 (12) 4 (12)
    Widower, n 0 (0) 0 (0) 1 (3)
Physical activity
    At work vigorous, min/week 0 (0-1506) 0 (0-1692) 0 (0-0) 0.023
    At work moderate, min/week 0 (0-2142) 0 (0-2502) 0 (0-2688) 0.717
    Transportation, min/week 100 (0-576) 70 (0-840) 140 (0-1422) 0.483
    Leisure vigorous, min/week 0 (0-564) 0 (0-436) 0 (0-696) 0.750
    Leisure moderate, min/week 0 (0-555) 0 (0-420) 0 (0-693) 0.541
    Total of time, min/week 280 (0-3588) 400 (0-3810) 450 (0-3822) 0.894
    Time spent sitting, min/week 300 (60-840) 360 (64-840) 360 (60-858) 0.780
    Total METs a week 1260 (0-20736) 1680 (0-19860) 1800 (0-15288) 0.937
    Physical activity (> 600 MET)ʅ, n 35 (78) 86 (70) 23 (70) 0.610
n: number of patients, CHD: congenital heart disease, NYHA: New York Heart Association. ʅPhysical activity is measured in MET-
minutes per week. The data are expressed as median and percentiles (5-95), mean and standard deviation and number and 
percentages.

Logistic and linear regression analysis

Logistic regression analysis revealed PA as a 
protective factor associated with a better QoL 
rating [0.28 (0.10-0.17), P=0.014] and health 
satisfaction [0.24 (0.09-0.62), P=0.003] (Table 
5). Similarly, physically active patients with CHD 
scored 7.7 and 8.9 points higher, on a 100-
point scale, in the physical and social relation-
ships domains respectively than physically 
inactive ones. However, physical activity scores 

did not obtain statistical significance in the  
psychological and environment domains after 
applying the genetic algorithms technique to 
select those optimal variables for the predic- 
tive model. A worse NYHA functional class (≥ 2) 
was a risk factor for dissatisfaction with health 
[7.48 (1.55-47.14), P=0.020] having a signifi-
cantly negative impact of 8.5 and 7.6, on a 
100-point scale, in the physical and psycholo- 
gical domains, respectively. Finally, having a 
physiological stage C or D did not influence the 
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Table 3. Demographic, clinical, and physical activity according to physiological classification
CHD physiological classification

P
Stage A Stage B Stage C Stage D

Number of patients 74 29 86 11
Age, years 25 (16-53) 24 (16-52) 32 (17-60) 35 (17-57) 0.005
Sex (male), n 45 (61) 19 (65) 49 (57) 7 (63) 0.885
BMI, kg/m2 24 (18-38) 22 (17-34) 24 (17-38) 24 (18-28) 0.496
Arterial hypertension, n 5 (7) 3 (10) 9 (10) 0 (0) 0.601
Diabetes mellitus, n 2 (3) 0 (0) 5 (6) 0 (0) 0.399
Dyslipidaemia, n 4 (5) 1 (3) 6 (7) (0) 0.744
Smoking, n 1 (1) 1 (3) 9 (10) 1 (9) 0.094
Educational levels 0.811
    None, n 6 (8) 2 (7) 5 (6) 1 (9)
    Primary, n 14 (19) 9 (31) 20 (23) 2 (18)
    Medium, n 42 (57) 16 (55) 49 (57) 8 (73)
    University, n 12 (16) 2 (7) 12 (14) 0 (0)
Marital status 0.448
    Single, n 61 (82) 23 (80) 51 (60) 9 (82)
    Divorced, n 0 (0) 0 (0) 2 (2) 0 (0)
    Separated, n 5 (7) 3 (10) 18 (21) 0 (0)
    Cohabit, n 0 (0) 0 (0) 1 (1) 0 (0)
    Married, n 8 (11) 2 (7) 12 (14) 2 (18)
    Widower, n 0 (0) 1 (3) 2 (2) 0 (0)
Physical activity
    At work vigorous, min/week 0 (0-1980) 0 (0-780) 0 (0-1548) 0 (0-0) 0.670
    At work moderate, min/week 0 (0.2182) 0 (0-3060) 0 (0-2628) 0 (0-2520) 0.639
    Transportation, min/week 100 (0-693) 150 (0-945) 70 (0-840) 0 (0-840) 0.946
    Leisure vigorous, min/week 0 (0-450) 0 (0-660) 0 (0-450) 0 (0-480) 0.444
    Leisure moderate, min/week 0 (0-630) 0 (0-435) 10 (0-630) 0 (0-225) 0.190
    Total of time, min/week 420 (0-3252) 420 (55-3795) 322 (0-4126) 600 (0-2520) 0.735
    Time spent sitting, min/week 300 (60-840) 360 (60-900) 300 (60-720) 480 (90-960) 0.576
    Total METs a week 1680 (0-22032) 2840 (220-15740) 1500 (0-19710) 2520 (0-10080) 0.716
    Physical activity (> 600 MET)ʅ, n 56 (76) 23 (79) 59 (69) 6 (55) 0.331
n: number of patients, CHD: congenital heart disease, NYHA: New York Heart Association. ʅPhysical activity is measured in MET-minutes per 
week. The data are expressed as median and percentiles (5-95), mean and standard deviation and number and percentages.

rated QoL, the satisfaction with health and any 
of the four domains of the QoL test. 

Discussion

The increase in life expectancy of individuals 
with CHD has created the need to analyze their 
QoL in order to evaluate treatments, to increase 
self-efficacy, social and psychological support 
and to provide health education. As PA has 
well-documented benefits for fitness, psycho-
logical well-being, and social interaction, as 
well as a positive effect preventing the risk of 
acquired heart disease, we wished to analyze 
its effects on the QoL of patients with CHD 
according to their most recent classification. 

Physical activity (PA) is defined as bodily move-
ment, produced by the contraction of skeletal 

muscle, that increases energy expenditure 
above the basal level, a concept that incor- 
porates all types of physical movement and  
not solely those designated as exercise. Ques- 
tionnaires are effective tools to assess PA and 
have been widely used in population-based 
samples due to its low cost and its capacity to 
collect detailed information [18]. One of the 
most widely used is the GPAQ questionnaire 
[19-21], developed by the WHO for physical 
activity surveillance, as it has high levels of 
agreement with objective measurements [22]. 

The contribution of physical activity to QoL has 
been known for centuries, appearing to be a 
graded linear relationship between the volume 
of physical activity and physical health [23, 24], 
as also seen in our series. In this context, there 
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Table 4. Demographic and clinical data according to physical activity and inactivity
Physical Activity (Mets-minute/week)

P
< 600 Mets ≥ 600 Mets

Number of patients 56 144
Age, years 26 (19-58) 29 (16-53) 0.900
Sex (male), n 31 (55) 89 (62) 0.403
BMI, kg/m2 24 (17-36) 24 (17-35) 0.834
Arterial hypertension, n 8 (14) 9 (6) 0.067
Diabetes mellitus, n 4 (7) 3 (2) 0.080
Dyslipidaemia, n 12 (21) 13 (9) 0.017
Smoking, n 5 (9) 7 (5) 0.277
Down syndrome, n 5 (9) 9 (6) 0.505
NYHA functional class (≥ 2), n 12 (21) 15 (10) 0.038
Educational levels 0.604
    None, n 4 (7) 12 (8)
    Primary, n 15 (27) 30 (21)
    Medium, n 28 (50) 85 (59)
    University, n 9 (16) 17 (12)
Marital status 0.494
    Single, n 45 (80) 99 (69)
    Divorced, n 1 (2) 1 (1)
    Separated, n 5 (9) 21 (14)
    Cohabit, n 0 (0) 3 (2)
    Married, n 5 (9) 19 (13)
    Widower, n 0 (0) 1 (1)
CHD anatomical classification 0.616
     Mild, n 10 (18) 35 (24)
    Moderate, n 36 (64) 86 (60)
    Great, n 10 (18) 23 (16)
CHD physiological classification 0.331
    Stage A, n 18 (32) 56 (39)
    Stage B, n 6 (11) 23 (16)
    Stage C, n 27 (48) 59 (41)
    Stage D, n 5 (9) 6 (4)
WHO QoL-BREF questionnaire
    Good QoL rating, n 42 (75) 126 (87) 0.014
    Satisfied with own health, n 38 (68) 123 (85) 0.002
    Physical health domain, 0-100 scale 63 ± 22 72 ± 17 0.007
    Psychological domain, 0-100 scale 67 ± 18 71 ± 17 0.129
    Social relationships domain, 0-100 scale 64 ± 23 73 ± 20 0.010
    Environment domain, 0-100 scale 65 ± 18 68 ± 15 0.438
Blood test data
    Serum glucose, mg/dL 95 (75-130) 94 (81-116) 0.692
    Total cholesterol, mg/dL 166 (92-240) 153 (106-230) 0.835
    LDL cholesterol, mg/dL 94 (36-158) 84 (47-144) 0.490
    HDL cholesterol, mg/dL 49 ± 10 50 ± 11 0.678
    Triglycerides, mg/dL 83 (35-334) 86 (43-214) 0.632
n: number of patients, CHD: congenital heart disease, BMI: body mass index, LDL: Low-density lipoprotein, HDL: High-density 
lipoprotein, QoL: quality of life. The data are expressed as median and percentiles (5-95), mean and standard deviation and 
number and percentages.
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Table 5. Logistic and linear genetic algorithms analysis of quality of life in CHD patients

Logistic regression
Genetic algorithms analysis*

b SE OR CI (95%) P
QoL rating
    METs (≥ 600 METs-minute/week) -1.26 0.51 0.28 0.10-0.17 0.014
    Sex (female) 0.75 0.50 2.11 0.79-5.82 0.137
    BMI (kg/m2) 0.10 0.05 1.10 1.01-1.21 0.030
    Educational level (Medium & University) -0.78 0.52 0.46 0.17-1.29 0.130
    Marital status (Cohabit & Married) 1.66 0.59 5.25 1.60-17.05 0.005
Satisfaction with health
    METs (≥ 600 METs-minute/week) -1.42 0.48 0.24 0.09-0.62 0.003
    Age (years) 0.03 0.02 1.03 1.0-1.07 0.060
    BMI (kg/m2) 0.11 0.04 1.11 1.02-1.22 0.010
    Cardiovascular risk factors† (yes) -1.13 0.70 0.32 0.07-1.15 0.110
    NYHA functional class (≥ 2) 2.01 0.85 7.48 1.55-47.14 0.020
    CHD complexity (great) -2.60 0.97 0.07 0.01-0.42 0.007
    CHD physiological stage (C & D) 0.85 0.55 2.34 0.78-6.90 0.120
Linear regression b SE CI (95%) p
Physical health domain
    METs (≥ 600 METs-minute/week) 7.74 2.70 2.41-13.06 0.005
    Sex (female) -4.03 2.45 -8.86-0.80 0.101
    Age (years) -0.32 0.10 -0.51--0.12 0.001
    BMI (kg/m2) -0.73 0.24 -1.21--0.26 0.003
    NYHA functional class (≥ 2) -8.54 3.49 -15.42--1.66 0.015
    Educational level (Medium & University) 4.39 2.84 -1.21-9.98 0.120
Psychological domain
    Sex (female) -3.52 2.45 -8.35-1.31 0.150
    BMI (kg/m2) 0.69 0.23 -1.15--0.23 0.003
    NYHA functional class (≥ 2) -7.64 3.43 -14.10--0.57 0.034
    Educational level (Medium & University) 3.91 2.78 -1.57-9.39 0.160
Social relationships domain
    METs (≥ 600 METs-minute/week) 8.93 3.47 2.08-15.78 0.010
    Age (years) -0.27 0.12 -0.5--0.03 0.030
Environment domain
    BMI (kg/m2) -0.39 0.22 -0.83-0.04 0.080
    Cardiovascular risk factors† (yes) -5.21 3.11 -11.35-0.94 0.100
n: number of patients, CHD: congenital heart disease, BMI: body mass index, NYHA: New York Heart Association. b: beta 
coefficient, SE: standard error, OR: Odds ratio, CI: confidence interval. *A multivariable analysis was carried out by introduc-
ing the variables: MET, sex, age, BMI, †cardiovascular risk factors (if the patient had arterial hypertension, diabetes mellitus, 
dyslipidaemia or he/she was a smoker), NYHA functional class, CHD anatomical and physiological classification, study level 
and marital status. Subsequently, the genetic algorithms technique was applied to select only those optimal variables for the 
predictive model. Bootstrapping technique confirmed the results. Variables that were not significant do not appear in the table.

is compelling evidence that regular physical 
activity improves physical fitness and contrib-
utes to the primary and secondary prevention 
of several chronic diseases not only in the gen-
eral population [24] but also in patients with 
CHD [25]. 

Regarding psychological health, the second of 
the four domains assessed, previous cross-

sectional and longitudinal studies have indicat-
ed that aerobic exercise training may have anti-
depressant and anxiolytic effects protecting 
against the harmful consequences of stress 
[26]. In fact, physical activity appears to be pro-
tective against anxiety disorders in clinical and 
nonclinical populations and the mechanisms 
through which exercise produces these effects 
are likely to involve a combination of biological 
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and psychological factors [27]. Participating in 
moderate-to-vigorous physical activity over lon-
ger durations (weeks or months of regular phys-
ical activity) reduces symptoms of anxiety in 
adults and the risk of developing depression 
[28]. Likewise, current evidence suggests that 
sport practice has positive effects on child’s 
and adolescent’s wellbeing when maturity sta-
tus and training load are managed appropriate-
ly [29]. This is particularly relevant in patients 
with CHD, as they continue to face psychosocial 
and environmental challenges due to impaired 
peer relationships, family overprotection or 
physical activity restriction [30]. In our series, 
no significant differences were seen in the psy-
chological domain between our physically ac- 
tive and inactive patients with CHD, probably 
because carrying out physical activity ≥ 600 
MET-minutes per week does not necessarily 
mean performing regular and constant physical 
activity, which is the one that has been mainly 
associated with an improvement in psychologi-
cal parameters. On the other hand, an inverse 
relationship between leisure-time physical ac- 
tivity and mental health has been reported 
[31], some authors proposing that the social 
relationships that accompany sports may ex- 
plain some of its more positive effects [26], 
which could explain why our physically active 
patients with CHD scored significantly higher in 
the social relationships domain than inactive 
ones.

Finally, being physically active or inactive was 
not associated with either having a worse ana-
tomic class or a more advanced physiological 
stage, according to the latest American gui- 
delines [32]. On the contrary, patients with a 
worse NYHA functional class (≥2) scored sig- 
nificantly lower in the physical and psychologi-
cal health domains than patients in class I. This 
is probably due to the fact that functional sta-
tus, as determined by the NYHA classification, 
is the most important physiological variable 
and that others, such as the existence of mod-
erate valvular heart disease, residual shunt or 
dilation of the aorta, do not provide relevant 
information in terms of clinical situation or pr- 
ognosis in the short to medium term. Therefore, 
the NYHA functional class may have a higher 
impact on physical activity than the severity 
itself, as it has been previously reported [30, 
33, 34]. 

Serum cholesterol and glucose levels were not 
significantly different between physically active 
and inactive patients with CHD. On one hand, 
other authors have found no relation between 
moderate-to-vigorous physical activity and LDL 
cholesterol levels in adolescents [35] and adult 
[36]. Interventions targeting sedentary behav-
ior reductions alone or combined with increas- 
ed physical activity, have found evidence of 
effectiveness in the improvement, to a small 
degree, of some cardio metabolic risk biomark-
ers, such as weight loss, systolic blood pres-
sure or high-density lipoprotein cholesterol 
[37]. However, unlike HDL cholesterol, the ef- 
fect of exercise on LDL cholesterol is inconsis-
tent [38]. On the other hand, although numer-
ous studies have shown that decreased physi-
cal is associated with altered glucose metabo-
lism [39] we found no significant differences 
between our physically active and inactive pa- 
tients with CHD, maybe because of their young 
age and the lack of significance in their BMI.

We acknowledge some limitations of our study. 
First, although PA questionnaires have been 
demonstrated as a feasible, cost-effective, and 
useful tool for detecting physically inactive 
adult patients with CHD, self-reported instru-
ments may overestimate physical activity levels 
in comparison with accelerometers or pedom-
eters [40]. In addition, the face-to-face inter-
view may reduce self-consciousness and lead 
to variation in responses. Secondly, we mea-
sured physical activity depending on whether it 
was vigorous or moderate, irrespective of the 
sport type or job. Thirdly, a cross-sectional 
design does not allow making causal infer-
ences, so, it remains unclear whether physical 
activity leads to a better QoL or whether 
patients who have a better QoL just exercise 
more. Finally, patients with CHD represent a 
heterogeneous population and the number of 
patients with great anatomical complexity and 
high physiological stage was relatively low so  
it may be difficult to draw final conclusions. 
Nonetheless, considering that patients with 
CHD involved in a greater physical activity show 
a better QoL and that routine moderate exer-
cise is safe [41], even in cases of great com-
plexity [8], physical activity of moderate inten-
sity may be recommended unless a medical 
restriction is imposed [42]. In fact, only those 
patients with severe structural, hemodynamic 
or electrophysiological, sequelae or symptom-



Physical activity in congenital heart disease

62 Am J Cardiovasc Dis 2021;11(1):53-64

atic limitation should be restricted from com-
petitive sport participation [43]. Tailored exer-
cise prescription and the promotion of sport 
activities, without unnecessary limitations, will 
engage patients with CHD in leisure time and 
sports practice.

In conclusion, physically active patients with 
CHD had a better assessment of their rated 
QoL, were more satisfied with their health and 
scored higher in the physical and social rela-
tionships than physically inactive ones. The 
NYHA class by itself provides, together with the 
physical activity, more information about how 
patients with CHD evaluate their QoL than the 
physiological classification.
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