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consumption of alcohol was directly associated with total energy
intake in men (P < 0.001) and
women (P = 0.001). The proportion of energy underreporting
significantly (P < 0.001) decreased
with higher amounts of alcohol
drinking in both genders. Multiple
logistic regression analysis, controlled for energy underreporting,
smoking, educational level, leisure-time physical activity, energy,
and diet quality, revealed that
consuming more than 3 drinks of
alcohol (>30 g ethanol) was significantly associated with the risk
of abdominal obesity (Odds ratio
1.80; 1.05, 3.09) and exceeding
recommended energy consumption (Odds ratio 1.97; 1.32, 2.93) in
men. A very small number (2.13%)
of women in this population
reported high levels of alcohol
consumption. Conclusions Alcohol consumption in elevated
amounts was associated with risk
of abdominal obesity in men,
independent of energy underreporting.
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energy content of alcohol makes
its consumption a potential contributor to the obesity epidemic.
Aim of the study To determine
whether alcohol consumption is a
risk factor for abdominal obesity,
taking into account energy underreporting. Methods The subjects were Spanish men (n = 1491)
and women (n = 1563) aged 25–74
years who were examined in 1999–
2000, in a population-based crosssectional survey in northeastern
Spain (Girona). Dietary intake,
including alcohol consumption,
was assessed using a food frequency questionnaire. Anthropometric variables were measured.
Results The mean consumption
of alcohol was 18.1 ± 20.7 g/d in
men and 5.3 ± 10.4 g/d in women.
19.3% of men and 2.3% of women
reported alcohol consumption of
more than 3 drinks per day. The
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Introduction
Prevalence of obesity has increased dramatically in
the past years in industrialized western societies [1].
A study of the rising prevalence of abdominal obesity
in the United States population observed a three-fold
increase (12.7% to 38.2% in men and from 19.4% to
59.9% in women) from 1960 to 2000 [2]. In the
present population we observed an increase in
abdominal obesity from 17.5% to 20.7% in men between 1995 and 2000 [3]. Abdominal obesity,
regardless of general obesity, is a risk factor for coronary heart disease (CHD), type 2 diabetes hypertension, high oxidized-LDL cholesterol, and total
mortality [4–9]. Changes in lifestyle with negative
modifications in diet and physical activity are linked
to the increase in abdominal obesity [10, 11].
Alcohol consumption is an important element of
lifestyle in western societies [12]. Europe has the
highest alcohol consumption worldwide, and Spaniards are among the highest alcohol consumers in the
European community [12]. Although observational
studies are inconclusive, when daily energy requirements are met with a normal diet, additional alcohol
consumption should contribute to obesity development [13, 14]. Several studies have identified alcohol
consumption as a risk factor for abdominal deposition of fat [15–18]. However, inadequate control for
important confounders such as dietary energy intake
from foods or physical activity makes it difficult to
estimate the independent association between alcohol
consumption and abdominal obesity.
The widespread occurrence of energy underreporting can be considered an important confounder
in associating energy intake and obesity [19]. In epidemiological surveys, this may bias the relationship
found between alcohol consumption and abdominal
obesity. Data on the association between alcohol
consumption and abdominal obesity among south
European populations are limited; furthermore, to
our knowledge, energy underreporting has not been
incorporated into the analysis. The aim of the present
study was to determine the association of abdominal
obesity and alcohol consumption at population scale,
taking into account the confounding effects of energy
underreporting.

Materials and methods
j Subjects
A representative population sample of free-living
Spanish men and women from the province of Girona, aged 25–74 years, was drawn from participants in
a survey conducted by the REGICOR (Gerona Heart

Registry) investigators from 1999 to 2001. After
excluding a priori the implausibly low and high total
energy intakes (less than 800 kcal and more than
5,000 kcal), eligible participants included 1,402 men
and 1,466 women.
All participants signed an informed consent form
to allow their personal data to be stored in a computer
database and permit the acquisition and frozen conservation of biological samples (i.e. serum, plasma
and DNA) for the necessary analyses. The protocol
was approved by an Ethics Committee and the results
of the examination were sent to participants.

j Assessment of alcohol intake
Alcohol consumption was recorded on a validated
food frequency questionnaire. The average alcohol
grade (%) of wine, beer, and spirits was defined as
11%, 5%, and 40% respectively. Alcohol intake (g/
day) was calculated by multiplying the amount of the
beverage (ml) by the respective grade (%) and the
constant 0.80 to transform alcohol volumes into
weight. One drink is equivalent to 10 g of ethanol.
Pearson correlation coefficient for alcohol consumption between the reference method (monthly 24 h
recalls over 1 year) and the food frequency questionnaire (FFQ) was 0.81. This finding indicates that
the FFQ provides a reasonable estimate of alcohol
consumption

j Anthropometric measurements
Waist circumference was measured by locating the
lower costal rib and the iliac crest, in the narrowest
zone, in the supine decubitus and horizontal positions; measurement was taken with a tape, measured
in centimetres, and rounded to 0.5 cm.

j Dietary assessment
Food consumption and nutrient intake were measured by a validated food frequency questionnaire
(FFQ) [20] administered by a trained interviewer. The
FFQ form asked about normal intake of 165 food
items over the previous year. For each food item,
participants were asked to indicate their usual consumption from a nine-category frequency ordinal
scale, ranging from never or less than once a month to
six or more times a day. Rather than standard questions on portion size, the FFQ asked about specific
medium servings, defined by natural (e.g. one orange,
one slice of bread) or household units (e.g. one spoon,
one cup, one glass). An optical reader recorded the
data from the FFQ. Energy consumption and nutrient
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intake were calculated using the Medisystem 2000
software (Conaycite, Madrid).

was predicted from equations based on sex, age, body
weight, and height [24].

j Diet quality

j Leisure-time physical activity

We computed the Mediterranean diet score to calculate overall diet quality for each participant. The
characteristics of the Mediterranean diet scoring
system, based on the traditional food consumption
of the Mediterranean region, were described by
Trichopoulous et al. [21]. In brief, the score was
calculated, with the exception of red wine, according
to the tertile distribution of energy-adjusted food
consumption [22]. The lowest tertile was coded as 1,
medium as 2, and highest as 3, for cereals, fruits,
vegetables, legumes, fish, olive oil, and nuts. For
meat and dairy products, the highest tertile was
coded as 1, medium as 2, and lowest as 3. Red wine
consumption was computed as alcohol intake proceeding from red wine (0 g and more than 20 g of
alcohol = 1, and up to 20 g of alcohol = 3). The
values of distribution of all dietary components were
calculated. The resulting Mediterranean diet scores
ranged from 10 to 30.

Leisure-time physical activity was measured by the
Minnesota leisure-time physical activity questionnaire, previously validated for Spanish women and
men [25, 26].

j Recommended energy consumption and energy
underreporting

j Smoking
Information on smoking habits of the participants
was obtained by a structured interview. Participants
were categorized as people who had never smoked,
former smokers (> 1 year), and current smokers (at
least 1 cigarette/day on average during the previous
year). The latter were asked for the average daily
number of cigarettes smoked.

j Educational status
Maximum level of education attained was elicited and
for analysis purposes was recorded as basic education, secondary school, and university.

j Statistical analysis
The Estimated Energy Requirement (EER) was calculated to estimate the prevalence of inadequate energy intake in the study population [23]. The equation
to predict EER includes age, weight (wt), height (ht),
and physical activity (PA):
EER for men = 662
9.53  age (y) + PA
 [15.91  wt (kg) + 539.6  ht (m)]
EER for women = 354
6.91  age (y) + PA 
[9.93  wt (kg) + 726  ht (m)]
Physical activity levels (PAL) were also included in
the calculation: sedentary (PAL ‡ 1 < 1.4), low active
(PAL ‡ 1.4 < 1.6), active (PAL ‡ 1.6 < 1.9), and very
active (PAL ‡ 1.9 < 2.5)]. The corresponding PA value for sedentary, low active, active, and very active
PAL is 1.0, 1.12, 1.27, and 1.45, respectively.
The physical activity level in the present population was calculated using the corresponding walking
equivalence. Dietary Reference Intake (DRI) for energy was defined as the EER that corresponds to a
normal BMI (18.5–24.9) [23].
Energy underreporting was determined by the
quotient of reported energy intake to the predicted
basal metabolic rate (<1.3). The basal metabolic rate

The general linear modelling procedures (PROC GLM;
SAS Institute Inc Cary, NC; version 8.0) were used to
analyze the relationship between lifestyle variables
and alcohol consumption.
Adjusted odds ratios were calculated to investigate
the association of alcohol consumption with abdominal obesity and DRI for energy (PROC LOGISTIC
procedure of SAS; SAS Institute Inc Cary, NC; version
8.0). Differences were considered significant if
P < 0.05.

Results
The mean consumption of alcohol was 18.1 ± 20.7 g/
d in men and 5.3 ± 10.4 g/d in women. Among the
women subjects, 2.3% reported consuming more than
3 drinks per day. Hence, sufficient statistical power
for this group is lacking. For this reason we categorized alcohol consumption as less than 1 drink/d, 1–2
drinks/d, 3 drinks/d, and more than 3/d drinks in
men and less than 1 drink/d, 1–2 drinks/d, and more
than 2 drinks/d in women. Wine was the predominate
alcoholic beverage (10.8 g ± 12.6) in men and
4.1 g ± 8.2 in women) followed by beer (4.5 g ± 9.9
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Table 1 Lifestyle variables according to amount of alcohol consumption by men and women
N
Men
Alcohol intake (drinks/day)f
<1
1–2
>2£3
>3
P for linear trendg

606
298
228
270

Women
Alcohol intake (drinks/day)f
<1
1,162
1–2
200
>2
104
P for linear trendg

Agea (y)

Educationb,c (%)

LTPAa,d (METs Æmin/d)

Smokerb (%)

Diet qualitya,e (Unit)

49.8 (48.7–50.6)
50.8 (49.3–52.3)
53.8 (52.1–55.5)
48.7 (47.1–50.3)
0.911

11.7 (9.2–14.2)
12.1 (8.5–15.7)
9.6 (5.6–13.7)
10.0 (6.2–13.8)
0.337

400 (370–432)
334 (290–378)
382 (330–423)
350 (303–396)
0.255

24.3 (20.7–27.9)
26.9 (21.7–32.0)
28.1 (22.2–34.0)
44.9 (39.4–54.0)
< 0.001

18.3 (18.0–18.5)
17.9 (17.6–18.3)
18.0 (17.7–18.4)
17.7 (17.3–18.0)
0.019

49.8 (49.0–50.6)
50.4 (48.5–50.6)
51.4 (48.8–54.0)
0.240

13.4 (11.4–14.2)
12.1 (7.3–16.8)
13.7 (7.1–20.3)
0.858

322 (304–342)
323 (279–369)
291 (229–354)
0.354

17.4 (15.2–19.6)
17.3 (11.9–22.6)
21.8 (14.3–29.2)
0.377

18.1 (17.9–18.2)
18.2 (17.8–18.5)
17.9 (17.3–18.4)
0.491

a

Results are expressed as mean (95% Confidence Interval)
Results are expressed as percentage of subjects (95% Confidence Interval)
c
University degree
d
LTPA—Leisure-time physical activity
e
Determined by adherence to the energy-adjusted Mediterranean diet score
f
One drink is equivalent to 10 g of ethanol
g
Significance for P of trend by analysis of variance (continuous variables) and logistical regression (categorical variables)
b

Table 2 Energy intake and degree of energy underreporting by category of alcohol consumption for men and women
N
Men
Alcohol intake (drinks/day)g
<1
1–2
>2£3
>3
P for linear trendh

606
298
228
270

Women
Alcohol intake (drinks/day)g
<1
1,162
1–2
200
>2
104
P for linear trendh

Energya,c (MJ/d)

Energya,d (MJ/d)

Energya,e (MJ/d)

Energy underreportersb,f (%)

10.6 (10.3–10.9)
11.0 (10.6–11.4)
10.9 (10.4–11.4)
10.9 (9.9–11.3)
0.545

0.09 (0.06–0.11)
0.40 (0.36–0.43)
0.75 (0.71–0.79)
1.49 (1.45–1.53)
< 0.001

10.7 (10.4–11.0)
11.4 (10.9–11.8)
11.6 (11.1–12.1)
12.3 (11.9–12.8)
< 0.001

46.8 (42.9–50.6)
36.6 (31.1–42.1)
35.0 (28.7–41.2)
26.9 (17.8–35.9)
< 0.001

10.5 (10.3–10.7)
11.1 (10.6–11.5)
10.8 (10.1–11.5)
0.446

0.04 (0.03–0.05)
0.35 (0.33–0.38)
1.01 (0.88–1.04)
< 0.001

10.6 (10.4–10.8)
11.4 (10.9–11.9)
11.8 (11.1–12.5)
0.001

34.2 (31.5–36.9)
21.1 (14.7–27.5)
17.3 (8.5–26.2)
< 0.001

a

Results are expressed as mean (95% Confidence Interval)
Results are expressed as percentage of subjects (95% Confidence Interval)
Energy proceeding from food and non-alcoholic beverages
d
Energy proceeding from alcoholic beverages
e
Energy proceeding from food, non-alcoholic beverages, and alcoholic beverages
f
Energy intake/basal metabolic rate <1.3
g
One drink is equivalent to 10 g of ethanol
h
Significance for P of trend by analysis of variance (continuous variables) and logistical regression (categorical variables)
b
c

in men and 0.9 g ± 4.5 in women) and spirits
(2.8 g ± 8.2) in men and 0.3 g ± 1.4 g in women) in
the present population. Prevalence of abdominal
obesity in the present population was 20.7% in men
and 29.5% in women.
Energy underreporting was significantly associated
with both the outcome (abdominal obesity) and the
predictor (alcohol consumption) variable. The prevalence of abdominal obesity was significantly higher
(P < 0.001) in the male and female participants who

underreported energy intake (61.0% compared with
36.4% and 43.9% compared with 22.8%, respectively).
Logistic regression analysis revealed a significant
association (P = 0.001) of abdominal obesity and
energy underreporting.
Higher prevalence of smoking and lower overall
diet quality was associated with higher alcohol consumption in men (Table 1). Total energy intake increased with alcohol consumption in both genders
(Table 2). In contrast, energy intake provided by
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energy underreporters from analysis, this association
was attenuated in women but not in men (Table 4).

Men
98

373

p for linear trend < 0.001 b,c

97
96

Discussion

95

WC
(cm) 94
93
92
91
90
89
Less than 1 drink/d

More than 2 and up
to 3 drinks/d

1-2 drinks/d

More than 3
drinks/d

Women
85

p for linear trend = 0.151 b

84

p for linear trend = 0.362 c

83

WC 82
(cm)
81
80
79
78
Less than 1 drink/d

1-2 drinks/d

More than 2 drinks/d

a

Fig. 1 Adjusted association between waist circumferences (WC) and
categories of alcohol consumption of men and women. Superscript (a)
Adjusted for age, energy intake of food, leisure-time physical activity,
educational status, smoking, and diet quality; Superscript (b) Energy
underreporter included; Superscript (c) Energy underreporter excluded. Left
Column: Entire population. Right column: Energy underreporter excluded

foods remained stable across alcohol drinking categories in men and women (Table 2). Total energy
underreporting was less frequent in male and female
participants with higher amounts of alcohol consumption (Table 2). In men, waist circumference was
directly associated with alcohol consumption after
adjusting for confounders (Fig. 1). This association
remained significant after excluding energy underreporters from analysis. Waist circumference increased
across categories of alcohol consumption in men but
not in women (Fig. 1).
Multiple logistic regression analysis, adjusted for
age, diet quality, leisure-time physical activity,
smoking, body mass index, educational level, and
energy consumption proceeding from foods and nonalcoholic caloric beverages, revealed a higher risk of
abdominal obesity with increasing amount of alcohol
consumption in men. Excluding energy underreporters from analysis attenuated this association; however, it remained significant (Table 3). The relative
risk of exceeding the recommended amount of energy
consumption increased with higher amounts of alcohol drinking in men and women. After excluding

This study has shown that alcohol consumption is
directly associated with waist circumference and with
a higher risk of abdominal obesity in men but not in
women in the present population. Excluding energy
underreporters slightly attenuated these associations.
After controlling for energy underreporting we observed that increasing alcohol consumption significantly increased the risk of exceeding recommended
energy intakes in male but not in the small number of
female participants (2.13%) with elevated alcohol
consumption, even after establishing a lower number
of drinks per day to characterize women as consuming a high quantity of alcohol. Further study is needed
to determine whether a significant relationship between alcohol consumption and abdominal obesity
exists among women who consume higher amounts of
alcohol.
Obesity is rapidly reaching epidemic proportions
worldwide and has been associated with numerous
comorbidities and increased risk of premature death
[27, 28]. Central deposition of adipose tissue is directly related with cardiovascular morbidity and
mortality, independent of general obesity [4–9].
In the long run, daily energy intake that exceeds
daily energy expenditure is the driving force for
weight gain. Alcohol may represent 5–10% of energy
intake in adults, which is a significant component of
the diet. Alcohol is the second highest source of energy, on a per gram basis, of all the macronutrients. In
contrast to other energy sources, there are no specific
regulatory mechanisms for alcohol consumption [29].
In the present population, higher alcohol consumption was not associated with energy compensation in
the overall diet. This finding concurs with other crosssectional studies that report a failure to reduce food
intake in response to energy intake from alcohol [30].
By definition, excess energy intake through alcohol
consumption without compensatory energy expenditure is a formula for weight gain and therefore a risk
factor for obesity.
A large US prospective study reported no significant association between changes in waist circumference and alcohol consumption during 9 years of
follow-up [31]. Furthermore, lower waist circumference was related to higher alcohol consumption in
healthy female twins [32]. In contrast, however, recently published data from numerous European epidemiological studies pointed to a direct association
between alcohol consumption and visceral fat accumulation [15–18, 33]. Differences in total alcohol
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Table 3 Odds ratio and 95% confidence intervala (CI) of abdominal obesity
according to categories of alcohol consumption in men and women
Total population
Odds (95% CI)

Table 4 Odds ratio and 95% confidence intervala (CI) of exceeding recommended energy intake according to categories of alcohol consumption in men
and women

Energy underreporters
excludedb
Odds (95% CI)

Entire population
Odds (95% CI)

Men
Alcohol intake (drinks/day)c
< 1 (Reference)
1–2
>2£3
>3
<
P for linear trendd
Women
c
Alcohol intake (drinks/day)
< 1 (Reference)
1–2
>2
P for linear trendd

1
1.10 (0.76–1.60)
1.45 (0.97–2.14)
2.15 (1.47–2.13)
0.001

1

1
0.85 (0.59–1.23)
0.82 (0.50–1.34)
0.286

1

Men
Alcohol intake (drinks/day)b
< 1 (Reference)
1–2
>2£3
>3
<
P for linear trendc
Women
Alcohol intake (drinks/day)b
< 1 (Reference)
1–2
>2
P for linear trendc

0.98 (0.54–1.75)
1.52 (0.85–2.71)
1.80 (1.05–3.09)
0.018

0.73 (0.46–1.16)
(0.53–1.59)
0.390

a

Adjusted for age, smoking, leisure-time physical activity, educational status,
diet quality, and energy consumption proceeding from foods and non-alcoholic
beverages
b
Energy intake/basal metabolic rate <1.3
c
One drink is equivalent to 10 g of ethanol
d
Significance for P of trend by analysis of logistical regression

consumption among cohorts may well explain these
conflicting findings. Mean alcohol intake of the
American cohort and the twin study was only 11.5 g
and 5.7 g respectively, considerably lower than that
reported in the present population and among other
European cohorts [15, 17].
In the present population we observed no significant association of abdominal obesity with alcohol
consumption under 3 drinks per day. In contrast,
males consuming more than 3 drinks a day were at a
115% higher risk of abdominal obesity. The magnitude of this association was slightly reduced after
excluding energy underreporters from analysis. Our
findings are in line with recent published data from
European cohorts. The consumption of three or more
units of alcohol (approximately ‡ 30 g of alcohol) was
associated with a significant increase in the risk of
abdominal obesity in British men [17]. The strongest
association between abdominal obesity and alcohol
drinking was observed among the men and women
participating in the Copenhagen City Heart Study who
reported consumption of 4 or more alcoholic drinks
(48 g or more of alcohol) per day [15].
The question is whether alcohol consumption is a
potential risk factor for energy imbalance. To address
this question we calculated energy intake recommendations according to age, sex, and physical
activity [23]. After controlling for energy underreporting we found a significantly higher risk of
exceeding the energy intake recommendations among
men consuming more than 3 drinks per day. This
supports the study’s significant association of

1
1.20 (0.93–1.82)
1.34 (0.93–1.94)
2.18 (1.56–3.04)
0.001
1
1.24 (0.91–1.69)
1.65 (1.08–2.54)
0.01

Energy underreporters
excludeda
Odds (95% CI)

1
0.97 (0.64–1.45)
1.22 (0.76–1.91)
(1.32–2.93)
< 0.001
1
1.12 (0.68–1.84)
1.10 (0.78–1.55)
0.716

a

Energy intake/basal metabolic rate <1.3
One drink is equivalent to 10 g of ethanol
c
Significance for P of trend by analysis of logistical regression
b

abdominal obesity in men with the consumption of
more than 3 drinks per day.
The mechanisms linking alcohol consumption with
an enhanced visceral lipid deposition are not completely understood. Alcohol consumption leads to a
suppression of fat oxidation and thereby favours lipid
storage [34]. Furthermore, alcohol increases the release
of glucocorticoids via stimulation of the hypothalamicpituitary-adrenal axis [35]. Increased cortisol secretion
has been reported with an altered fat distribution pattern [36]. Cortisol binds to glucocorticoid receptors,
which have a particularly high density in visceral fat
deposits; this promotes lipid accumulation and retention in visceral adipose tissue [36].
Epidemiological studies investigating the association of alcohol consumption and abdominal obesity
face methodological problems such as intentional
misreporting of alcohol consumption, particularly
among heavy alcohol consumers, and total energy
underreporting. In the present study we observed a
significant decrease of the prevalence of underreporting with increasing alcohol consumption in both
genders. Furthermore, waist circumference was not
significantly associated with energy consumption in
men and women. However, after controlling for energy underreporting, waist circumference significantly
increased with each 100kcal (0.12 cm in men and 0.14
cm in women). We also analyzed the association of
alcohol consumption with waist circumference and
abdominal obesity after excluding energy underreporters. With the exception of the relationship between alcohol consumption and recommended energy
intakes, we did not find significant changes in the
direction and magnitude of associations after
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excluding energy underreporters from analysis. Similarly, choosing different cut-offs for the characterization of energy underreporters did not significantly
change the present findings (data not shown).
The strength of the present study is the relatively
large number of participants, the representative
character of the study design, and the adjustment for
several important confounders. A limitation of the
present study is the low percentage of female participants who consumed higher quantities of alcohol.
Misreporting of self-reported alcohol consumption,
particularly among heavy alcohol consumers, cannot
be excluded. However, this is a general characteristic
for epidemiological studies addressing the association
between alcohol consumption and disease outcome.
Furthermore, the cross-sectional nature of the study
design precludes drawing causal relationships.
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In summary, waist circumference increased across
categories of alcohol consumption in men. A significant association of alcohol consumption with
abdominal obesity and exceeding energy intake recommendations was found among men reporting
consumption of more than 3 alcoholic drinks per day.
Controlling for energy underreporting did not significantly change these associations.
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