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BACKGROUND: Public health strategies targeting multiple healthy behaviors, rather than individual
factors, have been proposed as more efficient strategies to promote cardiovascular health. However, the
additive effect of multiple targets on primary prevention has not been fully characterized.

OBJECTIVE: To examine how adherence to multiple healthy behaviors is associated with the pres-
ence of subclinical atherosclerosis, a measure of early cardiovascular disease.

METHODS: Analysis of a baseline data from 1798 middle-aged men from the Aragon Workers
Health Study conducted between 2009 and 2010. Healthy behaviors were defined according to Amer-
ican Heart Association recommendations, aligned with Spanish Nutritional recommendations and
included moderate alcohol consumption, smoking abstinence, no abdominal adiposity, decreased sed-
entarism, and adherence to Alternate Mediterranean Dietary Index. Presence of coronary artery cal-
cium and plaques in femoral and carotid was quantified by a 16-slice computed tomography scanner
and 2D ultrasound.

RESULTS: Moderate alcohol consumption, as well as adherence to Mediterranean diet is indepen-
dently associated with a 6% lower risk of having subclinical atherosclerosis. Smoking abstinence is
associated with a 11% lower risk of subclinical atherosclerosis. Those who follow 3 lifestyle behav-
iors (Mediterranean diet, nonsmoking, and moderate alcohol intake) have 18% lower odds of
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presenting subclinical atherosclerosis compared with those who do not follow these protective life-
style habits.

CONCLUSION: Adoption of multiple healthy lifestyle behaviors early in life could be a key strat-
egy to tackle the onset of atherosclerosis and reduce cardiovascular disease burden.
� 2018 National Lipid Association. All rights reserved.
Introduction

Atherosclerosis is directly related to coronary heart
disease (CHD) and affects a relatively young population.1

American Heart Association considered CHD preventable
through the lifestyle modifications such as limitation in
alcohol consumption, smoking cessation, and physical
activity, adherence to healthy diet, healthy weight mainte-
nance, reduced stress, and control of blood cholesterol,
blood pressure, and glucose levels.2

Studies have shown that unhealthy behaviors are prev-
alent, with most adults exhibiting more than 1 at a time in
what is called a cluster of unhealthy lifestyles.3 The US
National Health Survey of 16,818 adults revealed that
a combination of at least 2 of the following lifestyle
behaviors—excessive alcohol, cigarette smoking, over-
weight or physical inactivity—was prevalent among half
of the US population.4 Thus, by addressing not only indi-
vidual behavioral risk factors, but rather their combined
effect, intervention strategies for cardiovascular health pro-
motion could enhance their effectiveness.

Few studies have investigated the combined effect of
adherence to multiple lifestyle factors on cardiovascular
disease (CVD) mortality. Thus, Odegaard et al reported that
those having at least 5 protective lifestyle factors (dietary
pattern, physical activity, alcohol intake, usual sleep, smok-
ing status, and bodymass index) had one-fourth of the risk of
CVDmortality compared to thosewith no protective lifestyle
factors.5 In another study by Knoops et al, the authors esti-
mated that lack of adherence to healthy lifestyle consisted
of Mediterranean dietary pattern, moderate alcohol con-
sumption, physical activity, and being nonsmoker accounted
for a 64%of deaths fromCHD and 61% fromCVD.6 In terms
of assessing how those lifestyle factors are associate with the
early stage of the CHDmost previous studies investigated the
relationship between the combination of lifestyle behaviors
and coronary artery calcification (CAC),7–9 or intima-
media thickness (IMT)10,11 as markers of subclinical athero-
sclerosis.12 CAC score (CACS) is considered a major predic-
tor of CHD,13 a score of 0 being associated with only a 1%
probability of having a cardiac event,14 whereas an elevated
score, above 0, has been shown to be associated with a 10-
fold increase in the risk of a cardiac event.13 Noteworthy,
the limitation of CACS as a marker of atherosclerosis is
that it can only be identified at late stages of disease progres-
sion, which makes it inadequate for its use in asymptomatic
individuals. With respect to IMT, some studies have sug-
gested a weak correlation with coronary atherosclerosis.15

To date, there are a limited number of studies exploring the
association between direct indicators of atherosclerosis,
such as the presence of atherosclerotic plaques, and adher-
ence to lifestyle behaviors. Moreover, most of them focus
on atherosclerotic plaques located in carotid arteries. Assess-
ment of femoral plaque compared with carotid might poten-
tially become a useful tool in predicting CHD as it has been
shown to be better correlated with traditional CVD risk fac-
tors.16 Therefore, in this studywe aim to explore the relation-
ship between adherence to multiple healthy lifestyle
behaviors and presence of plaques in the femoral artery as
well as other markers of subclinical atherosclerosis.
Methods

Study participants

The Aragon Workers Health Study (AWHS) is a longi-
tudinal cohort study aiming to investigate the determinants
of the development and progression of metabolic abnor-
malities and subclinical atherosclerosis among CVD-free
middle-aged population. The participants were recruited
between February 2009 and December 2010. The details of
the study are described in detail elsewhere.17 The present
study was performed on a sample of 1933 participants
aged 40–55 y with complete baseline dietary, lifestyle
and imaging data. Owing to the low percentage of females
in AWHS and recognizing the differential effect of gender
on health behaviors, we excluded female participants
(N 5 135, 0.5% of the sample). The final sample available
for analysis was of 1798. The Central Institutional Review
Board of Arag�on approved the study, and written informed
consent was obtained from all study participants.

Assessment of lifestyle behaviors

Information on lifestyle behaviors were collected using
food frequency questionnaire and physical activity ques-
tionnaires previously validated for Spain.18,19 Dietary
energy, macronutrient and micronutrient intakes were
derived using the Spanish food composition tables.20,21

The variables used in the analyses were defined as follows:
(1) alcohol: taking into account that there is no universal
definition for moderate alcohol consumption, we have
examined the evidence from several studies,22–24 dietary
guidelines for Spanish population, which includes optional
moderate alcohol intake in the form of wine or beer,25 rec-
ommendations given by American Heart Association,26 and
considered the following categories for alcohol
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consumption: nondrinkers or excess drinkers (more than
30 grams of ethanol/d) vs moderate drinkers (no more
than 30 grams and not less than 10 grams of ethanol/d);
(2) smoking: nonsmokers combined with ex-smokers vs
current smokers; (3) physical activity: as a proxy for a
lack of physical activity we used the sitting time (h/d).
Two categories were used—spending less vs more than
5.5 hours a day sitting. Cutoff was based on the First tertile
of sitting time as well as previous work by the previously
published work by Dr Leon-Latre within AWHS cohort,
where it was observed that those who on average spend
5.5 h/d and less sitting had lower glucose, and c-reactive
protein, whereas those who is being sedentary for 5.5 h/
d and more had increased body mass index (BMI), waist
circumference (WC), and insulin level 27; (4) diet: we
used the Alternate Mediterranean Dietary Index (aMED)
score.28 Two categories were used: aMED score from
0 to 4 vs aMED score from 5 to 9 (cutoff based on the me-
dian of the sample). Healthy lifestyle behaviors were
defined as follows 26: moderate alcohol consumption,
nonsmoking, normal WC (#102 cm),29 sitting time less
than 5.5 h/d, and aMED score higher than 5. The variables
for combined lifestyle analysis were considered as follows:
(1) aMED score more than 5 and moderate alcohol con-
sumption vs aMED score less than 5 and nondrinkers/
excess drinkers (category used as a reference); (2) aMED
score more than 5, moderate alcohol consumption, and
nonsmoking vs aMED score less than 5, nondrinkers or
excess drinkers, and current smoking (category used as a
reference); (3) aMED score more than 5, moderate alcohol
consumption, nonsmoking, and no abdominal adiposity vs
aMED score less than 5, nondrinkers or excess drinkers,
current smoking, and abdominal adiposity (category used
as a reference); (4) aMED score more than 5, moderate
alcohol consumption, nonsmoking, no abdominal adiposity,
and sitting time less than 5.5 h/d vs aMED score less than 5,
nondrinkers or excess drinkers, current smoking, abdominal
adiposity, and sitting time more than 5.5 h/d (category used
as a reference).

Assessment of subclinical atherosclerosis

A 16-slice computed tomography scanner (Philips
Brillians, Philips Healthcare, Andover, MA) with noncon-
tract prospective electrocardiography-gated acquisition and
Agatston equation was used to quantify CACS.30 The
following categories of CACS were computed:
CACS 5 0 and CACS .0.31 The assessment of atheroscle-
rotic plaques was performed in bilateral carotid and femoral
arteries using 2D ultrasound (Philips iU22 ultrasound, Phi-
lips Healthcare, Bothell, Washington) by a cross-sectional
sweep of aforementioned territories. Plaque was defined
as a ‘‘focal structure that protrudes into the lumen of the ca-
rotid artery at least 0.5 mm or $50% thicker than the sur-
rounding IMT’’.32 Presence of subclinical atherosclerosis
was defined as the presence of at least 1 plaque in any of
the territories and/or CACS .0.
Clinical, anthropometric, and laboratory data
and other variables

Protocols for data collection are described in detail
elsewhere.17 The data on medication use, hospitalization
occurred over a past year, anthropometric measurements,
blood pressure, and heart ratewere collected at the clinical ex-
amination. Samples of fasting blood and urine were collected
and stored for laboratory analysis. Data on sociodemographic
and lifestyle variables were self-reported and included age,
level of complete education, working shifts, smoking status,
and sitting time. Traditional CVD risk factors were defined ac-
cording to European guidelines as follows: blood pressure
$140/90mmHg (130/80 in participants with diabetes) or cur-
rent use of antihypertensive medication determined the pres-
ence of hypertension33; total cholesterol $190 mg/dL
(4.9 mmol/L) or use of medication determined a presence of
hypercholesterolemia34; a fasting serum glucose $126 mg/
dL (7.0 mmol/L), or a HbA1c $6.5% or use of medication
determined the presence of diabetes.35

Statistical analysis

T-test for continuous variables and chi-square test for
categorical variables were used to compare the data between
categories. The major demographic, lifestyle, and dietary
factors related to subclinical atherosclerosis and its markers
were identified by backward stepwise logistic regression.
Each block was run independently and the results of the
model were unadjusted. Multivariate adjusted Poisson
regression models with robust estimates were used to assess
the association between lifestyle behaviors (assessing its
individual as well as additive effects) and presence of
plaques, CACS, and subclinical atherosclerosis. The inclu-
sion of covariates in the model was based on the assessment
of sociodemographic, clinical, and lifestyle variables. Those
variables that significantly differed between the groups in the
descriptive analysis (P,.05) as well as significantly contrib-
uted to the presence of the atherosclerosis and its markers
identified by backward stepwise logistic regression model
were included in the model. The fully adjusted model
included age (years), education (incomplete high school
degree/high school degree/college degree), hypertension
(yes/no), hypercholesterolemia (yes/no), and diabetes (yes/
no). The number of lifestyle behaviors (cont.) and presence
of subclinical atherosclerosis was assessed by fully adjusted
Poisson regression models with robust estimates. All statisti-
cal analyses were undertaken using SPSS v. 23 (IBM Corp.,
Armonk, NY).
Results

Participants presenting at least one plaques in carotid or
femoral territories and increased CACS were more likely to
be older, have lower educational level, being current
smokers, present hypercholesterolemia, diabetes,
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hypertension, as well as increased BMI and WC. Accord-
ingly, these participants tended to have higher levels of total
cholesterol, low-density lipoprotein cholesterol, triglycer-
ides, apolipoprotein B, HbA1c, HOMA-IR, glucose and
insulin level, as well as lower apolipoprotein A1 and high-
density lipoprotein cholesterol levels (Table 1). Moreover,
they were less likely to engage in moderate to vigorous
physical activity, more likely to have increased alcohol con-
sumption, and smoke (16–17 cigarettes a day on average).
However, those participants presenting plaque in the ca-
rotids had a higher adherence to Mediterranean dietary
pattern, whereas those with plaques in the femorals, or
CACS .0 were more likely to score lower on aMED scale.

The main factors related to the presence of subclinical
atherosclerosis were mainly increased age, and traditional
CVD risk factors, such as hypertension, hypercholesterole-
mia, and diabetes (Table 2). An age increase was associated
with significant increase in the risk of having plaque in ca-
rotids, femorals, CACS .0, and subclinical atherosclerosis
(P,.001). Higher education status was significantly associ-
ated with 24% (P 5 .013) lower risk of plaque in femorals
(P ,.001). Among traditional CVD risk factors, smoking,
and hypertension were the main factors related to the pres-
ence of subclinical atherosclerosis (odds ratio [OR] 5 3.41,
95% confidence interval [CI]: 2.29; 5.06; OR 5 3.62, 95%
CI: 2.32; 5.63). Hypertension was the main factor related to
the presence of plaque in carotids and CACS
.0 (OR 5 1.94, 95% CI: 1.57; 2.41; OR 5 2.08, 95%
CI: 1.68; 2.58), whereas smoking determined the presence
of plaque in femorals (OR 5 3.13, 95% CI: 2.53; 3.88).
Assessment of the dietary factors showed that presence of
plaque in femorals is less likely to be related to increased
fruits (OR 5 0.63, 95% CI: 0.52, 0.77), whole grains con-
sumption (OR 5 0.72, 95% CI: 0.60, 0.86), and higher
MUFA/SFA ratio (OR 5 0.79, 95% CI: 0.65, 0.96). Exces-
sive alcohol consumption was the main determinant of sub-
clinical atherosclerosis (OR 5 1.63, 95% CI: 1.18; 2.25)
and its markers (ORfemorals 5 1.47, 95% CI: 1.21; 1.78;
ORcarotids 5 1.39, 95% CI: 1.14; 1.70; OR CACS

.0 5 1.48, 95% CI: 1.22; 1.80).
The analysis of the individual lifestyle factors (Table 3)

showed that being nonsmoker significantly associated with
a lower risk of having atherosclerosis in all territories (prev-
alence ratio [PR]femorals:0.64; 95% CI: 0.60; 0.69; PRcarotids:
0.81; 95% CI: 0.71; 0.91; PRCACS .0: 0.82; 95% CI: 0.73;
0.92; PRsubatherosclerosis: 0.89; 95% CI: 0.86; 0.93). Adher-
ence to Mediterranean diet is associated with lower risk
of having plaque in femorals (PR: 0.84; 95% CI: 0.78;
0.92) and decreased odds of presenting subclinical athero-
sclerosis (PR: 0.94; 95% CI: 0.91; 0.99); while moderate
alcohol consumption is associated with lower risk of
having atherosclerosis in all territories (PRfemorals: 0.90;
95% CI: 0.83; 0.98; PRCACS .0: 0.84; 95% CI: 0.74;
0.95; PRsubatherosclerosis: PR: 0.94; 95% CI: 0.89; 0.98),
except for having a plaque in carotid.

The analysis of the association between potential syn-
ergic effects of lifestyle factors and disease revealed that
the combination of an adherence to Mediterranean dietary
pattern, moderate alcohol intake, and being nonsmoker is
associated with 47% (P ,.001), 35% (P .01), and 18%
(P ,.01) lower risk of having femoral plaque, CACS .0,
and subclinical atherosclerosis. Complying with any 3 out
of 5 healthy lifestyle behaviors is associated with 16%
lower prevalence of subclinical atherosclerosis
(PR 5 0.84, 95% CI 5 0.73, 0.99, P , .05) (Fig. 1).
Discussion

In this analysis, we demonstrated that adherence to
multiple healthy lifestyles has an additive effect on sub-
clinical atherosclerosis measured by direct quantification of
the presence of plaques. Consumption of alcohol in
moderation, being nonsmoker, and an adherence to a
Mediterranean dietary pattern, was associated with a 47%
lower prevalence of plaques in the femoral territory, 35%
lower risk of CACS .0, and overall to an 18% lower
prevalence of subclinical atherosclerosis.

In our study, the moderate alcohol consumption was
observed to be associated with lower risk of having plaque
in femorals, CACS, and subclinical atherosclerosis. It has
been shown that moderate alcohol intake is associated with
a decline in fibrinogen, and lipoprotein (a) and increase in
apolipoprotein A1 and high-density lipoprotein concentra-
tions,36 which together might promote an antiatherogenic
effect. Prospective study reported a J-shaped relationship
between alcohol intake and CVD mortality and showing
that moderate alcohol consumers had lower risk than either
abstainers or heavy drinkers.37 Our findings also support
these results to some extent. Once abstainers were included
in the category of moderate drinking behavior we observed
that the risk of having CACS .0 increased by 4%, whereas
the risk of subclinical atherosclerosis increased by 3% and
the results became nonsignificant (Supplemental Table 1).
Therefore, we could assume that alcohol abstainers might
have a slightly higher risk of subclinical atherosclerosis
compared with moderate alcohol consumers. Cultural as-
pects as well as the type of alcohol typically consumed in
the area where the study was conducted might be an expla-
nation for the observed protective effect of alcohol. In
Spain, one of the major types of alcohol typically
consumed is wine, which is known for its cardiovascular
health–promoting benefits. Another aspect is that its con-
sumption traditionally takes place mostly during the meal,
which in some studies has been observed to offer more pro-
tection against atherosclerotic disease.38 Surprisingly, the
risk of having a plaque in the carotid arteries significantly
decreased by 16% in the fully adjusted model, once alcohol
abstainers were included in the category of moderate
drinkers. These findings could be partially explained by
the dietary behavior of alcohol abstainers, as they were
observed to have the lowest intake of sodium, processed
meat, together with the highest intakes of fiber and fruits.
Although the cardioprotective effect of higher fiber and



Table 1 Baseline characteristics of AWHS male population presented by the presence of plaque in femoral and carotid territories and CACS

Baseline characteristics

Plaque in femorals Plaque in carotids CACS Plaque and CACS

No plaque $1 plaque No plaque $1 plaque CACS 5 0 CACS.0
No plaque and
CACS 5 0

$1 plaque
and CACS.0

N 5 834 N 5 1115 N 5 1238 N 5 709 N 5 1190 N 5 759 N 5 232 N 5 556

Sociodemographics
Age (y) 50.8 6 3.98 52.2 6 3.41* 51.0 6 3.92 52.6 6 3.13* 50.9 6 3.95 52.7 6 3.04* 50.0 6 4.14 52.6 6 3.07*

Education level
, High school degree 405 (48.6) 617 (55.4) 619 (50.0) 403 (56.8) 592 (49.8) 430 (56.7) 99 (42.7) 315 (56.7)
High school degree 76 (9.10) 130 (11.7) 141 (11.4) 65 (9.20)* 126 (10.6) 80 (10.5) 28 (12.1) 56 (10.1)
College degree 43 (5.20) 34 (3.10)* 56 (4.50) 21 (3.00)* 50 (4.20) 27 (3.60) 15 (6.50) 20 (3.60)*

Working shift
Day shift 67 (8.00) 62 (5.60) 83 (6.70) 46 (6.50) 72 (6.10) 57 (7.50) 20 (8.60) 41 (7.40)
Rotation shift 691 (82.9) 927 (83.1) 1038 (83.8) 578 (81.5) 1002 (84.2) 616 (81.2) 191 (82.4) 450 (80.9)
Night shift 76 (9.10) 126 (11.3) 117 (9.50) 85 (12.0) 116 (9.70) 86 (11.3) 21 (9.10) 65 (11.7)

Traditional CVD factors
Hypercholesterolemia, n (%) 633 (82.3) 909 (88.3)* 951 (83.5) 590 (89.8)* 919 (84.4) 623 (87.9)* 172 (80.0) 458 (88.1)*

Total cholesterol (mg/dL) 220 6 36.0 223 6 35.6* 220 6 35.6 225 6 36.0* 221 6 35.6 223 6 36.1 216 6 35.0 224 6 35.9*

LDL cholesterol (mg/dL) 137 6 31.5 139 6 32.7 137 6 31.7 141 6 32.9* 138 6 31.3 139 6 33.6 133 6 31.0 140 6 33.8*

HDL cholesterol (mg/dL) 54.4 6 11.5 51.2 6 10.8* 53.3 6 11.7 51.3 6 10.2* 53.2 6 11.7 51.6 6 10.4* 54.3 6 10.9 51.6 6 10.2*

Triglycerides (mg/dL) 142 6 88.3 164 6 106* 150 6 99.4 164 6 99.0* 150 6 97.7 162 6 102* 142 6 93.6 161 6 102*

Apolipoprotein A1 147 6 19.4 142 6 18.2* 145 6 19.3 143 6 17.9* 145 6 19.0 142 6 18.5* 146 6 17.4 142 6 18.4*

Apolipoprotein B 103 6 22.6 108 6 22.0* 104 6 22.3 109 6 22.3* 104 6 22.2 108 6 22.4* 99.0 6 23.3 110 6 22.6*

Apolipoprotein A1/
apolipoprotein B

0.71 6 0.19 0.77 6 0.19* 0.73 6 0.19 0.77 6 0.19* 0.73 6 0.19 0.77 6 0.19* 0.69 6 0.19 0.79 6 0.19*

Hypertension, n (%) 176 (22.9) 333 (32.4)* 263 (23.1) 246 (37.4)* 239 (21.9) 270 (38.1)* 29 (13.5) 177 (34.0)*

SBP (mm Hg) 123 6 12.9 128 6 14.7* 124 6 13.7 128 6 14.5* 124 6 13.3 128 6 15.0* 121 6 11.6 127 6 14.5*

DBP (mm Hg) 81.9 6 9.09 83.9 6 9.52* 82.4 6 9.37 84.2 6 9.33* 82.5 6 9.24 83.9 6 9.55* 80.7 6 8.45 83.7 6 9.20*

Diabetes, n (%) 27 (3.50) 77 (7.50)* 49 (4.30) 55 (8.40)* 38 (3.50) 66 (9.30)* 7 (3.30) 41 (7.90)*

Glucose (mg/dL) 97.9 6 16.1 98.8 6 18.4 97.5 6 16.0 100 6 19.6* 97.4 6 15.6 100 6 19.9* 98.6 6 20.7 98.9 6 17.6
Insulin (mU/mL) 7.38 6 5.44 8.25 6 5.96* 7.60 6 5.68 8.35 6 5.88* 7.66 6 5.54 8.20 6 6.06 7.20 6 5.37 7.74 6 5.75
HOMA_IR 1.86 6 1.59 2.09 6 1.82* 1.90 6 1.69 2.14 6 1.78* 1.90 6 1.59 2.13 6 1.91* 1.84 6 1.65 1.99 6 1.76
HOMA_B 81.8 6 69.9 93.5 6 80.0* 86.4 6 74.5 92.1 6 78.5 87.4 6 70.4 90.0 6 83.7 76.2 6 48.4 83.3 6 65.4
HbA1c 5.49 6 0.49 5.61 6 0.60* 5.52 6 0.52 5.61 6 0.62* 5.52 6 0.53 5.61 6 0.59* 5.45 6 0.59 5.59 6 0.57*

Abdominal obesity, n (%) 227 (28.3) 356 (32.8)* 341 (28.7) 242 (34.8)* 329 (28.7) 254 (34.3)* 54 (24.3) 158 (29.2)
Waist circumference (cm) 96.9 6 9.12 98.3 6 8.82* 97.1 6 8.84 98.7 6 9.12* 97.1 6 8.90 98.6 6 9.00* 95.5 6 9.07 97.6 6 8.61*

Body mass index (BMI) (kg/m2) 27.6 6 3.41 27.9 6 3.33 27.6 6 3.25 28.1 6 3.55* 27.6 6 3.34 28.1 6 3.38* 27.1 6 3.11 27.8 6 3.26*

30 . BMI $ 25 464 (56.0) 640 (57.5) 700 (56.8) 404 (57.1) 657 (55.4) 447 (59.0)* 128 (55.4) 341 (61.4)*

BMI $ 30 186 (22.4) 264 (23.7) 273 (22.2) 176 (24.9) 263 (22.2) 187 (24.7)* 43 (18.6) 118 (21.3)*

Lifestyle
MPA (h/wk) 3.76 6 5.23 2.84 6 4.67* 3.45 6 5.12 2.86 6 4.58* 3.35 6 4.96 3.06 6 4.90 3.86 6 5.28 3.03 6 4.85*

VPA (h/wk) 1.11 6 2.89 0.84 6 2.55* 1.05 6 2.84 0.79 6 2.44* 1.00 6 2.75 0.90 6 2.63 1.36 6 3.10 0.93 6 2.68*
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fruit intakes and salt restriction is well known, processed
meat consumption on a regular basis was recently shown
to be associated with the slightly higher risk of developing
heart disease.39 Not only healthier dietary behavior, but
lower plasma concentration of triglycerides together with
decreased systolic and diastolic blood pressure observed
among this group of participants might have resulted in a
beneficial effect of alcohol restriction on the presence of
an atherosclerotic plaque in carotid arteries.

Adherence to a Mediterranean dietary pattern in our
study was significantly associated with a lower prevalence
of plaques in the femoral arteries and subclinical athero-
sclerosis, but not with CACS, which was rather unexpected
taking into account the fact that there is extensive evidence
demonstrating the beneficial role of a Mediterranean diet in
prevention of CVD.40 We hypothesized that a lack of an as-
sociation with CACS be due to the homogeneity of the di-
etary habits of our sample, as it was observed in our
previous research.41 Interestingly, participants with at least
1 plaque in the carotid arteries were observed to have better
adherence to a Mediterranean dietary pattern as well as
higher total cholesterol concentration, low-density
lipoprotein cholesterol, increased presence of abdominal
obesity, excessive alcohol consumption, and being current
smokers. Thus, we could hypothesize that these participants
have changed their diet during the past year to address the
health-related issues, and therefore, we see the lack of the
association with respect to diet, or those factors mentioned
previously have overcome a cardioprotective effect of an
adherence to a Mediterranean dietary pattern.

Participants presenting at least 3 of 5 cardioprotective
behaviors including moderate alcohol consumption, smok-
ing abstinence, and adherence to a Mediterranean diet had
an 18% lower odds of presenting subclinical atheroscle-
rosis. Our findings are in line with MESA study, which
reported a 46% lower risk of having increased CAC in
those who never smoked, maintained a healthy body
weight, performed .150 min/wk of moderate or
.75 min/wk of vigorous physical activity, and followed a
Mediterranean dietary pattern.42 Another prospective
cohort showed that an overall healthy behavior including
moderate alcohol consumption along with smoking absti-
nence, presence of WC ,95 cm, daily physical activity
(walking/bicycling $40 min/d and exercising $1 h/wk),
and presenting higher Recommended Food Score is respon-
sible for the prevention of 79% of the myocardial infarction
events.43 A point to consider is that the adherence to this
healthy lifestyle pattern in our study was not prevalent ac-
counting for only 5.4% of the population presenting ‘‘ideal
healthy lifestyle’’. Supposedly this might reflect either the
lack of successful public health interventions targeting
middle-age men or the existence of barriers to adopt this
ideal lifestyle. Taking into account the amount of time
spent at the workplace, these findings are essential for
workplace health promotion professionals and might serve
as an important key message for public health
interventions.



Table 2 Demographic, lifestyle, and dietary factors related to the presence of plaques, CACS .0, and subclinical atherosclerosis

Factor Categories N (%)

Plaque in femorals Plaque in carotid CACS .0 Subclincial atherosclerosis

OR 95 % CI

Demographic factors
Age 40–44 y 124 (6.9) (ref) (ref) (ref) (ref)

45–49 y 442 (24.6) 1.83 (1.20; 2.79) 2.96 (1.14; 3.38) 2.30 (1.33; 4.13) 3.18 (1.49; 6.80)
50–54 y 814 (45.3) 3.11 (2.11; 4.73) 4.14 (2.46; 6.95) 5.30 (3.08; 9.12) 8.71 (4.15; 18.5)
$55 y 418 (23.2) 3.73 (2.43; 5.71) 5.07 (2.97; 8.66) 7.61 (4.35; 13.3) 11.6 (5.29; 15.6)

Education , High school degree 937 (52.1) (ref) (ref)
High school degree 190 (10.6) 1.18 (0.85; 1.63)
College degree 670 (37.3) 0.73 (0.60; 0.94) 0.66 (0.46; 0.94)

Traditional CVD factors
Smoking No (ref) (ref) (ref) (ref)

Yes 1153 (64.1) 3.13 (2.53; 3.88) 1.38 (1.13; 1.70) 1.33 (1.09; 1.63) 3.41 (2.29; 5.06)
Hypertension No (ref) (ref) (ref) (ref)

Yes 1289 (71.7) 1.66 (1.33; 2.08) 1.94 (1.57; 2.41) 2.08 (1.68; 2.58) 3.62 (2.32; 5.63)
Hypercholesterolemia No (ref) (ref) (ref) (ref)

Yes 1542 (85.8) 1.68 (1.27; 2.22) 1.71 (1.27; 2.31) 1.30 (0.98; 1.73) 1.82 (1.15; 2.85)
Diabetes No (ref) (ref) (ref)

Yes 104 (5.80) 1.81 (1.13; 2.89) 1.61 (1.07; 2.43) 2.25 (1.47; 3.42)
aMED score components
Fruits Less than a median (ref)

More than a median 886 (49.3) 0.63 (0.52; 0.77)
Whole grains Less than a median (ref)

More than a median 792 (44.0) 0.72 (0.60; 0.86)
Fish Less than a median

More than a median 863 (48.0)
MUFA/SFA Less than a median (ref)

More than a median 885 (49.2) 0.79 (0.65; 0.96)
Red meat Less than a median

More than a median 887 (49.3)
Alcohol Less than a median (ref) (ref) (ref) (ref)

More than a median 739 (41.1) 1.47 (1.21; 1.78) 1.39 (1.14; 1.70) 1.48 (1.22; 1.80) 1.63 (1.18; 2.25)

CACS, coronary artery calcification score; MUFA, monounsaturated fatty acids; SFA, saturated fatty acids; OR, odds ratio; CI, confidence interval; ref, reference.

Each model (each block) was run independently. Unadjusted models.

Determinants identified on the basis of a backward stepwise logistic regression model. All variables are categorical.
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Table 3 Adjusted prevalence ratios PR (95% CI)† for the presence of plaques, CACS.0, and subclinical atherosclerosis by individual
and combined lifestyle behaviors and adiposity

Lifestyle behaviors and adiposity Plaque femoral Plaque carotid CACS .0 Atherosclerosis

Individual behaviors
[ Diet 0.84(0.78;0.92)* 1.03 (0.91; 1.16) 0.92 (0.82; 1.03) 0.94(0.91;0.99)**
Y Alcohol 0.90 (0.83;0.98)*** 1.04 (0.92; 1.18) 0.84(0.74;0.95)** 0.94(0.89;0.98)**
Y Smoking 0.64 (0.6;0.69)* 0.81(0.71;0.91)* 0.82(0.73;0.92)* 0.89(0.86;0.93)*
Y Adiposity 0.97 (0.89; 1.06) 0.93 (0.82; 1.06) 1.00 (0.88; 1.12) 1.02 (0.97; 1.06)
Y Sedentarism 0.93 (0.86; 1.01) 0.92 (0.82; 1.04) 1.02 (0.91; 1.14) 0.97 (0.93; 1.02)

Multiple behaviors
[ Diet 0.84 (0.78;0.92)* 1.03 (0.91; 1.16) 0.92 (0.82; 1.03) 0.93(0.89;0.98)**
[ Diet 1 Y Alcohol 0.77 (0.68; 0.87)* 1.04 (0.87; 1.23) 0.79 (0.66; 0.93)** 0.89 (0.84; 0.95)**
[ Diet 1 Y Alcohol 1 Y Smoking 0.53 (0.46; 0.62)* 0.95 (0.76; 1.18) 0.65 (0.52; 0.81)* 0.82 (0.75; 0.88)*
[ Diet 1 Y Alcohol 1 Y Smoking
1 Y Adiposity

0.51 (0.42; 0.62)* 0.94 (0.68; 1.29) 0.63 (0.46; 0.87)** 0.83 (0.75; 0.92)**

[ Diet 1 Y Alcohol 1 Y Smoking
1 Y Adiposity 1 YSedentarism

0.43 (0.33; 0.58)* 0.86 (0.57; 1.29) 0.69 (0.45; 1.04) 0.82 (0.71; 0.95)**

CACS, coronary artery calcification score; PR, prevalence ratio; CI, confidence interval.

[ Diet, having aMED score 5 or more; Y Alcohol, moderate alcohol consumption; Y Smoking, nonsmoking; Y Adiposity, low WC; Y Sedentarism,

sitting time less than 5.5 h/d.

*P , .001; ** P , .01;*** P , .05.

†Multivariable (age, education level, and presence of diabetes, hypertension, or hypercholesterolemia) adjusted Poisson regression model with robust

estimate.
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Our study has several worth mentioning strengths and
limitations. One of the major strength of our study is the
possibility to evaluate the effect of a healthy lifestyle on
atherosclerosis in middle-aged asymptomatic individuals,
who would be the ideal candidates for primary prevention
as they have not developed the advance stage of the disease
yet. It is worth mentioning the choice of the statistical
model in our analysis. Recently the criticism has been
Figure 1 Prevalence ratio (95% CI) for the presence of subclin-
cial atherosclerosis according to the number of cardioprotective
lifestyle behaviors. Description of the variable ‘‘number if cardio-
protective lifestyle behaviors’’: (1) 1 of 5 protective lifestyle be-
haviors are present: either having low WC, or moderate alcohol
consumption, or nonsmoking, or sitting time less than 5.5 h/d or
having aMED score 5 or more; (2) random combination of 2 of
5 protective behaviors are present etc.; * Poisson regression model
with robust estimate is adjusted for age, education, diabetes, hy-
pertension, and hypercholesterolemia. PR, prevalence ratio; CI,
confidence interval.
voiced regarding the appropriate assessment of risk in
cross-sectional studies showing that the estimates obtained
by logistic regression in studies with a highly prevalent
disease outcome would greatly overestimate the associa-
tion.44 Therefore, we have chosen to use Poisson regres-
sion to estimate the prevalence ratio of adherence to
lifestyle behaviors with disease outcome. A major limita-
tion of our study is its cross-sectional design and inability
to eliminate the presence of confounding factors, which
might explain the reason we see the different degree of
the effect in the relationship among lifestyle habits and
atherosclerosis in different territories as well as the lack
of the contribution of sedentarism and adiposity to the dis-
ease risk. Even though multivariable adjustment was
applied, still due to the nature of the study the effect of
residual confounding factors could not be ruled out. The
use of food frequency questionnaire as the assessment
method of dietary intake, which relied on the participants
memory to recall typical food intake over the past year is
another limitation, which might have introduced the error
in dietary data. The elimination of female participants
from the study limited the generalizability of our results
to only male population. Further studies should replicate
our analysis including both sexes. Finally, the restricted
number of participants with ‘‘ideal healthy lifestyle’’ is
another limitation, which could have affected the power
of the true association.

From a public health perspective, our findings are of
particular importance for health professionals in the clinical
settings working with primary prevention and aiming to
tackle CVD at its earliest development. Formulating a
simple message highlighting the importance to avoid
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smoking, follow healthy eating pattern, and consume
alcohol in moderation could be an easy solution to prevent
coronary artery disease at an early stage.

Conclusion

Consumption of alcohol in moderation, being
nonsmoker, and an adherence to a Mediterranean dietary
pattern, accounts for the 18% lower prevalence of subclin-
ical atherosclerosis. Highlighting the importance of a
healthy lifestyle promotion and introducing this message
by health professionals could be a key strategy to tackle the
atherosclerosis burden at its earliest development.
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Appendix
Supplemental Table 1 Adjusted prevalence ratio (95% CI)† for the
presence of noncoronary and subclinical atherosclerosis by alcohol co
consumers)

Individual behaviors Plaque femoral Plaque carotid

Y Alcohol 0.90 (0.83;0.98)** 0.87 (0.77;0.99)**

** P , .01. 1 Model is adjusted for age, education, diabetes, hypertensio

Y Alcohol, 30 grams of ethanol/d and less vs more than 30 grams of etha

†Poisson regression model with robust estimate.
presence of plaques in femorals and carotids, CACs . 0 and
nsumption (nondrinkers combined with moderate alcohol

Noncoronary
atherosclerosis CAC.0 Atherosclerosis

0.97 (0.93; 1.02) 0.88 (0.78;0.98)** 0.97 (0.93; 1.01)

n, and hypercholesterolemia.

nol/d.


	The additive effect of adherence to multiple healthy lifestyles on subclinical atherosclerosis: Insights from the AWHS
	Introduction
	Methods
	Study participants
	Assessment of lifestyle behaviors
	Assessment of subclinical atherosclerosis
	Clinical, anthropometric, and laboratory data and other variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References
	Appendix


