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Abstract 45 

Previous studies on the relationship between alcohol intake and the development of the 46 

metabolic syndrome (MetS) have yielded inconsistent results. Besides, few studies have 47 

analyzed the effects of red wine (RW) on prevalence of MetS and its components. Since 48 

moderate RW drinkers have shown a better lipid profile and lower incidence of 49 

diabetes, hypertension and abdominal obesity, all components of the MetS, we 50 

hypothesized that moderate RW intake could related to a lower MetS prevalence. In a 51 

cross-sectional study of 5801 elderly subjects at high cardiovascular risk included in the 52 

PREDIMED trial, 3897 fulfilled the criteria of MetS at baseline. Red wine intake was 53 

recorded using a validated 137-item food frequency questionnaire and the MetS was 54 

defined according to the Adult Treatment Panel III criteria. We used multiple logistic 55 

regressions to estimate the association between RW intake and the MetS. Compared to 56 

non-drinkers, moderate RW drinkers (≥1 drinks/d) showed a reduced risk of prevalent 57 

MetS (OR 0·56, 95% CI 0·45, 0·68; P<0·001), a lower risk of having abnormal waist 58 

circumference (OR 0·59, 95% CI 0·46, 0·77; P<0·001), low HDL-cholesterol (OR 59 

0·42, CI 0·32, 0·53; P<0·001), high blood pressure (OR 0·28, 95% CI 0·17, 0·45; 60 

P<0·001) and high fasting plasma glucose levels (OR 0·67, CI 0·54, 0·82; P<0·001), 61 

after adjusting for several confounders. This association was stronger for women, for 62 

participants under 70 years of age and for those who were former or current smokers. 63 

We found no significant association between RW intake (≥1 drinks/d) and triglyceride 64 

concentrations. In conclusion, moderate RW intake is associated with a lower 65 

prevalence of MetS in an elderly Mediterranean population at high cardiovascular risk.    66 
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Introduction 67 

The metabolic syndrome (MetS), a cluster of metabolic abonormalities that includes 68 

abdominal obesity, hypertriglyceridemia, low levels of high-density lipoprotein 69 

cholesterol (HDL-c), hypertension, and hyperglycemia, has become a major public 70 

health concern
(1)

.  It results from the interaction of multiple factors, including genetic 71 

and environmental factors, with the dietary habits playing a crucial role in its 72 

development
(2)

.   73 

Previous studies have found both positive and negative effects of alcohol intake on the 74 

MetS
(3)

. However, in a meta-analysis of observational studies Alkerwi et al.
(4) 

showed 75 

that a favorable metabolic effect appeared to be restricted to moderate alcohol intake, 76 

namely, less than 20 g/day in women, and less than 40 g/day in men. While some 77 

authors have not found differences in MetS rates among consumers of various alcoholic 78 

drinks, others have reported lower rates in wine drinkers
(3,5)

. However, using a 79 

longitudinal design within the SUN study, Barrio-Lopez et al.found that consumers of 80 

at least 7 alcoholic drinks per week had increased odds of developing MS while they 81 

also found non-significant association for wine or liquor consumption.
(5)

.  Besides 82 

containing alcohol, red wine (RW) is rich in polyphenols, which may beneficially 83 

influence carbohydrates metabolism,
(6)

 and blood pressure (BP)
(7,8)

. Also, different 84 

human intervention studies have shown that other foods rich in polyphenols increase 85 

HDL-cholesterol concentrations
(9-11)

; however, the few human studies conducted on the 86 

effects of polyphenol-rich foods on abdominal adiposity have yielded conflicting 87 

results, with studies showing  positive effects
(12,13)

 or no effect
(14)

.  88 

The purpose of this study was to investigate the relationship between RW intake and the 89 

prevalence of the MetS and its components in an elderly Mediterranean population at 90 

high cardiovascular risk. 91 

 92 

Methods 93 

Subjects 94 

We conducted a cross-sectional study with baseline data from the PREDIMED cohort. 95 

A detailed description of the study has been published
(15)

. This study was conducted 96 

according to the guidelines laid down in the Declaration of Helsinki and all procedures 97 

involving human subjects/patients were approved by the Institutional Review Boards of 98 

the participating centers (Clinical Trial Registration: ISRCTN of London, England: 99 

35739639). Written informed consent was obtained from all subjects. 100 
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Of the 5969 participants from all the PREDIMED centers with complete biochemical 101 

analysis, we excluded 140 who did not complete the food frequency questionnaire 102 

(FFQ) at baseline, and 28 with extreme total energy intakes
(16)

. Thus, data from 5801 103 

participants were available for the analyses.  104 

Assessment of population characteristics and diet 105 

Dietary habits at baseline were evaluated using a validated 137-item FFQ
(17)

. Daily food 106 

and nutrients intake was estimated from the FFQ by multiplying the frequency of 107 

consumption by the average portion size. We also used a validated 14-point 108 

questionnaire
(18)

, but excluding alcohol to assess the adherence to the traditional 109 

MedDiet. Participants also filled out a general questionnaire to collect information 110 

about lifestyle habits, medication use and concurrent diseases, and a validated Spanish 111 

version of the Minnesota Leisure Time Physical Activity Questionnaire
(19)

.   112 

Antropometric measurements and blood analyses.  113 

Body weight and height were measured with minimum clothing and no shoes, using a 114 

calibrated scales and wall-mounted stadiometers, respectively. The body mass index 115 

(BMI) was calculated as weight in kilograms divided by the square of height in meters. 116 

Waist circumference was measured midway between the lowest rib and iliac crest using 117 

an anthropometric tape. Waist-to-height ratio was assessed dividing the waist 118 

circumference parameter by height, as a practical index for assessing central fat 119 

distribution. BP was measured in a sitting position, using a semiautomatic 120 

sphygmomanometer (Omron HEM-705CP, Hoofddorp, The Netherlands), in triplicate 121 

with a 5-min interval between each measurement, and the mean of these values was 122 

recorded, following the procedures recommended by the European Hypertension 123 

Society
(20)

. Plasma glucose and lipid profiles were measured using an automatic 124 

analyzer in a routine laboratory test. For patients with triglyceride levels less than 400 125 

mg/dL, LDL cholesterol concentrations were estimated using the Friedewald 126 

formula
(21)

. 127 

 128 

 129 

Categories of red wine consumption 130 

The FFQ included questions concerning intake of wine (RW, rosé wine, white wine, 131 

and sparkling wine), beer, liquors and spirits. We used standard drinks (herewith known 132 

as “drinks”), 10 g of pure alcohol, to categorize alcohol intake. This is 100 mL of wine, 133 
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250 mL of beer, 65 mL of liquors and 32 mL of spirits. RW intake was categorized in 134 

three groups: non-drinkers, 0.1-1 drinks/day and >1 drink/day.  135 

Definition of metabolic syndrome 136 

The MetS was defined using Adult Treatment Panel III (ATPIII) criteria, i.e., 137 

participants with at least three of the following abnormalities: i) abdominal obesity: 138 

waist circumference ≥ 102 cm in men and ≥ 88 cm in women; ii) serum triglycerides ≥ 139 

150 mg/dL or triglyceride lowering medication; iii) HDL-cholesterol < 40 mg/dL in 140 

men and < 50 mg/dL in women or treatment; iv) BP ≥ 130/85 mm Hg or receiving 141 

antihypertensive treatment; and v) fasting plasma glucose level ≥ 100 mg/dL or 142 

receiving antidiabetic treatment. 143 

Statistical analyses 144 

To compare the means of continuous variables among the different RW groups, one 145 

way analysis of variance (ANOVA) with the Bonferroni post-hoc test was used. If the 146 

variable did not follow a normal distribution (skewness or kurtosis > -2 or < 2), the 147 

corresponding non-parametrical Mann Whitney and Kruskal Wallis tests were 148 

performed. For categorical variables, we used the X
2 

method or the Fisher exact test. 149 

Pearson correlation coefficients were calculated to test the linear association between 150 

intakes of RW and other alcoholic beverages (white and sparkling wine, beer, liquors 151 

and spirits), all as continuous variables. 152 

The odds ratios for the MetS and each of its components in the different RW categories 153 

were calculated with multiple logistic regression analysis, with the outcome as the 154 

dependent variable and the consumption groups as independent variables. In 155 

multivariate models, we adjusted for sex, age (continuous), BMI (continuous), smoking 156 

status (never, former and current), physical activity during leisure time (yes/no), energy 157 

intake (continuous), educational level and adherence to the Mediterranean food pattern 158 

excluding wine intake (continuous). We ran additional stratified analyses by gender, age 159 

groups (<70 years and >=70 years and smoking status (never/ever) and evaluated the 160 

effect modification of these variables with alcohol through likelihood ratio tests for the 161 

product-term introduced in crude and fully-adjusted models. All statistical analyses 162 

were conducted using IBM SPSS software v19.0 (Chicago, USA). All t tests were 2-163 

sided and P values below 0.05 were considered significant. 164 

Results 165 

This study analyzed 5801 participants at high cardiovascular risk, 2433 men and 3368 166 

women. The baseline characteristics of the study participants according to groups of 167 
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energy-adjusted RW intake at baseline are summarized in Table 1. More than 50% of 168 

the population consumed no RW (3037 participants), 36% consumed <1 drink/day 169 

(2086 participants) and 12% consumed more than 1 drink per day (678 participants). Of 170 

these, only 111 people consumed 5 drinks or more a day. Participants with the highest 171 

RW intake were more likely to be men, current or former smokers, more physically 172 

active and had a higher education. Table 2 shows the dietary habits of the participants 173 

distributed into RW intake groups. Those who drank more RW (>1 drink/d group) had a 174 

higher intake of carbohydrates, protein, saturated, monounsaturated and polyunsaturated 175 

fatty acids, total cholesterol and total calories. Consumption of fruits, vegetables, and 176 

dairy products was less frequent in the group of moderate/heavy drinkers, although no 177 

significant differences were observed in adherence to the traditional MedDiet among the 178 

three groups.  179 

We also tested the linear association between RW intake and other alcoholic beverages 180 

(Table 3). Although the correlation coefficients were significant, there were only weak 181 

linear associations among the variables. In general, RW intake was positively correlated 182 

with beer, liquors and spirits, but not with other types of wine when analyzing the entire 183 

sample or stratifying by sex. 184 

Red wine and metabolic syndrome 185 

Among the 5801 participants included, 3897 (67%) fulfilled the criteria for the MetS. 186 

Table 4 summarizes the metabolic risk parameters according to RW intake categories. 187 

Participants with the highest RW intake had a lower BMI and heart rate, but higher BP. 188 

No significant differences were observed in total or HDL cholesterol across the groups. 189 

However, when we translated these values to MetS components taking into account the 190 

medication to treat triglyceridemia, hypertension or diabetes we observed fewer cases of 191 

the MetS among the highest RW consumers, as well as a lower prevalence of abnormal 192 

waist circumference, high triglyceride levels or lipid-lowering treatment, low HDL-193 

cholesterol, high BP or antihypertensive treatment and high fasting plasma glucose 194 

levels or antidiabetic treatment. 195 

We calculated the relative risk using logistic regression models with non-drinkers as the 196 

reference category. Risks calculated using crude models and after adjusting for possible 197 

confounders (sex, age, BMI, smoking, education, physical activity, total energy intake, 198 

and diet) differed significantly as can be observed in Table 5. Intake of more than 1 199 

drink/day of RW was associated with a significantly lower risk of the MetS both in 200 

crude and adjusted analysis (OR 0·56, 95% CI 0·45-0·68; P< 0·001). As sensitivity 201 
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analyses (results not shown), we estimated the fully-adjusted OR for the category of the 202 

highest RW intake after excluding heavy drinkers (>2 drinks/d for women and >4 203 

drinks/day for men) and we found the same association. Concerning individual 204 

components of the MetS, participants who were in the highest category of RW intake 205 

showed a 41% lower risk of abnormal waist circumference (OR 0·59, CI 0·46, 0·77; P< 206 

0·001), a 58% lower risk of having low HDL-cholesterol (OR 0·42, CI 0·32, 0·53; P< 207 

0·001), a 72% lower risk of having high blood pressure (OR 0·28, CI 0·17, 0·45; P< 208 

0·001) and a 33% lower risk of having a high fasting plasma glucose level (OR 0·67, CI 209 

0·54, 0·82; P <0·001), compared with non-consumers. We observed a protective effect 210 

of RW on triglycerides that lost significance after adjustment for all potential 211 

confounders.  212 

Analysis by sexes revealed a lower risk of MetS in women consuming >1 drink/day 213 

(OR 0·47, CI 0·30, 0·73; P-trend <0·001) than in men (OR 0·68, CI 0·53, 0·88; P-trend 214 

0·004) after multivariate adjustment (Table 6). Analysis performed after separating the 215 

sample by age groups (<70 years and ≥70 years) revealed that the effects of RW intake 216 

remained significant only for the youngest group (OR 0·49, 95% CI 0·38, 0·63; P-trend 217 

<0·001).  When we studied the prevalence of the MetS and RW intake stratified by 218 

smoking habits, we found a 43% reduction in MetS risk in former or current smokers 219 

(OR 0·57, CI 0·43, 0·75; P-trend <0·001) and a 40% reduction among those who never 220 

smoked. Note that for all strata categories there were a trend to a lower risk of the MetS 221 

both in crude and adjusted models, although not all models achieved statistical 222 

significance. 223 

Discussion 224 

In this cross-sectional study of 5801 elderly participants at high cardiovascular risk in 225 

the PREDIMED study we observed 3897 cases of the MetS, representing a prevalence 226 

of 67·2% that was not unexpected given the entry criteria into the study of individuals 227 

with diabetes or 3 or more standard cardiovascular risk factors, including overweight or 228 

obesity. In this setting, moderate RW intake was associated with a decreased prevalence 229 

of the MetS, mainly by reducing the risk of having abnormal waist circumference, high 230 

blood pressure, low HDL-cholesterol and high fasting plasma glucose concentrations. 231 

This association was stronger for women, for participants under 70 years of age and for 232 

former or current smokers. RW intake was weakly but positively associated with beer, 233 

liquors and spirits, but was not associated with other types of wine. Therefore, these 234 

results suggest that RW consumers were more likely to consume beer, liquors and 235 
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spirits than white wine, rosé wine or sparkling wine. However, although significant, 236 

correlation coefficients were too low to draw conclusions. 237 

Wine is considered a key food of the traditional MedDiet. Several previous cohort and 238 

intervention studies have examined the effects of observed Mediterranean-type diets on 239 

MetS and its components. The prospective Framingham Heart Study Offspring Cohort 240 

study was the first to report a protective effect of the MedDiet against the MetS, as 241 

participants in the highest quintile of MedDiet adherence had 30·1% incidence of MetS 242 

compared to those in the lowest quintile category (38·5% , P = 0·01)
(22)

. Other, albeit  243 

not all
(23)

, cross-sectional studies performed in Mediterranean countries 
(2) (24) (25) (26) (27)

 244 

reported an inverse association between quartiles of adherence to the MedDiet and 245 

MetS. A recent meta-analysis of 50 studies confirmed that the higher the adherence to 246 

the MedDiet the lower the prevalence and progression of the MetS
(28)

. Interestingly, 247 

intervention studies including patients with MetS have confirmed that the MedDiet may 248 

favour the regression of the MetS and prevent its progression
(29)(30)

.  249 

However, few studies have analyzed the role of moderate RW intake on the prevalence 250 

of the MetS. Similar to our results, a study performed in the Canary Islands (Spain) 251 

showed wine intake, as well as the intakes of other components of the traditional 252 

MedDiet such as fruit, vegetables and cereals, to be inversely associated with the 253 

MetS
(23)

. Indeed, the authors suggested that not all components of the MedDiet are 254 

likely to provide the same level of protection
(31)

.   255 

Moderate alcohol intake from RW was associated with a lower prevalence of 256 

hypertension in women and a lower prevalence of low HDL-cholesterol in men
(31)

. 257 

Several studies with different designs have suggested that the greater health benefits of 258 

moderate RW intake might be related to its higher polyphenolic content compared to 259 

other alcoholic beverages. In fact, polyphenols may provide additional benefits to those 260 

of other alcoholic beverages by decreasing BP, inhibiting the oxidation of LDL, 261 

improving endothelial function and reducing inflammation and cell adhesion 262 

molecules
(32)

. We found an association between regular RW intake and hypertension, 263 

contrary to the reported in other studies
(33)

. In a recent feeding trial, systolic and 264 

diastolic BP significantly decreased after a 4 weeks of intervention with dealcoholized 265 

RW, but not after RW or gin interventions
(8)

.  266 

On the other hand, the best established protective factor of alcohol intake is the increase 267 

in plasma HDL-cholesterol concentrations
(34) (35)

. A meta-analysis of clinical studies 268 

assessing the effects of moderate alcohol intake on concentrations of HDL-cholesterol 269 
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indicated that the intake of 30 g/day of ethanol increased HDL-cholesterol by a mean of 270 

4.0 mg/dL and triglycerides by 5·7 mg/dL, irrespective of the alcoholic beverage 271 

consumed. It was estimated that an average intake of 30 g of ethanol/d would cause an 272 

estimated reduction of 24·7% in risk of coronary heart disease
(36)

. In addition, both 273 

cross-sectional and intervention studies have shown that moderate RW intake reduces 274 

the plasma concentrations of in vivo oxidized LDL
(37)(38)

, which has been related to the 275 

polyphenolic content of RW.  276 

Moderate alcohol consumption has also been inversely associated with diabetes risk in a 277 

meta-analysis of observational studies that included information from 477 200 men and 278 

women participating in prospective cohort studies. The dose-response trend showed that 279 

the strongest inverse association was observed for 22-24 g/d, but alcohol intake   280 

became deleterious over 60 g/day in men and over 50 g/day of alcohol in women
(39)(40)

. 281 

Additionally, randomized clinical trials have also demonstrated that moderate alcohol 282 

intake (30 g/d) has beneficial effects on insulin and triglyceride concentrations and 283 

insulin sensitivity in nondiabetic postmenopausal women
(41)

, suggesting that moderate 284 

alcohol intake decreases the risk of CVD and type 2 diabetes by improving insulin 285 

sensitivity. 286 

Similar to other studies
(42,43)

, we found that RW drinkers had a significantly reduced 287 

BMI and waist circumference measurement compared to non-drinkers. Thus, moderate 288 

alcohol intake in the Tromso Study
(42)

,
 
as well as moderate RW intake in the Danish 289 

Diet Cancer and Health Study
(43)

, conferred a lower risk for abdominal obesity in 290 

women. Dietary factors including animal fat and refined carbohydrates are postulated to 291 

induce oxidative stress that stimulates inflammation in obesity. By contrast some foods 292 

including wine, fruit, vegetables, nuts and others show anti-oxidant and anti-293 

inflammatory effects that may prevent the development of the MetS
(44, 45)

. 294 

Our study has limitations. First, since our subjects were elderly Spanish people at high 295 

risk of cardiovascular disease, our findings cannot be extrapolated to younger lower risk 296 

populations from other countries. Furthermore, studying high cardiovascular risk 297 

individuals is a limitation rather than an advantage for testing our hypothesis. Another 298 

limitation of the present analysis is its cross-sectional nature, which does not allow 299 

inferring causal relationships between MedDiet and MetS. There are also strengths to 300 

our study, such as the large sample size and the high number of participants with the 301 

MetS, the validated FFQ and the ability to control for potential confounders due to 302 

recording of comprehensive data on risk factors, diet and sociodemographic variables. 303 
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On the other hand, our population is not representative of the general Spanish 304 

population. Although we controlled for many potential confounders in multivariate 305 

models, other unknown or unmeasured confounders may exist.  306 

Conclusions 307 

Compared to non-drinkers, moderate RW drinkers from an elderly population at high 308 

cardiovascular risk had a lower prevalence of having MetS and of having abnormal 309 

waist circumference, low HDL-cholesterol, high blood pressure and hyperglycemia, 310 

four of the five individual metabolic criteria included in its definition.  311 
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Table 1. Baseline characteristics of participants in the PREDIMED cohort according to 

groups of RW intake at baseline (energy-adjusted).
 
 

 Non-drinkers  0·1-1 drink/d  >1 drinks/d  

P* Characteristics 
n 

Percentage of 

the total  n 

Percentage of 

the total  n 

Percentage of 

the total  

No subjects (5801) 3037 52·4  2086 36·0  678 11·7   

Sex, women 2299 75·7  973 46·6  96 14·2  <0·001 

Current smoker 276 9·1  324 15·5  193 28·5  <0·001 

Former smoker 464 15·3  645 30·9  292 43·1  <0·001 

Higher education 328 10·8  395 18·9  160 23·6  <0·001 

           

 Mean SD  Mean SD  Mean SD  P
†
 

RW intake (units/d) 0 0·0  0·51 0·4  2·9 1·2  <0·001 

Age (y) 67·9 6·0  66·3 6·2  65·7 6·1  <0·001 

Energy expenditure in physical 

activity (kJ/d) 829·3 871·1  1042·9 1050·0  1398·6 1147·0  <0·001 

 

* Chi-squared tests 

† One-way ANOVA tests 
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Table 2. Dietary pattern of 5801 participants in the PREDIMED cohort according to 

groups of RW intake at baseline (energy-adjusted). 

 

Non-drinkers 

(n = 3037)  

0·1-1 drink/d 

(n=2086)  

>1 drinks/d 

(n=678)  

P*  Mean SD  Mean SD  Mean SD  

Alcoholic beverages (units/day)           

RW  0·00 0·00  0·51 0·38  2·92 1·19  <0·001 

White, rosé and sparkling wine 0·10 0·51  0·08 0·36  0·11 0·47  0·36 

Beer 0·09 0·37  0·22 0·56  0·37 0·79  <0·001 

Liquors/spirits 0·005 0·06  0·01 0·08  0·03 0·10  <0·001 

Nutrients intake           

Total energy intake (Kcal/d) 2121·3 519·6  2308·8 522·4  2600·4 506·4  <0·001 

Carbohydrates (g/d) 228·3 72·4  238·7 72·7  251·3 75·2  <0·001 

Protein (g/d) 89·2 21·3  94·3 21·4  95·7 20·3  <0·001 

Saturated fatty acids (g/d) 23·7 8·5  26·1 8·3  26·9 8·2  <0·001 

Monounsaturated fatty acids (g/d) 46·0 15·0  50·5 14·9  52·9 14·2  <0·001 

Polyunsaturated fatty acids (g/d) 14·8 6·4  16·2 6·6  17·3 6·7  <0·001 

Fiber (g/d) 25·0 8·7  25·6 8·7  25·3 7·8  0·066 

Total cholesterol (mg/d) 346 119  382 123  385 113  <0·001 

Food groups (g/day)           

Fruits 370 204  372 205  352 199  <0·001 

Vegetables 332 149  342 152  328 138  0·023 

Cereals 137 81  145 83  169 97  <0·001 

Meat  125 55  136 55  146 58  <0·001 

Fish 96 46  105 58  105 47  <0·001 

Legumes 21 14  21 13  20 10  0·162 

Dairy  403 227  374 218  309 197  <0·001 

Olive oil 38 18  40 18  42 16  <0·001 

Nuts  9 12  11 15  12 14  <0·001 

Soft drinks 15 58  20 57  18 61  0·025 

13-points MedDiet questionnaire score† 8·34 1·86  8·35 1·90  8·26 1·84  0·56 

 

* One-way ANOVA tests  

† 14-points questionnaire of adherence to the traditional MedDiet excluding the question referred to wine consumption.   
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Table 3. Pearson correlation coefficients between the different alcoholic beverage 

groups and RW (drinks/day). 

 

 

Entire sample 

r (p) 

Men 

r (p) 

Women 

r (p) 

White, rosé and sparkling wine 0·02 (0·23) -0·05 (0·018) 0·02 (0·35) 

Beer 0·17 (<0·001) 0·09 (<0·001) 0·10 (<0·001) 

Liquors 0·12 (<0·001) 0·08 (<0·001) 0·10 (<0·001) 

Spirits 0·14 (<0·001) 0·08 (<0·001) 0·09 (<0·001) 
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Table 4. Metabolic parameters of 5801 participants in the PREDIMED cohort 

according to groups of RW intake at baseline (energy-adjusted). 

 

Non-drinkers 

(n=3037)  

0.1-1 drink /d 

  (n=2086)  

>1 drinks /d 

(n=678)  

P*  Mean SD  Mean SD  Mean SD  

BMI (Kg/m2) 30·7 4·1  29·7 3·6  29·2 3·3  <0·001 

Waist to height ratio 0·64 0·07  0·62  0·06  0·61 0·06  <0·001 

Systolic BP (mmHg) 150·4 19·5  148·6 19·2  152·7 19·6  <0·001 

Diastolic BP (mmHg) 82·7 10·3  83·1  10·2  84·7 10·6  <0·001 

Hearth rate (beats/min) 72·3 11·1  69·8 10·1  69·1 10·9  <0·001 

Glucose (mg/dL) 123·1 41·3  118·7 39·0  117·1 33·7  <0·001 

Lipid profile (mg/dL)           

Total cholesterol 206·3 37·6  205·3 37·6  206·8 37·8  0·579 

HDL cholesterol 52·8 12·1  52·1 12·4  52·8 12·0  0·099 

LDL cholesterol 128·5 33·7  130·8 36·8  131·3 33·5  0·032 

Triglycerides 137·3 77·5  127·8 73·6  131·8 73·7  <0·001 

           

Metabolic syndrome and components n 

Percentage of 

the total  n 

Percentage of 

the total  n 

Percentage of 

the total  P† 

Metabolic syndrome 2268 74·7  1267 60·7  362 53·4  <0·001 

Abnormal waist circumference 2560 84·3  1437 68·9  390 57·5  <0·001 

High triglycerides levels or lowering treatment 1042 34·3  612 29·3  220 32·4  <0·001 

Low level HDL-cholesterol 999 32·9  585 28·0  99 14·6  <0·001 

High BP or antihypertensive treatment 2990 98·5  1932 92·6  639 94·2  <0·001 

High fasting plasma glucose level or treatment 2125 70·0  1309 62·7  442 65·2  <0·001 

 

* One-way ANOVA tests  

† Chi-squared tests 
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Table 5. Risk of metabolic syndrome and of individual metabolic syndrome 

components [odds ratio (95% CI)] according to RW intake categories (0·1-1 and >1 

drinks /d groups compared to the non-drinker group). 

 

  0·1-1 drinks /d P* >1 drinks /d P* 

Metabolic syndrome† 

Unadjusted OR 0·53 (0·47-0·90) <0·001 0·39 (0·33-0·46) <0·001 

Multivariable OR‡ 0·64 (0·56-0·73) <0·001 0·56 (0·45-0·68) <0·001 

Abnormal waist circumference 

(> 102 cm in men and > 88 cm in women or 

treatment) 

Unadjusted OR 0·40 (0·35-0·45) <0·001 0·24 (0·20-0·29) <0·001 

Multivariable OR‡ 0·64 (0·53-0·78) <0·001 0·59 (0·46-0·77) <0·001 

Triglycerides 

(≥ 150 mg/dL or triglyceride lowering medication) 

Unadjusted OR 0·76 (0·68-0·86) <0·001 0·89 (0·74-1·06) 0·18 

Multivariable OR‡ 0·76 (0·66-0·86) <0·001 0·87 (0·71-1·06) 0·18 

HDL-cholesterol 

(< 40 mg/dL in men and < 50 mg/dL in women or 

lipid-lowering treatment) 

Unadjusted OR 0·76 (0·68-0·87) <0·001 0·34 (0·27-0·42) <0·001 

Multivariable OR‡ 0·85 (0·75-0·97) 0·015 0·42 (0·32-0·53) <0·001 

Blood Pressure 

(≥ 130/85 mmHg or antihypertensive treatment) 

Unadjusted OR 0·20 (0·14-0·28) <0·001 0·26 (0·17-0·40) <0·001 

Multivariable OR‡ 0·22 (0·16-0·31) <0·001 0·28 (0·17-0·45) <0·001 

Fasting plasma glucose 

(fasting plasma glucose level ≥ 100 mg/dL or 

antidiabetic treatment) 

Unadjusted OR 0·70 (0·62-0·79) <0·001 0·79 (0·66-0·95) 0·01 

Multivariable OR‡ 0·65 (0·57-0·74) <0·001 0·67 (0·54-0·82) <0·001 

 

Odds ratios were calculated with logistic regression.  

*Two-sided test of significance. 

†The metabolic syndrome was defined when at least three of the five metabolic criteria were fulfilled.  

‡Adjusted for sex, age, body mass index, smoking, education, physical activity, total energy intake, diet. 
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Table 6. Stratified analyses of risk of metabolic syndrome [odds ratio [95% CI]) 

according to RW intake categories* 

 

   Non-drinkers 0·1-1 drinks /d >1 drinks /d P for trend P interaction 

Gender Male No. of cases/total 482/738 670/1113 313/582   

  Unadjusted OR Ref. 0·80 (0·66-0·97) 0·61 (0·49-0·78) <0·001 0·41 

  Multivariable OR† Ref. 0·91 (0·73-1·13) 0·68 (0·53-0·88) 0·004 0·02 

 Female No. of cases/total 1786/2299 597/973 49/96  

  Unadjusted OR Ref. 0·46 (0·39-0·54) 0·30 (0·20-0·45) <0·001 

  Multivariable OR† Ref. 0·52 (0·44-0·62) 0·47 (0·30-0·73) <0·001 

Age (y) <70 No. of cases/total 1354/1801 851/1414 249/480   

  Unadjusted OR Ref. 0·50 (0·43-0·58) 0·36 (0·29-0·44) <0·001 0·18 

  Multivariable OR† Ref. 0·61 (0·51-0·72) 0·49 (0·38-0·63) <0·001 0·19 

 ≥70 No. of cases/total 914/1236 416/672 113/198  

  Unadjusted OR Ref. 0·57 (0·47-0·70) 0·47 (0·34-0·64) <0·001 

  Multivariable OR† Ref. 0·70 (0·56-0·88) 0·72 (0·50-1·03) 0·005 

Smoking Never No. of cases/total 1746/2297 675/1117 101/193   

  Unadjusted OR Ref. 0·48 (0·41-0·56) 0·35 (0·26-0·47) <0·001 0·27 

  Multivariable OR† Ref. 0·60 (0·51-0·71) 0·60 (0·43-0·85) <0·001 0·004 

 Ever No. of cases/total 522/740 592/969 261/485  

  Unadjusted OR Ref. 0·66 (0·54-0·81) 0·48 (0·38-0·61) <0·001 

  Multivariable OR† Ref. 0·76 (0·60-0·95) 0·57 (0·43-0·75) <0·001 

 

Odds ratios were calculated with logistic regression.  

*The metabolic syndrome was defined when at least three of the five metabolic criteria were fulfilled.  

†Adjusted for sex, age, body mass index, smoking, education, physical activity, total energy intake, diet. 


