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Abstract: The Mediterranean diet, based on a rural life where people ate what they grew, has shown cardiovascular
benefits. Cross-sectional study of congenital heart disease (CHD) patients recruited consecutively from a single
hospital outpatient clinic with the aim of determining their adherence to the Mediterranean diet according to the
PREDIMED questionnaire. CHD complexity was categorized as simple, moderate, or great and demographic, clinical
and blood test data were recorded. 200 CHD patients, median age 28 (16-54) years old and 120 (60%) males were
studied. 45 (22.5%), 122 (61%) and 33 (16.5%) CHD patients had simple, moderate, and great complexity defects
respectively. PREDIMED score was classified as low (score 0-5), intermediate (6-9) or high (> 9). 146 (83%) CHD patients showed a suboptimal Mediterranean diet adherence (PREDIMED score < 9) with less than half of patients eating enough vegetables, fruits, legumes, fish or nuts but with a high intake of butter/margarine, commercial sweets
and carbonated beverages. No significant differences were seen between sex, body mass index, cardiovascular risk
factors, CHD complexity or the educational level and the PREDIMED scores. Only being married was associated with
a significant lower Mediterranean diet adherence (P=0.019). Meanwhile, no statistical significance was observed
between serum glucose, creatinine, uric acid, albumin, LDL cholesterol, HDL cholesterol or triglycerides levels according to the PREDIMED classification (low, intermediate or high adherence). Conclusions: CHD patients have a low
adherence to the Mediterranean diet with a low intake of vegetables, fruits, legumes, and fish.
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Introduction
The Mediterranean diet consists essentially of
fruit, vegetables, dried fruit and nuts based on
a rural life where people ate what they grew
being widely recognised as one of the healthier
nutrition habits in the world with a substantially
reduced risk of cardiovascular disease [1, 2]. In
the last decades, however, the composition of
the Mediterranean diet has changed dramatically, and the quality and quantity of food people eat has led to the loss of the traditional
Mediterranean diet pattern. Factors accounting
for this shift include more poverty, sedentariness and increased intake of processed foods.
Also, changing lifestyles and busy schedules
have been having a huge impact on our eating
habits. This is particularly relevant in Spain
where diabetes exerts a great impact on public

health due to its high prevalence [3]. Similarly,
trends in the prevalence of childhood obesity
and overweight in Spain have continuously
increased in the last decades [4].
Physical inactivity, obesity, diabetes, and acquired cardiovascular disease may be at least as
prevalent in patients with congenital heart disease as in the general population [5]. As most
patients with congenital heart disease (CHD)
survive into adulthood due to the improvement
in the medical and surgical treatment, knowing
their dietary habits is crucial as reduction in
excess calories and improvement in dietary
composition may prevent many primary and
secondary cardiovascular events [6].
The objective of this study is to examine demographic and clinical variables that favor a sub-

Effects of Mediterranean diet in congenital heart disease patients
optimal Mediterranean diet and the relationship between diet adherence and blood test in
CHD patients.
Material and methods
Cross-sectional study among consecutive CHD
patients recruited from a single hospital outpatient clinic between October 2018 and April
2019. Inclusion criteria were patients 16 years
or older with a structural CHD verified by cardiac imaging. Patients unable to answer the survey, who did not want to participate or with a
life expectancy less than one year were excluded from the study. All patients or their parents
gave their written informed consent for participation. The protocol of the study was approved
by the Hospital’s Ethics Committee (CEIc/CEIm
890) and in accordance with The Code of Ethics
of the World Medical Association (Declaration
of Helsinki) for experiments involving humans.
Clinical data
Basic information collected included age, sex,
BMI (weight (kg)/height (m2)), CHD complexity
categorized as simple, moderate or of great
complexity [7], and comorbidities such as cardiovascular risk factors [systemic arterial hypertension (blood pressure > 140/90 mmHg
or with antihypertensive treatment), diabetes
mellitus (fasting serum glucose > 126 mg/dL
or under oral anti-diabetic agents or insulin
medication), dyslipidaemia and smoking status] [8-10]. Educational level was categorized
as none and primary vs. middle and university
while marital status was classified as single,
divorced, separated or widower vs. cohabit or
married.

Blood test
The blood test was carried out on the following days of the survey. After an overnight fast
of at least 10 hours blood samples were drawn
for the measurements by spectrophotometric
methods of plasma glucose, serum creatinine, albumin, uric acid, total cholesterol, lowdensity lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides (TG) (in milligrams per decilitre) using an
Olympus AU 2700 (Olympus Diagnostic, Hamburg, Germany).
Statistical analysis
Quantitative variables were expressed as mean ± standard deviation or median and percentiles (5-95). Qualitative variables were expressed in percentages. A normal distribution
was tested using the Kolmogorov-Smirnov
test. Possible associations between categorical variables were evaluated by using the
Pearson chi-square test. Continuous data were
compared by Student’s t-test or Mann-Whitney test for variables with or without normal
distribution, respectively. A One-Way Analysis
of Variance (ANOVA) was used to test the
equality of three or more means at one time
by using variances. The Kruskal-Wallis test
was used as a backup method for ANOVA when
the dependent variable was not normally
distributed. A p values less than 0.05 was
considered statically significant. Data analysis
was carried out using SPSS 24.0 (SPSS,
Chicago, IL).
Results

Questionnaires

CHD population

Adherence to the Mediterranean diet was measured using a validated 14-item questionnaire (PREDIMED) [11]. Each item scored 1 or 0
and the PREDIMED score was calculated as
follows: score 0-5, low adherence; score 6-9,
intermediate adherence; score ≥ 10, high adherence. The questions of the survey are specified in Table 2. The questionnaire was recorded during a face-to-face interview with a
physician during the patient consultation. In
CHD patients with reading or compression difficulties the test was performed with the parent’s help.

Two hundred out of 204 patients with CHD,
median age 28 (17-58) years old and 102 (60%)
males were included in the study. 4 patients
with Down syndrome unable to answer the questionnaire were excluded. No patient was ruled out due to a life expectancy less than one
year and no patient refused to participate in
the study. According to CHD complexity patients were classified as having simple (45
patients), moderate (122 patients) and great
(33 patients) defects. Table 1 shows the different types of CHD depending on the anatomical
classification.
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Table 1. Congenital heart disease (CHD) anatomical Classification
Types of congenital heart disease
Simple defects
Isolated small ASD
Isolated small VSD
Mild isolated pulmonary stenosis
Mild repaired conditions
Previously ligated or occluded ductus arteriosus
Repaired secundum ASD or sinus venous defect without significant shunt
Repaired VSD without significant shunt
Defects of moderate complexity
Repaired or unrepaired conditions
Aorto-left unrepaired conditions
Anomalous pulmonary venous connection
AVSD partial or complete
Congenital aortic stenosis
Congenital mitral valve disease
Coarctation of the aorta
Ebstein anomaly (spectrum from mild to severe)
Pulmonary valve regurgitation (moderate or greater)
Peripheral pulmonary stenosis
Subvalvular aortic stenosis
Repaired tetralogy of Fallot
VSD with a great shunt
Defects of great complexity
Cyanotic CHD (unrepaired or palliated, all forms)
Double outlet right ventricle
Fontan procedures
Single ventricle
Pulmonary atresia
Dextro and Levo transposition of the great arteries
Truncus arteriosus
Total of CHD patients

CHD Anatomy complexity (n)
45
1
20
2
1
2
10
9
122
1
1
21
16
1
22
2
21
2
7
27
1
33
1
4
1
2
6
18
1
200

n: number of patients, CHD: congenital heart disease, ASD: Atrial septal defect, VSD: Ventricular septal defect, AVSD: atrioventricular septal defect.

PREDIMED questionnaire according to anatomical complexity
Table 2 shows demographic and clinical data
and the results of the 14-items of the PREDIMED
questionnaire grouped by CHD complexity. Patients with great CHD complexity had significantly higher educational level and used significantly less olive oil and sofrito (sauce made
with tomato and onion, leek, or garlic and simmered with olive oil) than CHD patients in the
simple and moderate groups. On the other
hand no significant differences were seen between CHD complexity (mild, moderate or great)
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and gender, marital status and the rest of items
of the Mediterranean diet adherence survey
(questions 3 to 13).
Demographic, clinical and blood test data according to the PREDIMED score adherence
Meanwhile, Table 3 shows demographic, clinical and blood test data according to the PREDIMED score. 41 (20.5%), 125 (62.5%) and 34
(17%) patients showed a low, intermediate, and
high PREDIMED score respectively. No significant differences were seen according to age,
sex, BMI, cardiovascular risk factors, Down syn-
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Table 2. Demographic data and the PREDIMED questionnaire in CHD patients according to the anatomical complexity

Number of patients
Age, years
Sex (male), n
Educational levels, n
None and primary
Medium and university
Marital status, n
Single, divorced, separated & widower
Cohabit & married
PREDIMED questionnaire
1. Do you use olive oil as main culinary fat? (yes), n
2. How much olive oil do you consume in a given day? (≥ 4 tablespoons), n
3. How many vegetable servings do you consume per day? (≥ 2), n
4. How many fruit units do you consume per day? (≥ 3), n
5. How many servings of red meat, hamburger, or meat products do you consume per day? (< 1), n
6. How many servings of butter, margarine, or cream do you consume per day? (< 1), n
7. How many sweet or carbonated beverages do you drink per day? (< 1), n
8. How much wine do you drink per week? (≥ 7 glasses), n
9. How many servings of legumes do you consume per week? (≥ 3), n
10. How many servings of fish or shellfish do you consume per week? (≥ 3), n
11. How many times per week do you consume commercial sweets or pastries? (< 3), n
12. How many servings of nuts (including peanuts) do you consume per week? (≥ 3), n
13. Do you consume chicken, turkey, or rabbit meat instead of pork, hamburger, or sausage? (yes), n
14. How many times per week do you consume vegetables, pasta, rice, with sofrito? (≥ 2), n

CHD anatomical complexity
p
All CHD
Mild
Moderate
Great
45
122
33
23 (16-70) 30 (16-55) 28 (17-48) 0.185 28 (16-54)
30 (67)
69 (57)
21 (63) 0.445 120 (60)
0.006
19 (42)
39 (32)
3 (9)
61 (30)
26 (58)
83 (68)
30 (90)
139 (65)
0.643
36 (80)
89 (73)
25 (76)
150 (75)
9 (20)
33 (27)
8 (24)
50 (25)
40 (89)
24 (53)
15 (33)
15 (33)
28 (62)
37 (82)
27 (60)
1 (2)
20 (44)
10 (22)
22 (49)
15 (33)
34 (76)
40 (89)

106 (87)
76 (65)
53 (43)
46 (38)
72 (59)
93 (76)
71 (58)
8 (7)
50 (41)
37 (30)
65 (53)
42 (34)
102 (84)
105 (86)

23 (70)
12 (36)
15 (45)
10 (30)
21 (46)
26 (79)
23 (70)
0 (0)
17 (51)
8 (24)
19 (58)
10 (30)
28 (85)
20 (60)

0.035
0.011
0.411
0.691
0.859
0.704
0.486
0.192
0.551
0.524
0.746
0.905
0.436
0.003

169 (84)
112 (56)
83 (41)
71 (35)
121 (60)
156 (78)
121 (60)
9 (4)
87 (43)
55 (27)
106 (53)
67 (33)
164 (82)
165 (82)

n: number of patients, CHD: congenital heart disease. The data are expressed as number and percentages.
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Table 3. Demographic, clinical and blood test data according to the PREDIMED score adherence in
CHD patients

Number of patients, n
Age, years
Sex (male), n
BMI, Kg/m2
Arterial hypertension, n
Diabetes mellitus, n
Dyslipidemia, n
Smoking, n
Down’s syndrome, n
CHD complexity, n
Mild
Moderate
Great
Educational level, n
None and primary
Medium and university
Marital status, n
Single, divorced, separated & widower
Cohabit & married
Blood analytical data
Serum glucose, mg/dL
Serum creatinine, mg/dL
Serum albumin, g/dL
Serum uric acid, mg/dL
Total cholesterol, mg/dL
LDL cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglycerides, mg/dL

PREDIMED score adherence
Low
Intermediate
High
score 0-5
score 6-9
score ≥ 10
41
125
34
30 (18-53)
24 (17-35)
34 (16-62)
29 (71)
71 (57)
20 (59)
25 (19-38)
24 (17-35)
24 (18-33)
4 (10)
8 (6)
5 (15)
2 (5)
4 (3)
1 (3)
5 (12)
13 (10)
7 (21)
4 (10)
4 (3)
4 (12)
0 (0)
11 (9)
3 (9)
7 (17)
26 (63)
8 (20)

32 (26)
70 (56)
23 (18)

p

0.115
0.284
0.290
0.290
0.863
0.281
0.092
0.144
0.189

6 (18)
26 (76)
2 (6)
0.530

11 (27)
30 (73)

37 (30)
88 (70)

13 (38)
21 (62)
0.019

27 (66)
14 (34)

102 (81)
23 (18)

21 (62)
13 (38)

96 ± 11
0.8 ± 0.2
4 (4-6)
5 (4-9)
160 ± 32
90 ± 26
47 ± 10
103 (37-273)

95 ± 13
0.8 ± 0.2
4 (4-5)
6 (3-9)
157 ± 38
90 ± 31
50 ± 11
84 (37-208)

99 ± 14
0.8 ± 0.2
4 (4-5)
5 (2-9)
175 ± 38
101 ± 31
51 ± 11
83 (46-305)

0.384
0.477
0.596
0.362
0.083
0.115
0.180
0.788

n: number of patients, CHD: congenital heart disease, BMI: body mass index, LDL: Low-density lipoprotein, HDL: High-density
lipoprotein. The data are expressed as median and percentages (5-95), mean ± standard deviation and number and percentages in parenthesis.

drome, CHD complexity or educational level
according to the Mediterranean diet adherence
level. Similarly, no significant differences were
seen between the PREDIMED score and total
or LDL cholesterol concentrations. On the other hand, cohabiting and being married was
associated with a higher adherence to the Mediterranean diet than single, divorced, separated or widower CHD patients (P=0.019).
Discussion
Cardiovascular disease is the most important
threat to the health of today’s population [11]
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affecting also to CHD patients [12]. Numerous
studies have shown that the adherence to the
Mediterranean diet is associated with a decrease in cardiovascular risk [13-15] and with
a higher life expectancy and quality of life
[4]. During the last decades, a quick and important modification of the dietary habits has
been observed in the Mediterranean countries,
especially among young people [16]. For
instance, in Spain [17] up to 69% of the child
and adolescent population has been found
to have suboptimal adherence to the Mediterranean diet as also occurs in countries such
as Greece [18] or Italy where the percentage
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may be even higher [19]. Similarly, Durá Travé T.
et al. [20], in a college population aged 18-25
years to whom a dietary survey was performed, found that 9%, 62% and 28% had a low,
intermediate, and high adherence to the Mediterranean diet respectively. Likewise García
Cabrera et al. [21], after evaluating 18 crosssectional studies, found a low adherence to the
Mediterranean diet among children and adolescents by using the KIDMED test (21% of the
surveyed population had low adherence versus
a 10% with high adherence) as also seen in our
series with less than half of our CHD patients
consuming sufficient amounts of vegetables,
fruits, legumes, fish or nuts and with a high
intake of butter/margarine, commercial sweets
and carbonated beverages.
Adult CHD are at equal risk as their matched
peers to be overweight and obese [5]. Nonetheless metabolic syndrome, a constellation of
risk factors for cardiovascular disease including obesity, dyslipidemia, insulin resistance,
and hypertension, is more common among
adult CHD than in the general population [22,
23]. Unfortunately, there are no studies on dietary habits in adult patients with CHD. As
dietary patterns close to the Mediterranean
diet (rich in fruit and vegetables and high in
monounsaturated fats) are negatively associated with features of the metabolic syndrome
[24] and chronic inflammation [25] special
attention should be paid to CHD patients, a
population with a higher risk of cardiovascular
complications in the medium long term.
In relation to age and gender, although previous studies in the general population have
found that older and male patients may have a
higher Mediterranean diet adherence, probably
due to the fact that older patients have better
dietary habits acquired in childhood in addition
to having more time to cook and eat, and men
consume a greater amount of alcohol, which
scores positively in the PREDIMED survey, no
significant differences were seen in age and
sex in our series probabably due to the young
age of our CHD patients. Similarly, no significant difference was seen according to the education status despite the Mediterranean diet
adherence seems to increase based on the
academic and income levels [26]. This could
be explained because the majority of our young
adult CHD patients lived with their parents

574

regardless of the educational level. In fact,
according to the latest Spanish National Statistics Institute (INE) survey, 53% of young people (between 25 and 29 years old) and 25% of
adults (between 30 and 34 years old) still lived
with their parents irrespective of their study levels, weighed down by unemployment and the
precariousness and instability of the labour
market [27]. On the other hand, our married
CHD people scored lower in the Mediterranean
diet adherence survey than single, widowed,
separated, or divorced [28] probably because
our patients, most of them young, lived at home
with their parents and therefore ate better. On
the contrary, although it might be thought that
patients with more complex CHD could eat better to avoid added long-term complications, no
significant differences were observed in our
series between the different complexities.
In relation to glycemic and lipid levels it has
been shown that the Mediterranean diet is
effective in reducing the metabolic syndrome. However, previous randomised controlled
trials in healthy adults and adults at high risk
of CVD, have found only small reductions in
total cholesterol and LDL cholesterol concentrations in patients with a Mediterranean dietary pattern in comparison with other groups
who received either no intervention or minimal
intervention [29]. On the other hand, other
studies have found no significant association
between the Mediterranean diet adherence
and LDL cholesterol concentrations [30-32] as
also seen in our series. This lack of significance, seen in cholesterol levels, may be in relation to the young age of our CHD patients as
cholesterol levels in healthy patients gradually
increases up from 40 years of age [33]. The
same would apply to the lack of significance in
serum glucose concentration according to the
Mediterranean diet adherence as aging is by
far the strongest known risk factor of diabetes
mellitus [34].
There are, however, limitations in our study that
may impact our findings. Firstly, unmeasured
incomes as families with low income generally
eat a less nutritious diet than those with a higher income, either because they cannot afford
enough food or because they eat foods that
are nutritionally poor. Secondly, responses on
self-rated eating habits may lead understanding and recall bias and finally our reliance on
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cross-sectional data does not allow for causal
inferences.
In conclusion in our study, to our knowledge the
first one conducted in CHD patients, we found a
suboptimal adherence to the Mediterranean
diet. Because adult CHD patients have other
abnormalities that may make their heart more
vulnerable, to both the development of atherosclerosis and adverse sequalae of a cardiovascular event, it seems reasonable to insist on
healthy dietary habits in this group of patients.
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