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Background: Diet, smoking and physical activity are important modifiable lifestyle factors that can influence
body weight and fat accumulation. We assessed the relationship between lifestyle and obesity risk in a
baseline analysis of the PREDIMED study, a randomized dietary primary prevention trial conducted in Spain.
Methods: 7000 subjects at high cardiovascular risk were assessed cross-sectionally. A healthy lifestyle pattern
(HLP) was determined using a score including: adherence to the Mediterranean diet, moderate alcohol
consumption, expending ≥200 kcal/day in leisure-time physical activity, and non-smoking.
Results: Inverse linear trends were observed between the HLP-score and body-mass-index (BMI) or waist
circumference (pb0.001). The BMI and waist circumference of participants with a HLP-score=4 were,
respectively, 1.3 kg/m2 (95% CI: 0.9 to 1.7) and 4.3 cm (3.1 to 5.4) lower than those of subjects with an HLP≤1.

The odds ratios of general obesity and abdominal obesity for anHLP score of 4 compared to anHPL score≤1were
0.50 (0.42 to 0.60) and 0.51 (0.41 to 0.62), respectively
Conclusion: A combination of four healthy lifestyle behaviors was associated with a lower prevalence of general
obesity and abdominal obesity in Mediterranean elderly subjects at high cardiovascular risk.
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Introduction

Obesity has reached epidemic proportions globally, with a deep
negative impact on public health (World Health Organization, 2006).
Several epidemiological studies have associated obesity with the
incidence of multiple co-morbidities such as type-2 diabetes,
hypertension, cardiovascular disease and cancer (Guh et al., 2009),
and also with increased cardiovascular mortality (Flegal et al., 2007)
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and all-cause mortality (Adams et al., 2006). Fat distribution, not only
total body fat, has a significant impact on the development of obesity
comorbidities and it is considered as a better predictor of disease than
body mass index (BMI) (Canoy et al., 2007; Heber, 2010; Lee et al.,
2008). Nevertheless, presently it is accepted that both general and
abdominal adiposity, measured by the BMI and waist circumference
(WC), respectively, are associated with the risk of various chronic
diseases and total mortality (Pischon et al., 2008).

Changes indietarypatterns andother lifestyle factors havebeenheld
responsible for the obesogenic environment of modern industrialized
societies (Heber, 2010). Epidemiological studies have established an
association between BMI or body fat distribution and modifiable
lifestyle factors, such as dietary habits, alcohol consumption, physical
activity and smoking (Atlantis et al., 2008; Koh-Banerjee et al., 2003;
Lahti-Koski et al., 2002; Leite and Nicolosi, 2006; Ong et al., 2009;
Romaguera et al., 2010; Travier et al., 2009; Wilsgaard et al., 2005).
However, in these studies all lifestyle factors were individually
associated with obesity and/or abdominal obesity, while their potential
combined effects were not assessed. We hypothesized that evaluating
the combined effect of these healthier lifestyle factors could provide
useful information to better understand the interplay of diet and
lifestyle factors. It has previously been reported that the combination of
various lifestyle factors is associated with lower rates of mortality
(Khaw et al., 2008; Knoops et al., 2004; Kvaavik et al., 2010), stroke
(Myint et al., 2009) and colorectal cancer (Kirkegaard et al., 2010), but
the role of the combined impact of favorable lifestyle factors on obesity
and body fat distribution is less well-documented. To our knowledge,
only one cross-sectional study conducted in the Framingham cohort
evaluated the effect of the combination of healthy lifestyle factors on
adiposity (Molenaar et al., 2009), but its authors did not include the diet
item in the lifestyle pattern that they defined.

The purpose of the present study was to assess the relationship
between compliancewith a healthy lifestyle pattern (HLP) and the odds
of prevalent general obesity or abdominal obesity in a cross-sectional
analysis of an elderly population at high cardiovascular risk living in a
Mediterranean country. We also assessed how each of these lifestyle
factors that made up the HLP-score was associated with obesity
prevalence.

Subjects and methods

Subjects

The present studywas conductedwithin the frame of the PREDIMED
Study, a large, parallel-group, multicenter, randomized, controlled
clinical trial aiming to assess the effects of two traditional Mediterra-
nean Diets (MedD) enriched with nuts or virgin olive oil compared to a
low-fat (control) diet on the primary prevention of cardiovascular
disease. The design and methods of the PREDIMED trial have been
reported elsewhere (Estruch et al., 2006; Martínez-González et al.,
2010). Briefly, participants were men (55–80 years) and women
(60–80 years), without cardiovascular disease and fulfilling at least
one of the two following criteria: type 2 diabetes mellitus, or three or
more cardiovascular risk factors [current smoking, hypertension,
elevated low-density lipoprotein cholesterol level, low levels of high-
density lipoprotein cholesterol, BMI≥25 kg/m2, or family history of
premature cardiovascular disease]. The study protocol was approved by
the institutional review boards of all the centers involved and all
participants provided written informed consent.

Measurements

Variables assessed were food consumption, physical activity,
smoking status, anthropometrical measures, educational level, occu-
pation status, and medication use.
Adherence to the traditional MedD was assessed using a validated
14-item questionnaire (Table 1 in Supplemental File) designed for this
purpose (Martinez-Gonzalez et al., 2004; Schröder et al., 2011). Subjects
who scored ≥9 points were considered to comply with the MedD
according to the median value as used in analyses of the PREDIMED
group (Sánchez-Taínta et al., 2008). Energy intake and alcohol
consumption were determined using a previously validated semi-
quantitative questionnaire (Fernandez-Ballart et al., 2010) and Spanish
food composition tables (Mataix Verdú, 2003). A moderate alcohol
intake was defined as consumption of 1–30 g/day for men and 1–15 g/
day for women (Gunzerath et al., 2004). Physical activity was assessed
using the validated Spanish version of the Minnesota Leisure-Time
Physical Activity (LTPA) Questionnaire (Elosua et al., 1994; Elosua et al.,
2000).

The HLP was constructed using a four-point score based on
1) whether subjects complied with the MedD; 2) consumed a
moderate amount of alcohol (versus either low or high alcohol
intake), 3) expended ≥200 kcal/day in LTPA, and 4) were never
smokers (versus current or former smokers). Each participant could
therefore have a total HLP-score between 0 and 4.

Bodyweight andheightweremeasured in light clothingandwithout
shoes, and BMIwas calculated.WCwasmeasuredmidway between the
lowest rib and the iliac crest. Obesity was defined as a BMI≥30 kg/m2

(Salas-Salvado et al., 2007). Abdominal obesity was defined by a
WC≥102 cm in men and ≥88 cm in women (National Institutes of
Health, 1998).

Statistical analysis

The general characteristics of the participants according to the
number of health behaviors were compared using ANOVA for
continuous variables and chi-square tests for categorical variables.
The means of baseline BMI and WC for each item included in the
HLP-score were assessed by analysis of covariance (ANCOVA) using
general linear models with confounding factors included as covari-
ates. We first built a model adjusted for sex, age, energy intake,
educational level (primary education or illiterate, secondary educa-
tion, higher education), and occupational status (homemaker, blue-
collar worker, clerical worker, white-collar worker) (model 1), and
then a second model additionally adjusted for antidiabetic treatment
with insulin, sulfonylureas, glitazones and/or biguanides (model 2).
Values are expressed as means (95% confidence intervals, CIs).

Multiple logistic regression analyses were fitted to calculate the
prevalence odds ratio (OR) of general obesity and abdominal obesity
according to categories of the HLP-score at baseline. The adjusting
variables were the same as those used in model 2 described above.
HLP-scores of 0 and 1 were merged into a single stratum used as
reference category. A multiple logistic regression analyses was fitted to
evaluate which of the lifestyle factors considered in the HLP-score were
most strongly associated with general obesity or abdominal obesity
forcing the inclusion of previously described non-lifestyle factors
(model 1), and additionally adjusted for antidiabetic treatment
(model 2).

Both in linear and logistic regression analysis we explored for
potential interactions between sex and each of the components of the
HLP score. Because there were significant interactions between some
score components and sex, we stratified by sex to examine the
relationship between individual health behaviors and the odds of
general obesity or abdominal obesity. Statistical significance was
established at a two-tailed pb0.05 level. Analyses were performed
using SPSS 17.0 software.

Results

Of the 7447 PREDIMED participants, 31 were excluded from the
present study because of incomplete data. 216 subjects were also
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excluded because their age or BMI was out of predefined ranges for
inclusion in the study. Thus the total sample considered for the cross-
sectional general obesity analysis was 7200 subjects. Because baseline
WC measurements were missing in 200 subjects, only 7000 subjects
entered the abdominal obesity cross-sectional analyses.

Table 1 shows baseline characteristics of participants by number of
health behaviors. Men reported significantly more health behaviors
than women. BMI and WC decreased with an increasing number of
health behaviors. Educational level, occupational status and energy
intake were significantly higher with higher HLP-scores.

The specific proportion of participants complyingwith eachof the 14
items of theMedD score is reported in Table 1 of the Supplemental Files.
Subjectswith high adherence to theMedD (≥9 points) had a lower BMI
[−0.4 kg/m2 (95% CI: −0.6 to −0.3)] and a lower WC [−1.9 cm
(95% CI:−2.4 to−1.5)] than thosewith low adherence, after adjusting
for potential confounders (pb0.001) (Table 2). There were no
significant differences in BMI or WC associated with alcohol intake
after adjusting for confounding variables. Subjects who expended at
least 200 kcal/day on LTPA had a lower BMI andWC [−1.1 kg/m2 (95%
CI: −1.2 to −0.9), and −2.9 cm (95%CI: −3.4 to −2.5), respectively;
pb0.001]. However, former smokers and never smokers showed higher
BMI and WC than current smokers (pb0.05). The subjects who
complied with all the health behaviors considered in the HLP had a
lower BMI and WC [−1.3 kg/m2 (95%CI: −1.7 to −0.9) and −4.3 cm
(95%CI: −5.4 to −3.1), respectively; pb0.001] than those who had an
unhealthy lifestyle (HLP≤1).

The presence of general obesity or abdominal obesity was inversely
associated with the HLP-score even after adjusting for potential
confounders. Thus, the highest HLP-score was associated with the lowest
risk for general obesity [OR (95%CI): 0.50 (0.42 to 0.60)] and abdominal
obesity [OR (95%CI): 0.51 (0.41 to 0.62)] using a HLP-score≤1 as
reference (Table 3).
Table 1
Baseline characteristics of the study participants according to the number of health behavio

Health behaviors

≤1
(n=1454)

2
(n=2590)

Men, % (n) 32.8 (477) 36.2 (938)
Age, years 67.0±6.3 67.3±6.1
BMI, kg/m2 30.5±3.7 30.0±3.8
Waist circumference, cm 101.5±10.3 100.3±10
Educational level, % (n)

Primary education 79.2 (1151) 80.3 (2081
Secondary education 13.8 (201) 14.1 (365)
Higher education 7.0 (102) 5.6 (144)

Occupational status, % (n)
Homemaker 41.3 (588) 40.9 (1043
Blue-collar worker 27.6 (393) 28.7 (732)
Clerical worker 27.2 (388) 26.2 (668)
White-collar worker 3.9 (56) 4.1 (105)

Diagnosis of type 2 diabetes, % (n) 48.3 (703) 49.3 (1278
Treatment with insulin, % (n) 6.5 (92) 6.5 (164)
Treatment with sulfonylureas, % (n) 15.1 (213) 16.5 (417)
Treatment with biguanides, % (n) 22.4 (316) 21.4 (539)

Diagnosis of hyperlipidemia, % (n) 71.7 (1042) 72.3 (1873
Diagnosis of hypertension, % (n) 83.1 (1209) 83.1 (2153
Total energy intake, kcal/day 2187.1±645.3 2241.2±6
Alcohol consumption, g/day 7.7±17.8 6.9±14.0
14-point Mediterranean diet score 7.2±1.4 8.4±1.9
EEPA, kcal/day 103.0±127.5 191.9±20
Smoking status, % (n)

Current 31.8 (462) 15.2 (394)
Former 9.8 (143) 18.8 (486)
Never 58.4 (849) 66.0 (1710

Participants were recruited for the PREDIMED-Spain study between October 2003 and June
BMI, body mass index; EEPA, energy expenditure in leisure-time physical activity.
Values are means±SD or percentage (number) of participants.
* Trend test across the number of health behaviors practiced obtained from a one-way ANO
Table 4 shows which of the items used to define the HLP score
were most closely associated with general obesity or abdominal
obesity. Adherence to the MedD and a total energy expenditure on
LTPA higher than 200 kcal/day were inversely associated with general
obesity and abdominal obesity, whereas the non-smoking status was
associated with higher odds for general obesity in both sexes. This last
association was more pronounced in women (p for sex interaction
0.005). Additionally, alcohol intake and smoking status were also
significantly related to abdominal obesity only among women (p for
sex x alcohol and sex x smoking interaction b0.01 for both).

The statistical analyses were also performed separately according to
intervention group (low fat versus the two MedD groups merged
together). No relevant changes were observed in comparison to those
obtained in the whole population (Tables 2–7 in Supplemental Files).
Additional analyses were conducted excluding alcohol intake in the
calculation of theMedD score (potential range: 0 to 13 instead of 0 to 14)
and the results were essentially similar (Table 8 in Supplemental Files).

Discussion

The results of this cross-sectional study of an elderly Mediterra-
nean population at high cardiovascular risk show that a healthy
lifestyle (defined as a MedD pattern, moderate alcohol consumption,
daily physical activity and nonsmoking) is inversely and linearly
associated with a lower prevalence of general obesity and abdominal
obesity. These results concur with those recently reported from the
Framingham cohort using the Recommended Dietary Guidelines for
Americans as an index of a healthy diet (Molenaar et al., 2009).

Healthier dietary and lifestyle factors have been associated with an
improvement in blood pressure (Sugiyama et al., 2007), a reduced risk
of coronary heart disease (Stampfer et al., 2000), and a better quality of
life in cancer survivors (Mosher et al., 2009). However, in those studies
rs.

p for trend*

3
(n=2234)

4
(n=922)

48.3 (1079) 64.5 (595) b0.001
66.8±6.0 67.2±6.0 0.022
29.7±3.5 28.8±3.3 b0.001

.6 100.1±10.4 99.0±9.9 b0.001

) 76.4 (1707) 70.7 (652) b0.001
15.2 (340) 19.0 (175)
8.4 (187) 10.3 (95)

) 31.2 (683) 21.2 (190) b0.001
33.3 (728) 38.9 (349)
30.1 (658) 32.9 (295)
5.4 (118) 7.0 (63)

) 47.0 (1051) 48.6 (448) 0.463
3.8 (84) 5.4 (49) b0.001
14.7 (324) 14.0 (127) 0.185
19.8 (435) 17.8 (162) 0.031

) 73.3 (1638) 71.4 (658) 0.606
) 82.7 (1847) 80.7 (744) 0.373
12.5 2327.8±592.4 2379.8±532.9 b0.001

9.8±13.6 11.2±8.5 b0.001
9.3±1.7 10.2±1.1 b0.001

0.5 306.9±255.6 429.6±260.0 b0.001
b0.001

6.8 (152) 0.0 (0)
33.8 (756) 43.6 (402)

) 59.4 (1326) 56.4 (520)

2009.

VA or chi-square test.



Table 2
Baseline means (95% CIs) of BMI and waist circumference according to individual and combined health behaviors.

Unadjusted model Model 1† Model 2‡

Mean (95% CIs) p* Mean (95% CIs) p* Mean (95% CIs) p*

BMI (kg/m2)
Adherence to MedD

b9 points (n=3303) 30.2 (30.0 to 30.3) b0.001 30.1 (30.0 to 30.3) b0.001 30.1 (30.0 to 30.3) b0.001
≥9 points (n=3897) 29.6 (29.5 to 29.7) 29.6 (29.5 to 29.8) 29.7 (29.6 to 29.8)

Alcohol intake
Light/high (n=3831) 30.1 (30.0 to 30.2) b0.001 29.9 (29.8 to 30.1) 0.118 30.0 (29.8 to 30.1) 0.086
Moderate (n=3369) 29.6 (29.5 to 29.8) 29.8 (29.7 to 29.9) 29.8 (29.7 to 29.9)

EEPA
b200 kcal/day (n=3771) 30.5 (30.3 to 30.6) b0.001 30.4 (30.3 to 30.5) b0.001 30.4 (30.3 to 30.5) b0.001
≥200 kcal/day (n=3429) 29.2 (29.1 to 29.3) 29.3 (29.2 to 29.4) 29.3 (29.2 to 29.5)

Smoking status
Current (n=1008) 29.1 (28.9 to 29.3) b0.001 29.4 (29.1 to 29.6) b0.001 29.4 (29.1 to 29.6) b0.001
Never/former (n=6192) 30.0 (29.9 to 30.1) 30.0 (29.9 to 30.1) 30.0 (29.9 to 30.1)

Health behaviors
≤1 (n=1454) 30.5 (30.3 to 30.7) b0.001 30.4 (30.2 to 30.6) b0.001 30.4 (30.2 to 30.6) b0.001
2 (n=2590) 30.0 (29.9 to 30.2) 30.0 (29.8 to 30.1) 30.0 (29.9 to 30.2)
3 (n=2234) 29.7 (29.5 to 29.8) 29.7 (29.6 to 29.9) 29.8 (29.6 to 29.9)
4 (n=922) 28.8 (28.6 to 29.1) 29.0 (28.8 to 29.3) 29.1 (28.8 to 29.3)

Waist circumference (cm)
Adherence to MedD

b9 points (n=3216) 101.4 (101.0 to 101.7) b0.001 101.4 (101.0 to 101.8) b0.001 101.3 (101.0 to 101.7) b0.001
≥9 points (n=3784) 99.4 (99.1 to 99.8) 99.4 (99.0 to 99.7) 99.4 (99.1 to 99.7)

Alcohol intake
Light/high (n=3729) 99.7 (99.4 to 100.0) b0.001 100.4 (100.0 to 100.7) 0.591 100.3 (100.0 to 100.7) 0.790
Moderate (n=3271) 101.0 (100.7 to 101.4) 100.2 (99.9 to 100.6) 100.2 (99.9 to 100.6)

EEPA
b200 kcal/day (n=3641) 101.1 (100.8 to 101.5) b0.001 101.8 (101.4 to 102.1) b0.001 101.7 (101.4 to 102.0) b0.001
≥200 kcal/day (n=3359) 99.4 (99.1 to 99.8) 98.7 (98.4 to 99.1) 98.8 (98.4 to 99.1)

Smoking status
Current (n=977) 101.1 (100.5 to 101.8) 0.008 99.4 (98.7 to 100.1) 0.005 99.5 (98.8 to 100.2) 0.017
Never/former (n=6023) 100.2 (99.9 to 100.5) 100.4 (100.2 to 100.7) 100.4 (100.1 to 100.7)

Health behaviors
≤1 (n=1410) 101.5 (101.0 to 102.1) b0.001 102.1 (101.6 to 102.6) b0.001 102.0 (101.4 to 102.5) b0.001
2 (n=2515) 100.3 (99.9 to 100.7) 100.7 (100.3 to 101.1) 100.6 (100.2 to 101.0)
3 (n=2172) 100.1 (99.6 to 100.5) 99.8 (99.3 to 100.2) 99.9 (99.4 to 100.3)
4 (n=903) 99.0 (98.3 to 99.7) 97.8 (97.1 to 98.4) 97.7 (97.0 to 98.4)

Participants were recruited for the PREDIMED-Spain study between October 2003 and June 2009.
Abbreviations: BMI, body mass index; EEPA, energy expenditure in leisure-time physical activity; MedD, Mediterranean diet.
*p value obtained from ANCOVA. Values are means (95% CIs).
† Adjusted for sex, age, total energy intake, educational level and occupational status.
‡ Additionally adjusted for treatment with insulin, sulfonylureas, glitazones and/or metformin.
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evaluating the relationship between lifestyle factors and obesity, factors
were individually analyzed and their potential combined effects were
not assessed (Atlantis et al., 2008; Besson et al., 2009; Koh-Banerjee
et al., 2003; Lahti-Koski et al., 2002; Leite and Nicolosi, 2006; Ong et al.,
Table 3
Odds ratio (95% CIs) for general obesity and abdominal obesity according to the number of

Number of health behaviors

≤1 2

General obesity
Participants (n) (1454) (2590)
Obese subjects, n (%) 791 (54.4) 1256 (48.5)
Unadjusted model 1 0.79 (0.69 to 0.90)
Model 1† 1 0.80 (0.70 to 0.91)
Model 2‡ 1 0.83 (0.72 to 0.95)

Abdominal obesity
Participants (n) (1410) (2515)
Abdominal obese subjects, n (%) 1143 (81.0) 1914 (76.1)
Unadjusted model 1 0.74 (0.63 to 0.87)
Model 1† 1 0.77 (0.65 to 0.91)
Model 2‡ 1 0.77 (0.65 to 0.92)

Participants were recruited for the PREDIMED-Spain study between October 2003 and June
* Linear trend test across the number of health behaviors was obtained from logistic regres
† Adjusted for sex, age, total energy intake, educational level and occupational status.
‡ Additionally adjusted for treatment with insulin, sulfonylureas, glitazones and/or metform
2009; Romaguera et al., 2010; Travier et al., 2009; Wilsgaard et al.,
2005). In contrast to these studies, and in a way similar to the
Framingham cohort (Molenaar et al., 2009), we have considered the
sum of multiple modifiable lifestyle behaviors and assessed their
health behaviors (cross-sectional analysis).

p for linear
trend*

3 4

(2234) (922)
994 (44.5) 317 (34.3)
0.67 (0.59 to 0.77) 0.44 (0.37 to 0.52) b0.001
0.71 (0.62 to 0.81) 0.49 (0.41 to 0.58) b0.001
0.73 (0.63 to 0.84) 0.50 (0.42 to 0.60) b0.001

(2172) (903)
1511 (69.5) 539 (59.7)
0.53 (0.45 to 0.63) 0.35 (0.29 to 0.42) b0.001
0.64 (0.54 to 0.76) 0.50 (0.41 to 0.62) b0.001
0.65 (0.55 to 0.78) 0.51 (0.41 to 0.62) b0.001

2009.
sion analyses with polynomial contrast.

in.



Table 4
Odds ratios (95% CIs) for general obesity and abdominal obesity by individual health behaviors, stratified by sex (cross-sectional analysis).

Male
(n=3089)

Female
(n=4111)

p for sex
interaction

General obesity
Unadjusted model Adherence to Mediterranean diet 0.77 (0.67 to 0.89) 0.76 (0.67 to 0.86) 0.692

Moderate alcohol intake 0.96 (0.83 to 1.12) 0.89 (0.78 to 1.01) 0.301
Expenditure of ≥200 kcal/day on physical activity 0.64 (0.55 to 0.74) 0.63 (0.55 to 0.71) 0.760
Current non-smoking 1.23 (1.04 to 1.45) 1.99 (1.50 to 2.64) b0.001

Model 1† Adherence to Mediterranean diet 0.78 (0.67 to 0.90) 0.75 (0.66 to 0.86) 0.480
Moderate alcohol intake 0.96 (0.82 to 1.12) 0.91 (0.80 to 1.04) 0.305
Expenditure of ≥200 kcal/day on physical activity 0.63 (0.54 to 0.73) 0.62 (0.54 to 0.70) 0.705
Current non-smoking 1.25 (1.05 to 1.49) 1.87 (1.40 to 2.50) 0.003

Model 2‡ Adherence to Mediterranean diet 0.77 (0.66 to 0.90) 0.77 (0.68 to 0.88) 0.629
Moderate alcohol intake 0.96 (0.82 to 1.12) 0.90 (0.78 to 1.03) 0.227
Expenditure of ≥200 kcal/day on physical activity 0.63 (0.54 to 0.74) 0.63 (0.55 to 0.72) 0.783
Current non-smoking 1.26 (1.05 to 1.50) 1.91 (1.42 to 2.56) 0.005

Abdominal obesity§
Unadjusted model Adherence to Mediterranean diet 0.70 (0.61 to 0.82) 0.73 (0.61 to 0.87) 0.100

Moderate alcohol intake 0.95 (0.82 to 1.11) 1.09 (0.90 to 1.31) 0.012
Expenditure of ≥200 kcal/day on physical activity 0.62 (0.54 to 0.73) 0.58 (0.48 to 0.69) 0.563
Current non-smoking 1.12 (0.95 to 1.32) 1.76 (1.25 to 2.48) b0.001

Model 1† Adherence to Mediterranean diet 0.11 (0.03 to 0.53) 0.73 (0.61 to 0.88) 0.166
Moderate alcohol intake 0.93 (0.79 to 1.08) 0.07 (0.01 to 0.74) 0.008
Expenditure of ≥200 kcal/day on physical activity 0.63 (0.54 to 0.73) 0.58 (0.48 to 0.69) 0.671
Current non-smoking 1.09 (0.92 to 1.29) 1.52 (1.07 to 2.16) b0.001

Model 2‡ Adherence to Mediterranean diet 0.09 (0.02 to 0.44) 0.74 (0.61 to 0.89) 0.202
Moderate alcohol intake 0.92 (0.79 to 1.08) 0.04 (0.00 to 0.48) 0.006
Expenditure of ≥200 kcal/day on physical activity 0.63 (0.53 to 0.73) 0.58 (0.48 to 0.70) 0.573
Current non-smoking 1.10 (0.92 to 1.31) 1.51 (1.06 to 2.14) b0.001

Participants were recruited for the PREDIMED-Spain study between October 2003 and June 2009.
p value obtained from logistic regression analyses.
† Adjusted for age, total energy intake, educational level and occupational status.
‡ Additionally adjusted for treatment with insulin, sulfonylurea, glitazones andmetformin. Model 1 andmodel 2 were additionally adjusted for interaction variables (age*MedD item
for men; and age*alcohol item for women).
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combined effect on obesity. Data from the present analysis shows that
subjects with healthier behaviors have a lesser prevalence of general
obesity and abdominal obesity than those with fewer healthy habits. Of
these healthy habits, adherence to theMedD and energy expenditure in
LTPA≥200 Kcal/day was inversely associated with the prevalence of
general obesity and abdominal obesity, whereas alcohol intake was
significantly related to abdominal obesity in women. Our results are in
consonancewith epidemiological evidence showing suggesting that the
MedD plays a role in the prevention of obesity (Beunza et al., 2010;
Schröder, 2007), although the possible mechanisms involved are still
controversial.

We observed that smoking was inversely associated with general
obesityprevalence in both sexes andwith abdominal obesity prevalence
in women. The association between smoking and body weight is not
well understood and is still controversial. It was believed that BMI was
lower in current smokers than nonsmokers, but more recent data cast
doubt on this relationship (Chiolero et al., 2008; Basterra-Gortari et al.,
2010). In current smokers, nicotine helps increase energy expenditure
by exerting anorectic effects, which could explain why smokers tend to
have lower body weight (Chiolero et al., 2008). However, it has been
reported that heavy smokers have greater BMI than light-smokers or
non-smokers, probably because the former are more prone to
obesogenic behaviors, such as an unhealthy diet and sedentariness
(Chiolero et al., 2006; Chiolero et al., 2007; Basterra-Gortari et al., 2010).
At odds with previous epidemiological observations of a direct
association between alcohol consumption and obesity (Schroder,
2007; Yeomans, 2010) in our study moderate alcohol intake was
negatively associated with abdominal adiposity, especially in women.
The exact relationship between alcohol intake and obesity remains to be
elucidated, but it has recently been suggested that the type of drink
(which could be influenced by sex), the drinking frequency, and the
drinking pattern are important factors to take into account when
assessing the association between alcohol consumption and obesity risk
(Sayon-Orea et al., 2011; Yeomans, 2010). It shouldbe born inmind that
red wine was the main source of alcohol in our Mediterranean cohort
(data not shown). It should be underlined that red wine is the main
source of alcohol in Mediterranean cultures. Our results may be partly
due to the fact that red wine has more antioxidant and anti-
inflammatory properties than other sources of alcohol (Estruch et al.,
2004; Estruch et al., 2011), thus favoring thermogenesis (Raben et al.,
2003) and fat oxidation (Blade et al., 2010).

This study has strengths and limitations. One strength is that
associations between lifestyle and adiposity were analyzed in a large
sample of free-living volunteers. Moreover, all the health behaviors
included in our score are simple and easily measurable, thus its use at
the individual and the population level could help implement
preventive strategies and shape public health policy. A limitation of
the present study is that results cannot be generalized because our aged
participants at high cardiovascular risk are not representative of the
general population. Because of the cross-sectional design, we cannot
prove causal relationships, and the possibility exists of reverse causation
bias, as obesity status could be a reason for individuals to change their
lifestyle.
Conclusion

In summary, the present study shows that a Mediterranean-type
diet, moderate alcohol consumption, daily physical activity and
nonsmoking, all of which are easily modifiable lifestyle habits, are
associated with a lower prevalence of general obesity and abdominal
obesity. Although longitudinal analysis regarding the benefits of a
healthier lifestyle on incidenceof general obesity and abdominal obesity
shouldbe conducted in the future, ourfindings are relevant to thedesign
of public health strategies aimed at reducing the burden of overweight
and obesity through simple behavioral changes.



160 M. Bulló et al. / Preventive Medicine 53 (2011) 155–161
Conflict of interest statement
The authors declare no conflict of interest.

Acknowledgments

We thank all the participants of the PREDIMED study. This project
has been funded by the Spanish Ministry of Health (Instituto de Salud
Carlos III, Fondo de Investigaciones Sanitarias) projects PI051839,
PI070240, PI070954, G03/140, RD06/0045 FEDER (Fondo Europeo de
Desarrollo Regional). CIBERobn is an initiative of Instituto de Salud
Carlos III, Spain. None of the funding sources played a role in the
experimental design, the collection, analysis or interpretation of data,
the writing of the report or the decision to submit the paper for
publication.

Appendix A. Supplementary data

Supplementary data to this article can be found online at doi:10.
1016/j.ypmed.2011.06.008.

References

Adams, K.F., Schatzkin, A., Harris, T.B., et al., 2006. Overweight, obesity, and mortality in
a large prospective cohort of persons 50 to 71 years old. N. Engl. J. Med. 355 (8),
763–778.

Atlantis, E.,Martin, S.A., Haren,M.T., Taylor, A.W.,Wittert, G.A., FloreyAdelaideMale Aging
Study, 2008. Lifestyle factors associated with age-related differences in body
composition: the Florey Adelaide Male Aging Study. Am. J. Clin. Nutr. 88 (1), 95–104.

Besson, H., Ekelund, U., Luan, J., et al., 2009. A cross-sectional analysis of physical
activity and obesity indicators in European participants of the EPIC-PANACEA
study. Int. J. Obes. 33 (4), 497–506 (Lond).

Basterra-Gortari, F.J., Forga, L., Bes-Rastrollo, M., Toledo, E., Martínez, J.A., Martínez-
González, M.A., 2010. Effect of smoking on bodyweight: longitudinal analysis of the
SUN cohort. Rev. Esp. Cardiol. 63 (19), 20–27.

Beunza, J.J., Toledo, E., Hu, F.B., et al., 2010. Adherence to theMediterraneandiet, long-term
weight change, and incident overweight or obesity: the Seguimiento Universidad de
Navarra (SUN) cohort. Am. J. Clin. Nutr. 92 (6), 1484–1493.

Blade, C., Arola, L., Salvado, M.J., 2010. Hypolipidemic effects of proanthocyanidins and
their underlying biochemical andmolecular mechanisms. Mol. Nutr. Food Res. 54 (1),
37–59.

Canoy, D., Boekholdt, S.M., Wareham, N., et al., 2007. Body fat distribution and risk of
coronary heart disease in men and women in the European prospective investigation
into cancer and nutrition in Norfolk cohort: a population-based prospective study.
Circulation 116 (25), 2933–2943.

Chiolero, A., Wietlisbach, V., Ruffieux, C., Paccaud, F., Cornuz, J., 2006. Clustering of risk
behaviors with cigarette consumption: a population-based survey. Prev. Med. 42 (5),
348–353.

Chiolero, A., Jacot-Sadowski, I., Faeh, D., Paccaud, F., Cornuz, J., 2007. Association of
cigarettes smoked daily with obesity in a general adult population. Obesity (Silver
Spring). 15 (5), 1311–1318.

Chiolero, A., Faeh, D., Paccaud, F., Cornuz, J., 2008. Consequences of smoking for body
weight, body fat distribution, and insulin resistance. Am. J. Clin. Nutr. 87 (4), 801–809.

Elosua, R., Marrugat, J., Molina, L., Pons, S., Pujol, E., 1994. Validation of the Minnesota
Leisure Time Physical Activity Questionnaire in Spanish men. The MARATHOM
investigators. Am. J. Epidemiol. 139 (12), 1197–1209.

Elosua, R., Garcia, M., Aguilar, A., Molina, L., Covas, M.I., Marrugat, J., 2000. Validation of
the Minnesota Leisure Time Physical Activity Questionnaire in Spanish Women.
Investigators of the MARATDON group. Med. Sci. Sports Exerc. 32 (8), 1431–1437.

Estruch, R., Sacanella, E., Badia, E., et al., 2004. Different effects of red wine and gin
consumption on inflammatory biomarkers of atherosclerosis: a prospective random-
ized crossover trial. Effects ofwine on inflammatorymarkers. Atherosclerosis 175 (1),
117–123.

Estruch, R., Martinez-Gonzalez, M.A., Corella, D., et al., 2006. Effects of a Mediterranean-
style diet on cardiovascular risk factors: a randomized trial. Ann. Intern.Med. 145 (1),
1–11.

Estruch, R., Sacanella, E., Mota, F., Chiva-Blanch, G., Antuneza, E., Casals, E., et al., 2011.
Moderate consumption of red wine, but not gin, decreases erythrocyte superoxide
dismutase activity: a randomised cross-over trial. Nutr. Metab. Cardiovasc. Dis. 21 (1),
46–53.

Fernandez-Ballart, J.D., Pinol, J.L., Zazpe, I., et al., 2010. Relative validity of a semi-
quantitative food-frequency questionnaire in an elderly Mediterranean population of
Spain. Br. J. Nutr. 103 (12), 1808–1816.

Flegal, K.M., Graubard, B.I., Williamson, D.F., Gail, M.H., 2007. Cause-specific excess
deaths associated with underweight, overweight, and obesity. JAMA. 298 (17),
2028–2037.

Guh, D.P., Zhang, W., Bansback, N., Amarsi, Z., Birmingham, C.L., Anis, A.H., 2009.
The incidence of co-morbidities related to obesity and overweight: a systematic
review and meta-analysis. BMC Public Health 988.
Gunzerath, L., Faden, V., Zakhari, S., Warren, K., 2004. National Institute on Alcohol
Abuse and Alcoholism report on moderate drinking. Alcohol. Clin. Exp. Res. 28 (6),
829–847.

Heber, D., 2010. An integrative view of obesity. Am. J. Clin. Nutr. 91 (1), 280S–283S.
Khaw, K.T., Wareham, N., Bingham, S., Welch, A., Luben, R., Day, N., 2008. Combined

impact of health behaviours and mortality in men and women: the EPIC-Norfolk
prospective population study. PLoS Med. 5 (1), e12.

Kirkegaard, H., Johnsen, N.F., Christensen, J., Frederiksen, K., Overvad, K., Tjonneland, A.,
2010. Association of adherence to lifestyle recommendations and risk of colorectal
cancer: a prospective Danish cohort study. BMJ 341c5504.

Knoops, K.T., de Groot, L.C., Kromhout, D., et al., 2004. Mediterranean diet, lifestyle factors,
and 10-yearmortality in elderly Europeanmen and women: the HALE project. JAMA.
292 (12), 1433–1439.

Koh-Banerjee, P., Chu, N.F., Spiegelman, D., et al., 2003. Prospective study of the
association of changes in dietary intake, physical activity, alcohol consumption, and
smoking with 9-y gain in waist circumference among 16 587 US men. Am. J. Clin.
Nutr. 78 (4), 719–727.

Kvaavik, E., Batty, G.D., Ursin, G., Huxley, R., Gale, C.R., 2010. Influence of individual and
combined health behaviors on total and cause-specific mortality inmen andwomen:
the United Kingdom health and lifestyle survey. Arch. Intern. Med. 170 (8), 711–718.

Lahti-Koski, M., Pietinen, P., Heliovaara, M., Vartiainen, E., 2002. Associations of body
mass index and obesity with physical activity, food choices, alcohol intake, and
smoking in the 1982–1997 FINRISK studies. Am. J. Clin. Nutr. 75 (5), 809–817.

Lee, C.M., Huxley, R.R., Wildman, R.P., Woodward, M., 2008. Indices of abdominal obesity
are better discriminators of cardiovascular risk factors than BMI: a meta-analysis.
J. Clin. Epidemiol. 61 (7), 646–653.

Leite, M.L., Nicolosi, A., 2006. Lifestyle correlates of anthropometric estimates of body
adiposity in an Italian middle-aged and elderly population: a covariance analysis.
Int. J. Obes. (Lond.) 30 (6), 926–934.

Martinez-Gonzalez, M.A., Fernandez-Jarne, E., Serrano-Martinez, M., Wright, M.,
Gomez-Gracia, E., 2004. Development of a short dietary intake questionnaire for
the quantitative estimation of adherence to a cardioprotective Mediterranean diet.
Eur. J. Clin. Nutr. 58 (11), 1550–1552.

Martínez-González, M.A., Corella, D., Salas-Salvadó, J., et al., 2010. Cohort profile: design
andmethods of the PREDIMED study. Int. J. Epidemiol. 1–9. http://dx.doi.org/10.1093/
ije/dyq250. Article online in advance of print..

Mataix Verdú, F.J., 2003. Universidad de Granada, Instituto de Nutrición y Tecnología de
Alimentos. Tabla de composición de alimentos. Instituto de Nutrición y Tecnología de
Alimentos, Granada.

Molenaar, E.A., Massaro, J.M., Jacques, P.F., et al., 2009. Association of lifestyle factors
with abdominal subcutaneous and visceral adiposity: the FraminghamHeart Study.
Diabetes Care 32 (3), 505–510.

Mosher, C.E., Sloane, R., Morey,M.C., et al., 2009. Associations between lifestyle factors and
quality of life amongolder long-termbreast, prostate, and colorrectal cancer survivors.
Cancer 115 (17), 4001–4009.

Myint, P.K., Luben, R.N.,Wareham, N.J., Bingham, S.A., Khaw, K.T., 2009. Combined effect of
health behaviours and risk of first ever stroke in 20,040 men and women over
11 years' follow-up in Norfolk cohort of European Prospective Investigation of Cancer
(EPIC Norfolk): prospective population study. B.M.J. 338, b349.

National Institutes of Health, 1998. Clinical guidelines on the identification, evaluation,
and treatment of overweight and obesity in adults—the evidence report. Obes. Res.
6 (Suppl 2), 51S–209S.

Ong, S.K., Fong, C.W., Ma, S., et al., 2009. Longitudinal study of the socio-demographic
determinants of changes in body weight and waist circumference in a multi-ethnic
Asian population. Int. J. Obes. (Lond.) 33 (11), 1299–1308.

Pischon, T., Boeing, H., Hoffmann, K., et al., 2008. General and abdominal adiposity and
risk of death in Europe. N. Engl. J. Med. 359 (20), 2105–2120.

Raben, A., Agerholm-Larsen, L., Flint, A., Holst, J.J., Astrup, A., 2003. Meals with similar
energy densities but rich in protein, fat, carbohydrate, or alcohol have different effects
on energy expenditure and substrate metabolism but not on appetite and energy
intake. Am. J. Clin. Nutr. 77 (1), 91–100.

Romaguera, D., Norat, T., Vergnaud, A.C., et al., 2010. Mediterranean dietary patterns
and prospective weight change in participants of the EPIC-PANACEA project. Am. J.
Clin. Nutr. 92 (4), 912–921.

Salas-Salvado, J., Rubio, M.A., Barbany, M., Moreno, B., Grupo Colaborativo de la SEEDO,
2007. SEEDO 2007 Consensus for the evaluation of overweight and obesity and
the establishment of therapeutic intervention criteria. Med. Clin. (Barc.) 128 (5),
184–196.

Sánchez-Taínta, A., Estruch, R., Bulló, M., et al., 2008. Adherence to a Mediterranean-
type diet and reduced prevalence of clustered cardiovascular risk factors in a cohort
of 3,204 high-risk patients. Eur. J. Cardiovasc. Prev. Rehabil. 15 (5), 589–593.

Sayon-Orea, C., Bes-Rastrollo, M., Nunez-Cordoba, J.M., Basterra-Gortari, F.J., Beunza, J.J.,
Martinez-Gonzalez, M.A., 2011. Type of alcoholic beverage and incidence of
overweight/obesity in aMediterranean cohort: the SUN project. Nutrition. 27(7–8),
802–808.

Schröder, H., 2007. Protective mechanisms of the Mediterranean diet in obesity and
type 2 diabetes. J. Nutr. Biochem. 18 (3), 149–160.

Schröder, H., Fitó, M., Estruch, R., et al., 2011. A short screener is valid for assessing
Mediterranean diet adherence among older Spanish men and women. J. Nutr. Apr
20. [Epub ahead of print].

Stampfer, M.J., Hu, f.b., Manson, J.E., Rimm, E.B., Willet, W.C., 2000. Primary prevention of
coronary heart disease in women through diet and lifestyle. N. Engl. J. Med. 343,
16–22.

Sugiyama, T., Xie, D., Graham-Maar, R.C., Inoue, K., Kobayashi, Y., Stettler, N., 2007.
Dietary and lifestyle factors associated with blood pressure among U.S. adolescents.
J. Adolesc. Health. 40 (2), 166–172.

http://dx.doi.org/10.1093/ije/dyq250
http://dx.doi.org/10.1093/ije/dyq250


161M. Bulló et al. / Preventive Medicine 53 (2011) 155–161
Travier, N., Agudo, A., May, A.M., et al., 2009. Smoking and body fatness measurements:
a cross-sectional analysis in the EPIC-PANACEA study. Prev. Med. 49 (5), 365–373.

Wilsgaard, T., Jacobsen, B.K., Arnesen, E., 2005. Determining lifestyle correlates of body
mass indexusingmultilevel analyses: the Tromso Study, 1979–2001. Am. J. Epidemiol.
162 (12), 1179–1188.
WorldHealth Organization, 2006. Fact sheet no. 311: obesity and overweight. Available at
http://www.who.int/mediacentre/factsheets/fs311/en/index.html. 2006 Accessed on
23/08/2010.

Yeomans, M.R., 2010. Alcohol, appetite and energy balance: is alcohol intake a risk
factor for obesity? Physiol. Behav. 100 (1), 82–89.

http://www.who.int/mediacentre/factsheets/fs311/en/index.html

	Association between a healthy lifestyle and general obesity and abdominal obesity in
an elderly population at high cardiovascular risk
	Introduction
	Subjects and methods
	Subjects
	Measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflict of interest statement
	Acknowledgments
	Supplementary data

	References


