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Abstract 

Background: Light to moderate red wine (RW) consumption is related to 

protection to develop diseases involving metabolic and vascular disturbances. 

However, information on the effects of RW consumption on the risk to develop the 

metabolic syndrome (MetS), a cluster of clinical features, closely linked to those 

diseases and including altered plasma triglycerides, HDL-cholesterol, fasting 

glucose, blood pressure and waist circumference, is still lacking.   

Objective: To study the association between RW consumption and the 

prevalence of MetS and of its single components in an elderly population with high 

cardiometabolic risk and to investigate the involvement of alcohol to this possible 

association. 

Study design and methods: A cross-sectional study was performed on a 

subsample of the Mediterranean diet cohort PREDIMED including 808 participants 

55-80 years old. Data on demographic information, anthropometry and dietary 

habits including RW and alcoholic beverage consumption were obtained by clinical 

interviews using questionnaires. Laboratory measurements included serum lipid 

profile and fasting plasma glucose levels. 

Results: Using non-consumers as reference category for comparisons, 

consumption of an amount of RW supplying 0.1-5 (category 1), 5.1-15 (category 2) 

or more than 15.1 (category 3) g/day of alcohol was associated with significantly 

lower risk of MetS (adjusted odds ratio (OR): 0.57, 0.55 and 0.54, respectively). 

Concerning individual MetS components, reduced risks for having altered 

triglycerides (OR: 0.57 and 0.53 for categories 1 and 2, respectively, p<0.05), 

fasting plasma glucose (OR: 0.61 for category 2, p<0.05) and waist circumference 

(OR: 0.51 for category 1, p<0.05) were observed. No association was found 
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between RW consumption and MetS or any of its components in men, whereas 

women had lower risk of MetS and alterations in plasma HDL-cholesterol, 

triglycerides and fasting plasma glucose (p<0.05). Regarding total alcohol 

consumption, the risk for MetS (OR: 0.52 for 15.1-30 g/day) and low HDL-

cholesterol (OR: 0.59 for 5.1-15 g/day) was also significantly reduced (p<0.05 for 

both) when the whole sample was analyzed and for MetS (OR: 0.17 for 15.1-30 

g/day), altered triglycerides (OR: 0.25 for 15.1-30 g/day) and elevated fasting 

plasma glucose (OR: 0.33 for 15.1-30 g/day) for women. Consumption of any 

amount of alcohol supplied by alcoholic beverages other than RW increased the 

risk for elevated triglycerides in the whole sample (OR: 1.48, p<0.05) and in men 

(OR: 1.82, p<0.05). 

Conclusion: In and elderly Mediterranean population at high risk of 

cardiovascular disease, RW consumption was significantly associated with a 

protective effect on the prevalence of the MetS. This positive effect was mainly 

due to its association with lower triglycerides, higher HDL-cholesterol and reduced 

fasting glucose levels. This relationship was mainly evident in women, suggesting 

a sex-specific effect of the non-alcoholic components of RW in MetS features. 

 

Key words: Red wine, alcohol intake, metabolic syndrome, triglycerides, HDL-

cholesterol, fasting plasma glucose, waist circumference. 
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Resumo 

Motivação: O consumo moderado de vinho tinto (VT) reduz o risco de 

desenvolver doenças metabólicas e vasculares. No entanto, a informação acerca 

da sua associação com o risco de se desenvolver síndrome metabólica (MetS), 

um agregado de sinais clínicos intimamente relacionados com essas doenças e 

que inclui alterações nos triglicerídeos, colesterol HDL e glicose em jejum 

plasmáticos, tensão arterial e perímetro da cintura, é ainda escassa.   

Objectivo: Estudar a associação entre o consumo de VT com a prevalência de 

MetS e dos seus componentes individuais numa população de indivíduos com 

elevado risco cardio-metabólico e investigar o envolvimento do álcool nesta 

possível associação. 

Desenho do estudo e métodos: Realizou-se um estudo transversal numa sub-

amostra da coorte PREDIMED (estudo da relação da dieta mediterrânica com o 

risco cardiovascular) composta de 808 participantes com idades entre 55 e 80 

anos. Os dados demográficos, as medições antropométricas e a informação 

quanto ao consumo de alimentos, incluindo VT e outras bebidas alcoólicas, foram 

obtidos em entrevistas clínicas recorrendo a questionários. As medições 

plasmáticas laboratoriais consistiram do doseamento das concentrações de 

lípidos de glicose em jejum. 

Resultados: Assumindo os não consumidores como categoria de referência para 

as comparações, o consumo de uma quantidade de VT que fornecia 0,1-5 

(categoria 1), 5,1-15 (categoria 2) ou mais que a 15,1 (categoria 3) g de álcool por 

dia associava-se a uma redução no risco de desenvolver MetS (odds ratio (OR) 

ajustado: 0,57, 0,55 e 0,54, respectivamente). No que diz respeito aos 

componentes individuais de MetS, verificou-se um menor risco de apresentar 
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alterações nos triglicerídeos (OR: 0,57 e 0,53 nas categorias 1 e 2, 

respectivamente, p<0,05), na glicose plasmática em jejum (OR: 0,61 para 

categoria 2, p<0,05) e no perímetro da cintura (OR: 0,51 para categoria 1, 

p<0,05). Nos homens, não foi encontrada qualquer associação entre o consumo 

de VT e MetS ou qualquer dos seus componentes, enquanto que as mulheres 

apresentavam menor risco de MetS e de alterações nos níveis plasmáticos de 

colesterol HDL, triglicerídeos e glicose em jejum (p<0,05). Quanto ao consumo 

total de álcool, e efectuando a análise para toda a amostra, o risco de MetS (OR: 

0,52 para 15,1-30 g/dia) e baixo colesterol HDL (OR: 0,59 for 5,1-15 g/dia) foi 

também significativamente reduzido (p<0,05 para ambos). Nas mulheres, por sua 

vez, verifica-se uma redução no risco para MetS (OR: 0,17 para uma ingestão de 

15,1-30 g/dia), alterações nos triglicerídeos (OR: 0,25 for 15,1-30 g/dia) e glicose 

em jejum (OR: 0,33 para 15,1-30 g/dia). O consumo de qualquer quantidade de 

álcool fornecida pelas bebidas alcoólicas com excepção do VT, aumentava o risco 

de alterações dos triglicerídeos em toda a população (OR: 1,48, p<0,05) e nos 

homens (OR: 1,82, p<0,05).    

Conclusão: Na população Mediterrânica com elevado risco cardiovascular 

estudada, o consumo de VT estava associado a menor risco de MetS. Este efeito 

esteve principalmente relacionado com a  redução do risco para a ocorrência de 

alterações nos triglicerídeos, colesterol HDL e glicose em jejum plasmáticos. A 

relação foi principalmente evidente nas mulheres, sugerindo um efeito dos 

componentes não-alcoólicos do VT dependente do género.  

 

Palavras-chave: Vinho tinto, álcool, síndrome metabólico triglicerídeos, colesterol 

HDL, glicose plasmática em jejum, perímetro da cintura.  
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 Introduction  

The incidence of the metabolic syndrome (MetS) is increasing in developed and 

developing countries. This cluster of clinical features including glucose intolerance, 

central obesity, dyslipidemia (hypertriglyceridemia, elevated non-esterified fatty 

acids (NEFA) and decreased high density lipoprotein (HDL) cholesterol) and 

hypertension can present in several forms, according to the combination of the 

different components of the syndrome(1) . 

Since the first systematic description of the MetS in 1988 by Reaven, several 

updates to the concept were made(2), and although there exists no genuine 

consensus on its definition, it is widely accepted that the MetS greatly enhances 

the risk of developing cardiovascular disease (CVD), type 2 diabetes (T2D) and 

cancer, increasing morbidity and mortality by premature death(3). There is no 

single mechanism that can explain its development and it is commonly 

acknowledged that it results from the interaction of multiple causes, including 

genetic and environmental factors like physical inactivity or smoking status. 

Moreover, dietary patterns play a central role in this association(4, 5). Thus, it could 

be considered that the MetS is a diet-related disorder, being influenced by both 

dietary components and habits.  

In this sense, the Western dietary pattern, characterized by a high intake of refined 

grains, fried and processed food and red meat has been associated with an 

elevated risk of developing MetS. On the other hand, more traditional dietary 

patterns, like the Mediterranean Diet (MedDiet), have been related with low 

prevalence of MetS, CVD and T2D(6, 7). Among the many beneficial attributes of 

the MedDiet is the abundance in vegetable-derived foods which provide high 

amounts of micronutrients and dietary fiber(8). In the past few years, the large 
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quantity of polyphenols supplied by these types of foods has been highlighted and 

their consumption implicated in many beneficial biological actions underlying 

protection against the upper-mentioned diseases(9). Alcoholic beverages, 

especially red wine (RW), being also vegetable-derived, do also supply these 

compounds, although the amount and type of compound supplied varies greatly 

among beverage type(10). 

The recognition of wine as an important part of the Human diet establishing a 

relationship between its consumption and heath promotion coincides with the  

description of the Mediterranean dietary pattern in the population of Crete, in 

Greece(11). Already at that time, the consumption of wine, and also olive oil and 

vinegar, were among the suggested dietary items implicated in the inverse 

relationship between their consumption and low coronary heart disease and 

cancer prevalence. However, since the description of the so-called “French 

paradox”, showing a reduced prevalence of cardiovascular disease and overall 

mortality risk in the French population despite the high consumption of saturated 

fats, and the proposal of RW intake as the underlying cause(12), moderate RW 

consumption is being more and more investigated. The cardiovascular diseases 

have received most of the attention concerning the effects of RW, for which 

improvements in endothelial function, atherosclerotic lesions, plasma lipid profiles 

and prevention of inflammation, thrombosis and oxidation of low density lipoprotein 

(LDL) cholesterol particles have been demonstrated. The association has been 

shown to display a J- or U-shaped pattern, showing that non-consumers or heavy 

drinkers have higher risk for mortality from all causes, moderate drinkers (1-2 

drinks per day) are protected, and that with increasing dose of ethanol the risk for 

disease rises exponentially(10). One drink has been defined as the amount of any 
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alcoholic beverage that supplies 15 g of ethanol, and moderate drinking as the 

consumption of 15 g of ethanol per day for women and 30 g of ethanol per day for 

men(13). However, it has been proposed that the benefits of RW or alcohol 

consumption may largely vary with age, gender and genetic background of the 

population studied. 

Despite the huge research efforts that have focused on the discovery of the health 

effects of RW consumption, little is known about its impact on MetS development 

as a whole or of either of its components(14, 15). In this regard, we have evaluated in 

what extent the different levels of alcohol intake from RW (0.1-5, 5.1-15, 15.1-30 

g/day) influence the prevalence of the MetS and of each of its components in an 

elderly Mediteranean population at high cardiometabolic risk. It has also been 

within our aim to investigate the contribution of its content in alcohol to the 

possible effects of RW consumption. 
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Material and Methods 

Subjects. A cross-sectional study was conducted with a subsample of PREDIMED 

study at baseline. PREDIMED study (Efecto de la Dieta Mediterránea en la 

Prevención Primaria de la Enfermedad Cardiovascular) is a large prospective, 

parallel-group, multicenter, randomized and controlled clinical trial that aims to 

assess the effects of MedDiet on the primary prevention of CVD on elderly 

subjects at high risk (http://www.predimed.org). Detailed information about the 

PREDIMED study has been previously published(16). From October 2003 to July 

2008, potential participants were selected. Eligible participants were men aged 

from 55 to 80 and women aged from 60 to 80 free of CVD. Inclusion criteria were 

presence of T2D or at least three of the following risk factors: current cigarette 

smoking, hypertension (systolic blood pressure ≥ 140 mm Hg, diastolic blood 

pressure ≥ 90 mm Hg or treatment with antihypertensive drugs), dyslipidemia 

(HDL-cholesterol ≤ 40 mg/dL for men and ≤ 50 for women and/or LDL-cholesterol 

≥140 mg/dL or treatment with hypolipidemic drugs), body mass index (BMI) ≥ 25 

kg/m2, family history of premature coronary heart disease. Exclusion criteria 

included presence of documented history of previous cardiovascular disease, 

several medical conditions and chronic illness, immunodeficiency or human 

immunodeficiency virus positive status, drug or alcohol addiction, body mass index 

≥ 40 kg/m2, difficulties or major inconvenience to change dietary habits, failure to 

follow MedDiet, either for religious reasons or the presence of disorders of 

chewing or swelling, low predicted likelihood to change dietary habits according to 

the Prochaska and Diclemente stages of change model, history of food allergy or 

intolerance to any components of olive oil or nuts, participants in any drug trial or 

use of any investigational drug within the last year, institutionalized patients for 
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chronic care and illiteracy. Participants with an acute inflammatory or infectious 

state were allowed to participate in the study 3 months after the resolution of their 

condition. Eligible participants were recruited based on a screening visit performed 

by a proficient physician. The study was conducted in accordance with the Helsinki 

declaration and it was approved by the Institution Review Boards of Hospital 

Universitario de Sant Joan, Reus (Tarragona, Spain). A signed informed consent 

was obtained from all participants. 

Antropometric measurements and biochemical analyses. Body weight and height 

were measured with minimum of clothing and no shoes, using calibrated scales 

and wall-mounted stadiometers, respectively. BMI was calculated as weight in 

kilograms divided by the square of height in meters. Waist circumference was 

measured midway between the lowest rib and iliac crest using an anthropometric 

tape. Blood pressure was measured in a sitting position, using a semiautomatic 

sphygmomanometer (Omron HEM-705CP, Hoofddorp, The Netherlands), in 

triplicate with a 5-min interval between them, and the mean of these values was 

recorded, following the procedures recommended by the European Hypertension 

Society(17). Samples from blood were collected after overnight fast, frozen at -80ºC 

and shipped to central laboratories until required for biochemical analyses. Serum 

glucose and lipid profile were measured using and automatic analyzer in a routine 

laboratory test. For those patients whose triglyceride was less than 400 mg/dL, 

LDL cholesterol concentrations were estimated using the Friedewald formula(18). 

Food frequency questionnaire. A general questionnaire was administered to obtain 

information on subjects’ medical history and medication use. The evaluation of 

nutritional habits was based on a semi-quantitative 137-item food frequency 

questionnaire validated for the Spanish population(19)
. Alcoholic beverage 
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consumption including wine, beer and spirits was assessed through the same 

questionnaire and the amount of alcohol consumed (g/day) was calculated taking 

into account alcohol density (0.8 g/mL), the mean concentration of alcohol of the 

beverage and the volume consumed. Energy and nutrient intakes where 

calculated based on the Spanish food composition tables. 

Smoking status and educational level. The general demographic characterization 

of the subjects was obtained using appropriate questionnaires that allowed 

classification according to smoking habits and educational level. Subjects were 

distributed into the categories of “never”, “former” or “current” smokers if they 

never had smoked, used to smoke but no longer did (up to 5 years of abstinence), 

or smoked currently, respectively. Educational levels were categorized into 

“primary” (primary education), “secondary” (secondary and bachelor) and 

“university” (university or superior).  

Categories of alcoholic beverage consumption. To analyze the consumption of 

alcoholic beverages several categories were built according to the definition of 

moderate alcohol consumption and the recorded consumption on the study 

population. The definition of moderate alcohol consumption was centered at the 

level of consumption of 15 g of alcohol per day in women and 30 g of alcohol per 

day in men(13). For these reasons, RW intake was converted to four categories: 0) 

non consumers (n=401, 115 men and 286 women), or 1) consumption of 0.1-5 

g/day of alcohol supplied from RW, corresponding to 0.1-52 mL of RW (n=172, 85 

men and 87 women), 2) consumption of 5.1-15 g/day, corresponding to 52.1-156 

mL of red wine (n=152, 95 men and 57 women) and 3) consumption of more than 

15.1 g/day, corresponding to more than 156.1 mL of RW (n=82, 62 men and 20 

women). No heavy consumption category was created for RW because there were 
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only 8 subjects consuming more than 30 g/day of ethanol from RW (48 g/day, 

corresponding to 500 mL RW) and these were included in category 3. Five 

categories were built concerning alcohol consumption 0) non-consumers (n=279, 

57 men and 222 women), or 1) consumption of  0.1-5 g of alcohol/day (n=181, 65 

men and 116 women), 2) consumption of 5.1-15 g/day (n=206, 117 men and 89 

women), 3) consumption of 15.1-30 g/day (n=89, 70 men and 19 women) and 4) 

consumption of more than 30.1 g/day (maximum 97.6; n=53, 49 men and 4 

women). As there were only 4 women in the highest category for alcohol 

consumption, this did not allow statistical analysis of the associations for this 

group. To validate if an eventual protection effect was due to alcohol itself or if it 

was derived from any other RW component, categories of consumption of alcohol 

from beverages other than RW were built: 0) non-consumers (n=537, 185 men 

and 352 women) and 1) consumers (n=272, 174 men and 98 women) of any 

alcoholic beverage (> 0 mL of white wine, dessert wine, beer, spirits, musts and/or  

champagne) excluding RW. 

Definition of metabolic syndrome. The diagnosis of MetS was defined according to 

criteria of the Adult Treatment Panel III (ATPIII), i.e., participants had to have 3 or 

more of the following criteria:  I) abdominal obesity: waist circumference ≥ 102 cm 

in men and ≥ 88 cm in women; II) serum triglycerides ≥ 150 mg/dL or triglyceride 

lowering medication; III) HDL-cholesterol < 40 mg/dL in men and < 50 mg/dL in 

women or treatment; IV) blood pressure ≥ 130/85 mmHg or antihypertensive 

treatment; V) fasting plasma glucose level ≥ 100 mg/dL or antidiabetic treatment. 

Statistical analyses. Analyses were performed in the total population or separated 

by sex using the SPSS Statistical Package, version 17.0 (SPSS Inc., Chicago, IL, 

USA). When comparing means of variables between two groups Student’s t test 



Effects of red wine consumption on the metabolic syndrome                               12 

was used or one way analysis of variance (ANOVA) with Bonferroni post-hoc test 

for more than two groups. If the variable did not follow a normal distribution 

(skewness or kurtosis > -2 or < 2), the corresponding non-parametrical Mann 

Whitney and Kruskal Wallis tests were performed. The X2 method with Fisher´s 

exact test was used to test the significance of differences between categorical 

variables. Spearman correlation coefficients were calculated to test the association 

between the number of altered MetS components and the amount of alcoholic 

beverage consumption treated as continuous variables (RW, total alcohol or 

alcohol not supplied from RW). Multiple logistic regression models were performed 

to calculate the risk of the dichotomous outcomes MetS or any of its components 

(dependent variables) according to consumption categories of RW, total alcohol or 

alcohol not supplied from RW (independent variables) entering as covariables  

age, BMI, total energy intake, smoking status and educational level, to adjust for 

their possible confounding effect. Statistical significance was set at 5%.   
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Results 

In this study, 808 participants in high cardiovascular risk were analyzed, 358 men 

and 450 women, with mean age of 66.9 ± 1.7 and 67.8 ± 1.7 years, respectively 

(date of inclusion in PREDIMED study). Table 1 summarizes the baseline 

characteristics of the study participants separated by gender. Significant 

differences between sexes were observed in BMI, LDL- and HDL- and total 

cholesterol, with the highest values in women. MetS was significantly more 

prevalent in women than in men (53.3% versus 68.2%, p<0.001). The prevalence 

of the individual MetS components is also presented in Table 1 separated by sex, 

according to the ATPIII definition(2). Within the MetS features, the prevalence of 

elevated waist circumference and low HDL-cholesterol was also significantly 

higher in women. Analysis of dietary factors also revealed statistically significant 

differences between men and women (Table 1). Men showed a higher intake of 

total energy, cereals and mixed nuts and lower intake of dairy products (p<0.001 

for all). Men also consumed higher amounts of alcohol supplied from all types of 

alcoholic beverages when compared to women. There were also differences 

between sexes regarding smoking habits and education level.  

Table 2 summarizes the baseline characteristics of the participants included in 

study according the different categories of RW consumption and again separated 

by gender. In these distinct categories of RW there were significant differences in 

the age of participants (p<0.05). The younger men (64.98 ± 6.17 years) were 

found in category 2, while the younger women belong to the category 3 (64.55 ± 

4.94 years). 
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 Men (n= 358) Women (n= 450) 

Age (years) 66.89 ± 1.69 67.8 ± 1.74* 
BMI (kg/m2) 29.02 ± 3.13 30.15 ± 3.39* 
Waist circumference (cm) 103.37 ± 8.26 99.43 ± 9.27* 
Glucose level (mg/dL) 
 Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 

120.84 ± 38.04 
151.60 ± 19.39 
84.13 ± 10.60 

115.74 ± 39.59* 
149.81± 18.72 
82.77 ± 9.33 

Lipid Profile   
Total cholesterol (mg/dL) 202.90 ±40.27 217.58 ± 37.30* 
HDL-cholesterol (mg/dL) 51.50 ± 12.91 59.55 ± 13.46* 
Triglycerides (mg/dL) 138.45 ± 83.61 136.94 ± 66.37 
LDL-cholesterol (mg/dL) 124.21 ± 34.53 130.49 ± 33.47* 

Metabolic syndrome and components % (n)   
Metabolic syndrome 53.3 (200) 68.2 (322)* 
Abnormal waist circumference 57.6 (216) 91.5 (430)* 
High triglycerides levels or lowering treatment 30.1 (112) 32.3 (151) 
Low level HDL-cholesterol 18.3 (68) 24.6 (115)* 
High blood pressure or antihypertensive treatment 94.9 (356) 96.6 (454) 
High fasting plasma glucose level or treatment 65.5 (245) 59.1 (275) 

Dietary factors   
Energy (kcal/day) 2493 ± 646 2163 ± 559* 
Protein (% of total energy consumed) 16.07 ± 2.47 17.24 ± 2.57* 
Carbohydrate (% of total energy consumed) 39.40 ± 6.77 40.72 ± 6.10* 
Lipid (% of total energy consumed) 40.33 ± 6.10 40.72 ± 6.13 
Monounsaturated (g/day) 20.18 ± 4.11 20.58 ± 4.38* 
Polyunsaturated (g/day) 6.44 ± 11.70 6.22 ± 1.74 
Saturated (g/day) 10.57 ± 2.07 10.64 ± 2.07 
Fruit (g/day) 309.63 ± 84.97 310.07 ± 163.86 
Vegetables (g/day) 313.74 ± 133.29 312.81 ± 133.19 
Dairy products (g/day) 337.65 ± 205.18 392.11 ± 209.09* 
Olive oil (g/day) 41.76 ± 17.55 39.64 ± 43.61 
Cereals (g/day) 274.26 ± 103.59 231.37 ± 87.92* 
Mixed nuts (g/day) 8.58 ± 10.98 5.84 ± 7.77* 
Fish  (g/day) 103.37 ± 43.66 102.09 ± 43.71 
Red wine intake (mL/day) 81.09 ±106.09 27.42 ± 57.22* 
Total alcohol intake (g/day) 15.28 ± 17.50 3.74 ± 6.68* 
Alcohol not supplied from red wine (mL/day) 25.97 ± 67.79 4.44 ± 13.97* 

Smoking Status % (n)  
Never 27.7 (104) 90 (425)* 
Former 49.1 (184) 6.4 (30)* 
Regular 23.2 (87) 3.6 (17)* 

Education Level % (n)   
Primary 66.3 (228) 80.1 (334)* 
Secondary 23.8 (82) 15.1 (63)* 
University 9.9 (34) 4.8 (20)* 

Table 1. Characteristics of the study participants separated by gender.  

Data are presented as means ± SD or percentages (n). *Significantly different from men. 
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   Men Women 

 Non-consumers  

(n=115) 

Category 1 

(n=85) 

Category 2 

(n=95) 

Category 3 

(n=62) 

Non-consumers  

(n=286) 

Category 1 

(n=87) 

Category 2 

(n=57) 

Category 3 

(n=20) 

Age (years) 67.94 ± 6.26 64.98 ± 6.17* 67.61 ± 6.17 66.18 ± 6.63 68.07 ± 5.53 67.05 ± 5.50 68.65 ± 5.50 64.55 ± 4.94* 

BMI (kg/m2) 29.13 ± 3.17 29.10 ± 3.02 28.98 ± 3.27 29.01 ± 3.13 30.32 ± 3.34 29.69 ± 3.45 30.43 ± 3.45 29.03 ± 3.89 

Waist circumference (cm) 103.82 ± 8.37 102.76 ± 8.40 103.99 ±8.35 102.31 ± 7.46 99.47 ± 9.60 98.36 ± 8.26 100.61 ± 7.63 96.95 ± 9.71 

Glucose level (mg/dL) 121.22 ± 40.75 121.50± 39.86 118.05 ± 34.04 119.05 ± 34.47 118.00 ± 36.04 118.17 ± 54.54 105.56 ± 34.57 34.57 ± 4.62 

Systolic blood pressure (mm Hg) 152.43 ± 19.38 151.38 ± 21.57  150.56 ± 17.63 151.98 ± 19.43 151.75 ± 19.79 144.59 ± 15.43* 148.58 ± 11.69 149.67 ± 18.71 

Diastolic blood pressure (mm Hg) 83.94 ± 9.75 84.64 ± 9.38 84.12 ± 12.68 84.02 ± 11.03 83. 35 ± 9.68  81.89 ± 7.49  82.34 ± 11.07 80.85 ± 6.82 

Lipid Profile 
        

Total cholesterol (mg/dL) 205.94 ± 38.60 201.29 ± 37.41 205.07 ± 42.08 201.93 ± 43.89 215.40 ± 37.01 221.29 ± 40.15 221.59 ± 31.96 211.68 ± 41.20 

HDL-cholesterol (mg/dL) 51.45 ± 14.15 48.80 ± 10.53 53.31 ± 12.99 53.71 ± 13. 63 58.07 ± 12.62 62.14 ± 15.68 59.89 ± 11.69 65.01 ± 16.44 

Triglycerides (mg/dL) 141.77 ± 79.47 150.76 ± 104.05 129.43 ± 66.42 138.43 ± 90.69 140.37 ± 65.39 137.07 ± 81.13 122.56 ± 38.85 130.29 ± 33.39 

LDL-cholesterol (mg/dL) 125.96 ± 35.03 124.79 ± 33.63 124.38 ± 35.15 122.75 ± 34.49 129.07 ± 33.89 131.68 ± 33.56 136.98 ± 27.91 130.29 ± 33.39 

Metabolic syndrome and components % (n) 
        

Metabolic syndrome 56.5 (65) 52.9 (45) 49.5 (47) 56.5 (35) 73.8 (211) 58.6 (51) 61. 4 (35 ) 35.0 (7) 

Abnormal waist circumference 60.9 (70) 51.8 (44) 60.0 (57) 58.1 (36) 91.6 (261) 87.4 (76) 98.2 (56) 85.0 (17) 

High triglycerides levels or lowering treatment 32.1 (36) 28.2 (24) 29.5 (28) 32.3 (20) 36.4 (103) 27.9 (24) 21.7 (12) 15.0 (3) 

Low level HDL-cholesterol 18.8 (21) 22.4 (19) 15.8 (15) 17.7 (11) 29.0 (82) 17.4 (15) 21.1 (12) 10.0 (2) 

High blood pressure or antihypertensive treatment 94.8 (109) 92.9 (79) 95.8 (91) 95.2 (91) 96.9 (277) 97.7 (85) 92.9 (52) 95.0 (19) 

High fasting plasma glucose level or treatment 67.5 (77) 32.1 (36) 28.2 (24) 69.4 (43) 64.5 (182) 55.8 (48) 42.9 (24) 35.0 (7) 

 

 

        



Effects of red wine consumption on the metabolic syndrome                               16 

Table 2. Characteristics of the study participants analyzed by red wine consumption categories  

Data are presented as means ± SD or percentage. 

Significant differences between categories of RW consumption were performed establishing non-consumers as the reference category. RW consumption categories: 1) 0.1-5 g/day, 2) 5.1-15 

g/day and 3) more than 15.1 g/day of alcohol supplied from RW. * Statistically significant. 

Dietary factors 

Energy (kcal/day) 2377 ± 619.64 2412 ± 545.86 2546 ± 730.71 2717 ± 623.46* 2088 ± 540.10 2094 ± 451.81 2478 ± 621.12* 2625 ± 565 .89* 

Protein (% of total energy consumed) 16.55 ± 2.49 16.85 ± 2.54 15.49 ± 2.57* 15.13 ± 1.88* 17.31 ± 2.58 17.64 ± 2.46 16.76 ± 2.62 15.85 ± 2.29 

Carbohydrate (% of total energy consumed) 44.25 ± 6.34 38.81 ± 6.58 39.77 ± 6.73 36.81 ± 6.29* 41.09 ± 6.14 40.16 ± 5.55 40.49 ± 6.16 38.46 ± 7.45 

Lipid (% of total energy consumed) 40.48 ± 5.85 41.84 ± 5.54 40.10 ± 6.48 38.15 ± 6.21 41.40 ± 6.12 40.96 ± 5.90 39.45 ± 6.04 37.91 ± 6.38 

Monounsaturated (g/day) 20.25 ± 4.37 20.98 ± 3.48 19.98 ± 4.34 19.09 ± 3.85 20.91 ± 4.26 20.68 ± 4.64 19.51 ± 4.42 18.44 ± 4.02 

Polyunsaturated (g/day) 6.28 ± 1.53 6.69 ± 1.76 6.65 ± 1.81 6.04 ± 1.67 6.33 ± 1.85 5.92 ± 1.40 6.23 ± 1.70 5.90 ± 1.51 

Saturated (g/day) 10.77 ± 2.13 10.78 ± 2.04 10.40 ± 2.01 10.15 ± 2.08 10.69 ± 2.13 10.68 ± 1.87 10.41 ± 2.03 10.53 ± 2.19 

Fruit (g/day) 336.52 ± 192.36 289.01 ± 149.05 302.00 ± 185.53 300.93 ± 213.42 309.46 ± 164.84 325.18 ± 164.26 303.77 ± 166.13 271.05 ± 143.75 

Vegetables (g/day) 323.33 ± 141.58 302.28 ± 123.09 302.98 ± 134.02 329.14 ± 131.74 297.59 ± 124.52 345.77 ± 149.89* 337.41 ± 136.99 316.92 ± 139.19 

Dairy products (g/day) 366.99 ± 223.80 358.33 ± 202.12 320.36 ± 201.98 289.70 ± 164. 66 396.26 ± 211.18 372.18 ± 192.62 413.55 ± 226.48 358.26 ± 201.07 

Olive oil (g/day) 40.65 ± 18.37 42.58 ± 16.67 41.48 ± 17.43 42.10 ± 16.33 39.62 ± 16.73 39.52 ± 19.93 40.51 ± 18.59 38.03 ± 17.30 

Cereals (g/day) 273.21 ± 97.99 260.01 ± 97.69 283.48 ± 109.13 283.98 ± 113.39 224.65 ± 81.17 217.91 ± 79.99 267.43 ± 88.22* 283.19 ± 53.97* 

Mixed nuts (g/day) 7.11 ± 9.67 9.67 ± 13.14 9.49 ± 10.51 8.29 ± 9.13 5.42 ± 7.75 5.50 ± 7.03 7.60 ± 8.31 8.46 ± 8.95 

Fish  (g/day) 98.69 ± 41.45 109.35 ± 40.53 100.64 ± 46.46 107.03 ± 47.21 100.39 ± 43.39 98.87 ± 39.20 112.12 ± 45.93 111.67 ± 56.99 

Red wine intake (mL/day) 0 27.10 ± 15.95* 96. 14 ± 10.75* 282.47 ± 84.42* 0 23.26 ± 15.86* 93.99 ± 9.71* 247.83 ± 11.36* 

Total alcohol intake (g/day) 6.09 ± 11.94 8.79 ± 12.37* 16.28 ± 10.59* 37.22 ± 15.68* 0. 60 ± 1.88 3.73 ± 2.76* 11.10 ± 3.74* 27.70 ± 3.15* 

Alcohol not supplied from red wine (mL/day) 37.84 ± 91.83 27.49 ± 76.61* 16.91 ± 30.09* 14.88 ± 23.29* 3.52 ± 13.54 4.78 ± 9.10* 6.80 ± 18.35* 9.14 ± 30.00* 

Smoking Status % (n) 
        

Never 33.0 (38) 25.9 (22) 28.4 (27) 22.6 (14) 93.4 (267) 86.2 (75) 93.0 (53) 60.0 (12) 

Former 45.2 (52) 52.9 (45) 51.6 (49) 43.5 (27) 5.2 (15) 9.2 (8) 5.3 (3) 15.0 (3) 

Regular 21.7 (25) 21.2 (18) 20.0 (19) 33.9 (21) 1.4 (4) 4.6 (4) 1.8 (1) 25.0 (5) 

Education Level % (n) 
        

Primary 74.3 (75) 60.3 (47) 66.7 (60) 56.7 (34) 82.7 (206) 70.9 (56) 88.5 (46) 63.2 (12) 

Secondary 14.9 (15) 24.4 (19) 27.8 (25) 33.3 (20) 13.7 (34) 124.1 (19) 5.8 (3) 26.3 (5) 

University 10.9 (11) 15.4 (12) 5.9 (5) 10.0 (6) 3.6 (9) 5.1 (4) 5. 8 (3) 10.5 (2) 
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The relationship between RW consumption and mean systolic blood pressure 

seems to follow a U-shaped for both men and women. In women, significant 

differences in systolic blood pressure values were found between category 1 

(144.59 ± 15.43 mmHg) and the non-consumers categories (151.75 ± 19.79 mm 

Hg) (p=0.001). Although the difference is not statistically significant, men at the 

upper category of RW consumption showed the lowest intakes of all dietary 

factors, except vegetables, olive oil and cereals where they displayed the highest 

values of intake. Women at the highest category of RW consumption also showed 

the lowest values of intake of all dietary factors, except for vegetables, fish, and 

cereals. For cereals a significant difference was observed between category 3 

(283.19 ± 53.97 g/day) and category 2 (267.43 ± 88.22 g/day), comparing with 

non-consumers category (224.65 ± 81.17 g/day). Total energy intake increased 

with increasing RW intake, the difference being statistically significant between all 

categories of RW consumption compared to the non-consumers. There were no 

significant differences between RW consumption categories in men regarding lipid 

profile and metabolic status. In turn, in women, there were significant differences 

in the prevalence of MetS and some of its individual components between RW 

consumption categories, particularly in respect to HDL-cholesterol, triglycerides 

and fasting glucose levels, where women at highest values of RW intake showed 

the lowest values of changed components, contrasting with those in non-

consumers category. 

We next analyzed if there was any linear correlation between the number of 

altered metabolic syndrome features and the consumption of RW, alcohol and 

alcohol supplied from sources other than RW. Although the correlation coefficients 

showed only weak linear associations between the variables (Table 3), it is 
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noteworthy that RW consumption was inversely correlated with the number of 

altered MetS components both when analyzing the entire sample or stratifying by 

sex. 

 

 
Entire sample 

r(p) 

Men 

r(p) 

Women 

r(p) 

Red wine intake (mL/day) -0.155 (<0.001) -0.013 (0.804) -0.189 (<0.001) 

Total alcohol intake (g/day) -0.222 (0.524) 0.025 (0.631) 0.015 (0.750) 

Alcohol not supplied from red wine (mL/day) -0.120 (0.001) 0.048 (0.369) 0.112 (0.017) 

 

Table 3. Spearman correlation coefficients between the number of changed factors of MetS and 

different alcoholic beverage groups 

 

In the analysis of the association of RW consumption and the risk of metabolic 

syndrome we used non-consumers as reference category for comparisons and 

divided consumption of RW through different categories. Risks calculated using 

crude models and after adjusting for possible confounders (age, BMI, total energy 

intake, smoking status and education level) differed slightly as can be observed in 

Table 4. Consumption of an amount of RW supplying 0.1-5 (category 1), 5.1-15 

(category 2) or more than 15.1 (category 3) g/day of alcohol was associated with 

significantly lower risk of MetS both in crude and adjusted analysis. It also became 

evident that the reduction in risk was similar among consumption categories 

(ranging from 43-46% risk reduction). Concerning individual MetS components, 

there was a 39% lower risk to have alterations in HDL associated with intake of 

category 2 of alcohol/day supplied from RW, although statistical significance of this 

association was not obtained in the adjusted model.  
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Entire sample 

OR (95% CI) 

Men 

OR (95% CI) 

Women 

OR (95% CI) 

Model 1a Model 2b Model 1a Model 2b Model 1a Model 2b 

Metabolic syndrome 

RW 

Category 1 0.57 (0.40-0.83)* 0.57 (0.37-0.86)* 0.87 (0.49-1.52) 0.77 (0.40-1.48) 0.50 (0.31-0.83)* 0.51 (0.29-0.89)* 

Category 2 0.53 (0.36-0.78)* 0.55 (0.35-0.84)* 0.75 (0.44-1.30) 0.72 (0.39-1.34) 0.57 (0.31-1.03) 0.49 (0.25-0.96)* 

Category 3 0.48 (0.29-0.77)* 0.54 (0.31-0.94)* 1.00 (0.54-1.86) 0.98 (0.48-2.01) 0.19 (0.07-0.50)* 0.19 (0.06-0.58)* 

Alcohol 

Category 1 0.77 (0.52-1.13) 0.77 (0.50-1.20) 1.05 (0.52-2.14) 1.08 (0.48-2.44) 0.78 (0.48-1.27) 0.76 (0.44-1.30) 

Category 2 0.58 (0.40-0.85)* 0.68 (0.44-1.04) 0.86 (0.45-1.61) 1.00 (0.48-2.08) 0.71 (0.42-1.20) 0.71 (0.79-1.28) 

Category 3 0.43 (0.27-0.70)* 0.52 (0.29-0.92)* 1.01 (0.50-2.03) 1.06 (0.47-2.39) 0.18 (0.06-0.48) 0.17 (0.06-0.54)* 

Category 4  0.82 (0.45-1.53) 0.98 (0.47-2.06) 1.86 (0.84-4.10) 1.95 (0.75-5.03) - - 

Not RW  

Category 1 0.89 (0.66-1.20) 1.07 (0.76-1.51) 1.22 (0.81-1.85) 1.01 (0.62-1.66) 0.88 (0.55-1.41) 1.21 (0.72-2.05) 

HDL-cholesterol (< 40 mg/dL in men and < 50 mg/dL or treatment) 

RW       

Category 1 0.70(0.45-1.09) 0.64 (0.40-1.03) 1.25 (0.62-2.50) 1.06 (0.50-2.22) 0.52 (0.28-0.96)* 0.42 (0.21-0.85)* 

Category 2 0.61 (0.38-0.98)* 0.64 (0.39-1.07) 0.81 (0.39-1.68) 0.72 (0.34-1.55) 0.65 (0.33-1.30) 0.67 (0.33-1.39) 

Category 3 0.53 (0.28-1.01) 0.50 (0.25-1.01) 0.94 (0.42-2.09) 0.68 (0.29-1.62) 0.27 (0.06-1.20) 0.30 (0.07-1.43) 

Alcohol       

Category 1 1.19 (0.78-1.82) 1.20 (0.76-1.89) 1.08 (0.45-2.55) 1.07 (0.42-2.69) 1.32 (0.80-2.17) 1.26 (0.73-2.15) 

Category 2 0.53 (0.33-0.85)* 0.59 (0.35-0.97)* 0.53 (0.23-1.23) 0.54 (0.22-1.31) 0.63 (0.34-1.16) 0.64 (0.33-1.25) 

Category 3 0.61 (0.33-1.12) 0.61 (0.31-1.22) 0.82 (0.34-1.97) 0.66 (0.26-1.72) 0.34 (0.07-1.50) 0.32 (0.07-1.52) 

Category 4  0.69 (0.33-1.46) 0.74 (0.31-1.73) 0.92 (0.36-2.36) 0.71 (0.25-2.04) - - 

Not RW       

Category 1 1.01 (0.71-1.44) 1.14 (0.77-1.68) 1.07 (0.63-1.83) 0.84 (0.47-1.50) 1.22 (0.73-2.02) 1.48 (0.87-2.54) 

Triglycerides (≥ 150 mg/dL or triglyceride lowering medication) 

RW       

Category 1 0.72 (0.49-1.06) 0.57 (0.37-0.87)* 0.83 (0.45-1.54) 0.67 (0.35-1.29) 0.68 (0.40-1.15) 0.53 (0.30-0.96)* 

Category 2 0.66 (0.43-0.99)* 0.53 (0.34-0.84)* 0.88 (0.49-1.60) 0.78 (0.42-1.45) 0.47 (0.24-0.92)* 0.32 (0.15-0.69)* 

Category 3 0.72 (0.43-1.21) 0.57 (0.32-1.01) 1.01 (0.52-1.95) 0.84 (0.42-1.71) 0.31 (0.09-1.08) 0.21 (0.05-0.80)* 

Alcohol       

Category 1 1.27 (0.85-1.89) 1.09 (0.71-1.67) 1.40 (0.63-3.11) 1.47 (0.63-3.42) 1.30 (0.81-2.08) 1.05 (0.63-1.75) 

Category 2 0.92 (0.62-1.37) 0.77 /0.50-1.20) 0.16 (0.56-2.41) 1.17 (0.54-2.54) 0.88 (0.52-1.51) 0.64 (0.35-1.16) 

Category 3 0.94 (0.56-1.59) 0.77 (0.43-1.38) 1.43 (0.65-3.14) 1.41 (0.61-3.25) 0.40 (0.11-1.42) 0.25 (0.07-0.96)* 

Category 4  1.07 (0.57-2.02) 0.81 (0.39-1.71) 1.56 (0.67-3.62) 1.44 (0.56-3.70) - - 

Not RW       

Category 1 1.53 (1.13-2.10)* 1.48 (1.05-2.08)* 1.96 (1.24-3.10)* 1.82 (1.10-3.01)* 1.35 (0.85-2.17) 1.30 (0.79-2.16) 
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Fasting plasma glucose (≥ 100 mg/dL or antidiabetic treatment) 

RW       

Category 1 0.82 (0.57-1.19) 0.84 (0.56-1.25) 0.93 (0.51-1.68) 1.06 (0.56-2.02) 0.69 (0.43-1.13) 0.73 (0.43-1.25) 

Category 2 0.61 (0.42-0.90)* 0.61 (0.40-0.93)* 0.72 (0.41-1.27) 0.73 (0.40-1.33) 0.41 (0.23-0.74)* 0.43 (0.23-0.82)* 

Category 3 0.83 (0.51-1.35) 0.81 (0.47-1.39) 1.09 (0.59-2.12) 1.06 (0.52-2.15) 0.30 (0.11-0.77)* 0.35 (0.12-1.04) 

Alcohol       

Category 1 0.90 (0.61-1.34) 0.89 (0.59-1.36) 0.78 (0.36-1.70) 0.81 (0.36-1.84) 0.90 (0.56-1.43) 0.95 (0.57-1.57) 

Category 2 0.72 (0.49-1.04) 0.80 (0.53-1.21) 0.69 (0.35-1.37) 0.81 (0.39-1.69) 0.56 (0.34-0.93)* 0.69 (0.40-1.19) 

Category 3 0.59 (0.36-0.96)* 0.62 (0.36-1.07) 0.57 (0.27-1.20) 0.64 (0.28-1.42) 0.26 (0.10-0.71) 0.33 (0.11-0.99)* 

Category 4  1.22 (0.64-2.31) 1.05 (0.50-2.18) 1.11(0.47-2.62) 1.05 (0.41-2.71) - - 

Not RW       

Category 1 0.85 (0.64-1.16) 0.93 (0.67-1.29) 0.77 (0.50-1.20) 0.72 (0.45-1.17) 0.76 (0.49-1.20) 1.05 (0.65-1.71) 

Waist circumference (≥ 102 cm in men and ≥ 88 cm in women) 

RW       

Category 1 0.48 (0.32-0.73)* 0.51 (0.29-0.88)* 0.69 (0.39-1.22) 0.51 (0.23-1.12) 0.64 (0.30-1.36) 0.79 (0.30-2.11) 

Category 2 0.60 (0.39-0.94)* 0.81 (0.45-1.47) 0.96 (0.55-1.68) 1.06 (0.49-2.33) 5.14 (0.68-38.9) 9.92 (0.86-114.2) 

Category 3 0.38 (0.23-0.64)* 0.71 (0.35-1.46) 0.89 (0.48-1.67) 1.22 (0.50-2.96) 0.52 (0.14-1.91) 2.10 (0.15-28.63) 

Alcohol       

Category 1 0.79( 0.49-1.28) 0.83 (0.45-1.55) 0.96 (0.47-1.97) 0.73 (0.27-1.97) 1.38 (0.62-3.09) 1.42 (0.53-3.84) 

Category 2 0.52 (0.34-0.80)* 0.63 (0.35-1.14) 0.85 (0.45-1.61) 0.78 (0.32-1.93) 2.47 (0.83-7.36) 3.67 (0.86-15.58) 

Category 3 0.36 (0.21-0.62)* 0.67 (0.31-1.41) 1.03 (0.51-2.09) 1.26 (0.45-3.52) 0.62 (0.17-2.29) 1.82 (0.10-33.43) 

Category 4  0.47 (0.24-0.92)* 0.97 (0.39-2.43) 1.50 (0.68-3.32) 1.62 (0.50-5.19) - - 

Not RW       

Category 1 0.62 (0.44-0.87)* 0.74 (0.48-1.16) 0.96 (0.63-1.47) 0.77 (0.43-1.41) 1.59 (0.65-3.92) 2.80 (0.90-8.68) 

Blood pressure (≥ 130/85 mm Hg or antihypertensive treatment) 

RW       

Category 1 0.80 (0.33-1.92) 0.97 (0.37-2.55) 0.73 (0.23-2.33) 0.50 (0.13-1.90) 1.35 (0.29-6.52) 3.24 (0.39-27.25) 

Category 2 0.70 (0.29-1.67) 0.84 (0.33-2.14) 1.25 (0.34-4.57) 0.98 (0.23-4.10) 0.42 (0.13-1.42) 0.53 (0.14-1.99) 

Category 3 0.76 (0.25-2.35) 1.22 (0.35-4.21) 1.08 (0.26-4.49) 0.98 (0.20-4.70) 0.62 (0.07-5.13) 2.77 (0.52-50.21) 

Alcohol       

Category 1 0.51 (0.20-1.30) 0.81 (0.29-2.25) 0.67 (0.15-2.92) 1.03 (0.21-5.10) 0.51 (0.15-1.80) 0.74 (0.19-2.86) 

Category 2 0.52 (0.21-1.32) 0.86 (0.32-2.29) 1.03 (0.25-4.27) 1.46 (0.33-6.58) 0.38 (0.11-1.36) 0.56 (0.15-2.13) 

Category 3 0.50 (0.16-0.58) 1.04 (0.30-3.60) 0.92 (0.20-4.27) 1.37 (0.28-6.77) 0.42 (0.05-3.74) 1.37 (0.09-20.5) 

Category 4  1.54 (0.19-12.5) 0.44 (0.44-35.3) 2.67 (0.27-26.5) 5.05 (0.47-54.7) - - 

Not RW       

Category 1 0.66 (0.33-1.32) 0.89 (0.42-1.89) 1.05 (0.42-2.64) 1.26 (0.46-3.54) 0.45 (0.16-1.27) 0.50 (0.17-1.49) 

Table 4. Risk of metabolic syndrome and of individual metabolic syndrome components (odds ratio and 95% 

CI) according to red wine, alcohol and alcohol not supplied from RW consumption categories 

Abbreviations: OR, odds ratio; CI, confidence interval; RW, red wine; Not RW, alcohol not supplied from RW.  

Non-consumers were considered the reference category for RW, alcohol and alcohol not from RW comparisons. 

RW consumption categories: 1) 0.1-5 g/day, 2) 5.1-15 g/day and 3) more than 15.1 g/day of alcohol supplied from RW. 

Alcohol consumption categories: 1) 0.1-5 g/day , 2) 5.1-15 g/day and 3) 15.1-30 g/day and 4) more than 30.1 g/day of 

alcohol supplied by any alcoholic beverage (maximum 97.6). Not RW consumption categories: 1) consumers of any amount 

of alcohol supplied by any alcoholic beverage other than RW. 
a Model 1, crude. 
b Model 2, adjusted for age, body mass index, total energy intake, smoking status and educational level.  

* Statistically significant. 
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Note that for all categories of RW consumption there is a tendency to have lower  

risk of HDL-cholesterol alterations both in crude and adjusted models, although it 

failed to reach statistical significance. Taking adjusted ORs into account, subjects 

in the two lower intake categories of RW had also reduced risk to have alterations 

in plasma triglycerides and the same was observed for elevated fasting plasma 

glucose or waist circumference for category 2 and category 1, respectively. No 

association was observed between RW and alteration in blood pressure. Analysis 

performed after separating the sample by sex, revealed that most of the effects of 

RW consumption remained significant and paralleled those observed with the 

whole sample, although only in women. In this analysis, however, there is a more 

pronounced reduction in risk for MetS (81%) relating to category 3 of RW 

consumption than with the two lower consumption categories (49-51%) and the 

same also occurred regarding the risk of elevation in plasma triglycerides. RW 

consumption was also related to lower risk for alterations in HDL-cholesterol 

(category 1) and fasting plasma glucose (category 2) in women. After adjusting the 

ORs for the most significant MedDiet food classes (vegetables, fruit, mixed nuts, 

olive oil, fish and dairy products) these associations remained similar although the 

reduction in the risk of having elevated triglyceride levels in RW category 3 

consumers became significant (Table 5).  

Adjusted ORs obtained after analysis of risks associated with different total alcohol 

or intake alcohol supplied from sources other than RW, were considerably different 

from those obtained in RW consumer categories (Table 4). Regarding the analysis 

of the entire sample relatively to alcohol consumption, there was only significant 
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risk reduction of MetS (48%) and of having low HDL-cholesterol (41%) in 

consumers of 15.1-30 g of alcohol/day  

 
All population Men Women 

 
OR (95% CI) OR (95% CI) OR (95% CI) 

Metabolic syndrome    

Category 1 0.54 (0.38-0.88)* 0.81 (0.41-1.58) 0.48 (0.27-0.85)* 

Category 2 0.54 (0.35-0.84)* 0.76 (0.40-1.45) 0.41 (0.21-0.86)* 

Category 3  0.52 (0.29-0.92)* 0.94 (0.44-2.01) 0.16 (0.05-0.54)* 

HDL-cholesterol (< 40 mg/dL in men and < 50 mg/dL or treatment) 

Category 1 0.68 (0.42- 1.12) 1.23 (0.56-2.68) 0.47 (0.23-0.97)* 

Category 2 0.65 (0.39-1.10) 0.83 (0.37-1.84) 0.60 (0.23-1.28) 

Category 3  0.52 (0.25-1.06) 0.85 (0.33-2.16) 0.20 (0.04-1.07) 

Triglycerides (≥ 150 mg/dL or triglyceride lowering medication) 

Category 1 0.57 (0.37-0.88)* 0.69 (0.35-1.38) 0.54 (0.29-0.97)* 

Category 2 0.51 (0.32-0.82)* 0.79 (0.41-1.51) 0.30 (0.13-0.65)* 

Category 3  0.52 (0.29-0.95)* 0.83 (0.39-1.76) 0.16 (0.04-0.66)* 

Fasting plasma glucose (≥ 100 mg/dL or antidiabetic treatment) 

Category 1 0.86 (0.57-1.29) 1.11 (0.58-2.15) 0.74 (0.43-1.29) 

Category 2 0.62 (0.41-0.95)* 0.78 (0.39-2.05) 0.38 (0.19-0.74)* 

Category 3  0.92 (0.52-1.62) 0.90 (0.35-2.30) 0.33 (0.10-1.08) 

Waist circumference (≥ 102 cm in men and ≥ 88 cm in women) 

Category 1 0.49 (0.28-0.86)* 0.46 (0.20-1.03) 0.73 (0.26-2.06) 

Category 2 0.79 (0.43-1.44) 0.89 (0.43-1.44) 11.9 (0.69-20.6) 

Category 3  0.62 (0.29-1.31) 0.62 (0.29-1.31) 2.21 (0.11-45.2) 

Blood pressure (≥ 130/85 mm Hg or antihypertensive treatment)  

Category 1 0.90 (0.33-2.48) 0.49 (0.11-1.72) 3.38 (0.39-29.7) 

Category 2 0.67 (0.24-1.82) 0.85 (0.19-3.88) 0.39 (0.10-1.57) 

Category 3  0.67 (0.17-2.61) 0.55 (0.09-3.39) 1.19 (0.06-24.5) 

Table 5. Risk of metabolic syndrome and metabolic syndrome components (odd ratio and their 95% CI) 

according red wine consumption categories 

Abbreviations: OR, odds ratio; CI, confidence interval.  

Non-consumers were considered the reference category for comparisons. RW consumption categories: 1) 0.1-5 g/day, 2) 

5.1-15 g/day and 3) more than 15.1 g/day of alcohol supplied from RW. Analyses were adjusted for age, body mass index, 

total energy intake, smoking status, educational level and total intake of  important dietary components of MedDiet 

(vegetables, fruit, mixed nuts, olive oil, fish and dairy products).  

* Statistically significant. 
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Analysis by sexes revealed once more a marked protection against MetS (83%) 

and alterations in triglycerides (79%) and fasting plasma glucose (67%)  only in 

women consuming 15.1-30 g of alcohol/day. Alcohol consumption tended to be 

associated with higher risk of having elevated plasma triglycerides in men. 

Analysis of alcohol consumption supplied by alcoholic beverages other than RW 

increased the risk (82%) for elevated triglycerides in men and the same tendency 

was seen in women. 
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 Discussion 

To our knowledge, this is the first study exploring the association between distinct 

categories of RW consumption and the risk of MetS in an elderly Mediterranean 

population at high risk of cardiovascular disease.  

There is increasing interest in the research of dietary patterns potentially protective 

against the progression or chronic degenerative diseases, much because of the 

growing number of individuals afflicted with this kind of diseases, but also because 

much of them are preventable through a change in dietary habits. Although RW 

has been widely studied in the past few years, much of the investigation 

concerning this beverage has centered on cardiovascular disease(20). However, 

recent evidence suggests that light-to-moderate RW consumption may be 

beneficial for the prevention of other chronic conditions, particularly those related 

to the MetS(21, 22). Notwithstanding, this hypothesis requires confirmation in 

different populations, with different genetic backgrounds, dietary habits and health 

conditions. 

We demonstrated that RW consumption is associated with a lower risk of 

developing MetS and some of its components when compared with non-

consumers. Beyond the protection of MetS prevalence, we also demonstrated a 

reduced risk of having alterations in three of the components of the MetS. Wine 

consumers were protected against elevated plasma triglycerides. This is an 

interesting observation since plasma triglycerides levels are often elevated in 

alcohol consumers(23, 24). The biological ground for that association is related to the 

interference of ethanol with hepatic lipid metabolism, resulting in elevation of VLDL 

and serum total triglycerides(24). However, in the case of RW it may not be the 

case since, despite its content in ethanol, it also contains other constituents that 
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may potentially interfere with lipid metabolism. It has been recently reported that 

several classes of polyphenolic compounds interfere with lipid metabolism possibly 

explaining this protective effect upon plasma triglycerides(25-27). Concerning plasma 

lipids, our results also suggested a protective association between RW intake 

against decreased HDL-cholesterol levels. This is also in agreement with other 

authors that demonstrated increases in this form of cholesterol in the plasma of 

individuals subjected to 75 g of alcohol as RW(24). In other studies the same 

association has been demonstrated for alcohol ingested from different sources, 

outlining the possible preponderance of alcohol to this effect. Wine consumers 

displayed reduced risk of having two other MetS components: elevated plasma 

glucose concentrations and abnormal waist circumference. The explanation for the 

modification in the risk for these two outcomes may be interrelated. The 

association between glycemic control and central obesity has been widely 

demonstrated both in experimental and epidemiological studies along with a lower 

risk for T2D(28-30). Also, Buelens et al. demonstrated that ingestion of 450 mL of 

wine (supplying 40 g of ethanol) enhanced circulating adiponectin levels(31). 

Because this comparison was made with subjects drinking the same amount of 

de-alcoholized RW, it is only possible to conclude that ethanol should be the 

component responsible for the effect while the effect of the whole beverage 

remains obscured. Notwithstanding, as this adipokine possesses insulin-

sensitizing effects, inhibits gluconeogenesis and stimulates lipid oxidation, its 

increase may contribute to the improvement of glicemic control in drinkers. 

Considering central obesity, the relationship between alcohol consumption and 

waist circumference is not consistent. Some studies have shown positive 

associations, whereas others have observed a negative association between 
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alcohol and waist circumference or no relation at all(32, 33). The fact that this MetS 

component highly depends on total energy intake and ethanol supplies an 

important amount of energy per g, may justify that only subjects drinking 0.1-5 g of 

alcohol/day supplied from RW were protected. Of all MetS components, blood 

pressure seems to be the least affected by the exposures considered in the 

current work (RW, alcohol and alcohol supplied from sources other than RW).  

 

The comparison between the effects obtained when analysing RW and those for 

alcohol from all sources or from sources different from RW did also reveal 

interesting findings. The reduction in risk for MetS in alcohol intake is only 

significant for consumers of 15.1-30 g/day, and alcohol supplied from sources 

other than RW did not alter the risk for MetS. In this sense, we are tempted to 

postulate that most of the protection observed regarding alcohol categories may 

relate mainly to RW consumption. Also noteworthy is that in RW categories, when 

analysing both sexes together, there is no apparent difference in the OR for this 

outcome, whereas in the case of alcohol it seems to follow the characteristic J-

shaped curve. This pattern of association of alcohol consumption with risk is also 

suggested when observing the ORs obtained for low HDL-cholesterol, elevated 

triglycerides, fasting plasma glucose and waist circumference. Concerning the risk 

of altered HDL-cholesterol, the association is only significant in consumers of 5.1-

15 g of alcohol/day while in RW it is suggested in all consumption categories, i.e., 

even in those associated with higher ethanol intakes. This difference may have 

more than one explanation. On the one hand, there may be a contribution of non-

alcoholic components of RW to the association and on the other, alcohol intake 

from other sources may have been a confounder in the association. The same is 
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evident in the case of risk for having elevated triglycerides. To overcome part of 

this problem, we performed this analysis adjusted for categories of intake of 

alcohol from sources different from RW, but associations remained unaltered 

(results not shown), adding support to the first hypothesis. 

Results on the association of alcohol intake and the risk for having elevated waist 

circumference were also intriguing. While the crude model showed a marked 

reduction in risk of having this MetS parameter altered, after adjusting for 

confounders, this association was not significant. In our opinion, this may reflect 

the close relationship between total energy intake, BMI and waist circumference 

and the fact that alcohol supplies a considerable proportion of the energy ingested. 

The fact that in the crude model consumption of RW and alcohol appear to have a 

protective effect on the risk for elevations of waist circumference and this 

association disappears after adjustments for some variables like total energy 

intake and BMI, outlines the close relationship between these variables.  

When analysis was performed to investigate the relationship between the 

consumption of alcohol from sources other than RW, the most important 

association observed concerned the increase in the risk to have elevated 

triglycerides (almost 50% more risk). This effect is particularly experienced in men, 

where significant results demonstrated an important raise in risk (82%). Alcohol 

consumption has already been related with the risk of elevated triglycerides levels 

in other studies(34). The fact that alcohol categories assemble intake of RW and 

other alcoholic beverages adding the opposite results these two groups of 

beverages display on the risk of elevated triglycerides, are probably the basis for 

the lack of a significant effect of alcohol consumption upon the same MetS 

parameter. Furthermore, contribution of the non-alcoholic fraction of RW, 
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represented mainly by the phenolic compounds, to alterations in lipid profile 

becomes once more highlighted.  

 

Perhaps the most interesting was to find that, when performing the same analysis 

separated by sex, although the pattern of variation for both men and women was 

approximate, the associations were statistically significant only in women. One 

hypothesis to explain this dimorphism could be the different hormonal status of 

both sexes. The distinct prevalences of cardiovascular disease and 

cardiometabolic risk in men and premenopausal women, when there are marked 

differences in the main circulating sex hormones,  are well known.  However, 

these differences are attenuated when men and postmenopausal women are 

compared(35). As it is widely known, after menopause and the cessation of 

estrogen production by the ovaries, there is a great increase in cardiometabolic 

risk in women and estrogens seem to underlie this relationship. In our study, all 

women were in the post-menopausal state. The fact that RW possesses 

phytoestrogenic properties, and may as well increase estrogen production from 

non-ovarian sources(21, 36-38), could explain the more pronounced protective effect 

of RW in obese women in the current work.  Differences could also be explained if 

we consider the distinct pathophysiological condition of men and women of this 

study, since a worst metabolic condition is found in women, corroborated by a 

significantly higher prevalence of MetS.and most of its components. For this 

reason, additional benefit of the protective effects of RW could be achieved in 

women. Interestingly, this hypothesis of higher protection in the most affected is 

also advanced by Gligleux et al(39) who reported more pronounced cardioprotective 

properties of RW intake in subjects with a deteriorated risk profile.   
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Additionally, not only in regard to the differences of risk between men and women 

but also in respect to the general effects observed in RW drinkers, we could 

question if the beneficial effect here shown for this behaviour is being in some way 

confounded by lifestyle patterns. It has been demonstrated in some studies that 

wine consumers have higher educational level, economic status and some other 

healthy behaviours characterized by a high intake of fruit and vegetables(15, 40). 

However, this does not seem to be the case in Mediterranean populations, where 

wine is commonly accessible to almost all social classes and there is a conserved 

RW drinking tradition(41, 42). 

Also, in this Mediterranean context it could be thought that the protective effect 

associated to RW could due in part to other protective components of this dietary 

pattern, also significant sources of antioxidants compounds, and it was enquiring 

found that even adjusting for typical components of Mediterranean diet such as 

vegetables, fruit, mixed nuts, olive oil, fish and dairy products, the protective effect 

of RW persisted. In this sense, we believe that the important contribution of RW for 

the predictable protective effect associated to the Mediterranean pattern becomes 

outlined.  

 

An important limitation of this study is its cross-sectional nature by which a causal 

relationship cannot be established. Another limitation is a potential misreporting of 

self-reported alcoholic beverage consumption, and the fact that we  did not take to 

account   the pattern of consumption, ignoring if the amount was consumed in the 

same day or distributed by the week, as well as  the context of consumption, i.e.,  

if it was drunk as part of the meal or in between. Additionally, it was not possible to 

consider data on physical activity on the analysis.  
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Also, participants of this study did not consume RW or  the remaining alcoholic 

beverages as heavy drinkers, limiting our ability to draw conclusions about this 

level of consumption, especially in women. Furthermore, our results are focused 

on an elderly Mediterranean population so the generalization of results should be 

cautiously undertaken. In this regard, it would be interesting to extend the study of 

the effects of RW or alcoholic beverage consumption to a younger, healthier 

population. Underlying our interest in this particular subject is the fact that, as may 

have occurred with women, the effects of beverage consumption may have been 

more pronounced due to the presence of previous risk factors. To better 

understand the association of RW consumption and MetS-related risk, results from 

prospective analysis may be advantageous to make the establishment of cause-

effect association more likely.   

 

In conclusion, our data provides strong evidence that RW consumption is 

associated with a reduced risk of MetS and, given the association of this condition 

to the prevalence of CVD, T2D and cancer, may lead to a positive and protective 

effect on the risk of those diseases. The protective effect of RW to some individual 

components of MetS such as elevated fasting glucose and triglycerides levels, 

confirms the known cardioprotective benefits of RW, an important part of a 

Mediterranean dietary pattern. However, given the high prevalence and the 

socioeconomic deleterious effects of  alcoholism in certain populations, even in the 

context of the MedDiet, we are conscious that advices regarding alcohol 

consumption need to follow an individualized approach according to specific risks 

and benefits. Notwithstanding, the results obtained in this study propose a re-

evaluation of the generally restrictive policies on wine consumption in patients at 
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high cardiometabolic risk, particularly in women, to whom benefits were found in 

the upper categories of wine consumption.  
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