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Long-term secondary prevention of cardiovascular disease 
with a Mediterranean diet and a low-fat diet (CORDIOPREV): 
a randomised controlled trial
Javier Delgado-Lista*, Juan F Alcala-Diaz*, Jose D Torres-Peña, Gracia M Quintana-Navarro, Francisco Fuentes, Antonio Garcia-Rios, 
Ana M Ortiz-Morales, Ana I Gonzalez-Requero, Ana I Perez-Caballero, Elena M Yubero-Serrano, Oriol A Rangel-Zuñiga, Antonio Camargo, 
Fernando Rodriguez-Cantalejo, Fernando Lopez-Segura, Lina Badimon, Jose M Ordovas, Francisco Perez-Jimenez, Pablo Perez-Martinez†, 
Jose Lopez-Miranda†, for the CORDIOPREV Investigators‡

Summary 
Background Mediterranean and low-fat diets are effective in the primary prevention of cardiovascular disease. We did a 
long-term randomised trial to compare the effects of these two diets in secondary prevention of cardiovascular disease.

Methods The CORDIOPREV study was a single-centre, randomised clinical trial done at the Reina Sofia University 
Hospital in Córdoba, Spain. Patients with established coronary heart disease (aged 20–75 years) were randomly 
assigned in a 1:1 ratio by the Andalusian School of Public Health to receive a Mediterranean diet or a low-fat diet 
intervention, with a follow-up of 7 years. Clinical investigators (physicians, investigators, and clinical endpoint 
committee members) were masked to treatment assignment; participants were not. A team of dietitians did the 
dietary interventions. The primary outcome (assessed by intention to treat) was a composite of major cardiovascular 
events, including myocardial infarction, revascularisation, ischaemic stroke, peripheral artery disease, and 
cardiovascular death. This study is registered with ClinicalTrials.gov, NCT00924937.

Findings From Oct 1, 2009, to Feb 28, 2012, a total of 1002 patients were enrolled, 500 (49·9%) in the low-fat diet group 
and 502 (50·1%) in the Mediterranean diet group. The mean age was 59·5 years (SD 8·7) and 827 (82·5%) of 
1002 patients were men. The primary endpoint occurred in 198 participants: 87 in the Mediterranean diet group 
and 111 in the low-fat group (crude rate per 1000 person-years: 28·1 [95% CI 27·9–28·3] in the Mediterranean diet 
group vs 37·7 [37·5–37·9] in the low-fat group, log-rank p=0·039). Multivariable-adjusted hazard ratios (HRs) of the 
different models ranged from 0·719 (95% CI 0·541–0·957) to 0·753 (0·568–0·998) in favour of the Mediterranean 
diet. These effects were more evident in men, with primary endpoints occurring in 67 (16·2%) of 414 men in the 
Mediterranean diet group versus 94 (22·8%) of 413 men in the low-fat diet group (multiadjusted HR 0·669 [95% CI 
0·489–0·915], log-rank p=0·013), than in 175 women for whom no difference was found between groups.

Interpretation In secondary prevention, the Mediterranean diet was superior to the low-fat diet in preventing major 
cardiovascular events. Our results are relevant to clinical practice, supporting the use of the Mediterranean diet in 
secondary prevention.
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Introduction 
Besides drugs and invasive interventional measures 
(eg, revascularisation), lifestyle is a clear determinant of 
both incidence and recurrence of cardiovascular events. 
Among its components, diet is the most studied and 
supported factor.1–10 The composition of the optimal diet 
for cardiovascular prevention has been evolving over the 
past decades. In the first part of the 2000s, reducing fat 
consumption was the standard approach in patients 
with cardiovascular disease. This approach was based 
on two main guidelines: the National Cholesterol 
Education Program II and the Adult Treatment Panel III 
guidelines.11,12 Although the National Cholesterol 
Education Program II was stricter in fat reduction, the 

Adult Treatment Panel III emphasised the type of 
carbohydrates (eg, complex carbohydrates) used to replace 
saturated fats and correct fibre composition. However, the 
guideline did not raise the lower recommended limit for 
fats, keeping it to 25% (desirable limits are 25–35%). 
Therefore, a low-fat diet was the recom mended option. A 
Mediterranean diet, characterised by a relatively high 
proportion of fruits, vegetables, legumes, and cereals, 
white meat and fish as the primary source of protein, and 
olive oil as the main source of fat, traditionally had been 
identified as a diet with a potential healthy composition. 
In the PREDIMED study, the Mediterranean diet has also 
proven effective in primary prevention in people at high 
risk of cardiovascular disease13 compared with a control 
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diet (which had advice to reduce dietary fat). Active 
intervention by dietitians was done to equalise the 
intensity of the intervention between groups.13 However, 
despite epidemiological and mechanistic studies showing 
similar results,14–21 no evidence from large-scale, long-term 
clinical trials exists on the efficacy of the Mediterranean 
diet on secondary cardiovascular prevention, especially 
when compared with another active group. The 
CORDIOPREV study, a long-term, large-scale clinical trial 
aimed to compare the efficacy of two healthy dietary 
interventions (a low-fat diet and a Mediterranean diet) in 
secondary cardiovascular prevention.

Methods 
Study design 
The CORDIOPREV study was a single centre, 
randomised, dietary intervention clinical trial in patients 
with coronary heart disease developed at Reina Sofia 
University Hospital in Córdoba, Spain. Details of the trial 
design are provided elsewhere.22 Extra-virgin olive oil was 
provided free of charge to the participants in the 
Mediterranean diet group (1 L per week per household). 
Healthy food bag packs, rich in complex carbohydrates, 
were provided, free of charge, to the participants in the 
low-fat diet group, with similar commercial value. 
The ethics approval and study protocol can be found on 
the IMIBIC website. 

Participants 
The inclusion and exclusion criteria have been previously 
published.22 Eligible patients included men and women 
aged 20–75 years who had established coronary heart 

disease, were free of clinical events related to coronary 
heart disease in the previous 6 months, were able to follow 
a long-term dietary intervention, and had no severe 
illnesses or an expected life expectancy lower than the 
length of the study. The upper age limit was set on the 
basis of the life expectancy at the conception of the trial 
(2007) and according to the usual practice in contemporary 
long-term cardiovascular studies. Patients gave their 
written informed consent to participate in the study. The 
three criteria for established coronary heart disease in the 
CORDIOPREV study were: acute myocardial infarction, 
hospitalisation for unstable angina, or chronic high-risk 
ischaemic heart disease (patients with hospitalisation for a 
coronary event or stable angina with an image diagnostic 
test showing an epicardial vessel greater than 2·5 mm in 
diameter with stenosis of more than 50%). More details on 
these criteria have been published.22

Randomisation and masking 
The process of randomisation (1:1) to the low-fat diet or the 
Mediterranean diet was done by the Andalusian School of 
Public Health (Granada, Spain), with fixed randomisation 
stratified in blocks, based on sex, age, and the existence of 
previous acute myocardial infarction (appendix).

Randomisation was blinded to dietitians, physicians, or 
any other personnel in the CORDIOPREV team. The 
procedure for assigning a diet was as follows: when there 
was a candidate for randomisation, the study dietitians 
telephoned the person in charge of the study in the 
Andalusian School of Public Health who then communi-
cated the assigned diet to the dietitian. The CORDIOPREV 
team, including dietitians, did not know if randomisation 

Research in context

Evidence before this study
Evidence from clinical trials of the effect of a Mediterranean diet 
in secondary prevention of cardiovascular disease is scarce. 
Two reviews highlight the need for clinical data from clinical 
trials. A Cochrane Library report evaluated current knowledge 
about the effects of the Mediterranean diet on primary and 
secondary prevention. The authors conclude that there is a 
paucity of evidence for secondary prevention and that the 
ongoing studies might provide more certainty in the future. 
In that report, accumulated data were available from 
605 patients on the Mediterranean diet for 4 years versus usual 
care, and 101 patients on the Mediterranean diet for 2 years 
versus an active comparator, compared with the 1002 patients 
on the Mediterranean diet versus low-fat diet for 7 years in our 
CORDIOPREV study. A 2019 critical review by Martinez-
Gonzalez and colleagues analysing the effect of the 
Mediterranean diet highlights the need for new data on 
secondary prevention, because the only two significant existing 
studies were either too short (de Lorgeril and colleagues, 1999) 
or they presented some concerns (Singh and colleagues, 2002). 
Although clinical guidelines recommend the Mediterranean 

diet for secondary prevention, there have been no clinical trials 
in the past 20 years to support this recommendation.

Added value of this study
The CORDIOPREV study is the only trial in the past 23 years 
(excluding one subjected to an expression of concern) 
evaluating the effect of the Mediterranean diet versus any 
other active comparator in the secondary prevention of 
cardiovascular disease. This implies that the effect of the 
Mediterranean diet in the set of current treatment guidelines 
has not been tested until the CORDIOPREV study. The results 
of our study provide evidence that the Mediterranean diet is 
better than the low-fat diet in preventing cardiovascular 
recurrence. Our study is the most extensive study on 
secondary prevention with a Mediterranean diet, has the 
longest follow-up, and had more reported events.

Implications of all the available evidence
This study is a hallmark for the effect of the Mediterranean diet 
on secondary prevention of cardiovascular disease and can be 
used to change clinical guidelines on diet recommendations 
and follow-up of patients with coronary heart disease.

For the ethics approval see 
https://www.imibic.org/
documents/cordioprevethic.pdf

For the study protocol see 
https://www.imibic.org/
documents/cordioprevprotocol.
pdf

https://www.imibic.org/documents/cordioprevethic.pdf
https://www.imibic.org/documents/cordioprevprotocol.pdf
https://www.imibic.org/documents/cordioprevethic.pdf
https://www.imibic.org/documents/cordioprevethic.pdf
https://www.imibic.org/documents/cordioprevprotocol.pdf
https://www.imibic.org/documents/cordioprevprotocol.pdf
https://www.imibic.org/documents/cordioprevprotocol.pdf
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was done by blocks or other methods. Individual allocation 
documents were recorded in both institutions, and then 
by weekly telephone calls to ensure the correct allocations 
were done. The only physician auditing the randomisation 
was the clinical coordinator, who, together with the head 
of the randomisation team at the Andalusian School of 
Public Health, reviewed the allocations. The clinical 
coordinator did not make clinical visits.

Regarding masking, dietitians were the only mem bers 
of the intervention team who knew the diet of 
each patient. Physicians and other members of the 
CORDIOPREV team who carried out clinical follow-up 
and analysis of the patients were unaware of the diets. 
Participants were instructed not to comment to the 

physicians on anything related to diet. This was a crucial 
point of our study, and even separate rooms for the visits 
related to diet or clinical follow-up were used. The clinical 
endpoint committee was also unaware of the diets 
consumed by the patients.

Procedures 
The intervention had a median follow-up of 7 years. Dietary 
and clinical monitoring was carried out by dietitians, 
internists, and cardiologists. The dietary models were 
(1) the Mediterranean diet, comprising a minimum of 
35% of the calories as fat (22% monounsaturated fatty 
acids, 6% polyunsaturated fatty acids, and <10% saturated 
fat), 15% proteins, and a maximum of 50% carbohydrates, 
and (2) the low-fat, high complex carbohydrates diet, 
comprising less than 30% of total fat (<10% saturated fat, 
12–14% monounsaturated fatty acids, and 6–8% poly-
unsaturated fatty acids), 15% protein, and a minimum of 
55% carbohydrates. In both diets, the cholesterol content 
was adjusted to less than 300 mg per day.22 Dietary 
adherence was assessed with the 14-point Mediterranean 
Diet Adherence Screener and 9-point low-fat diet 
adherence.13 No energy restriction was implemented and 
the study team explicitly did not promote physical activity. 
The dietary intervention in the CORDIOPREV study 
included individual face-to-face visits every 6 months, 
group sessions every 3 months, and telephone calls every 
2 months, all of which aimed at guaranteeing frequent 
contact between the patients and dietitians (at least 
12 interactions per year). During the study, the following 
interven tions were done: regular contacts, group sessions, 
monitoring of adherence, goal setting, social support, and 
the provision of foods. Based on previous studies,23,24 we 
consider that the intervention was of high intensity. 
Table 1 shows a summary of dietary recommendations to 
the patients in the two intervention groups. Further details 
on the dietary intervention, along with the results of the 
adherence of the dietary models during the first 7 years, 
are in the appendix (pp 7–17, 22–30).

Outcomes 
The primary outcome of the CORDIOPREV study was a 
composite of major cardiovascular events, including 
myocardial infarction, revascularisation, ischaemic 
stroke, documented peripheral artery disease, and 
cardiovascular death, for 7 years. Prespecified secondary 
outcomes are in the appendix (pp 18–20).

Statistical analysis 
The sample size and power calculation were calculated 
on the following assumptions: an incidence rate in 
the low-fat group of 4 events per 100 person-years that 
would amount to 24·9% of absolute cumulative incidence 
after 7 years, a hazard ratio (HR) of 0·7, and statistical 
power of 80%, with two-tailed α=0·05. Under these 
assumptions, the required sample size was 491 patients 
in each of the two groups. This sample size was 

Mediterranean diet group Low-fat diet group

Oil (including the oil used 
for cooking, dressing, and 
meals consumed outside 
the home)

Four or more tablespoons of extra 
virgin olive oil per day 
(40–60 g per day)

Less than two tablespoons of vegetable 
oils (eg, sunflower oil or regular olive 
oil) per day (20–30 g per day)

Fruit Three or more servings of fresh fruit 
and natural fruit juices per day

Three or more servings of fresh, frozen, 
canned, or dried fruits per day

Vegetables Two or more servings per day (at 
least one serving raw or as a salad)

Two or more servings per day (fresh, 
frozen, or canned, without added fat, 
sauce, or salt)

Grains and potatoes Six servings of preferably whole 
grains per day

Six to 11 servings of grains (preferably 
whole grains), potatoes, and legumes 
per day

Legumes Three or more servings per week Six to 11 servings of grains (preferably 
whole grains), potatoes, and legumes 
per day

Dairy Two servings per day Two to three servings of low-fat or fat-
free dairy products per day

Tree nuts Three or more servings of raw, non-
roasted, or fried nuts per week

Occasional consumption (one serving 
or less) of raw, non-roasted, or fried 
nuts per week

Fish and seafood Three or more servings of especially 
fatty fish per week

Choose lean fish; limit fatty fish and 
seafood canned in oil to one serving or 
fewer per week

White meat Consume white meat (eg, chicken, 
turkey, or rabbit) instead of red 
meat; remove skin and visible fat

Choose skinless poultry and lean cuts 
(eg, loin or round)

Red or processed meats Less than one serving per week One serving or fewer per week

Eggs Two to four units per week Two or fewer egg yolks per week

Commercial bakery 
products, sweets, and 
pastries

 One serving or fewer per week  One serving or fewer per week

Butter and margarine Not allowed One serving or fewer per week

Wine Optional consumption, only in case 
of a habitual wine drinker (one glass 
per day for women and two glasses 
per day for men)

Not allowed

Sweet or carbonated 
beverages

Less than one drink per day Less than one drink per day

Culinary techniques Use of sofrito (a homemade sauce 
with garlic, onion, aromatic herbs, 
and tomato slow cooked in olive oil) 
two or more times a week

Use low-fat cooking methods (eg, 
broiling, grilling, roasting, baking, 
microwaving, and poaching); avoid 
frying and use of sofrito;
remove the visible fat before cooking

Table 1: Summary of dietary recommendations to the patients in the two intervention groups of the 
CORDIOPREV study
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recalculated over the original, based on a reduction of 
criteria applying as primary endpoint components to 
hardpoints and increasing the follow-up to 7 years, which 
was decided upon external advisory board suggestion in 
the third year, and according to the prespecified sample 
size revision made in the study protocol. Subsequently, 
two interim analyses were added to the two planned 
initially, and they were established for years 3, 4, 5, and 6 
(O’Brien-Fleming, prespecified p values for the 
anticipated end of the study were 0·001, 0·004, 0·019, 
and 0·043, respectively). Power curves for the original 
assumptions of the number of events are in the 
appendix (p 20).

The analysis was done under the principle of intention-
to-treat. All patients were included in the primary analysis. 

Treatment of patients who abandoned the dietary 
intervention was as follows: if the patient allowed follow-up 
by electronic health records, we treated the data as patients 
included in the study, scouting data from electronic health 
records until their seventh year from recruitment. If the 
patient denied permission to be followed up, we analysed 
the data until abandonment of the dietary intervention and 
censored the patient at that moment. Statistical 
comparisons were done using two-sided significance tests. 
The primary statistical comparison was made by log-rank 
analysis with Kaplan-Meier survival estimates and several 
Cox proportional hazards models were adjusted for the 
following covariates: model 1: age and sex; model 2: age, 
sex, family history of early coronary heart disease, and 
smoking; model 3: age, sex, family history of early 
cardiovascular disease, smoking, body-mass index (BMI), 
LDL cholesterol, diabetes, and hypertension; model 4: age, 

All patients 
(n=1002)

Mediterranean 
diet group 
(n=502)

Low-fat diet 
group 
(n=500)

Age, years 59·5 (0·2) 59·7 (0·4) 59·5 (0·4)

Sex

Male 827 (82·5%) 414 (82·5%) 413 (82·6%)

Female 175 (17·5%) 88 (17·5%) 87 (17·4%)

Metabolic syndrome 581 (58·0%) 279 (55·6%) 302 (60·4%)

Systolic blood pressure, 
mm Hg

138·8 (0·6) 138·5 (0·9) 139·0 (0·9)

Diastolic blood 
pressure, mm Hg

77·2 (0·3) 77·2 (0·5) 77·3 (0·5)

Weight, kg 85·1 (0·4) 84·9 (0·6) 85·4 (0·7)

Height, m 1·65 (0·0) 1·65 (0·0) 1·65 (0·0)

Waist circumference, 
cm

105·1 (0·3) 104·9 (0·5) 105·4 (0·5)

Body-mass index, 
kg/m²

31·1 (0·1) 31·0 (0·1) 31·2 (0·2)

Total cholesterol, 
mg/dL

159·0 (1·0) 159·1 (1·5) 159·0 (1·3)

HDL cholesterol, mg/dL 42·2 (0·3) 42·3 (0·5) 42·1 (0·5)

LDL cholesterol, mg/dL 88·5 (0·8) 88·9 (1·2) 88·2 (1·1)

Apolipoprotein A1, 
mg/dL

129·6 (0·7) 129·7 (1·0) 129·5 (0·9)

Apolipoprotein B, 
mg/dL

73·6 (0·5) 73·6 (0·8) 73·7 (0·8)

Triglycerides, mg/dL 135·4 (2·2) 134·8 (3·1) 136·0 (3·2)

Fasting plasma glucose, 
mg/dL

113·7 (1·2) 114·7 (1·8) 112·8 (1·6)

Family history of 
premature coronary 
artery disease

149 (14·9%) 75 (14·9%) 74 (14·8%)

Family history of 
diabetes

468 (46·7%) 229 (45·6%) 239 (47·8%)

Diabetes* 540 (53·9%) 256 (51·0%) 284 (56·8%)

Hypertension 683 (68·2%) 346 (68·9%) 337 (67·4%)

Normal systolic 
function (left 
ventricular ejection 
fraction ≥50%)

951 (94·9%) 473 (94·3%) 478 (95·6%)

History of myocardial 
infarction

620 (61·9%) 312 (62·2%) 308 (61·6%)

(Table 2 continues in next column) 

All patients 
(n=1002)

Mediterranean 
diet group 
(n=502)

Low-fat 
diet group 
(n=500)

(Continued from previous column)

History of coronary 
artery bypass grafting

32 (3·2%) 19 (3·8%) 13 (2·6%)

History of percutaneous 
coronary intervention

914 (91·2%) 456 (90·8%) 458 (91·6%)

Current smoker 95 (9·7%) 43 (8·7%) 52 (10·7%)

Former smoker 635 (64·6%) 317 (63·8%) 318 (65·4%)

History of stroke or 
transient ischaemic 
attack

51 (5·1%) 26 (5·2%) 25 (5·0%)

History of peripheral 
vascular disease

29 (2·9%) 15 (3·0%) 14 (2·8%)

History of previous 
malignancy

26 (2·6%) 18 (3·6%) 8 (1·6%)

Baseline medication

Antiplatelets or 
anticoagulants

963 (98·2%) 479 (98·4%) 484 (98·0%)

Statins 858 (86·6%) 426 (84·9%) 432 (86·4%)

Other lipid-lowering 
drugs

231 (23·1%) 123 (24·5%) 108 (21·6%)

Angiotensin-
converting enzyme 
inhibitors or 
angiotensin II receptor 
blockers

834 (83·2%) 414 (82·5%) 420 (84·0%)

β-blockers 803 (80·1%) 404 (80·5%) 399 (79·8%)

Calcium antagonist 295 (29·4%) 145 (28·9%) 150 (30·0%)

Diuretics 526 (52·5%) 261 (52·0%) 265 (53·0%)

Insulin 114 (11·4%) 58 (11·6%) 56 (11·2%)

Oral antidiabetics 329 (32·8%) 160 (31·9%) 169 (33·8%)

Data are mean (SE) or n (%). We used unpaired t tests for quantitative variables 
and χ² for categorical variables. This table was adapted from Delgado-Lista et al22 
with permission from the American Heart Journal. *Including patients who self-
reported as previously diagnosed with diabetes and those who met the American 
Diabetes Association diagnostic criteria of HbA1c concentrations of 6·5% or more, 
fasting blood glucose of 126 mg/dL or more, or a 2 h blood glucose of 200 mg/dL 
or more after 75 g of oral glucose overload done at baseline.

Table 2: Baseline characteristics
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sex, hypertension, LDL cholesterol (<100 mg/dL), BMI, 
smoking, statins (intensity), and diabetes; model 5: 
model 2 plus pharmacological treatments at baseline; 
model 6: model 4 plus changes in weight and physical 
activity during follow-up; and model 7: all covariates used 
in the different models and randomisation order. The 
significance level for all the analyses was α=0·05. 
Sensitivity analyses were done for these cases: primary 
endpoint excluding cases in the first month; cases in the 
first 6 months; patients with a mean adherence greater 
than 80% during the study; patients with an extended 
composite of a cardiovascular endpoint; and extended 
composite of heart events and randomisation order. SPSS 
(version 25.0) and R statistical software (version 3.6.1) were 
used for the statistical study. This study is registered with 
ClinicalTrials.gov, NCT00924937.

Role of the funding source 
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results 
From Oct 1, 2009, to Feb 28, 2012, 1850 patients were 
screened for eligibility and 1002 were included in the 
CORDIOPREV study. 500 (49·9%) of 1002 patients were 
assigned to the low-fat diet group and 502 (50·1%) to the 
Mediterranean diet group.22 The population was mostly 

men (82·5%), and the average age was 59·5 years (table 2). 
By the end of the study, on July 1, 2018, a total of 132 (13·8%) 
of 1002 participants had abandoned the dietary intervention 
(figure 1). These cases were higher in the low-fat group 
(86 [17·2%]) than in the Mediterranean diet group 
(46 [9·2%]; p=0·0002; appendix p 21). 112 (84·8%) of 
132 participants who left the dietary intervention were 
followed up by electronic health records or phone calls 
after giving their permission. 14 (2·8%) of 500 participants 
in the low-fat diet and six (1·2%) of 502 in the 
Mediterranean diet abandoned the dietary intervention 
and denied their permission to be followed up by electronic 
health records or phone calls, and therefore were censored 
at that point. The median follow-up of the whole population 
of the study (n=1002) was 2557 days (IQR 173).

Baseline adherence of the whole population to the 
Mediterranean diet was 8·78 on the 0–14 scale25,26 
(14 being the best possible adherence rate for the 
Mediterranean scale) and 3·81 on the 0–9 scale for the 
low-fat diet (9 being the best possible adherence rate for 
the low-fat diet score).22 Participants adhered to the group 
they were randomly assigned to and maintained this 
adherence during the study. Most of the dietary change 
happened during the first year, with increases of 
1·99 points in the Mediterranean diet group and 
2·53 points in the low-fat group.27 Data for all 7 years are 
in appendix (pp 22–23).

At the end of the study, patients in the Mediterranean 
diet group had significantly increased their intake of total 
fat (from 37·4% to 40·5% of the total energy intake), 
monounsaturated fatty acids (from 18·4% to 
21·4% of the total energy intake), and polyunsaturated 
fatty acids (from 6·4% to 7·4% of the total energy intake), 
which was related to higher intakes of extra-virgin olive oil 
(from 31 g to 48 g per day), nuts (from 2·1 to 3·9 servings 
per week), and oily fish (from 2·8 to 3·2 servings per week) 
in comparison with those in the low-fat diet group. In 
addition, the Mediterranean diet group reduced their 
consumption of total carbohydrates (from 41·4% to 39·4% 
of the total energy intake) and saturated fatty acids (from 
9·0% to 7·9% of the total energy intake). As expected, the 
low-fat diet group showed an increased intake of 
carbohydrates (from 41·7% to 45·5% of the total energy 
intake), mainly complex carbohydrates, and a decreased 
consumption of total fat (from 36·7% to 32·1% of the total 
energy intake), monounsaturated fatty acids (from 17·9% 
to 15·1% of the total energy intake), and saturated fatty 
acids (from 8·9% to 7·1% of the total energy intake). Both 
the Mediterranean and the low-fat diet groups increased 
their fibre intake (by 2·3 g per 1000 kcal vs 3·2 g per 
1000 kcal) due to a higher intake of vegetables, fruits, and 
legumes. In addition, decreases in the intake of red or 
processed meats, sweet or carbonated beverages, and fat 
spreads were observed in the two intervention groups 
(appendix pp 24–31).

The different pre-established interim analyses did not 
reach the threshold to stop the study. In the seventh year, Figure 1: Trial profile

423 intervention ongoing at end of
study 

502 included in intention-to-treat
analysis

1002 enrolled

1002 randomly assigned

848 ineligible
424 did not meet inclusion criteria
314 refused to participate
110 other reason

1850 patients assessed for eligibility

33 died during follow-up
46 abandoned dietary intervention

40 allowed clinical follow-up via
electronic health records

6 did not allow clinical follow-up
via electronic health records

370 intervention ongoing at end of
study 

502 assigned Mediterranean diet 500 assigned low-fat diet

500 included in intention-to-treat
analysis

44 died during follow-up
86 abandoned dietary intervention

72 allowed clinical follow-up via
electronic health records

14 did not allow clinical follow-up
via electronic health records
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a decision was made to stop the study after registering a 
total of 198 primary-outcome events: 87 (17·3%) in the 
Mediterranean diet group and 111 (22·2%) in the low-fat 
group. The unadjusted HR was 0·745 (95% CI 
0·563–0·986). The crude rate per 1000 person-years 
was 28·1 (95% CI 27·9–28·3) for the Mediterranean diet 
group and 37·7 (37·5–37·9) for the low-fat diet group 
(log-rank p=0·039; figure 2A).

Table 3 shows the results of the multivariable adjusted 
Cox HRs. In all models, the Mediterranean diet was 
superior to the low-fat diet. HRs for the primary 
endpoint ranged from 0·719 to 0·753 in the different 
models. When evaluating the different components of 
the composite primary outcome, we did not find any 
significant statistical difference between diets. The 
specific number of events for each component was: 
non-fatal myocardial infarction (Mediterranean diet 19, 
low-fat 24, p=0·366); cardiovascular death (Mediter-
ranean diet 11, low-fat 20, p=0·120); revascularisation 
(Mediterranean diet 64, low-fat 77, p=0·171); ischaemic 
stroke (Mediterranean diet 8, low-fat 15, p=0·123); 
and peripheral artery disease (Mediterranean diet 11, 
low-fat 17, p=0·223; appendix p 32).

We did different sensitivity analyses to test cases at the 
beginning of the study (cases in the first month and 
the first 6 months), with results similar to those of the 
primary analysis. In people with a high dietary adherence 
during the study (mean adherence ≥80% during the 
study, excluding time 0), the Mediterranean diet 
was superior to the low-fat diet (HR 0·602, 95% CI 
0·385–0·941, p=0·026). In the evaluation of the extended 
composite of heart events (ie, myocardial infarction, 
unstable angina, cardiac arrest, and heart failure), the 
Mediterranean diet was superior to the low-fat diet 
(HR 0·745, 95% CI 0·580–0·956, p=0·021; 
appendix pp 33–34).

When evaluating patient subgroups, the Mediterranean 
diet was superior to the low-fat diet in patients without a 
family history of coronary heart disease, in those without 
hypertension at baseline, in those younger than age 
70 years at study entry, and those with an LDL cholesterol 
lower than 100 mg/dL (appendix p 38). Lipid and glucose 
parameters did not change significantly during the study 
(appendix p 35). Three sensitivity analyses were done 
regarding missing data analysis, not varying for main 
results (appendix p 36).

In the male population (n=827), a total of 161 primary 
endpoints occurred: 67 (16·2%) in the Mediterranean 
diet group and 94 (22·8%) in the low-fat diet group. The 
log-rank p value for the primary endpoint was 0·013 
favouring the Mediterranean diet group (figure 2b). Cox-
regression multiadjusted HRs for the primary endpoint 
in the different adjusted models ranked from 0·669 
(95% CI 0·489–0·915, p=0·012) to 0·684 (0·500–0·936, 
p=0·018) for the Mediterranean diet group versus the 
low-fat diet group (appendix p 39). We did not find 
statistical differences in women (appendix p 38). The 

use of medication and anthropometric measurements 
during the study are in the appendix  (p 40).

Discussion 
In our study, evaluating the effects of a comprehensive, 
high-intensity dietary intervention with a Mediter ra-
nean diet or a low-fat diet over 7 years of follow-up 
in 1002 patients with coronary heart disease, the 
Mediterranean diet was superior to the low-fat diet in 
preventing a major cardiovascular event, with a decrease 
of HR of 26%. In men, the Mediterranean diet showed an 

Figure 2: Kaplan-Meier estimates of the incidence of the composite primary endpoints of myocardial infarction, 
revascularisation, ischaemic stroke, documented peripheral artery disease, and cardiovascular death events
(A) Total study population of the CORDIOPREV study. (B) Male population (827 [82·5%] of 1002) of the 
CORDIOPREV study. Hazard ratios and confidence intervals are from the multivariable-adjusted Cox model 
(adjusted for diet, age, family history of coronary disease, and smoking).
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even higher superiority than the low-fat diet, with a nearly 
33% reduction in major cardiovascular events. The 
Mediterranean diet also showed higher efficacy in the total 
cohort (men and woman) without a family history of 
coronary heart disease, in participants with an LDL less 
than 100 mg/dL at baseline, in patients younger than age 
70 years at study entry, and those with a dietary adherence 
of more than 80% to the assigned diet throughout 
the study.

The CORDIOPREV study was a secondary prevention 
trial. Therefore, the use of a control diet was not ethically 
appropriate. Consequently, the experimental approach 
investigated two high-intensity dietary interventions 
with equal intensity in both groups. All patients 
received comprehensive, tailored, and continuous dietary 
support, regardless of the study group. As our results 
show, the intervention effectively changed the dietary 
habits for both the Mediterranean and the low-fat diet 
groups resulting in significant dietary changes towards 
the assigned diet. Participants in the low-fat diet group 
managed to reduce their total fat intake from 36·7% 
to 32·1% (mean decrease of 12·5% of fat consumption), 
which was higher than that reported in similar 
intervention studies.13 Because both intervention groups 
were submitted to a high-intensity dietary intervention 
with participants reaching and maintaining a high 
adherence to the two healthy dietary patterns during the 
study, on top of the optimal medical treatment, we had a 
lower-than-expected rate of cardiovascular events in our 
trial. Our results were collected in the setting of a 

controlled environment, where adherence to diets, 
meetings with dietitians, and positive reinforcement 
might have contributed significantly to our results. 
Therefore, our results should be extrapolated with 
caution to other environments.

Our study did not find differences in glucose or main 
lipids between diets at the beginning or at the end of the 
dietary intervention. A Mediterranean diet has been 
associated with an improvement in lipids profile and 
glucose when compared with diets rich in saturated fats. 
However, this improvement has not been so uniform 
when compared with low-fat diets, primarily when an 
adequate fibre intake has been provided and complex 
carbohydrates were the main source of energy. Also, the 
fact that these patients were in secondary prevention and 
mostly taking hypolipidaemic drugs (mostly statins) 
might have influenced the differential effects on lipids 
and glucose of both groups of dietary intervention.

To our knowledge, this study is the most extensive to 
date evaluating the effects of a Mediterranean diet and a 
low-fat diet in the prevention of recurrent cardiovascular 
events in the context of two high-intensity dietary 
interventions. It is important to highlight that the 
Mediterranean diet used in the Lyon Diet Heart Study, for 
example, was supplemented with canola oil, which is not 
a traditional source of fat in the Mediterra-
nean region. Moreover, the comparator was a “prudent 
Western-type diet” and not a healthy comparator.28 A 
2019 Cochrane report evaluated current knowledge about 
the effects of the Mediterranean diet on primary and 
secondary prevention.29 The authors concluded that, 
“There is a paucity of evidence for secondary prevention. 
The ongoing studies might provide more certainty in the 
future”.29 Accumulated data included in the Cochrane 
report were from 605 patients at 4 years for the 
Mediterranean diet versus usual care, and 101 patients 
during 2 years for the Mediterranean diet versus an active 
group, compared with 1002 patients from the 
CORDIOPREV study on the Mediterranean diet versus 
the low-fat diet for 7 years. Another review analysing the 
effect of the Mediterranean diet30 highlights the need for 
new data on secondary prevention, as the only 
two significant existing studies were either too short28 or 
show some concerns.31

In our study, the primary endpoint occurred in 19·8% of 
the population, and death occurred in less than 8% of 
participants. In comparison, a retrospective study 
evaluating the cardiovascular prognosis of coronary 
patients in our setting, and in the same timeframe of the 
CORDIOPREV study, reported a 20% mortality after 
6 years of follow-up, which was more than double the 
percentage of deaths in the CORDIOPREV study.32 
Similarly, other large studies evaluating the efficacy of 
different drugs in this type of patient reported higher 
major cardiovascular event rates than our population, both 
in the active and the placebo groups of these studies.33,34 
The fact that primary endpoint rates were lower than 

Mediterranean diet 
(n=502)

Low-fat diet 
(n=500)

p value

Unadjusted 0·745 (0·563–0·986) 1 (ref) 0·040

Multivariable adjusted for age and sex 0·738 (0·558–0·978) 1 (ref) 0·034 

Multivariable adjusted for age, sex, family history of early 
coronary heart disease, and smoking

0·734 (0·555–0·974) 1 (ref) 0·032

Multivariable adjusted for age, sex, family history of early 
cardiovascular disease, smoking, BMI, LDL cholesterol, 
diabetes, and hypertension

0·753 (0·568–0·998) 1 (ref) 0·049

Multivariable adjusted for age, sex, hypertension, 
LDL cholesterol (<100 mg/dL), BMI, smoking, statins 
(intensity), and diabetes

0·747 (0·564–0·990) 1 (ref)  0·042 

Multivariable adjusted for age, sex, family history of early 
coronary heart disease, smoking, and pharmacological 
treatments* at baseline

0·748 (0·562–0·997) 1 (ref) 0·048

Multivariable adjusted for age, sex, hypertension, 
LDL cholesterol (<100 mg/dL), BMI, smoking, statins 
(intensity), diabetes, and changes in weight and physical 
activity during follow-up

0·740 (0·558–0·982) 1 (ref) 0·035

Multivariable adjusted for all covariates used 
in the different models and randomisation order

0·719 (0·541–0·957) 1 (ref) 0·024

Data are hazard ratio (95% CI) or p value. All p values were calculated with Cox proportional-hazards models. 
The primary endpoint was a composite of myocardial infarction, revascularisation, ischaemic stroke, documented 
peripheral artery disease, and cardiovascular death events. BMI=body-mass index. *Statins, other lipid-lowering drugs, 
angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, β-blockers, calcium antagonists, diuretics, 
insulin, oral antidiabetics, antiplatelets, and anticoagulants.

Table 3: Hazard ratios for the main outcome of the Mediterranean diet and low-fat diet groups
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expected might support the hypothesis that the two diets 
had high efficacy in preventing cardiovascular recurrences 
and support the previous results of studies with low-fat 
diet versus control diets,3–10 or with the Mediterranean diet 
in participants at high risk in primary prevention.13

Our study found that the superiority of the Med i-
terranean diet was higher in the male participants, 
suggesting that either there was not enough power in 
the female group or that sex is a factor in the dietary 
response. In this sense, our study was designed to 
represent the population with ischaemic heart disease 
and all patients who met the recruitment criteria were 
included, regardless of sex. Future studies should be 
created with sufficient power to unveil specific 
sex-related effects in women. Although other subgroup 
analyses also showed differences in the outcomes 
between diets, these findings were not primary 
endpoints of the study and should be taken as hypothesis-
generating results.

Our study has limitations. First, this study included 
people with established coronary disease and, thus, the 
generalisability of our findings to other patient groups 
should be made with caution. Additionally, the study 
was done in a Mediterranean country with a higher 
acceptance for the Mediterranean lifestyle intervention. 
However, the low-fat diet study group was also well 
accepted by participants. The high acceptance of the 
Mediterranean diet in non-Mediterranean countries has 
been repeatedly reported;35 therefore, our results should be 
generalised with caution to other geographical areas.

Our study also had some remarkable characteristics. 
First, the length of the study, which was challenging in 
itself, and even more so in a high-intensity dietary 
intervention. Second, the strict uniformity in the 
comprehensive characterisation, the medical treatment, 
and the dietary management of the cohort. This was done 
by planning the study as a single-centre study, which 
allowed the standardised high-intensity strategy, the 
homogenised and standardised care, and the thorough 
characterisation of the population. Finally, we were able 
to maintain follow-up through electronic medical records 
for 112 (85%) of 132 patients who abandoned the dietary 
intervention during the 7 years of the study, increasing 
the validity of the results of the intention-to-treat analysis. 
In summary, the CORDIOPREV study reports that 
a Mediterranean diet is superior to a low-fat diet in 
preventing major cardiovascular events in secondary 
prevention of cardiovascular disease.
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Data sharing
Collaborations with the Cordioprev Study are open to Biomedical 
Institutions, always after an accepted proposal for a scientific work. 
Depending on the nature of the collaboration, electronic data, hard copy 
data, or biological samples should be provided. All collaborations 
will be made after a collaboration agreement. Terms of the collaboration 
agreement will be specific for each collaboration, and the extent of the 
shared documentation (ie, deidentified participant data, data dictionary, 
biological samples, hard copy, or other specified data sets) will be also 
specifically set on the light of each work.
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