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SUMMARY (word count 250) 

Objective: To evaluate clinical outcomes of patients after an episode of acute heart failure (AHF) according to 

their adherence to Mediterranean diet (MedDiet). 

Methods: We designed a prospective study that included consecutive patients diagnosed with AHF in 7 

Spanish Emergency Departments (EDs) during a two-month period. Patients were included if they or their 

relatives were able to answer a 14-points score of adherence to Mediterranean Diet (PREDIMED score), which 

classified patients as adherent (>8 points) or not adherent (<9 points) to MedDiet. Fifty-five variables that 

could potentially affect different clinical outcomes were collected. The primary endpoint was 1-year all-cause 

mortality, and secondary endpoints were 3-month admissions to ED without hospitalization, 

rehospitalisation, death, and a combined endpoint of all these variables. Unadjusted and adjusted hazard 

ratios (HR) were calculated using the Cox model.  

Results: We included 991 patients (age 80 (10), 57.8% women); 523 (52.9%) adherent to MedDiet. The 1-year 

cumulative mortality for the entire cohort was 24.7%, with a HR for adherents (HRadh) of 1.10 (0.86-1.42). The 

90-day cumulative admissions to ED were 22.4% (HRadh=1.02 (0.75-1.40)), hospitalization was 21.9% 

(HRadh=0.73 (0.53-1.02)), death was 6.0% (HRadh=1.06 (0.60-1.90)), and the combined endpoint was 40.7% 

(HRadh=0.89 (0.72-1.11)). In addition, no differences were observed between these groups after adjustment 

by age, gender, previous diagnosis of hypertension or peripheral arterial disease, previous episodes of AHF, 

treatment with statins, and air-room pulsioxymetry, plasma troponin concentration, and need of ventilation 

support to ED. 

Conclusion: Adherence to MedDiet did not influence 1-year mortality after an episode of AHF.  

 

Key words: heart failure, acute heart failure, diet, cardiovascular disease, Mediterranean diet, outcome. 
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INTRODUCTION 

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality worldwide, and its incidence is 

especially high in elderly people (1). In this setting, coronary heart disease leading to heart failure (HF) is one 

of the most common downstream pathways by which CVD impacts on the people survival. In fact, the 

prevalence of heart failure (HF) has been increasing during the last decades (2) and, currently, the recurrent 

episodes of acute HF (AHF) constitute the main cause of hospitalization in older adults (3-5). In Western 

countries, whose populations show progressive aging, this emerging epidemic is threatening the health care 

system sustainability and, consequently, policy-makers are urged to take clear, potent, and general actions 

against this devastating public health problem (2,4).  

Although primary prevention of CVD is the keystone to face this challenge in long-term, secondary prevention 

once a CVD is already established has similar importance. In this sense, changes in diet and other lifestyle 

factors are one of the most common non-pharmacologic interventions recommended to modify the natural 

course of CVD. Thus, during the last decades, scientific evidences have shown that changes in overall dietary 

patterns and, specifically, interventions using the traditional Mediterranean diet (MedDiet), constitute a 

useful tool in CVD primary prevention (6,7). In respect to HF, two cohort studies concluded that lower HF risk 

was associated with better adherence to MedDiet (8,9) , while one protocol-specified secondary analysis of 

the PREDIMED randomized controlled trial, which was aimed to demonstrate the benefits of MedDiet in 

primary prevention of CVD in participants at high risk, failed in demonstrating a lower incidence of HF for 

participants who followed up a traditional MedDiet supplemented with either extra-virgin olive oil or nuts, 

compared to those who followed a control low-fat diet (10).  

Nonetheless, in patients that have already suffered an episode of AHF, it is not known if adherence to 

MedDiet, considered as secondary prophylaxis, is associated with a better prognosis in terms of need of re-

admission in ED, rehospitalisation or death. In this setting, we embarked in a study on the relationship 

between adherence to traditional MedDiet and incidence of different clinical outcomes in patients with 

coronary heart disease or other cardiopathies who had had an episode of AHF. Our hypothesis was that 

MedDiet could be a significant factor influencing in mortality. 
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Patients and Methods 

The MEDIT-AHF (Mediterranean DieT in Acute Heart Failure) was a prospectively cohort study imbedded into 

the EAHFE Registry phase 4, which accounted between February 1st and 31st March 2014 (2 months). The 

EAHFE Registry started at 2007 and every 2-3 years it recruits during 1-2 months all consecutive patients 

diagnosed with AHF in the Spanish Emergency Departments (EDs) that participate in the project. To date, 5 

recruitment phases (at 2007, 2009, 2011, 2014, and 2016) have been performed in 42 EDs of community and 

university hospitals across Spain, and 13,793 single episodes of AHF were recorded. Details of patient 

inclusion have been reported in previous papers (11-13). Shortly, patient identification was done by any 

attending emergency physician of the participating EDs, which are given specific instructions about the study 

protocol during a meeting held in every ED the week before starting the recruitment period. All identified 

cases were double-checked by the principal investigator of each centre prior to inclusion into the database in 

order to ascertain whether patients fulfilled the clinical diagnostic criteria of ADHF based on the Framingham 

clinical criteria (14). In addition, when possible, the diagnosis is confirmed by measurement of plasma 

natriuretic peptide and/or echocardiography findings during their ED or hospitalization stay in accordance 

with the European Society of Cardiology criteria in force (15,16) (performed in 92% of the cases). However, 

patients with clinical diagnostic criteria but without echocardiographic or natriuretic peptide were accepted 

in the analysis in order to obtain a cohort as close as possible to what is observed in the routine emergency 

medicine practice. The principal investigator of each centre was the responsible of the final diagnostic 

adjudication of the cases. All principal investigators were provided with a dictionary of terms in order to have 

common definitions at all centres (available as Supplementary Table 1). The only exclusion criterion to EAHFE 

Registry was patients having a primary diagnosis of ST-elevation myocardial infarction (STEMI) while 

concurrently developing AHF (which occurred in 3% of AHF cases).  

For the MEDIT-AHF Study, patients were included if they or their relatives were able to answer questions on 

their regular diet. The adherence to the traditional MedDiet was estimated using the 14-point questionnaire 

of adhesion to MedDiet used and validated in the PREDIMED trial (17), which investigates 14 different items 

related to MedDiet: 12 questions refer to consumption frequency of key foods and 2 questions to food intake 

habits characteristic of the MeDiet. Each question scores 0 or 1 point, and the final score ranges between 0 

and 14 indicating null (0 points) or complete (14 points) adherence to MedDiet. The PREDIMED questionnaire 

has proved to be very useful in a large Spanish cohort for rapid estimation of adherence to the MedDiet (17). 

As proposed in other studies (18,19), patients were divided into two groups depending on whether they were 

adherent (9 or more points) or not adherent (8 or less points) to MedDiet, and this was considered the 

classificatory variable. In addition, 55 independent variables that could potentially affect different clinical 

outcomes were recorded at ED, including demographic data (2 variables), comorbidities (13 variables), 

baseline status (5 variables), chronic treatments (13 variables), relevant examination measurements at ED 

arrival (4 variables), electrocardiogram (ECG) abnormalities (3 variables) and analytical data (7 variables); as 

well as,  8 variables related to management at ED during the acute episode were also recorded 

(Supplemental Table 1).  
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The primary endpoint was 1-year all-cause mortality, which was ascertained at least twice, after 3 and 12 

months of the index episode, by means of phone call and review of primary care and hospital medical 

records. As secondary endpoints, we collected three different short-term outcomes during the 3 months after 

the index episode (and a forth one consisting in a combined endpoint if any of them was present): re-

admissions to ED due to HF (without need of hospitalization), need of rehospitalisation due to HF, and all-

cause death. For these secondary outcomes, only patients discharged alive after the index episode were 

included. 

The sample size was calculated based on a bilateral hypothesis of the existence of a relative difference of 20% 

in the primary endpoint (1-year mortality) between patients adherent and not adherent to MedDiet. One-

year mortality, based on our previous published data of the EAHFE Registry, was estimated in 28%; and alpha 

error was set at 0.05 and beta-error at 0.20. Under these assumptions, the sample size needed for analysis 

was 943 patients, and, taking into account a potential loss of 15% of patients (unable to answer the 14-point 

PREDIMED questionnaire, denying consent to be contacted, loss at follow up or others), the final size was 

established in 1109 patients. According to our previous experience, a mean of 60-100 patients per month are 

recruited at every ED (depending on the hospital size and ED census). Accordingly, we selected 7 EDs centres 

to participate in the MEDIT-AHF Study during the 2-month period of the EAHFE-4 recruitment to cover the 

required sample size (the result of 80 patients per ED and month multiplied by 2 months and multiplied by 7 

EDs, totalizing 1120 patients), and they were asked to assess adherence to MedDiet through the PREDIMED 

questionnaire to all the 1120 consecutive patients that we expected they would include in such EAHFE-4 

phase. Participating hospitals were the following: Hospital Clínico San Carlos (Madrid), Hospital General 

Universitario Gregorio Marañón (Madrid), Hospital Universitario Central de Asturias (Oviedo), Hospital 

Universitari de Bellvitge (Barcelona), Hospital del Mar (Barcelona), Hospital de la Santa Creu i Sant Pau 

(Barcelona) and Hospital Clínic (Barcelona). The survey was performed by phone and was done by a single 

professional interviewer with skills acquired in previous studies on HF and diet assessment (19-21). The 

phone contact with the patient or a relative living with her/him was done within the first month of index 

episode. We used this strategy because, on one hand, we preferred to use the same interviewer for all 

patients, and on the other hand, we assumed that changes in diet would be minimal in this narrow interval of 

time (maximum: 1 month) between admission at ED and diet recording. It is important to remark that no diet 

instructions (except salt intake) were given to the patients included during the stay in the ED. The EAHFE 

Registry whole protocol was approved by a unique central Ethical Committee at the Hospital Universitario 

Central de Asturias (Oviedo, Spain), with the reference numbers 49/2010, 69/2011, 166/13, and 160/15. Due 

to the non-interventional design of the study, the Spanish legislation allows the rest of centres participating in 

a multicenter study to include patients with such a central Ethical Committee approval, just informing their 

local Ethical Committees about their participation. All patients participating in the MEDIT-AHF gave informed 

consent to be included in the study. 

Statistical analysis  

Quantitative variables are expressed as mean and standard deviation (SD) if they were normally distributed 

according to the Kolmogorov-Smirnov test; otherwise, they are expressed as median and percentiles 25-75 
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(p25-75). Qualitative variables are expressed as absolute values and percentages. Comparison between 

patients adherent and not adherent to MedDiet was carried out through one-way ANOVA for quantitative 

variables (or through the Mann-Whitney non-parametric test if not normally distributed) and through chi 

square test (with Yate’s correction) for qualitative variables. Comparisons of primary and secondary 

outcomes were performed using survival curves following the Cox model. We first obtained the unadjusted 

curves for both groups of patients (adherents and not adherents) and crude hazard ratios (HR) with 95% 

confidence interval (95% CI) for adherent patients respect to not adherents were calculated. We also planned 

the adjustment of the survival curves by all independent variables obtaining a p value of less than 0.10 in the 

univariable comparisons, forcing the entrance of all these variables in a multivariable Cox model. As a 

sensitivity analysis, we repeated the adjustment after replacing the missed values of the independent 

variables included in the model by the mode (qualitative variables) or the median (quantitative variables). 

Statistical significance was accepted if 95% of HR excluded the value 1 or the p value was less than 0.05.  
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Results 

The seven participating ED recruited 1148 consecutive patients diagnosed with AHF for the EAHFE-4 Registry, 

and 991 were finally included in the MEDIT-AHF Study (Figure 1), with a mean age of 80 (10) years and 57.8% 

being women. The other characteristics are reported in Table 1. It is remarkable that patients included in the 

MEDIT-AHF Study had much co-morbidities, received many drugs, and most of them had some functional 

limitation (Barthel index was less than 100 points in 58.6% of patients). Only 5 out 55 variables had missing 

values for more than 10% of the patients: body mass index (BMI), Barthel index, left ventricular ejection 

fraction, systolic dysfunction, and troponin at ED. Based on the results of the PREDIMED questionnaire, 52.9% 

of patients were classified as adherent to MedDiet. These patients were significantly younger, had more 

frequently hypertension and peripheral arterial disease as comorbidities, and showed high pulsioxymetry 

values at ED arrival compared to patients with low adherence to MedDiet (P < 0.05; all).    

A total of 238 patients died during the study follow up. The cumulative 1-year mortality, the primary endpoint 

of the MEDIT-AHF Study, for the entire cohort was 24.7%, and we did not find statistically significant 

differences between adherent and not adherent patients (p=0.45, Figure 2). A total of 934 patients (94.2%) 

were discharged alive from the hospital after the index episode. The cumulative events for the secondary 

endpoints at 90 days for these patients were as follow: new visits to ED not causing hospital admission 22.4%; 

need of hospitalization 21.9%; death 6.0%; and the combined endpoint 40.7%. There were no statistically 

significant differences between adherent and not adherent patients for incidence of new visits to the ED, all-

cause mortality at 3 months and the combined variable (p=0.88, p=0.83, and p=0.32, respectively; Figure 3). 

However, those patients who reported a high adherence to MedDiet tended to a low hospitalization rate due 

to AHF than those with low adherence, although the differences did no attain statistical significance (P=0.06).  

We adjusted the primary and secondary endpoints by the seven variables having a p<0.10 in the univariate 

analysis: age, hypertension, peripheral arterial disease, previous episodes of HF, chronic treatment with 

statins, air-room pulsioxymetry, raised troponin and use of ventilation support at ED. After such adjustments, 

we failed in demonstrating any difference between patients adherent and not adherent to MedDiet for any 

endpoint (Figure 4). When we repeated the adjustment after the imputation of missing values (68 out of 

6937 values, 0.98%, were missed), we failed again in demonstrating any statistically significant difference in 

primary and secondary endpoints (Figure 4). Again, after both type of adjustments, patients adherent to 

MedDiet showed a trend to get less hospitalizations during the 3 months following patient discharge for the 

episode of AHF (p=0.08 and 0.09, respectively).  
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Discussion  

The MEDIT-AHF Study failed in demonstrating any effect of the MedDiet in 1-year mortality of patients who 

had had an episode of AHF. Although the follow up was limited to only one year, it does not seem that a 

longer follow up could result in any evidence of beneficial effects of MedDiet in respect of all-cause death. In 

fact, the curve of events for patients with higher adherence to MedDiet is even slightly over the curve for 

patients with lower adherence. Similar results were obtained in the PREDIMED trial (7), despite the design of 

both studies is absolutely different. The current study is a prospective cohort study of patients admitted to an 

ED because of an episode of AHF, whereas the PREDIMED trial was a primary prevention randomized 

intervention trial aimed to analyse the efficacy of a MedDiet on primary prevention of cardiovascular disease 

(7). However, both studies reached the same conclusion; MedDiet was no useful in the primary (PREDIMED 

trial) (10) or secondary (MEDIT-AHF Study) prevention of HF. Perhaps reduction in intake of some key 

nutrients, like salt (sodium) (22) is more important than to follow-up a healthy dietary pattern such as the 

MedDiet in prevention of all-cause mortality.  In fact, in the PREDIMED trial, decreasing sodium intake to 

<2300 mg/d was associated with a reduced risk of all-cause mortality, whereas increasing the intake to >2300 

mg/d was associated with a higher risk of CVD (23). On the other hand, two other prospective cohort studies 

with up to 10 years of follow-up observed inverse association between adherence to MedDiet and HF 

incidence and mortality. In these studies the number of events was high (1648 in men and 1269 in women). 

Perhaps, low sodium intake may enhance beneficial effects of the MedDiet on CVD and its main clinical 

features, as HF.    

When analysing the secondary endpoints, there were no significant differences in new visits to ED between 

adherent and non-adherent participants, but those with higher adherence to MedDiet tended to show lower 

hospitalizations rate during the next 3 months after being discharged from the index episode of AHF that 

allowed the entrance to the study (p=0.06; p=0.08 and 0.09 after adjustments). Again, we wonder whether a 

longer follow-up would allow the differences among groups to reach statistical significance.  

At that point, we should consider the mechanisms by which the MedDiet would reduce the incidence of AHF 

and hospitalizations by this cause. In the PREDIMED, intervention with MedDiet reduced plasma 

concentrations of several HF biomarkers such as NT-proBNP, oxidized-LDL cholesterol and lipoprotein (a) (24). 

MedDiet is also a useful tool to prevent HF because of its beneficial effects on cardiovascular disease (7), 

hypertension (25), diabetes (26), and obesity (27). These beneficial effects of MedDiet and its main 

components may be explained by the reduction on plasma oxide nitrite concentration (25) and/or its anti-

oxidant and anti-inflammatory actions (28,29). Early studies performed in the frame of the PREDIMED trial 

have demonstrated that MedDiet supplemented with extra virgin olive oil or nuts reduces plasma 

concentration of oxidized LDL-cholesterol particles, a measurement of oxidative status (28), and several 

inflammatory biomarkers related to the onset and progression of atherosclerosis (29), suggesting that this 

dietary pattern have anti-oxidant and anti-inflammatory effects.  

One of the strengths of the MEDIT-AHF Study is that it was carried out in a real-world cohort of unselected 

patients, as only patients/relatives unable to provide dietetic habits were excluded. We believe that our 

cohort very closely represents the scenario of AHF, since the majority of patients with AHF will attend to an 
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ED. Therefore, our results provide information useful for clinicians involved in HF management and health 

care. On the other hand, the percentage of patients with higher adherence to MedDiet is into the range of 

previously reported figures for the Spanish populations within this age range, such as high cardiovascular risk 

subjects (7).  

However, there are some limitations for the MEDIT-AHF Study that need to be highlighted. First, being a real-

world observational study, diagnosis of patients was initially based on Framingham’s criteria, but this 

pragmatic approach that may not reproduce what is happening in many EDs worldwide. We tried to minimize 

this limitation by ascertaining the diagnosis, when possible, using echocardiographic data or plasma 

natriuretic peptide determinations when obtained in the ED or during hospitalization in conventional awards. 

Second, the sample size was pre-fixed for the primary endpoint. For this reason, when we could to commit a 

type-II error when evaluating secondary endpoints, and specially the need of hospitalization, for which p 

values were close to statistical significance. Third, this is a very elderly cohort, with some patients diagnosed 

with CVD long time ago and many have had previous HF that needed admission to an ED. Then, our results 

could not apply to younger populations or those with recent diagnosis of a CVD. Forth, as this is a non-

interventional study, the potential benefit of increasing adherence to MedDiet has not been evaluated. Fifth, 

the time of follow-up for secondary outcomes was too short (3 months). Perhaps a longer period would allow 

reaching statistical significances between both groups at least in the hospitalization rate after the episode of 

AHF.   

In conclusion, the results of the current study does not show that high adherence to MedDiet reduces the risk 

of new clinical cases of AHF in patients who had already had an episode of AHF. On the contrary, the number 

of hospitalizations due to AHF was lower in participants with high adherence to MedDiet, very close to 

achieve statistical significance, suggesting a lower severity of AHF in these participants compared to those 

with lower adherence. This pre-specified secondary analysis of the MEDIT-AHF Study may have been 

underpowered to provide valid conclusions. Further randomized controlled studies with HF as a primary 

endpoint are needed to better assess the specific effect of the traditional MedDiet on HF risk.  

Competency in medical Knowledge 

Changes in diet and other lifestyle factors are one of the most common non-pharmacologic interventions 
recommended to modify the natural course of CVD.  It’s unclear that changes in overall dietary patterns 
(using MedDiet) decrease the risk of HF.  

Translational outlook 

The MEDIT-AHF Study failed in demonstrating any effect of the MedDiet in 1-year mortality of patients who 

had had an episode of AHF. On the contrary, the number of hospitalizations due to AHF was lower in 

participants with high adherence to MedDiet, very close to achieve statistical significance, suggesting a lower 

severity of AHF in these participants compared to those with lower adherence. 
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Ta le 1: Chara teristi s of patie ts i luded i  the stud  a d o pariso  a ordi g their adhere e to 
Mediterra ea  diet MedDiet . 

 
 

Total 
N=  

[%]  

Missi g 
values 

[%]  

Adhere t 
N=  

[%]  

Not adhere t 
N=  

[%]  

p 
value 

De ographi  data  
Age ears  ea  SD       .
Fe ale  .   .  .   .  .

Co or idities  
Arterial h perte sio   .  .  .   . .
Dia etes ellitus  .  .  .   . .
D slipide ia  .   .  .   .  .
Is he i  heart disease  .   .  .   .  .
Chro i  kid e  failure  .  .  .   . .
Cere rovas ular disease  .  .  .   . .
Arial fi rillatio   .   .  .   .  .
Peripheral arterial disease  .   .  ,   .  .
Heart valve disease  .   .  .   .  .
Chro i  o stru tive pul o ar  disease  .  .  .   . .
A tive a er  .   .  .   .  .
De e tia  .   .  .   .  .
Prior episode of heart failure  .   .  .   .  .

Baseli e status  
Bod  ass i de  kg/  ea  SD  .  .  . .  .  .  . .
Barthel I de  poi ts  ea  SD     .     .
Adva ed ardiorespirator  lass NYHA III-IV    .   .  .   .  .
Left ve tri ular eje tio  fra tio  %  ea  SD   .    .
S stoli  d sfu tio   e ho ardiograph   .  .  .   . .

Chro i  treat e ts  
Diureti s  .   .  .   .  .
ACE i hi itor or ARB  .  .  .   . .
Beta- lo ker  .  .  .   . .
Aldostero e a tago ist  .   .  .   .  .
Nitrates  .   .  .   .  .
Statins  .  .  .   . .
A ti-aggregators  .  .  .   . .
A ti oagulatio   .   .  .   .  .
A iodaro e  .   .  .   .  .
Digo i   .   .  .   .  .
Beta-ago ist ro hodilators  .  .  .   . .
A ti holi ergi  ro hodilators  .   .  .   .  .
Pa e aker or defi rillator   .   .  .   .  .

Vitals at ED duri g a ute episode  
S stoli  lood pressure Hg  ea  SD   .    .
Heart rate p  ea  SD    .    .
Te perature ºC  ea  SD  .  .  . .  .  .  . .
Air-roo  pulsio etr  % ea  SD    .     .

ECG a or alities at ED duri g a ute episode  
Atrial fi rillatio   .  .  .   . .
Left u dle- ra h lo k  .  .  .   . .
Pa e aker rh th   .  .  .   . .

A alyti al data at ED duri g a ute episode  
Gl ae ia g/dL  edia  p -    -  ,  -   - .
Creati i  g/dL  edia  p -  .  . - .  . .  . - .  .  . - . .
eGFR l/ i /  edia  p -   -  .  -   - .
He oglo i  g/L  edia  p -    .    .
Potassiu  < .  or >  ol/L   .  .  .   . .
H po atre ia < ol/L   .  .  .   . .
Tropo i  positive  .    .   .  .

Ma age e t at ED  
Need of i trave ous orphi e  .  .  .   . .
Need of i trave ous itrates  .  .  .   . .
Need of i otropi s/vasopressors  .   .  .   .  .
Need of o -i vasive ve tilatio   .   .  .   .  .
Need of e ha i al ve tilatio   .  .  .   . .
Need of any ventilation support  .  .  .   . .
Ad issio  at hospital  .    .   .  .
Ad issio  at i te sive are u it  .    .   .  .

ACE: a giote si - o verter e z e; ARA: a giote si -II re eptor a tago ist; eGFR: esti ated glo erular filtratio  rate; ED: e erge  
depart e t. Varia les i  old letter de ote those a hievi g statisti al sig ifi a e p< . , a d varia les i  itali s de ote those i luded 
i  the ultivariate adjust e t p< .  


