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Background & aims: We prospectively assessed the association between alcohol consumption and the
incidence of Metabolic Syndrome (MS) in a Mediterranean cohort.
Methods: We included 8103 (mean age: 35.4 years) University graduates free of any MS criteria and
followed-up during �6 years. Alcohol consumption was collected with a validated 136-item food
frequency questionnaire. New-onset cases of MS were defined according to the updated harmonizing
criteria.
Results: We observed 341 incident cases of MS. Consumers of �7 drinks/wk presented a significantly
higher risk of developing MS (aOR: 1.80; 95% CI: 1.22e2.66; p < 0.001) compared with non-drinkers. In
addition, alcohol drinkers (�7 drinks/wk) had higher risk of hypertriglyceridemia (aOR: 2.07; 95% CI:
1.46e2.93) and impaired fasting glucose (aOR: 1.54; 95% CI: 1.16e2.04). Beer consumption was associated
with higher risk for MS (p for trend ¼ 0.027) and higher risk of hypertriglyceridemia (aOR: 1.81; 95% CI:
1.02e3.20), but with lower risk of low HDL-cholesterol criterion (aOR: 0.21; 95% CI: 0.05e0.89) for �7
drinks/wk versus no consumption. Non-significant association was observed between wine or liquor
consumption and MS.
Conclusions: Consumption of at least seven alcoholic drinks per week was associated with a higher risk of
developing MS among subjects initially free of any MS criteria.

� 2012 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

The metabolic syndrome (MS) is a clustering of metabolic
abnormalities associated with a high risk of developing type 2
diabetes mellitus, cardiovascular disease, as well as an increased
cardiovascular mortality and all-causemortality.1 The prevalence of
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MS is increasing worldwide.2 Hence, it has become a major
problem in public health.

Alcohol consumption is one of the most prevalent lifestyle
habits worldwide. In the published literature there is an inconsis-
tent relationship between alcohol consumption and MS. Mild to
moderate alcohol consumption may have a favorable influence on
lipids metabolism, and glucose regulation.3 On the other hand,
alcohol consumption represents an additional source of calories
and contributes to a positive energy balance because alcohol
consumers usually add alcohol to their customary daily energy
intake rather than substituting it for food. Accordingly, some
studies have found an association between alcohol consumption
and a higher risk of hypertension4,5 and hypertriglyceridemia.4

There is not a complete agreement in the literature about the
association between alcohol consumption and obesity. Some
prospective studies reported a positive association6 whereas others
reported no association.7 A recently review of the literature
concluded that in most studies the relation between alcohol
consumption and weight gain were found in heavy drinkers and
utrition and Metabolism. All rights reserved.
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light to moderate alcohol intake, specially of wine, was not asso-
ciated with obesity.8

In relation to the complete syndrome, several cross-sectional
studies have reported inconsistent findings between alcohol
consumption and the prevalence of MS.9e11 Some reported that the
relationship was inversely linear,9 J-shaped,10 or positively linear.11

In the same way some prospective studies have evaluated the
association between alcohol consumption and the incidence of MS
with different results. One of them found that alcohol intake was
not related to MS.12 Two studies found that alcohol intake was
inversely associated with MS.13,14 Finally, two other studies con-
ducted in Korea showed a positive association between alcohol
consumption and the incidence of MS.15,16 Both studies showed
that consumption of more than 30 g alcohol per day was associated
with a significantly increased risk of MS, one in 3833 Korean adults
and the other in 4505 men. Beyond these studies, there is scarce
information on the relationship between alcohol consumption and
the long-term risk of developing MS.

Our aim was to prospectively assess the association between
alcohol consumption (and different types of alcoholic beverages)
and the incidence of MS (and each specific definition criterion) in
a cohort of Spanish university graduates followed-up for at least 6
years.

2. Material and methods

2.1. Study participants

The SUN (Seguimiento Universidad de Navarra) Project is
a dynamic prospective cohort study conducted in Spain with
permanently open recruitment and whose participants are
university graduates. It was patterned after the models of the large
cohort studies conducted at the Harvard School of Public Health
(Nurses’ Health Study and Health Professionals Follow-up Study). A
detailed description of the study methods has been previously
published.17 Briefly, beginning in December 1999, all graduates of
the University of Navarra, registered nurses from some Spanish
provinces, and university graduates from other universities and
associations received a mailed questionnaire and a letter of invi-
tation to participate in the SUN Project. A response to the initial
questionnaire was assumed to be a surrogate of detailed informed
consent that it implied the willingness to participate in the study.
The project protocol was approved by the Institutional Review
Board of the University of Navarra. The estimated response rate is
around 20e25%, however this data is difficult to quantify for us
because invitation to participate is done through different institu-
tions. This response rate is in line with other similar cohorts, such
as the Nurses’ Health Study.18 In large epidemiologic cohorts pro-
jected for the long-term follow-up of initially healthy volunteers
the priority is to have a good retention rate. It has even been rec-
ommended that several hurdles to participation such as a long first
baseline questionnaire may help to select collaborative partici-
pants, so only subjects with a strong personal motivation to
participate enter in the cohort. These procedures may low the
initial response rate, but would lead to a good retention rate in the
long run.19 After baseline assessment, participants received follow-
up questionnaires every two years that contained a wide variety of
questions on diet, lifestyle, risk factors and medical conditions.

For our study, a subsample of the SUN cohort was selected. To
warrant a minimum follow-up of 6 years, we included only those
participants who at the beginning of 2012 had completed the 6-
year and/or the 8-year follow-up questionnaire. All included
participants had therefore repeatedly answered questionnaires
inquiring on demographic information, medical history, health
conditions, dietary intake, and lifestyle.
Please cite this article in press as: Barrio-Lopez MT, et al., Different types
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Fifteen thousand three hundred and fifty participants were
candidates to be included (SUN participants who had responded to
the baseline questionnaire (Q0) before March 2005). We excluded
3905 of themwhomet at least one MS criterion at baseline because
we wanted to assess the association between alcohol consumption
and MS in healthy participants. The effect of alcohol consumption
could be different in hypertensive participants or patients with
diabetes mellitus than in healthy people. Moreover, there is
a possibility that participants with baseline elevated values of blood
pressure, glucose or triglycerides may feel an incentive or receive
an advice to not consume alcohol. In this context, we feel that the
exclusion of participants with any MS criteria at baseline might
better protect our study against reverse causality bias. Therefore
this procedure strengthens the validity of our analysis because it
allays the possibility of reverse causality bias.

We excluded 1117 participants whose baseline total energy
intake was out of predefined limits to avoid information bias. It is
recommended to include only participants within the range of 500
to 3500 kcal/day for women and 800 to 4000 kcal/day for men
because intakes outside these ranges are more likely to be incorrect
or to be associated with a misinterpretation of the FFQ.20

We also excluded 799 who had not answered the 6-year and 8-
year follow-up questionnaires and other 784 participants who had
not answered any of the follow-up questionnaires. We considered
these two last groups as participants lost to follow-up. Finally we
excluded 576 participants without information on alcohol intake.
These 576 participants have answered a 6-year or/and 8-year
follow up questionnaire but they have not answered the specific
questions on alcohol. After these exclusions, 8103 participants
(2687 men and 5416 women) were included in final analyses.

2.2. Assessment of MS

We defined MS according to the harmonizing criteria of the
International Diabetes Federation (IDF) and American Heart Asso-
ciation (AHA)/National Heart, Lung, and Blood Institute (NHLBI).21

According to this definition, the diagnosis of MS needs the pres-
ence of at least 3 out of 5 defining criteria: elevated waist circum-
ference (WC) according to the population and country specific
definition (in our study: �94 cm in males and �80 cm in females),
elevated triglycerides (�150 mg/dL) or presence of drug treatment
for elevated triglycerides, reduced HDL-cholesterol (<40 mg/dL in
males and<50mg/dL in females) or presence of drug treatment for
reduced HDL-cholesterol, elevated blood pressure (systolic �130
and/or diastolic � 85 mm Hg) or presence of antihypertensive drug
treatment in a patient with history of hypertension, and elevated
fasting glucose � 100 mg/dL or drug treatment of elevated glucose.

In the 6-year and 8-year follow-up questionnaires, self-reported
data about these specific MS criteria were collected. A measuring
tape was sent including explanations about how to measure their
own waist. Validation of the self-reported criteria for the MS was
assessed in a subsample of the cohort comparing self-reported MS
with MS diagnosed by medical records of our participants.22 We
found a sensitivity of 66% and a specificity of 98%. Incident cases of
MS were defined as those participants who did not have MS at
baseline and reported criteria of MS in either the 6-year or 8-year
follow-up questionnaire.

2.3. Assessment of dietary and non-dietary exposures

Dietary habits at baseline were assessed using a semi-
quantitative food-frequency questionnaire (FFQ) with 136 items,
previously validated in Spain and recently re-evaluated.23 As an “a
priori” definition of the Mediterranean dietary patternwe used the
score proposed by Trichopoulou,24 but excluding alcohol. The
of alcoholic beverages and incidence of metabolic syndrome and its
dx.doi.org/10.1016/j.clnu.2012.12.002
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baseline questionnaire also included different questions related to
lifestyle, sociodemographic variables (sex, age, and years of
university education), anthropometric data, health-related habits
(e.g., smoking status and physical activity), and medical history
information (medication use, cholesterol level, and blood pressure).
The reproducibility and validity of the self-reported anthropo-
metrics,25 physical activity questionnaire,26 and the diagnosis of
hypertension27 were assessed in sub-samples of the cohort. Self-
reported BMI for the diagnosis of overweight and obesity (BMI
�25 kg/m2) presented a sensitivity of 90%, a specificity of 100% and
a positive and negative predictive value of 100% and 93% respec-
tively. Kappa index was 0.91 (95% CI: 0.81e0.99). The correlation
coefficient between the measured weight and the self-reported
weight was 0.991 (95% CI: 0.986e0.994) and between de
measured BMI and the self-reported BMI was 0.944 (95% CI: 0.911e
0.965).25The self-reported physical activity presented a Spearman
coefficient of 0.451 (95% CI 0.162, 0.669) compared with the gold
standard (triaxial accelerometer measurements).26 For the self re-
ported diagnosis of hypertension the intraclass correlation coeffi-
cient, was 0.35 and the sensitivity, specificity and kappa coefficient
were 0.23, 0.99, and 0.31, respectively. Hypertensionwas confirmed
in 82.3% (95% CI 72.8e92.8%) of participants and the absence of
hypertension confirmed in 85.4% (95% CI 72.4e89.1%).27

2.4. Assessment of alcohol intake

Questions on alcohol intake included the type of alcoholic
drinks: red wine (one glass ¼ 100 mL), other wines (one
glass ¼ 100 mL), beer (330 mL), and spirits (50 mL); the frequency
of consumption (in a month, in a week, per day) and the
consumption habits like drinking during the week or the weekend.
We described two alcohol consumption patterns. One of them was
defined by high alcohol consumption during the weekend (more
than 5 drinks). The other alcohol consumption pattern was defined
by high alcohol consumption during the week (consumption of
alcohol only 1 or 2 days per week and more than 30 g of alcohol in
one day). We analyzed the association between each pattern of
consumption and the incidence of MS.

A dietitian updated the nutrient databank using recently avail-
able information on food composition tables for Spain.28 In the
validation study for this questionnaire, the correlation coefficient
for alcohol consumption was 0.90 between the results of the FFQ
and the average of four repeated 4-day food records during one
year time.23

Alcohol intake was categorized in 5 groups: non-drinkers, <1
drink/wk, 1 to <2 drinks/wk, 2 to<7 drinks/wk, and �7 drinks/wk.

We sent additional questionnaires to participants who reported
in the main questionnaire that they did not consume alcohol to
double-check if they were actually abstainers (or were in fact
sporadic social drinkers) and to inquire whether they were former
drinkers and, in that case, what were the reasons for giving up
alcohol consumption. In sensitivity analyses, we excluded the
former drinkers from the category of non-drinkers and included
only the actual abstainers as the reference group.

2.5. Statistical analysis

The cumulative incidence of MS was computed for each cate-
gory of alcohol consumption and stratified by different types of
alcoholic beverage. To avoid the confounding effect of other vari-
ables simultaneously associated with the outcome and the main
exposure, we used non-conditional logistic regression models.

We fitted three multivariable-adjusted models controlling for:
(a) age (continuous) and sex, (b) baseline total energy intake
(continuous), adherence to the Mediterranean food pattern (Score
Please cite this article in press as: Barrio-Lopez MT, et al., Different types
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proposed by Trichopoulou et al.24) excluding alcohol consumption
(tertiles), baseline BMI (kg/m2, continuous), smoking status (never
smoker, ex-smoker and current smoker), physical activity during
leisure time (MET-h/week as continuous), snacking between meals
(yes or not) and change in sugared-sweetened soft drinks
consumption (continuous) and (c) alcohol consumption pattern
defined by high alcohol consumption during the week (consump-
tion of alcohol only 1 or 2 days per week and more than 30 g of
alcohol in one day).

We also assessed the association between categories of alcohol
consumption and each of the individual criterion for the MS. Linear
trend tests were calculated using the median alcohol consumption
of each category and introducing this new variable as a continuous
one in the models. We evaluated the effect modification of age and
sex with alcohol consumption through likelihood ratio tests for the
product-term introduced in fully-adjusted models. p values were
based on two-tailed test and p values < 0.05 were considered
statistically significant.

As sensitivity analyses, we estimated the fully-adjusted odds
ratios for the category of highest alcohol consumption after
modifying several assumptions: (a) using ATP-III criteria for MS, (b)
using IDF criteria for MS, (c) adopting different limits for allowable
total energy intake, (d) imputing missing alcohol questions, (e)
excluding participants with diabetes, cancer and cardiovascular
disease at baseline, (e) excluding former drinkers from the category
of non-drinkers and including in it only lifetime abstainers, (f)
including MS criteria at baseline and excluding only prevalent MS.
We imputed the missing values for alcohol consumption with
STATA (with random components and 6 predictors: age, sex, body
mass index, smoking, total energy intake and Mediterranean diet
adherence). We also calculated the relative risk (RR) from the odds
ratio (OR) for alcohol consumption using the mean method.29

3. Results

The baseline characteristics of participants lost to follow-up did
not substantially differ from those who completed the follow-up
(data not shown). Table 1 shows the baseline characteristics of
the 8103 participants according to their alcohol consumption.

Participants with the highest alcohol consumption were more
likely to be men, older, more physically active, smoke more, drink
more sugar-sweetened soft beverages and have better adherence to
the Mediterranean diet. This greater Mediterranean diet adherence
could be due to the fact that moderate alcohol consumption is an
important component of the Mediterranean diet andmost drinkers
in this cohort consumed only moderate amounts of alcohol. No
important differences in baseline BMI or in time spent watching
television were observed according to alcohol consumption.

3.1. Incidence of MS

During an average follow-up of 6-year, 341 cases of MS were
newly identified among 8103 participants initially free of any MS
criteria.

Table 2 shows the incidence of MS at least of 6 years of follow-up
according to baseline alcohol consumption and to baseline
consumption of the different types of alcoholic beverage. After
adjusting for age and sex, participants who consumed �7 drinks/
wk presented a significantly higher risk of developingMS (OR: 1.99;
95% CI: 1.37e2.88; p for trend <0.001) compared with those who
never consumed alcohol. This association persisted (adjusted odds
ratio (OR): 1.80; 95% CI: 1.22e2.66; p for trend<0.001) even after
accounting for other potential confounding factors. If we calculated
the relative risk using de odds ratio by the mean method we found
a similar relative risk (RR: 1.76; 95% CI: 1.33e2.72).
of alcoholic beverages and incidence of metabolic syndrome and its
dx.doi.org/10.1016/j.clnu.2012.12.002



Table 1
Baseline characteristics of participants according to number of baseline drinks consumption per week. SUN project 1999e2011.

Drinks/week

0 <1 1e<2 2e<7 �7

Alcohol (g/day) 0 (0) 1.1 (0.3) 2.7 (0.6) 8.1 (2.6) 23.4 (11.3)
N (%) 1794 (22.1%) 1506 (18.6%) 1559 (19.2%) 2294 (28.3%) 950 (11.7%)
Red wine (%) 3821 (47.2%) 1649 (20.4%) 922 (11.4%) 1111 (13.7%) 600 (7.4%)
Other wine (%) 5782 (71.4%) 1426 (17.6%) 437 (5.4%) 401 (4.9%) 57 (0.7%)
Beer (%) 3485 (43.0%) 1863 (23.0%) 1238 (15.3%) 1290 (15.9%) 227 (2.8%)
Liquor (%) 4860 (60%) 1640 (20.2%) 944 (11.7%) 617 (7.6%) 42 (0.5%)
Age (y) 35.1 (10.3) 35.2 (10.1) 33.4 (9.9) 35.5 (9.9) 39.5 (10.6)
Women (%) 83.2 78.6 72.4 55.8 34.7
BMI 22.1 (2.7) 22.3 (2.7) 22.4 (2.7) 22.9 (2.7) 23.8 (2.7)
Physical activity (MET-h/wk) 19.6 (25.8) 18.2 (19.2) 18.8 (20.8) 22.9 (23.3) 23.1 (21.9)
Current smokers (%) 15.8 20.5 26.0 28.0 33.3
Former smokers (%) 18.3 24.2 24.7 27.9 34.7
Total energy intake (kcal/d) 2316 (609) 2311 (585) 2326 (571) 2421 (606) 2540 (624)
Soft drinks (mL/d) 39.99 (91.81) 33.70 (67.73) 40.74 (59.89) 50.40 (84.83) 55.76 (95.06)
Mediterranean diet adherencea 3.7 (1.7) 3.7 (1.7) 3.7 (1.7) 4.4 (1.8) 4.7 (1.7)
Snacking between meals (%) 37.8 34.7 37.3 33.6 32.6
Television watching (h/week) 1.7 (1.3) 1.7 (1.3) 1.7 (1.2) 1.6 (1.2) 1.7 (1.1)

Values are mean (SD) unless otherwise stated.
a Score proposed by Trichopoulou et al.24
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When we studied the incidence of MS according to different
alcoholic beverages a non-significant association between wine
consumption and the incidence of MS was observed (p for
trend ¼ 0.14 for red wine and p ¼ 0.90 for other wines). We did not
find any significant association for the highest levels of wine
consumption (versus non-drinkers) after adjusting for potential
confounders and for the consumption of other alcoholic beverages.
However, a significant linear increase in the risk of MS was asso-
ciated with beer consumption (p for trend¼ 0.027) or to the sum of
beer and spirits (p ¼ 0.025) in the analyses that did not adjust for
other alcoholic beverages. These direct linear trends for beer or
beer þ spirits remained significant after additional adjustment for
other beverages (p ¼ 0.043 and 0.047, respectively). We did not
observe any significant interaction between alcohol consumption
and age (p ¼ 0.61) or sex (p ¼ 0.67).

The direct association between alcohol consumption and the
risk of MS was robust and remained statistically significant in all
but one sensitivity analyses (Table 3). The only exception was the p
for trend when we considered the ATP-III definition of MS, a more
stringent definition.

When we analyzed the influence of alcohol consumption
pattern, we observed that high alcohol consumption during the
weekend was associated with a higher risk of developing MS
although it was not statistically significant (OR: 1.88; 95% CI: 0.99e
3.60) compared with participants who drank less that 5 drinks
during the weekend. High alcohol consumption during the whole
week was also associated with a higher risk of developing MS (OR:
2.00; 95% CI: 1.16e3.45) compared with participants who did not
meet this consumption pattern. Total alcohol consumption
adjusted by each alcohol consumption pattern was still significant
associated with MS (OR: 1.76; 95% CI: 1.19e2.61) and (OR: 1.71; 95%
CI: 1.15e2.57) respectively, evenwhenwe adjusted for both alcohol
consumption patterns (OR: 1.68; 95% CI: 1.12e2.51). We only pre-
sented the results adjusting for the pattern of consumption during
the week because this pattern was most significantly associated
with MS (Table 2). We did not adjust for the two pattern of
consumption to avoid excessive adjustment.

3.2. Incidence of individual components of MS

Fig. 1 shows the relative odds of developing each individual
component of the MS (OR and 95% CI) at least of 6 years of follow-
Please cite this article in press as: Barrio-Lopez MT, et al., Different types
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up for the category of consumption of 7 or more drinks per week as
compared with non-alcohol consumers.

Participantswhoconsumed7ormoredrinksperweekpresented
a 19% higher risk of developing the blood pressure criterion of MS
(adjusted OR: 1.19; 95% CI: 0.95e1.48; p for trend 0.031), a 107%
higher risk of developing the triglyceride criterion of MS (adjusted
OR: 2.07; 95% CI: 1.46e2.93; p for trend < 0.001) and a 54% higher
risk of developing the fasting glucose criterion of MS (adjusted OR:
1.54; 95% CI: 1.16e2.04; p for trend 0.001) than did thosewho never
consumed alcohol after adjusting for potential confounding factors.
We did not find any significant increase in the risk for the other
criteria of theMS (waist circumference andHDL cholesterol criteria)
associated with high (�7 drinks/wk) alcohol consumption.

The analyses according to different types of alcoholic beverages
showed that redwine consumption (�7 glasses/wk) was associated
with a higher risk of meeting the impaired fasting glucose criterion
for MS, but it did not exhibit any association with other defining
criteria; consumption of other types of wine was associated with
a higher risk of elevated blood pressure (aOR: 2.60; 95% CI: 1.39e
4.88) for drinkers of �7 glasses/wk compared with non-drinkers;
finally, beer consumption (�7 drinks/wk) was associated with
higher risk of developing hypertriglyceridemia (aOR: 1.81; 95% CI:
1.02e3.20) but it was associated with lower risk of meeting the low
HDL-cholesterol criterion (aOR: 0.21; 95% CI: 0.05e0.89) compared
with non-drinkers. Spirits consumption had a very low prevalence
in this cohort and exhibited no apparent association with any
individual defining criteria.

4. Discussion

In this prospective study of initially healthy young-middle-aged
Mediterranean university graduates, alcohol consumption was
associatedwith a higher risk of developingMS during at least 6-year
follow up and with higher risk of developing three of the five MS
defining criteria: high blood pressure, hypertriglyceridemia, and
impaired fasting glucose.

We observed 341 new cases of MS among 8103 subjects, rep-
resenting an incidence of around 4.2%. This incidence rate is inferior
to that described in the general Spanish population29 as it is to be
expected in a cohort of young and active adults with a low baseline
BMI and a high educational level and, specially, after selecting only
participants without any criteria for MS at baseline.2 Alcohol
of alcoholic beverages and incidence of metabolic syndrome and its
dx.doi.org/10.1016/j.clnu.2012.12.002



Table 2
Odds ratios (OR) (95% CI) of incident metabolic syndrome (MS) according to baseline alcohol consumption and stratified by type of alcohol. The SUN project 1999e2011.

Drinks/week p for trend

0 <1 1e<2 2e<7 �7

Alcohol
N 1794 1506 1559 2294 950
MS incidence, n (%) 55 (3.1%) 47 (3.1%) 47 (3.0%) 90 (3.9%) 102 (10.7%)
Crude OR 1 (Ref.) 1.02 (0.69e1.51) 0.98 (0.66e1.46) 1.29 (0.92e1.82) 3.80 (2.71e5.33) <0.001
Age-sex adjusted OR 1 (Ref.) 0.96 (0.64e1.44) 0.97 (0.64e1.46) 1.01 (0.70e1.45) 1.99 (1.37e2.88) <0.001
Multivariate adjusted ORa 1 (Ref.) 0.95 (0.63e1.44) 0.92 (0.61e1.40) 0.97 (0.67e1.41) 1.80 (1.22e2.66) <0.001
Additionally adjusted for alcohol consumption pattern ORb 1 (Ref.) 0.94 (0.62e1.41) 0.91 (0.60e1.38) 0.98 (0.68e1.43) 1.72 (1.15e2.57) <0.001
Red wine (1 drink [ 100 mL)
N 3821 1649 922 1111 600
MS incidence, n (%) 116 (3.0%) 57 (3.5%) 38 (4.1%) 68 (6.1%) 62 (10.3%)
Crude OR 1 (Ref.) 1.14 (0.83e1.58) 1.37 (0.94e1.99) 2.08 (1.53e2.83) 3.68 (2.67e5.08) <0.001
Age-sex adjusted OR 1 (Ref.) 1.05 (0.75e1.47) 1.15 (0.78e1.69) 1.27 (0.92e1.75) 1.56 (1.10e2.20) 0.062
Multivariate adjusted ORa 1 (Ref.) 1.07 (0.76e1.50) 1.10 (0.74e1.63) 1.16 (0.83e1.61) 1.46 (1.02e2.09) 0.141
Additionally adjusted for other types of alcohol OR 1 (Ref.) 1.05 (0.75e1.48) 1.07 (0.72e1.59) 1.11 (0.79e1.55) 1.40 (0.97e2.01) 0.207
Additionally adjusted for alcohol consumption pattern ORb 1 (Ref.) 1.04 (0.74e1.46) 1.09 (0.74e1.61) 1.12 (0.80e1.56) 1.31 (0.91e1.91) 0.327
Other wine (1 drink [ 100 mL)
N 5782 1426 437 401 57
MS incidence, n (%) 219 (3.8%) 62 (4.3%) 21 (4.8%) 33 (8.2%) 6 (10.5%)
Crude OR 1 (Ref.) 1.15 (0.87e1.54) 1.28 (0.81e2.03) 2.28 (1.56e3.33) 2.99 (1.27e7.04) 0.001
Age-sex adjusted OR 1 (Ref.) 1.15 (0.85e1.55) 1.01 (0.63e1.63) 1.29 (0.86e1.92) 1.34 (0.53e3.35) 0.569
Multivariate adjusted ORa 1 (Ref.) 1.14 (0.84e1.55) 0.88 (0.54e1.42) 1.08 (0.72e1.64) 1.32 (0.52e3.36) 0.896
Additionally adjusted for other types of alcohol OR 1 (Ref.) 1.13 (0.83e1.53) 0.82 (0.51e1.34) 0.95 (0.63e1.45) 1.15 (0.45e2.95) 0.834
Additionally adjusted for alcohol consumption pattern ORb 1 (Ref.) 1.14 (0.84e1.55) 0.82 (0.50e1.33) 0.96 (0.63e1.46) 1.08 (0.41e2.84) 0.802
Beer (1 drink [ 330 mL)
N 3485 1863 1238 1290 227
MS incidence, n (%) 118 (3.4%) 73 (3.9%) 54 (4.4%) 72 (5.6%) 24 (10.6%)
Crude OR 1 (Ref.) 1.16 (0.86e1.57) 1.30 (0.94e1.80) 1.69 (1.25e2.28) 3.37 (2.13e5.35) <0.001
Age-sex adjusted OR 1 (Ref.) 0.93 (0.68e1.27) 1.11 (0.79e1.57) 1.26 (0.91e1.73) 1.68 (1.03e2.75) 0.016
Multivariate adjusted ORa 1 (Ref.) 0.91 (0.66e1.26) 1.07 (0.75e1.52) 1.21 (0.87e1.69) 1.56 (0.94e2.62) 0.027
Additionally adjusted for other types of alcohol OR 1 (Ref.) 0.91 (0.66e1.25) 1.04 (0.73e1.48) 1.15 (0.82e1.62) 1.47 (0.88e2.46) 0.043
Additionally adjusted for alcohol consumption pattern ORb 1 (Ref.) 0.88 (0.64e1.21) 1.04 (0.73e1.49) 1.18 (0.84e1.65) 1.35 (0.79e2.31) 0.068
Spirits (1 drink [ 50 mL)
N 4860 1640 944 617 42
MS incidence, n (%) 199 (4.1%) 71 (4.3%) 35 (3.7%) 31 (5%) 5 (11.9%)
Crude OR 1 (Ref.) 1.06 (0.80e1.40) 0.90 (0.62e1.30) 1.24 (0.84e1.83) 3.16(1.23e8.14) 0.068
Age-sex adjusted OR 1 (Ref.) 1.16(0.86e1.55) 1.16 (0.79e1.72) 1.52 (1.00e2.32) 1.46 (0.53e4.01) 0.463
Multivariate adjusted ORa 1 (Ref.) 1.05 (0.77e1.42) 0.98 (0.66e1.47) 1.45 (0.93e2.25) 1.20 (0.43e3.36) 0.358
Additionally adjusted for other types of alcohol OR 1 (Ref.) 0.97 (0.72e1.33) 0.90 (0.60e1.36) 1.27 (0.81e1.99) 0.98 (0.35e2.79) 0.593
Additionally adjusted for alcohol consumption pattern ORb 1 (Ref.) 0.96 (0.71e1.31) 0.89 (0.59e1.34) 1.24 (0.79e1.95) 0.93 (0.32e2.68) 0.559
Spirits D beer
N 2594 2911 712 1625 261
MS incidence, n (%) 95(3.7%) 104 (3.6%) 27 (3.8%) 88(5.4%) 27 (10.3%)
Crude OR 1 (Ref.) 0.97 (0.73e1.29) 1.04 (0.67e1.60) 1.51 (1.12e2.03) 3.03 (1.94e4.75) <0.001
Age-sex adjusted OR 1 (Ref.) 0.91 (0.67e1.22) 1.08 (0.68e1.72) 1.29 (0.93e1.77) 1.83 (1.12e2.99) 0.004
Multivariate adjusted ORa 1 (Ref.) 0.86 (0.63e1.17) 0.92 (0.57e1.49) 1.24 (0.89e1.73) 1.60 (0.96e2.69) 0.025
Additionally adjusted for other types of alcohol OR 1 (Ref.) 0.84 (0.62e1.15) 0.85 (0.53e1.39) 1.16 (0.83e1.64) 1.53 (0.91e2.56) 0.047
Additionally adjusted for alcohol consumption pattern ORb 1 (Ref.) 0.85 (0.63e1.16) 0.86 (0.53e1.39) 1.17 (0.84e1.65) 1.48 (0.86e2.52) 0.093

SUN: “Seguimiento Universidad de Navarra” (Follow-up Study University of Navarra).
a Adjusted for age, sex, baseline body mass index, smoking, physical activity, total energy intake, adherence to the Mediterranean dietary pattern (Score proposed by

Trichopoulou et al.24 excluding alcohol consumption) snacking between meals and change in soft drinks consumption.
b Alcohol consumption pattern: alcohol consumption only 1 or 2 days per week and more than 30 g of alcohol in one day.
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consumptionwas associated with a higher risk of developing MS in
a population free of any MS criteria. It is possible that in other
populations with hypertension or obesity the prevalence may be
even higher. In fact, when we included participants with any MS
criteria the incidence of MSwas nearly twice (8.0%) but the risk was
similar in participants with the highest alcohol consumption (OR:
1.72; 95% CI: 1.15e2.57) (Table 3). This similar association could be
affected by the reverse causality bias, because hypertensive or
obese participants at baseline may feel an incentive or receive an
advice to not consume alcohol.

Our study is consistent with a previous cross-sectional study
conducted in 27,030 healthy Korean men reporting that higher
alcohol intake was linearly associated with increasing BMI, blood
pressure and higher levels of triglycerides and fasting glucose (but
also with higher levels of HDL).4 However the cross-sectional
design and the lack of assessment of the actual prevalence of MS
in that study render their results difficult to be comparedwith ours.
Please cite this article in press as: Barrio-Lopez MT, et al., Different types
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More importantly, results found in another previous prospective
cohort with a smaller sample size (n ¼ 3833) also provide consis-
tency with our findings.15 They found that higher levels of alcohol
consumption (>30 g/day) were associated with a 63% higher risk of
MS, compared with non-drinkers. When they stratified by BMI and
type of alcohol beverage the association remained significant only
among overweight/obese person and among liquor drinkers. In our
analyses, obese participants were excluded to obtain a population
initially free of any prevalent MS criteria. In addition in our sample
liquor consumption was very low and this probably impeded us to
be able to identify such an association.

Beer and spirits consumption are associated with after-hours
binges. We did not find any significant association between beer
and spirits consumption and MS, except a linear association that
disappeared when we adjusted for alcohol consumption pattern.
However, when alcohol consumption was high and concentrated in
one or two days per week this consumption was significantly
of alcoholic beverages and incidence of metabolic syndrome and its
dx.doi.org/10.1016/j.clnu.2012.12.002



Table 3
Sensitivity analyses. Multivariate-adjusteda odds ratio (OR) and 95% confidence intervals (95% CI) of new-onset metabolic syndrome (MS) for the highest alcohol consumption
(�7 drinks/wk) taking as the reference non drinkers under several assumptions. The SUN project 1999e2011.

n MS (%) OR (95% CI)b p for trend

Using ATP-III criteria for MS 8103 205 (2.53%) 1.44 (0.88e2.37) 0.089
Using IDF criteria for MS 8103 318 (3.92%) 1.90 (1.27e2.83) <0.001
Energy limits: percentiles 5 to 95 8203 336 (4.10%) 1.86 (1.25e2.77) <0.001
Energy limits: percentiles 1 to 99 8851 364 (4.11%) 1.76 (1.21e2.55) <0.001
Imputing missing alcohol questions 8679 392 (4.50%) 1.80 (1.22e2.65) <0.001
Excluding participants with diabetes or cardiovascular disease

at baseline.
8059 329 (4.08%) 1.84 (1.24e2.73) <0.001

Excluding former drinkers 7548 307 (4.06%) 1.71 (1.14e2.58) <0.001
Including participants with any MS criteria at baseline and

excluding only prevalent MS.
10,565 850 (8.00%) 1.72 (1.15e2.57) <0.001

SUN: “Seguimiento Universidad de Navarra” (Follow-up Study University of Navarra).
a Adjusted for age, sex, baseline body mass index, smoking, physical activity, total energy intake, adherence to the Mediterranean dietary pattern (Score proposed by

Trichopoulou et al.24 excluding alcohol consumption) snacking between meals and change in soft drinks consumption.
b Highest (�7 drinks/wk) alcohol consumption versus non-drinkers.
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associated with higher risk of MS. This pattern of consumption is
usually composed by beer and liquor. It is difficult to discriminate if
the higher MS incidence was due to the amount of alcohol or to the
type of alcohol consumed in this case because they are closely
related.
Fig. 1. Odds ratios (OR) (95% CI) of incident metabolic syndrome (MS) criteria for the
highest baseline alcohol consumption (�7 drinks/wk) taking as the reference no
alcohol consumption and stratified by type of beverage. The SUN project 1999e2011.
SUN: “Seguimiento Universidad de Navarra” (Follow-up Study University of Navarra).
Adjusted for age, sex, baseline body mass index, smoking, physical activity, total energy
intake, adherence to the Mediterranean dietary pattern (Score proposed by Tricho-
poulou et al.24 excluding alcohol consumption), snacking between meals and change in
soft drinks consumption. There were no participants who developed HDL criterion of
MS in the liquors and other wine consumption categories. Therefore, we cannot
present the results for this criterion in liquor and other wine consumption categories.
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Some studies have suggested that an U- or J-shaped association
exists between alcohol consumption and the prevalence of MS.10

This phenomenon could be explained by the inclusion of ex-
drinkers in the reference group of abstainers. In our sensitivity
analyses, after excluding former drinkers, we found similar results.

The mechanisms underlying the relationship of alcohol drinking
with MS should be explained by the action of alcohol on each
component. Fan et al.30 observed that the MS components
contributing to the increase in the risk of MS were hypertension,
elevated concentrations of fasting glucose and triglycerides for both
men and women; and central obesity for women. Our analyses,
following a longitudinal design and after adjusting for potential
confounding factors, found similar results in participants who
consumed 7 or more drinks per week.

The association between alcohol consumption and the risk of
developing hypertension has been evaluated in some previous
studies5,31 with reported results in accordance with our findings.
The association between alcohol consumption and the risk of
developing hypertriglyceridemia has been extensively evaluated4

and there is also consistency with the unfavorable effects sug-
gested by our results. On the other hand, alcohol consumption has
been associated with beneficial higher levels of HDL-cholesterol.3

In our cohort, participants who consumed �7 alcoholic beverages
per week had a significantly lower risk of meeting during follow-up
the criterion for low HDL-cholesterol than non-drinkers (OR: 0.63;
95% CI: 0.42e0.96; p for trend ¼ 0.136).

The association between alcohol consumption and the risk of
developing diabetes mellitus have been evaluated in different
observational studies and summarized in meta-analyses.32,33 In
those studies32 alcohol intake was shown to exhibit an U-shaped
relationship with diabetes, suggesting a potential benefit of
moderate alcohol consumption compared with lifetime abstainers
but a deleterious effect in heavy consumers (>60 g/d in men
and >50 g/d in women). A similar relationship has been shown in
a previous meta-analysis of 15 prospective cohort studies with
a 30% lower risk of diabetes mellitus among moderate alcohol
consumers (6e47 g/d) compared with heavier drinkers (>48 g/d)
or nondrinkers.33 In our cohort a 54% relatively higher risk to de-
velop the fasting glucose MS criterion (OR: 1.54; 95% CI: 1.16e2.04;
p for trend ¼ 0.001) was found for participants in the highest
category (�7 drinks/wk) of alcohol consumption. However, a non-
significant inverse association was found for moderate alcohol
consumption in the two intermediate categories (<1 drink per
week and 1e<2 drinks per week). In addition, red wine
consumption was associated with a higher risk of developing
fasting glucose criterion of MS. The most important caloric intake
from redwine comes from the ethanol. The amount of ethanol from
red wine is less than in other types of alcoholic beverages like beer
of alcoholic beverages and incidence of metabolic syndrome and its
dx.doi.org/10.1016/j.clnu.2012.12.002
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or liquor. It is possible that other components of red wine can cause
this alteration in glucose regulation or it is due to another con-
founding factor that we have not adjusted for.

We did not find any association between alcohol consumption
and the risk of developing the waist circumference criterion. This
result is consistent with a previous study in our cohort about
alcohol consumption and the incidence of overweight/obesity34

that only found an association with the incidence of overweight/
obesity for beer plus spirits consumption but not for wine, which is
the major source of alcohol in our cohort. Moreover, results re-
ported in the literature are inconsistent because some prospective
studies reported a positive association6 whereas others reported no
association.7 Studies that analyzed each type of alcoholic beverage
separately found, for wine drinkers, inverse associations with
weight gain or abdominal adiposity, but positive associations for
spirits.35 In our cohort the consumption of spirits was very lowas to
be able to observe relevant associations.

Average alcohol consumption was very low among our partici-
pants (only 950 (1.7%) of the participants included in the analyses
consumed �7 drinks/wk). In spite of this, we found that
a consumption that was not specially high (�7 alcoholic beverages
per week) was already associated with a significantly higher risk of
developing MS and most of the individual criteria for the MS in
comparison with abstainers.

The ethanol content in a serving of wine is similar to that in
a serving of beer. If the consumption of one of these two drinks has
different effects on metabolism, then other components different
from ethanol must confer additional effects. Another explanation
might be that wine, beer and liquor have the same physiological
effect, but differences in the lifestyle-related risk factors patterns36

among wine, beer and liquor drinkers might create the appearance
of a difference in the risk of MS, and these lifestyle patterns could
not be adjusted for in our analyses. Though we admit that residual
confounding may exist, we were able to control for a wide array of
potential confounders. In most cases the apparent association for
specific beverages was only present for the highest category of
consumption (�7 drinks per week). This was consistent with the
result observed for the association between total alcohol
consumption and the complete syndrome.

Our participants are not representative of the general Spanish
population. We restricted our cohort to highly educated partici-
pants to obtain a good quality of self-reported information, to
improve the retention rate and to prevent confounding by educa-
tional level, and therefore, by socio-economic status.37 It is unlikely
that socioeconomic level or educational level could explain in any
way our results as this large cohort study is based only on univer-
sity graduates with similar educational level. It is exactly the
opposite: a variable cannot induce confounding if it is prohibited
from varying. This feature may have affected the generalizability of
those findings, but it could also have actually enhanced the validity
of the study because the high level of education and homogeneity
of the cohort reduced the potential confounding related to socio-
economic status. In addition, the high educational level of profes-
sional participants allowed us to collect high-quality information
through self-reported questionnaires. However, their results have
not incurred in any substantial bias, because they have used the
classical method known as “restriction” in epidemiology to reduce
the potential for confounding. Restriction is acknowledged in
epidemiologic literature as an excellent technique to reduce con-
founding by known factors (as educational level).

Inherent to the nutritional epidemiologymethods, we admit the
possibility of some degree of misclassification (i.e., measurement
error) in the dietary assessment. However, we have used an FFQ
previously validated in Spain that showed a good estimate of val-
idity specific for the assessment of alcohol consumption.24,25 The
Please cite this article in press as: Barrio-Lopez MT, et al., Different types
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self-reported collection of MS criteria, in spite of our published
validation studies, could have also contributed to increase
measurement error. In any case, we would expect this misclassifi-
cation to be non-differential and to introduce some noise in our
estimates, therefore, it may drive the associations more likely
toward the null value.

Our study has important strengths such as the large number of
initially healthy and slim participants, the long follow-up period,
the previously published validation studies, the ability to control
for potential confounders (including the overall dietary pattern),
and the good quality of the self-reported data of our highly-
educated volunteers.

In summary, evenwhenwe selected a healthy populationwhere
both the average alcohol consumption and the incidence of MS
were low, relatively small amounts of alcohol were apparently
associated with a higher risk of developing MS and three of the five
individual metabolic criteria included in its definition. However,
further studies in other populations at higher risk should be con-
ducted to confirm these findings.

5. Conclusions

In this prospective cohort study of a Mediterranean population
initially free of any MS defining criteria, consumption of at least
seven alcoholic drinks per week was associated with a higher risk
of developing MS and specific metabolic disorders after at least 6
years of follow-up. However, further studies in other populations
are needed to generalize our results and confirm the association
between alcohol consumption and the incidence of MS.
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