

  antioxidants-10-00397




antioxidants-10-00397







Antioxidants 2021, 10(3), 397; doi:10.3390/antiox10030397




Article



Mediterranean Diet and Physical Activity Decrease the Initiation of Cardiovascular Drug Use in High Cardiovascular Risk Individuals: A Cohort Study



Margarita Ribó-Coll 1,2, Sara Castro-Barquero 1,3,4[image: Orcid], Camille Lassale 4,5[image: Orcid], Emilio Sacanella 1,3,4,6[image: Orcid], Emilio Ros 1,4,7[image: Orcid], Estefanía Toledo 4,8,9[image: Orcid], José V. Sorlí 4,10[image: Orcid], Andrés Díaz-López 4,11,12[image: Orcid], José Lapetra 4,13, Carlos Muñoz-Bravo 14, Fernando Arós 4,15, Miquel Fiol 4,16[image: Orcid], Lluis Serra-Majem 4,17,18, Xavier Pinto 4,19[image: Orcid], Olga Castañer 4,5[image: Orcid], César I. Fernández-Lázaro 4,9[image: Orcid], Olga Portolés 4,10, Nancy Babio 4,12,20[image: Orcid], Ramón Estruch 1,3,4,6[image: Orcid] and Álvaro Hernáez 1,4,21,22,*[image: Orcid]





1



August Pi i Sunyer Biomedical Research Institute (IDIBAPS), 08036 Barcelona, Spain






2



PhD Program in Food Science and Nutrition, Faculty of Pharmacy and Food Science, Universitat de Barcelona, 08028 Barcelona, Spain






3



Department of Medicine, Faculty of Medicine and Health Sciences, University of Barcelona, 08036 Barcelona, Spain






4



Consorcio CIBER, M.P. Fisiopatología de la Obesidad y Nutrición (CIBEROBN), Instituto de Salud Carlos III, 28029 Madrid, Spain






5



Cardiovascular Risk and Nutrition Research Group, Hospital del Mar Medical Research Institute (IMIM), 08003 Barcelona, Spain






6



Internal Medicine Service, Hospital Clínic, 08036 Barcelona, Spain






7



Lipid Clinic, Endocrinology and Nutrition Service, Hospital Clínic, 08036 Barcelona, Spain






8



Department of Preventive Medicine and Public Health, Universidad de Navarra, 31008 Pamplona, Spain






9



Navarra Institute for Health Research (IdiSNA), 31008 Pamplona, Spain






10



Department of Preventive Medicine and Public Health, Universidad de Valencia, 46010 Valencia, Spain






11



Unitat de Nutrició i Salut Pública, Departament de Ciències Mèdiques Bàsiques, Universitat Rovira i Virgili, 43201 Reus, Spain






12



Institut d’Investigació Sanitaria Pere Virgili (IISPV), 43204 Reus, Spain






13



Department of Family Medicine-Research Unit, Distrito Sanitario Atención Primaria Sevilla, 41013 Sevilla, Spain






14



Department of Public Health and Psychiatry, Universidad de Málaga, 29071 Málaga, Spain






15



Department of Cardiology, Hospital Universitario de Álava, 01009 Vitoria, Spain






16



Health Research Institute of the Balearic Islands (IdISBa), Hospital Son Espases, 07120 Palma de Mallorca, Spain






17



Instituto de Investigaciones Biomédicas y Sanitarias, Universidad de Las Palmas de Gran Canaria, 35016 Las Palmas, Spain






18



Centro Hospitalario Universitario Insular Materno Infantil, Servicio Canario de Salud, 35016 Las Palmas, Spain






19



Lipids and Vascular Risk Unit, Internal Medicine, Hospital Universitario de Bellvitge, 08907 L’Hospitalet de Llobregat, Spain






20



Unitat de Nutrició Humana, Departament de Bioquimica i Biotecnologia, Universitat Rovira i Virgili, 43201 Reus, Spain






21



Blanquerna School of Health Sciences, Universitat Ramon Llull, 08025 Barcelona, Spain






22



Centre for Fertility and Health, Norwegian Institute of Public Health, 0473 Oslo, Norway









*



Correspondence: alvaro.hernaez@fhi.no; Tel.: +34-679384179







Academic Editors: Gianluca Rizzo and Mauro Lombardo



Received: 28 January 2021 / Accepted: 2 March 2021 / Published: 5 March 2021



Abstract

:

Our aim was to assess whether long-term adherence to a Mediterranean diet (MedDiet) and leisure-time physical activity (LTPA) were associated with a lower initiation of cardiovascular drug use. We studied the association between cumulative average of MedDiet adherence and LTPA and the risk of cardiovascular drug initiation in older adults at high cardiovascular risk (PREvención con DIeta MEDiterránea trial participants) non-medicated at baseline: glucose-lowering drugs (n = 4437), antihypertensives (n = 2145), statins (n = 3977), fibrates (n = 6391), antiplatelets (n = 5760), vitamin K antagonists (n = 6877), antianginal drugs (n = 6837), and cardiac glycosides (n = 6954). One-point increases in MedDiet adherence were linearly associated with a decreased initiation of glucose-lowering (HR: 0.76 [0.71–0.80]), antihypertensive (HR: 0.79 [0.75–0.82]), statin (HR: 0.82 [0.78–0.85]), fibrate (HR: 0.78 [0.68–0.89]), antiplatelet (HR: 0.79 [0.75–0.83]), vitamin K antagonist (HR: 0.83 [0.74; 0.93]), antianginal (HR: 0.84 [0.74–0.96]), and cardiac glycoside therapy (HR: 0.69 [0.56–0.84]). LTPA was non-linearly related to a delayed initiation of glucose-lowering, antihypertensive, statin, fibrate, antiplatelet, antianginal, and cardiac glycoside therapy (minimum risk: 180–360 metabolic equivalents of task-min/day). Both combined were synergistically associated with a decreased onset of glucose-lowering drugs (p-interaction = 0.04), antihypertensive drugs (p-interaction < 0.001), vitamin K antagonists (p-interaction = 0.04), and cardiac glycosides (p-interaction = 0.01). Summarizing, sustained adherence to a MedDiet and LTPA were associated with lower risk of initiating cardiovascular-related medications.
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1. Introduction


Better adherence to a Mediterranean Diet (MedDiet) and regular practice of leisure-time physical activity (LTPA) are both able to prevent major cardiovascular clinical outcomes [1,2]. Beneficial effects of MedDiet and LTPA may be mediated by improvements in risk factors related to blood pressure, glucose and lipid metabolism, oxidative stress, and low-grade inflammation [3,4]. However, there is limited information on the effect of lifestyle factors on the need of or delay in cardiovascular drug use. Regarding dietary modifications, only two studies are available and focused on antidiabetic therapy. A MedDiet intervention was associated with a decreased risk of initiating glucose-lowering therapy in non-treated type 2 diabetes patients in the PREDIMED (PREvención con DIeta MEDiterránea) study [5], and another intervention with a low-carbohydrate MedDiet-like dietary pattern was related to a reduced need of these medications in middle-aged adults [6]. In relation to physical activity, beyond the association between LTPA and a greater discontinuation of antidiabetic treatment [7] or a reduced risk of warfarin bleeding complications [8], only one cohort study in a Scandinavian general population has reported that higher LTPA levels are linked to a decreased risk of initiating antihypertensive medication [9].



High adherence to a MedDiet together with high LTPA levels has been associated with a decreased risk of cardiovascular events [10] and all-cause mortality [11]. Short-term, small-scale intervention studies recommending a combination of a MedDiet-like dietary pattern and LTPA have been related to decreases in body weight, blood pressure, fasting glucose, insulin resistance, total cholesterol, and triglyceride levels [12]. In addition, interim analyses of the first year of a large-scale intervention with a combination of hypocaloric MedDiet with LTPA and behavioral support in the PREDIMED-Plus study have confirmed these benefits and reported a decrease in the levels of leptin and low-grade inflammation biomarkers [13]. However, the combined effect of MedDiet and LTPA on the necessity of cardiovascular drugs, and a potential synergistic protection, is still unknown. Therefore, the aim of this study was to assess the prospective association of high adherence to a MedDiet and LTPA levels, alone and combined, with the risk of initiating cardiovascular drug use in Spanish older adults at high cardiovascular risk.




2. Materials and Methods


2.1. Study Population


This work is a prospective analysis using information about participants of the PREDIMED trial as a cohort study. The PREDIMED trial was a randomized controlled trial conducted in Spain between 2003 and 2009 to assess the effects of a nutritional intervention fostering the adherence to a MedDiet on the primary prevention of cardiovascular outcomes in an older population at high cardiovascular risk. Eligible volunteers were men (aged 55–80 years) and women (aged 60–80 years) without cardiovascular disease at enrolment but with type 2 diabetes or at least three of the following cardiovascular risk factors: hypertension (systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or using antihypertensive drugs), high concentrations of low-density lipoprotein cholesterol (≥160 mg/dL), low levels of high-density lipoprotein cholesterol (<40 mg/dL in men, <50 mg/dL in women), body mass index > 25 kg/m2, smoking, and family history of premature coronary disease (<55 years old in first degree male relatives, <65 years old in first degree female relatives). The study protocol complied with the Declaration of Helsinki, was approved by Institutional Review Boards of all recruiting sites, was registered under the International Standard Randomized Controlled Trial Number ISRCTN35739639 (http://www.isrctn.com/ISRCTN35739639, accessed on 28 January 2021), has been previously described in detail elsewhere [1,14], and is available in the PREDIMED study website (http://www.predimed.es, accessed on 28 January 2021). All participants provided written informed consent before joining the trial.



For these analyses, we used the PREDIMED data as an observational prospective cohort, adjusting all analyses for intervention groups. Of the 7447 randomized participants, we excluded 87 with no available baseline data on MedDiet adherence, alcohol intake, or energy consumption, and 297 without information on cardiovascular drug use at follow-up visits, yielding an analytical sample of 7063 individuals. Of note, analyses of initiation of cardiovascular-related drugs were performed in non-users at study entry, so we also excluded users of each specific drug at baseline. Furthermore, we excluded volunteers with no information on baseline levels of fasting glucose (n = 313), systolic blood pressure (n = 9), total cholesterol (n = 221), and triglycerides (n = 344) in the analyses related to the initiation of glucose-lowering drugs, antihypertensive medication, statins, and fibrates, respectively. The study flowchart is available in Figure 1.




2.2. Outcomes


At baseline and yearly follow-up visits, we collected data on the use (yes/no) of the main cardiovascular-related drugs. Glucose-lowering drugs included biguanides, thiazolidinediones, sulfonylureas, meglitinides, glucagon-like peptide analogues/agonists, dipeptidyl peptidase-4 inhibitors, α-glycosidase inhibitors, and insulin. Antihypertensive therapies included renin-angiotensin-aldosterone system inhibitors, calcium antagonists, thiazide/thiazide-like/loop diuretics, mineralocorticoid receptor antagonists, beta-blockers, alpha-blockers, and other minor antihypertensive families. Lipid-lowering drug use was defined as any use of statins or fibrates. Antiplatelet drugs included acetylsalicylic acid as antiplatelet, cilostazol, clopidogrel, dipyridamole, ditazol, ticlopidine, and triflusal. When assessing the use of other anticoagulants, we registered any use of vitamin K epoxide reductase inhibitors (warfarin and acenocumarol) (the use of other anticoagulants, such as direct oral anticoagulant drugs, was marginal in the follow-up period of our study). Antianginal drugs included nitrates (nitroglycerin, isosorbide mononitrate, molsidomine) and other angina pectoris drugs (trimetazidine, ivabradine, ranolazine). Finally, we registered any use of cardiac glycosides.



Using these data, we defined incidence of the initiation of any of these therapies among baseline non-users. “Initiation” was defined as the occurrence of the initiation of medication use that lasted until the last visit of the volunteer [5]. Regarding doubtful cases, we only considered as valid outcomes any initiation of medication that persisted for at least three subsequent follow-up visits and was not based on more than one visit in which the use of the drug was not reported.




2.3. Exposure Variables


We estimated MedDiet adherence at each visit using the MedDiet adherence score. It was a short screener questioning whether the volunteer followed 14 essential dietary traits related to a MedDiet, validated in Spanish adults. The consumption of the following scored positively: (1) olive oil as main fat for cooking/seasoning; (2) ≥4 tablespoons/day of olive oil; (3) ≥2 servings/day of vegetables; (4) ≥3 servings/day of fruit; (5) ≥3 servings of mixed nuts (30 g) per week; (6) ≥3 servings of legumes (150 g, boiled) per week; (7) ≥3 servings/week of fish or seafood; (8) wine in moderation (100 mL/day on average, within meals); (9) <1 serving/day of red and processed meat; (10) poultry and rabbit over red and processed meat; (11) <1 serving/day of butter, margarine, or cream; (12) <1 carbonated or sugar-sweetened beverage/day; (13) <2 servings/week of non-homemade pastries or sweets; and (14) a “sofrito”-based dish at least twice per week [15].



LTPA was estimated by the self-administered Minnesota Leisure-Time Physical Activity Questionnaire, previously validated in Spanish men and women [16,17]. The questionnaire reported the number of days and min/day that participants performed 67 different activities in the previous year. LTPA was quantified in metabolic equivalents of task-minute per day (METs-min/d) by multiplying the metabolic equivalents of task linked to an activity with its mean duration in min/day.




2.4. Covariates


Trained personnel collected baseline data on: age; sex; educational level; prevalence of diabetes, hypercholesterolemia, hypertriglyceridemia, and hypertension; systolic blood pressure; body mass index; and smoking habit [1,14]. Glucose, total cholesterol, and triglyceride levels were assessed in local laboratories in overnight fasting plasma samples collected at baseline and stored at −80 °C until analysis. From a validated 137-item food frequency questionnaire, we estimated the consumption of alcohol (in g/day) and energy (in kcal/day) [14].




2.5. Power Analyses


The number of total individuals and cases that occurred during follow-up allowed to detect as significant (α = 0.05), with a power ≥80%, hazard ratios (HR) for the comparisons between low MedDiet adherence + low LTPA levels and high MedDiet adherence + high LTPA levels ranging from 0.38 (cardiac glycoside) to 0.80 (statin) (Table S1). This calculation was performed using the “powerSurvEpi” package in R Software [18].




2.6. Statistical Analyses


Baseline characteristics were expressed as means and standard deviations (normally distributed continuous variables), medians and interquartile ranges (non-normally distributed continuous variables), and proportions (categorical variables).



We used Cox proportional hazards regression models with restricted cubic splines to evaluate graphically the non-linear associations of the cumulative mean of MedDiet adherence and of LTPA levels with the risk of starting to use cardiovascular-related medications [19]. We calculated the cumulative mean of MedDiet adherence or LTPA as the average of all adherence score/LTPA values until the occurrence of the outcome (incident cases) or the last study visit with available data (non-cases). Any participant with outlier values in cumulative means of MedDiet adherence score (<5 points) or LTPA levels (>1000 METs-min/day) was excluded. We set the reference cut-point at the minimum value for each exposure variable (5 points of MedDiet adherence score, 0 METs-min/day of LTPA). We defined follow-up time as the time between the date of enrolment and: (1) the midpoint between the last visit in which the volunteer did not use the medication and the first visit in which the volunteer reported its use; or (2) 1 December 2010, whichever came first. Models were stratified by sex, recruitment site, and educational level (primary/secondary/higher/unavailable), and adjusted for baseline: age (continuous), diabetes (yes/no), hypercholesterolemia (yes/no), hypertriglyceridemia (yes/no), hypertension (yes/no), smoking habit (current/former/never), body mass index (continuous), alcohol consumption (continuous), energy intake (continuous), and PREDIMED intervention group. MedDiet adherence analyses were further adjusted for LTPA (continuous), and LTPA analyses for MedDiet adherence score (continuous). We substituted the following covariates in the models: diabetes for fasting glucose (continuous) in glucose-lowering therapy initiation analyses, hypertension for systolic blood pressure in antihypertensive therapy initiation analyses, hypercholesterolemia for total cholesterol (continuous) in statin initiation analyses, and hypertriglyceridemia for triglycerides (continuous) in fibrate initiation analyses. We used robust variance estimators to account for intra-cluster correlations in all survival analyses [1].



To study the combined effect of diet and physical activity, we first classified volunteers according to their cumulative means of MedDiet adherence and LTPA values (“low”—below the media—or “high”—above the median—values). We then classified the participants in four categories: low values in both exposures (reference), low MedDiet adherence and high LTPA, high MedDiet adherence and low LTPA, and high MedDiet adherence and LTPA. We tested whether high MedDiet adherence and high LTPA levels were synergistically associated with lower risk of drug initiation by applying a likelihood ratio test between the Cox models with and without the interaction product-term “cumulative MedDiet adherence x cumulative LTPA.”



We performed the analyses using the “survival” package in R Software (version 3.5.2) [20,21].





3. Results


3.1. Study Population


Study volunteers were elderly adults (67 years old on average, 58% women) with high prevalence of cardiovascular risk factors at baseline (83% hypertension, 72% hypercholesterolemia, 49% diabetes, 47% obesity, 14% current smokers) (Table 1). The number of persons at risk of new drug use and median follow-up times were as follows for each drug-specific analysis: glucose-lowering drugs (n = 4437, 4.0 years), antihypertensive drugs (n = 2145, 2.6 years), statins (n = 3977, 3.7 years), fibrates (n = 6391, 4.8 years), antiplatelet drugs (n = 5760, 4.0 years), vitamin K epoxide reductase inhibitors (n = 6877, 4.5 years), antianginal drugs (n = 6837, 4.6 years), and cardiac glycosides (n = 6954, 4.8 years). Among the individuals susceptible to initiate medication, the use of antidiabetics was initiated in 16.9% of the participants, antihypertensive drugs in 46.2%, statins in 30.0%, fibrates in 2.16%, antiplatelet drugs in 19.1%, vitamin K epoxide reductase inhibitors in 3.00%, antianginal drugs in 2.47%, and cardiac glycosides in 0.82%.




3.2. MedDiet Adherence and Risk of Cardiovascular Drug Initiation


One-point increases in cumulative MedDiet adherence were linearly associated with the following decreases in the risk of drug initiation: 24% for glucose-lowering therapy (HR: 0.76 [95% CI: 0.71; 0.80]), 21% for antihypertensive medication, (HR: 0.79 [0.75; 0.82]), 18% for statins (HR: 0.82 [0.78; 0.85]), 22% for fibrates (HR: 0.78 [0.68; 0.89]), 21% for antiplatelet drugs (HR: 0.79 [0.75; 0.83]), 17% for vitamin K epoxide reductase inhibitors (HR: 0.83 [0.74; 0.93]), 16% for antianginal drugs (HR: 0.84 [0.74; 0.96]), and 31% for cardiac glycosides (HR: 0.69 [0.56; 0.84]) (Figure 2).




3.3. LTPA Levels and Risk of Cardiovascular Drug Initiation


LTPA levels were only linearly linked to lower initiation risk of vitamin K epoxide reductase inhibitors (100 METs-min/day increments were related to 10% less risk, HR: 0.90 [0.81; 1.00]). We observed non-linear associations of LTPA with the risk of initiation of the rest of cardiovascular drugs (Figure 3). The lowest risk values were observed between 180 and 360 METs-min/day (relative to 0 METs-min/day) for the following drug families: glucose-lowering drugs (lowest risk at 198 METs-min/day, HR: 0.44 [0.40; 0.48]), antihypertensive drugs (at 364 METs-min/day, HR: 0.47 [0.42; 0.52]), statins (at 204 METs-min/day, HR: 0.51 [0.48; 0.55]), fibrates (at 188 METs-min/day, HR: 0.63 [0.52; 0.77]), antiplatelet drugs (at 176 METs-min/day, HR: 0.52 [0.49; 0.56]), antianginal drugs (at 202 METs-min/day, HR: 0.53 [0.45; 0.63]), and cardiac glycosides (at 220 METs-min/day (HR: 0.25 [0.18; 0.34]).




3.4. Adherence to a MedDiet Combined with LTPA Levels and Risk of Cardiovascular Drug Initiation


High MedDiet adherence and LTPA levels had a synergistic impact on the risk of initiating the following therapies: glucose-lowering drugs (p-interaction = 0.04), antihypertensive drugs (p-interaction < 0.001), vitamin K epoxide reductase inhibitors (p-interaction = 0.04), and cardiac glycosides (p-interaction = 0.01) (Figure 4).





4. Discussion


In older individuals at high cardiovascular risk, we observed that adherence to a MedDiet and LTPA of at least approximately 200 METs-min/day were associated with a decreased necessity of cardiovascular-related medications. In addition, the combination of MedDiet and LTPA was synergistically associated with a delayed initiation of glucose-lowering, antihypertensive, vitamin K epoxide reductase inhibitor, and cardiac glycoside therapies.



Several cardiometabolic benefits of a traditional MedDiet have been described in observational and clinical studies [3]. Our findings extend this protective association to cardiovascular-related medications and suggest a delayed initiation of glucose-lowering, antihypertensive, statin, fibrate, antiplatelet, vitamin K epoxide reductase inhibitor, antianginal, and cardiac glycoside therapies in individuals with high adherence to a MedDiet. Our results agree with previously reported associations of MedDiet with a decreased risk of initiating glucose-lowering therapy in type 2 diabetes patients [5] and vitamin K epoxide reductase inhibitors in high cardiovascular risk individuals [22], reduced blood pressure values [23], lower total cholesterol and triglyceride concentrations [3], improved antithrombotic mechanisms [24], and a decreased heart failure risk in cohort studies [25]. MedDiet is known for its richness in antioxidant bioactive compounds, which is thought to be responsible for the decrease in oxidative stress and low-grade inflammation [26,27]. Its high content in monounsaturated and polyunsaturated fatty acids may also be involved in the anti-inflammatory and lipid-lowering effect [28], and its great content in fiber may also be involved in the improvement of several mechanisms involving gut microbiota [28].



We also observed a non-linear association between LTPA and a decreased necessity of cardiovascular drugs. With the exception of vitamin K epoxide reductase inhibitors, we observed the lowest risk of starting to use glucose-lowering, statin, fibrate, antiplatelet, antianginal, and cardiac glycoside medications around 200 METs-min/day of LTPA (the maximum decreases in antihypertensive initiation risk were also associated with values up to 200 METs-min/day). This is equivalent to 45 min of walking at brisk pace or 30 min of jogging [29]. Meta-analyses of human studies have reported that similar values are usually the optimum point in the dose-dependent association between LTPA and the risk of developing a cardiovascular event [2], type 2 diabetes [2], or heart failure [30].



The combination of high LTPA levels and MedDiet adherence was synergistically associated with a delayed initiation of glucose-lowering, antihypertensive, vitamin K epoxide reductase inhibitor, and cardiac glycoside therapy. These findings agree with previous evidence, since the combination of both lifestyle modifications decreases fasting glucose, insulin resistance, blood pressure [12,13], and low-grade inflammation [13] (which could explain the improvement in thrombosis-related responses, related to vitamin K antagonist use). The combination of a healthy hypocaloric diet with exercise has also been additively associated with improvements in heart failure symptoms such as intolerance to physical efforts [31]. However, to the best of our knowledge, this is the first study to report a synergistic association between a healthy, normocaloric diet plus LTPA and improvements in clinical outcomes related to glucose metabolism, blood pressure, thrombosis responses, and heart failure. This synergy could be due to the fact that MedDiet and LTPA enhance these factors through complementary molecular mechanisms. On the one hand, MedDiet has been shown to be able to improve glucose metabolism [32], blood pressure [33], atherothrombosis biomarkers [34], and heart failure indicators [35]. These effects may be partially explained by the capacity of its some of MedDiet bioactive components such as dietary antioxidants to improve oxidative stress and low-grade inflammation [26,27]. Decreases in oxidative stress and low-grade inflammation have been linked to improvements in the molecular sensitivity of insulin in its target cells [36], increased endothelial integrity [37], decreased activation of pro-thrombotic signals [38,39], and better heart dynamics in previous studies [40]. On the other hand, LTPA is known to activate AMP-activated protein kinase through its capacity to produce transient increases in the ratio AMP:ATP [41], which in turn may enhance the previous risk factors by alternative mechanisms. Particularly, it is an enzymatic complex capable of promoting the expression of several metabolic and regulatory proteins such as enzymes involved in glucose metabolism, endothelial nitric oxide synthase, antioxidant enzymes, and downregulators of low-grade inflammation [42,43].



Our study has limitations. First, we conducted our analyses using data of the PREDIMED trial, a dietary intervention study that did not include any LTPA advice. Therefore, we analyzed them as a cohort study, and tried to minimize this limitation by adjusting for the intervention group and by taking as exposure the cumulative averages of MedDiet adherence and LTPA levels. Second, our variables can be considered a proxy for the debut of cardiovascular conditions (a lower initiation of cardiovascular drug use could be due to the fact that there is less need for medication to control the underlying cardiovascular risk factors), but we cannot rule out other less obvious reasons for not using medication (unwillingness/resistance to use pharmacological therapy, etc.). Third, we could only collect categorical information on drug use/non-use and, consequently, we could not study dose changes. Fourth, initiation of cardiovascular-related therapy was not a predetermined endpoint in the PREDIMED study; therefore, our findings should be considered as exploratory and confirmed in further research. Fifth, our conclusions only apply to older individuals at high cardiovascular risk and cannot be generalized to other populations. Finally, some covariates such as alcohol and energy intake are self-reported, which may be prone to misclassification.




5. Conclusions


In an older population at high cardiovascular risk, adherence to a MedDiet was associated with lower necessity of cardiovascular-related medications (glucose-lowering, antihypertensive, statin, fibrate, antiplatelet, vitamin K epoxide reductase inhibitor, antianginal, and cardiac glycoside therapies). LTPA levels were also non-linearly related to lower drug initiation, with minimum risks observed around 200 METs-min/day. Finally, the combination of high MedDiet adherence and LTPA levels was synergistically associated with a decreased necessity of glucose-lowering, antihypertensive, vitamin K antagonist, and cardiac glycoside therapies. Our results highlight the potential synergistic association between a healthy diet and LTPA with an improvement in cardiovascular health in individuals at high cardiovascular risk.








Supplementary Materials


The following are available online at https://www.mdpi.com/2076-3921/10/3/397/s1, Table S1: Power analyses for study determinations, Appendix SI: Full list of PREDIMED study collaborators, Appendix SII: Information and informed consent sheets.





Author Contributions


Conceptualization, Á.H.; methodology, Á.H.; formal analysis, M.R.-C., S.C.-B., C.L., and Á.H.; resources, E.R., E.T., J.V.S., A.D.-L., J.L., C.M.-B., F.A., M.F., L.S.-M., X.P., O.C., C.I.F.-L., O.P., N.B., R.E., and Á.H.; investigation, M.R.-C., S.C.-B., C.L., and Á.H.; data curation, E.S., E.R., E.T., J.V.S., A.D.-L., J.L., C.M.-B., F.A., M.F., L.S.-M., X.P., O.C., C.I.F.-L., O.P., N.B., R.E., and Á.H.; writing—original draft preparation, M.R.-C., S.C.-B., C.L., E.S., and Á.H.; writing—review and editing, E.R., E.T., J.V.S., A.D.-L., J.L., C.M.-B., F.A., M.F., L.S.-M., X.P., O.C., C.I.F.-L., O.P., N.B., and R.E.; visualization, Á.H.; supervision, Á.H.; project administration, Á.H.; funding acquisition, Á.H. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by grants of the Official College of Pharmacists of Barcelona (Col·legi Oficial de Farmacèutics de Barcelona, COFB), Instituto de Salud Carlos III [OBN17PI02, CB06/03/0019, CB06/03/0028, CD17/00122 to A.H.], Agència de Gestió d’Ajuts Universitaris i de Recerca [2017 BP 00021 to C.L., 2017 SGR 222], the Spanish Ministry of Science, Innovation, and Universities [FPU17/00785 to S.C.-B.], and the European Regional Development Fund (ERDF). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.




Institutional Review Board Statement


The protocol of the PREDIMED Study complied with the Declaration of Helsinki, was approved by Institutional Review Boards of all recruiting sites (CEIC-IMAS, reference: 2005/20174/I, date: 20 July 2005), was registered under the International Standard Randomized Controlled Trial Number ISRCTN35739639 (http://www.isrctn.com/ISRCTN35739639, accessed on 28 January 2021), and is available in the PREDIMED study website (http://www.predimed.es, accessed on 28 January 2021).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The dataset analyzed during the current study is not publicly available due to national data regulations and for ethical reasons, including that we do not have the explicit written consent of the study participants to make their deidentified data available at the end of the study. However, data described in the manuscript will be made available upon request by sending a letter to the PREDIMED Steering Committee (predimed-steering-committe@googlegroups.com). The request will be passed to all the members of the Committee for deliberation.




Acknowledgments


A full list of names of all study collaborators is available in the Appendix SI. Centro de Investigación Biomédica En Red de Fisiopatología de la Obesidad y Nutrición (CIBEROBN) is an initiative of the Instituto de Salud Carlos III, Madrid, Spain, and financed by the European Regional Development Fund.




Conflicts of Interest


E.R. reports personal fees, grants, and nonfinancial support from the California Walnut Commission and Alexion; personal fees and nonfinancial support from Danone; and nonfinancial support from the International Nut Council. F.A. reports receiving personal fees from Menarini and AstraZeneca. L.S.-M. reports being a board member of the Mediterranean Diet Foundation and the Beer and Health Foundation. X.P. reports being a board member of and obtaining lecture fees and grants from Ferrer International; being a board member of and obtaining grants from the Residual Risk Reduction Initiative Foundation; personal fees from Abbott Laboratories; lecture fees and grants from Merck and Roche; lecture fees from Danone, Esteve, Menarini, Mylan, LACER, and Rubio Laboratories; and grants from Sanofi, Kowa, Unilever, Boehringer Ingelheim, and Karo Bio. R.E. reports being a board member of the Research Foundation on Wine and Nutrition, the Beer and Health Foundation, and the European Foundation for Alcohol Research; and receiving personal fees from KAO Corporation; lecture fees from Instituto Cervantes, Fundación Dieta Mediterranea, Cerveceros de España, Lilly Laboratories, AstraZeneca, and Sanofi; and grants from Novartis, Amgen, Bicentury, and Grand Fountaine. The rest of the authors have nothing to disclose.




References


	



Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.-I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.; Fiol, M.; Lapetra, J.; et al. Primary prevention of cardiovascular disease with a Mediterranean diet supplemented with extra-virgin olive oil or nuts. N. Engl. J. Med. 2018, 378, e34. [Google Scholar] [CrossRef]

	



Wahid, A.; Manek, N.; Nichols, M.; Kelly, P.; Foster, C.; Webster, P.; Kaur, A.; Friedemann Smith, C.; Wilkins, E.; Rayner, M.; et al. Quantifying the association between physical activity and cardiovascular disease and diabetes: A systematic review and meta-analysis. J. Am. Heart Assoc. 2016, 5, e002495. [Google Scholar] [CrossRef]

	



Dinu, M.; Pagliai, G.; Casini, A.; Sofi, F. Mediterranean diet and multiple health outcomes: An umbrella review of meta-analyses of observational studies and randomised trials. Eur. J. Clin. Nutr. 2018, 72, 30–43. [Google Scholar] [CrossRef]

	



Pattyn, N.; Cornelissen, V.A.; Eshghi, S.R.T.; Vanhees, L. The effect of exercise on the cardiovascular risk factors constituting the metabolic syndrome: A meta-analysis of controlled trials. Sports Med. 2013, 43, 121–133. [Google Scholar] [CrossRef] [PubMed]

	



Basterra-Gortari, F.J.; Ruiz-Canela, M.; Martínez-González, M.A.; Babio, N.; Sorlí, J.V.; Fito, M.; Ros, E.; Gómez-Gracia, E.; Fiol, M.; Lapetra, J.; et al. Effects of a Mediterranean eating plan on the need for glucose-lowering medications in participants with type 2 diabetes: A subgroup analysis of the PREDIMED trial. Diabetes Care 2019, 42, 1390–1397. [Google Scholar] [CrossRef] [PubMed]

	



Esposito, K.; Maiorino, M.I.; Petrizzo, M.; Bellastella, G.; Giugliano, D. The effects of a Mediterranean diet on the need for diabetes drugs and remission of newly diagnosed type 2 diabetes: Follow-up of a randomized trial. Diabetes Care 2014, 37, 1824–1830. [Google Scholar] [CrossRef] [PubMed]

	



MacDonald, C.S.; Johansen, M.Y.; Nielsen, S.M.; Christensen, R.; Hansen, K.B.; Langberg, H.; Vaag, A.A.; Karstoft, K.; Lieberman, D.E.; Pedersen, B.K.; et al. Dose-response effects of exercise on glucose-lowering medications for type 2 diabetes: A secondary analysis of a randomized clinical trial. Mayo Clin. Proc. 2020, 95, 488–503. [Google Scholar] [CrossRef]

	



Shendre, A.; Beasley, T.M.; Brown, T.M.; Hill, C.E.; Arnett, D.K.; Limdi, N.A. Influence of regular physical activity on warfarin dose and risk of hemorrhagic complications. Pharmacotherapy 2014, 34, 545–554. [Google Scholar] [CrossRef] [PubMed]

	



Barengo, N.C.; Hu, G.; Kastarinen, M.; Lakka, T.A.; Pekkarinen, H.; Nissinen, A.; Tuomilehto, J. Low physical activity as a predictor for antihypertensive drug treatment in 25–64-year-old populations in Eastern and South-Western Finland. J. Hypertens. 2005, 23, 293–299. [Google Scholar] [CrossRef]

	



Alvarez-Alvarez, I.; de Rojas, J.P.; Fernandez-Montero, A.; Zazpe, I.; Ruiz-Canela, M.; Hidalgo-Santamaría, M.; Bes-Rastrollo, M.; Martínez-González, M. Strong inverse associations of Mediterranean diet, physical activity and their combination with cardiovascular disease: The Seguimiento Universidad de Navarra (SUN) cohort. Eur. J. Prev. Cardiol. 2018, 25, 1186–1197. [Google Scholar] [CrossRef]

	



Cárdenas-Fuentes, G.; Subirana, I.; Martinez-Gonzalez, M.A.; Salas-Salvadó, J.; Corella, D.; Estruch, R.; Fíto, M.; Muñoz-Bravo, C.; Fiol, M.; Lapetra, J.; et al. Multiple approaches to associations of physical activity and adherence to the Mediterranean diet with all-cause mortality in older adults: The PREvención con DIeta MEDiterránea study. Eur. J. Nutr. 2019, 58, 1569–1578. [Google Scholar] [CrossRef] [PubMed]

	



Malakou, E.; Linardakis, M.; Armstrong, M.; Zannidi, D.; Foster, C.; Johnson, L.; Papadaki, A. The combined effect of promoting the Mediterranean diet and physical activity on metabolic risk factors in adults: A systematic review and meta-analysis of randomised controlled trials. Nutrients 2018, 10, 1577. [Google Scholar] [CrossRef] [PubMed]

	



Salas-Salvadó, J.; Díaz-López, A.; Ruiz-Canela, M.; Basora, J.; Fitó, M.; Corella, D.; Serra-Majem, L.; Wärnberg, J.; Romaguera, D.; Estruch, R.; et al. Effect of a lifestyle intervention program with energy-restricted mediterranean diet and exercise on weight loss and cardiovascular risk factors: One-year results of the PREDIMED-plus trial. Diabetes Care 2018, 42, dc180836. [Google Scholar] [CrossRef]

	



Martinez-Gonzalez, M.A.; Corella, D.; Salas-Salvado, J.; Ros, E.; Covas, M.I.; Fiol, M.; Warnberg, J.; Aros, F.; Ruiz-Gutierrez, V.; Lamuela-Raventos, R.M.; et al. Cohort profile: Design and methods of the PREDIMED study. Int. J. Epidemiol. 2012, 41, 377–385. [Google Scholar] [CrossRef]

	



Schröder, H.; Fitó, M.; Estruch, R.; Martínez-González, M.A.; Corella, D.; Salas-Salvadó, J.; Lamuela-Raventós, R.; Ros, E.; Salaverría, I.; Fiol, M.; et al. A short screener is valid for assessing Mediterranean diet adherence among older Spanish men and women. J. Nutr. 2011, 141, 1140–1145. [Google Scholar] [CrossRef] [PubMed]

	



Elosua, R.; Marrugat, J.; Molina, L.; Pons, S.; Pujol, E. Validation of the Minnesota leisure time physical activity questionnaire in Spanish men. Am. J. Epidemiol. 1994, 139, 1197–1209. [Google Scholar] [CrossRef] [PubMed]

	



Elosua, R.; Garcia, M.; Aguilar, A.; Molina, L.; Covas, M.I.; Marrugat, J. Validation of the Minnesota leisure time physical activity questionnaire in Spanish women. Investigators of the MARATDON group. Med. Sci. Sports Exerc. 2000, 32, 1431–1437. [Google Scholar] [CrossRef] [PubMed]

	



Weiliang Qiu, A.; Chavarro, J.; Weiliang Qiu, M.; Qiu, W.; Chavarro, J.; Lazarus, R.; Rosner, B.; Ma, J. Package “powerSurvEpi”: Power and Sample Size Calculation for Survival Analysis of Epidemiological Studies. 2018. Available online: https://cran.r-project.org/web/packages/powerSurvEpi/powerSurvEpi.pdf (accessed on 28 January 2021).

	



Schmidt, C.O.; Ittermann, T.; Schulz, A.; Grabe, H.J.; Baumeister, S.E. Linear, nonlinear or categorical: How to treat complex associations? Splines and nonparametric approaches. Int. J. Public Health 2013, 58, 161–165. [Google Scholar] [CrossRef]

	



Therneau, T.M. Package “Survival”: Survival Analysis. 2018. Available online: https://cran.r-project.org/web/packages/survival/survival.pdf (accessed on 28 January 2021).

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2014. [Google Scholar]

	



Castro-Barquero, S.; Ribó-Coll, M.; Lassale, C.; Tresserra-Rimbau, A.; Castañer, O.; Pintó, X.; Martínez-González, M.Á.; Sorlí, J.V.; Salas-Salvadó, J.; Lapetra, J.; et al. Mediterranean diet decreases the initiation of use of vitamin k epoxide reductase inhibitors and their associated cardiovascular risk: A randomized controlled trial. Nutrients 2020, 12, 3895. [Google Scholar] [CrossRef] [PubMed]

	



Nissensohn, M.; Román-Viñas, B.; Sánchez-Villegas, A.; Piscopo, S.; Serra-Majem, L. The effect of the Mediterranean diet on hypertension: A systematic review and meta-analysis. J. Nutr. Educ. Behav. 2016, 48, 42–53.e1. [Google Scholar] [CrossRef]

	



Capurso, C.; Massaro, M.; Scoditti, E.; Vendemiale, G.; Capurso, A. Vascular effects of the Mediterranean diet part I: Anti-hypertensive and anti-thrombotic effects. Vascul. Pharmacol. 2014, 63, 118–126. [Google Scholar] [CrossRef]

	



Sanches Machado d’Almeida, K.; Ronchi Spillere, S.; Zuchinali, P.; Corrêa Souza, G. Mediterranean diet and other dietary patterns in primary prevention of heart failure and changes in cardiac function markers: A systematic review. Nutrients 2018, 10, 58. [Google Scholar] [CrossRef] [PubMed]

	



Mitjavila, M.T.; Fandos, M.; Salas-Salvadó, J.; Covas, M.-I.; Borrego, S.; Estruch, R.; Lamuela-Raventós, R.; Corella, D.; Martínez-Gonzalez, M.A.; Sánchez, J.M.; et al. The Mediterranean diet improves the systemic lipid and DNA oxidative damage in metabolic syndrome individuals. A randomized, controlled, trial. Clin. Nutr. 2013, 32, 172–178. [Google Scholar] [CrossRef] [PubMed]

	



Casas, R.; Sacanella, E.; Urpí-Sardà, M.; Chiva-Blanch, G.; Ros, E.; Martínez-González, M.-A.; Covas, M.-I.; Salas-Salvadó, J.; Fiol, M.; Arós, F.; et al. The effects of the Mediterranean diet on biomarkers of vascular wall inflammation and plaque vulnerability in subjects with high risk for cardiovascular disease. A randomized trial. PLoS ONE 2014, 9, e100084. [Google Scholar] [CrossRef] [PubMed]

	



Tosti, V.; Bertozzi, B.; Fontana, L. Health benefits of the Mediterranean diet: Metabolic and molecular mechanisms. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2018, 73, 318–326. [Google Scholar] [CrossRef]

	



Ainsworth, B.E.; Haskell, W.L.; Herrmann, S.D.; Meckes, N.; Bassett, D.R.; Tudor-Locke, C.; Greer, J.L.; Vezina, J.; Whitt-Glover, M.C.; Leon, A.S. 2011 compendium of physical activities: A second update of codes and MET values. Med. Sci. Sports Exerc. 2011, 43, 1575–1581. [Google Scholar] [CrossRef] [PubMed]

	



Pandey, A.; Garg, S.; Khunger, M.; Darden, D.; Ayers, C.; Kumbhani, D.J.; Mayo, H.G.; De Lemos, J.A.; Berry, J.D. Dose-response relationship between physical activity and risk of heart failure: A meta-analysis. Circulation 2015, 132, 1786–1794. [Google Scholar] [CrossRef]

	



Kitzman, D.W.; Brubaker, P.; Morgan, T.; Haykowsky, M.; Hundley, G.; Kraus, W.E.; Eggebeen, J.; Nicklas, B.J. Effect of caloric restriction or aerobic exercise training on peak oxygen consumption and quality of life in obese older patients with heart failure with preserved ejection fraction. JAMA 2016, 315, 36. [Google Scholar] [CrossRef]

	



Salas-Salvadó, J.; Bulló, M.; Babio, N.; Martínez-González, M.Á.; Ibarrola-Jurado, N.; Basora, J.; Estruch, R.; Covas, M.I.; Corella, D.; Arós, F.; et al. Reduction in the incidence of type 2 diabetes with the Mediterranean diet: Results of the PREDIMED-reus nutrition intervention randomized trial. Diabetes Care 2011, 34, 14–19. [Google Scholar] [CrossRef]

	



Toledo, E.; Hu, F.B.; Estruch, R.; Buil-Cosiales, P.; Corella, D.; Salas-Salvadó, J.; Covas, M.I.; Arós, F.; Gómez-Gracia, E.; Fiol, M.; et al. Effect of the Mediterranean diet on blood pressure in the PREDIMED trial: Results from a randomized controlled trial. BMC Med. 2013, 11, 207. [Google Scholar] [CrossRef]

	



Hernáez, Á.; Castañer, O.; Tresserra-Rimbau, A.; Pintó, X.; Fitó, M.; Casas, R.; Martínez-González, M.Á.; Corella, D.; Salas-Salvadó, J.; Lapetra, J.; et al. Mediterranean diet and atherothrombosis biomarkers: A randomized controlled trial. Mol. Nutr. Food Res. 2020, 64, 2000350. [Google Scholar] [CrossRef] [PubMed]

	



Fitó, M.; Estruch, R.; Salas-Salvadó, J.; Martínez-Gonzalez, M.A.; Arós, F.; Vila, J.; Corella, D.; Díaz, O.; Sáez, G.; de la Torre, R.; et al. Effect of the Mediterranean diet on heart failure biomarkers: A randomized sample from the PREDIMED trial. Eur. J. Heart Fail. 2014, 16, 543–550. [Google Scholar] [CrossRef]

	



Hurrle, S.; Hsu, W.H. The etiology of oxidative stress in insulin resistance. Biomed. J. 2017, 40, 257–262. [Google Scholar] [CrossRef]

	



Schulz, E.; Gori, T.; Münzel, T. Oxidative stress and endothelial dysfunction in hypertension. Hypertens. Res. 2011, 34, 665–673. [Google Scholar] [CrossRef]

	



Freedman, J.E. Oxidative stress and platelets. Arterioscler. Thromb. Vasc. Biol. 2008, 28, s11–s16. [Google Scholar] [CrossRef]

	



Madamanchi, N.R.; Hakim, Z.S.; Runge, M.S. Oxidative stress in atherogenesis and arterial thrombosis: The disconnect between cellular studies and clinical outcomes. J. Thromb. Haemost. 2005, 3, 254–267. [Google Scholar] [CrossRef]

	



Eleuteri, E.; Magno, F.; Gnemmi, I.; Carbone, M.; Colombo, M.; La Rocca, G.; Anzalone, R.; Genta, F.T.; Zummo, G.; Di Stefano, A.; et al. Role of oxidative and nitrosative stress biomarkers in chronic heart failure. Front. Biosci. 2009, 14, 2230–2237. [Google Scholar] [CrossRef] [PubMed]

	



Viollet, B.; Andreelli, F. AMP-activated protein kinase and metabolic control. In Diabetes—Perspectives in Drug Therapy; Springer: Berlin/Heidelberg, Germany, 2011; pp. 303–330. [Google Scholar]

	



Salt, I.P.; Hardie, D.G. AMP-Activated protein kinase. Circ. Res. 2017, 120, 1825–1841. [Google Scholar] [CrossRef] [PubMed]

	



Herzig, S.; Shaw, R.J. AMPK: Guardian of metabolism and mitochondrial homeostasis. Nat. Rev. Mol. Cell Biol. 2018, 19, 121–135. [Google Scholar] [CrossRef] [PubMed]








[image: Antioxidants 10 00397 g001 550] 





Figure 1. Study flowchart. LTPA: leisure-time physical activity; MedDiet: Mediterranean diet. 






Figure 1. Study flowchart. LTPA: leisure-time physical activity; MedDiet: Mediterranean diet.



[image: Antioxidants 10 00397 g001]







[image: Antioxidants 10 00397 g002 550] 





Figure 2. Association between long-term adherence to a MedDiet and the risk of initiating glucose-lowering (A), antihypertensive (B), statin (C), fibrate (D), antiplatelet (E), vitamin K epoxide reductase inhibitors (F), antianginal (G), and cardiac glycoside (H) therapies. Cox proportional hazards regression models with cubic splines were stratified by sex, recruitment site, and educational level, and adjusted for: age, diabetes, hypercholesterolemia, hypertriglyceridemia, hypertension, smoking habit, body mass index, alcohol consumption, energy intake, leisure-time physical activity, and PREDIMED intervention group. We substituted diabetes for fasting glucose in the analysis on glucose-lowering therapy initiation, hypertension for systolic blood pressure in the analysis on antihypertensive therapy initiation, hypercholesterolemia for total cholesterol in the analysis on statin initiation, and hypertriglyceridemia for triglycerides in the analysis on fibrate initiation. We used robust variance estimators to account for intra-cluster correlations. 
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Figure 3. Association between long-term levels of physical activity and the risk of initiating glucose-lowering (A), antihypertensive (B), statin (C), fibrate (D), antiplatelet (E), vitamin K epoxide reductase inhibitors (F), antianginal (G), and cardiac glycoside (H) therapies. Cox proportional hazards regression models with cubic splines were stratified by sex, recruitment site, and educational level, and adjusted for: age, diabetes, hypertension, hypercholesterolemia, hypertriglyceridemia, smoking habit, body mass index, alcohol consumption, energy intake, adherence to a MedDiet, and PREDIMED intervention group. We substituted diabetes for fasting glucose in the analysis on glucose-lowering therapy initiation, hypertension for systolic blood pressure in the analysis on antihypertensive therapy initiation, hypercholesterolemia for total cholesterol in the analysis on statin initiation, and hypertriglyceridemia for triglycerides in the analysis on fibrate initiation. We used robust variance estimators to account for intra-cluster correlations. 
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Figure 4. Combination of MedDiet adherence and leisure-time physical activity and the risk of initiating glucose-lowering (A), antihypertensive (B), statin (C), fibrate (D), antiplatelet (E), vitamin K epoxide reductase inhibitors (F), antianginal (G), and cardiac glycoside (H) therapies. Cox proportional hazards regression models were stratified by sex, recruitment site, and educational level, and adjusted for: age, diabetes, hypercholesterolemia, hypertriglyceridemia, hypertension, smoking habit, body mass index, alcohol consumption, energy intake, and PREDIMED intervention group. We substituted diabetes for fasting glucose in the analyses on glucose-lowering therapy initiation, hypertension for systolic blood pressure in the analyses on antihypertensive therapy initiation, hypercholesterolemia for total cholesterol in the analyses on statin initiation, and hypertriglyceridemia for triglycerides in the analyses on fibrate initiation. We used robust variance estimators to account for intra-cluster correlations. 
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Table 1. Study population 1.
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	Main Analytical Sample (n = 7063)





	Age (years), mean ± SD
	67.0 ± 6.2



	Female sex, n (%)
	4080 (57.8)



	Diabetes, n (%)
	3442 (48.7)



	Hypercholesterolemia, n (%)
	5087 (72.0)



	Hypertriglyceridemia, n (%)
	2045 (29.0)



	Hypertension, n (%)
	5834 (82.6)



	Smoking habit:
	



	Never smokers, n (%)
	4345 (61.5)



	Current smokers, n (%)
	985 (13.9)



	Former smokers, n (%)
	1733 (24.5)



	Weight status (according to body mass index):
	



	18.5–24.9 kg/m2, n (%)
	523 (7.40)



	25.0–29.9 kg/m2, n (%)
	3207 (45.4)



	≥30 kg/m2, n (%)
	3333 (47.2)



	PREDIMED Study intervention groups:
	



	MedDiet enriched with extra-virgin olive oil, n (%)
	2465 (34.9)



	MedDiet enriched with mixed nuts, n (%)
	2308 (32.7)



	Control group, n (%)
	2290 (32.4)



	MedDiet adherence score, mean ± SD
	8.69 ± 1.90



	Leisure-time physical activity (metabolic equivalents of task-min/day), median (1st–3rd quartile)
	175 (66.1–319)



	Alcohol intake (g/day), median (1st–3rd quartile)
	1.49 (0.00–10.4)



	Energy intake (kcal/day), mean ± SD
	2274 ± 604



	Carbohydrates (g/day), median (1st–3rd quartile)
	227 (182–279)



	Protein (g/day), median (1st–3rd quartile)
	90.2 (77.0–106)



	Total fat (g/day), median (1st–3rd quartile)
	96.4 (77.5–116)



	Saturated fat (g/day), median (1st–3rd quartile)
	24.1 (19.1–30.1)



	Monounsaturated fat (g/day), median (1st–3rd quartile)
	48.5 (36.4–58.9)



	Polyunsaturated fat (g/day), median (1st–3rd quartile)
	14.4 (11.0–19.3)



	Omega-3 polyunsaturated fat (g/day), median (1st–3rd quartile)
	2.04 (1.56–2.68)



	Fiber (g/day), median (1st–3rd quartile)
	24.0 (19.4–29.9)



	Dietary cholesterol (mg/day), median (1st–3rd quartile)
	357 (284–429)



	Sodium (mg/day), median (1st–3rd quartile)
	2263 (1767–2877)



	Potassium (mg/day), median (1st–3rd quartile)
	4195 (3586–4940)



	Calcium (mg/day), median (1st–3rd quartile)
	993 (779–1274)



	Dietary vitamin D (μg/day), median (1st–3rd quartile)
	4.77 (3.33–8.61)



	Vitamin C (mg/day), median (1st–3rd quartile)
	184 (139–245)



	Vitamin E (mg/day), median (1st–3rd quartile)
	9.31 (7.57–11.7)







1 MedDiet: Mediterranean diet; PREDIMED: PREvención con DIeta MEDiterránea.
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