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Abstract: Atherosclerotic cardiovascular disease remains a major health issue, often developing
silently as subclinical atherosclerotic disease (SAD). The Mediterranean diet (MDiet) is known for its
cardiovascular benefits, but the combined influence of both MDiet adherence and physical activity
(PA) on SAD progression has not been previously documented. Objective: We aimed to investigate
how adherence to a healthy lifestyle, defined as MDiet adherence and PA level, influences SAD
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progression in subjects from the ILERVAS cohort follow-up. Methods: A study on 3097 partici-
pants from the ILERVAS prospective cohort was conducted. MDiet adherence was assessed using
the MEDAS score, and PA categories were established using the IPAQ, both categorized into low,
moderate, and high levels. Two different lifestyle scores integrating the MDiet and PA categories
were built. The presence of atherosclerotic plaques was assessed by carotid and femoral ultrasound
examination. Demographic, clinical, and biochemical data were also obtained. Multivariable linear,
logistic, and Poisson regression models adjusted for potential confounders were used to analyze
the association between the lifestyle scores and SAD progression, as well as the MDiet and PA as
separate variables and number of territories with plaque. Results: A healthier lifestyle score did
not show an effect on SAD progression. However, a higher MEDAS score was associated with a
3% decrease in the number of territories with plaque (IRR 0.97, 95% CI 0.96–0.99, p < 0.001), sug-
gesting a protective effect of the adherence to the MDiet. PA did not show a significant association
(IRR 1.00, 95% CI 1.00–1.00, p = 0.269). Older age, hypertension, dyslipidemia, smoking, and lower
eGFR were associated with SAD progression, while the female sex was protective (IRR 0.67, 95% CI
0.63–0.72, p < 0.001). Conclusions: The findings of this study show that higher adherence to the
MDiet is associated with reduced incidence of SAD, indicating its potential role in cardiovascular
prevention strategies. Although a higher lifestyle score or physical activity levels did not show any
significant effect, promoting the MDiet, alongside managing traditional cardiovascular risk factors,
could be an effective public health intervention to prevent atherosclerosis and reduce the burden of
cardiovascular disease.

Keywords: lifestyle score; Mediterranean diet; physical activity; atherosclerotic plaque; subclinical
atherosclerosis

1. Introduction

Despite relevant advances in cardiovascular medicine, atherosclerotic cardiovascular
disease (CVD) remains the predominant cause of morbidity, mortality, and healthcare
expenditure worldwide [1]. Subclinical atherosclerotic disease (SAD) often progresses
silently, affecting individuals with low-to-moderate cardiovascular risk at a prevalence
of 71.4% [2]. Classical cardiovascular risk factors (CVRFs) such as age, smoking, obesity,
diabetes, hypertension, and dyslipidemia contribute to the progression of atherosclerotic
lesions through enhancing plaque inflammation and lipid accumulation [3]. The Mediter-
ranean diet (MDiet) is known for its cardiovascular benefits, and several epidemiological
studies indicate that higher adherence to this diet is associated with a 9% decrease in overall
mortality and CVD mortality [4–9]. Despite this, only ~50% of the population in Catalonia
adheres to the nutritional recommendations of a typical MDiet [2]. Physical activity (PA)
is another relevant modifiable factor for CVD prevention, with regular exercise being
associated with lower cardiovascular morbidity and mortality [10]. Despite a relatively
high prevalence of healthy PA levels among Catalonians aged 15 to 69, sedentary behavior
remains a relevant issue, particularly in older adults, low-income individuals, and those
with CVRFs [11,12].

Although the MDiet and PA, assessed independently, are generally thought to have
a positive influence on cardiovascular health, conflicting results have been reported in
studies regarding the effects on the progression of SAD [13–23]. The MDiet improves en-
dothelial function in individuals with type 2 diabetes (T2D) and prediabetes [13]. However,
a sub-analysis of the PREDIMED study found that the MDiet supplemented with nuts
or oil showed regression of carotid atherosclerosis only in subjects with greater baseline
intima media thickness (IMT) [14]. Additionally, a cross-sectional study detected a higher
risk of peripheral artery disease in individuals following the MDiet, though there was bias
from including patients who already had the disease [15]. In contrast, higher adherence to
the MDiet was linked to a slight reduction in the burden of carotid atherosclerotic plaque
(AP) in stroke-free adults [17]. Moreover, a prospective study found that diets high in pro-
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cessed foods increased the risk of SAD, while those rich in vegetables, legumes, and fruits
reduced this risk [16]. On the other hand, sedentary behavior and low cardiorespiratory
fitness are significant but often overlooked CVRFs [18]. Furthermore, regular PA has been
associated with improvement in endothelial function and the progression of AP, along
with a reduction in thrombosis [19]. Moreover, participating in moderate PA and avoiding
prolonged sedentary behavior has been associated with a reduced risk of carotid plaque
formation in randomly selected subjects [20]. Additionally, a greater cardiorespiratory
fitness was associated with a higher prevalence of healthy vascular aging and a reduced
risk of age-related SAD in healthy men [21]. A longitudinal study found that engaging in
vigorous PA, but not light to moderate PA, had a beneficial impact on arterial stiffness in
later stages of life [22]. In addition, a meta-analysis of data from subjects with T2D and
hypertension found that low-to-moderate PA reduces arterial stiffness, while sedentary
behavior increases it [23].

Despite the clear benefits of both the MDiet and PA as individual lifestyle factors [13–23],
there is a notable gap in the literature examining their combined effect on SAD progres-
sion without the inclusion of other lifestyle factors. To our knowledge, no studies have
specifically evaluated the combined effects of MDiet adherence and PA as a composite
score in a large prospective cohort of individuals with low-to-moderate cardiovascular risk,
with follow-up. These two lifestyle measures are key for the prevention of cardiovascular
diseases in the population. The CARDIA study, a 20-year prospective cohort of healthy
young adults performed to assess whether lifestyle modifications during early adulthood
are linked to the severity and progression of SAD in middle age, showed that a healthier
lifestyle (not smoking, regular PA, maintaining a body mass index [BMI] below 25 kg/m2,
moderate alcohol consumption, and healthy diet) was associated with a reduced risk of
coronary artery calcification (CAC) and carotid IMT [24]. Similar findings were observed in
a prospective high CVRFs Chinese cohort recruited to investigate the association between a
healthy lifestyle and the accelerated progression of carotid plaque, with a median follow-up
of 1.2 years [25]. In this study, adherence to healthier lifestyles (non-smoking, regular PA,
healthy diet, and an optimal BMI) was associated with a reduced risk of carotid plaque
progression [25]. Prospective data from the Study of Women’s Health Across the Nation
cohort indicated that adopting a healthy lifestyle (non-smoking, healthy diet, and regular
PA) during menopause was associated with reduced SAD [26]. Finally, the Multi-Ethnic
Study of Atherosclerosis (MESA), including 2810 subjects without previous CVD, did not
find an association of healthier behavior with a progression of arterial stiffness [27].

Given these mixed findings and the absence of studies specifically focused on the
combined effect of the MDiet and PA, including a large prospective cohort, further research
is needed to explore how these lifestyle factors influence the progression of atherosclerosis.
We previously evaluated the relationship between the MDiet and the presence of SAD in
a Mediterranean population with low-to-moderate CVRFs in a cross-sectional study [28].
In the present study, we hypothesized that a healthy lifestyle characterized by higher
adherence to the MDiet and PA is associated with a lower risk of progression of SAD. Hence,
we aimed to evaluate the association between a healthier lifestyle and the progression of
SAD in the ILERVAS cohort at 4-year follow-up.

2. Materials and Methods
2.1. Study Design

The prospective ILERVAS study (ClinicalTrials.gov Identifier: NCT03228459) exam-
ined the progression of SAD, with a focus on evaluating its prevalence and prognosis. Out
of an initial cohort of 8330 participants enrolled in primary healthcare centers in Lleida,
Spain, between January 2015 and December 2018, a final cohort of 8116 individuals with
available data on MDiet adherence, PA, and AP at baseline was selected [2,29] (Supplemen-
tary Figure S1). For the present analysis, comprehensive data on MDiet adherence, PA, and
AP were available for 3097 subjects during the 4-year follow-up period.
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To be included, participants had to be aged 45 to 70 years with at least one CVRF.
These risk factors included obesity, dyslipidemia (determined by the use of lipid-lowering
medication), or a disorder related to lipoprotein metabolism as defined by the International
Classification of Diseases codes [30]; other risk factors considered were hypertension
(defined as systolic blood pressure [sBP] ≥ 140 mmHg and/or diastolic blood pressure
[dBP] ≥ 90 mmHg), smoking habits (including current and former smokers, with former
smokers defined as those who had quit smoking at least one year prior to recruitment) [2],
or having a first-degree relative with premature CVD. Participants were excluded if they
had any type of diabetes, chronic kidney disease, active neoplasia, a life expectancy of less
than 18 months, or were pregnant. Additionally, individuals with a history of previous
CVD, including angina, myocardial infarction, stroke, peripheral artery disease, heart
failure, or any vascular surgery/procedure, were also excluded [2,29]. The prescribed
treatments for hypertension, lipid reduction, and antithrombotic therapy were obtained
from prescription and pharmacy invoicing records supplied by the Catalan Health Service,
which are annually integrated into the Information System for Research in Primary Care
(SIDIAP) database. Antihypertensive medications included ACE inhibitors, diuretics, ARBs,
beta-blockers, calcium channel blockers, and other antihypertensives drugs. Lipid-lowering
treatments comprised statins, fibrates, ezetimibe, and omega-3 fatty acids. Antithrombotic
therapy involved the use of anticoagulants or antiplatelet agents [30].

The ILERVAS protocol was approved by the Ethics committee of University Hospital
Arnau de Vilanova (First visit: CEIC-1410, 19/12/2014; Follow-up: CEIC-2015, 20/12/2018).
Written informed consent was obtained from all participants. This study adhered to the
ethical principles outlined in the Declaration of Helsinki and complied with Spain’s data
protection legislation.

2.2. Assessment of the Mediterranean Diet Adherence

Adherence to the MDiet was assessed using the validated 14-item Mediterranean Diet
Adherence Screener (MEDAS) questionnaire, recognized as a reliable tool developed during
the PREDIMED trial [31]. Validation of the MEDAS questionnaire included comparing
it with the validated Food Frequency Questionnaire (FFQ) in the PREDIMED study; the
findings showed a strong correlation between the MEDAS score and the PREDIMED FFQ
score, indicating the accuracy of the questionnaire in assessing dietary patterns [31]. The
questionnaire includes two questions regarding eating behaviors unique to the Spanish
MDiet and 12 questions about the frequency of food consumption [31]. This tool assesses
how often participants consume olive oil, nuts, fruits, vegetables, sofrito (a tomato sauce
cooked with virgin olive oil, onions, garlic, and spices), fish, legumes, and wine [31,32].
Moreover, the questionnaire considers the weekly intake of meat, meat products, animal fat,
commercial pastries, and sugar-sweetened beverages as part of the composite score [31,32].
Adherence to the MDiet was classified into three categories based on the MEDAS score as
low (0–6 points), moderate (from 7 to 9 points), and high (≥10 points) [31,33].

2.3. Physical Activity

PA was assessed using the abbreviated version of the International Physical Activity
Questionnaire (IPAQ), a validated tool for gauging PA levels among adults in Spain [34].
The Metabolic Equivalent Tasks (METS) were derived from the IPAQ data by multiplying
the minutes spent on each activity over the course of 7 days [34]. Physical activity was
classified into three categories: low, moderate, and high. This classification was determined
by multiplying the MET intensity (3.3 METs for walking [low], 4.0 METs for moderate-
intensity activities [moderate], and 8.0 METs for vigorous-intensity activities [high]) by the
duration in minutes of each activity performed over a seven-day period [34,35].

2.4. Clinical Variables

Trained researchers obtained anthropometric measurements following standardized
procedures. Body weight and height were measured with participants wearing light cloth-
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ing and no shoes. Waist circumference was evaluated while participants stood, measured
horizontally between the lower rib and the iliac crest. Based on the American Heart Associa-
tion guidelines, waist circumference was categorized as either a low or high cardiovascular
risk: high-risk waist was defined as ≥102 cm for men (increased risk) and ≥88 cm for
women (increased risk) [36]. Standard tools were utilized, offering a precision of 0.5 kg
for the body scale, 1.0 cm for the stadiometer, and 0.1 cm for the non-elastic measuring
tape [31,32]. The BMI was calculated, with obesity defined as a BMI of ≥30 kg/m2 [37].
Blood pressure was measured using an automated device [Omron M6 Comfort HEM-7221-
E (Omron Healthcare, Kyoto, Japan)] three times with a 2 min gap between each reading,
and the average of the last two readings was recorded. Hypertension was defined as
having a reading of ≥140/90 mmHg [29]. Blood samples were obtained and clinical param-
eters were examined using standardized protocols, as outlined in a prior publication [29].
Cardiovascular risk was evaluated using the REGICOR score, a calibrated version of the
Framingham prediction model, specifically designed to predict coronary events over a
5-year period in the Spanish population [38]. To estimate the risk, the algorithm considers
diabetes status, gender, age, systolic and diastolic blood pressure, total cholesterol, and
HDL cholesterol levels [38].

2.5. Subclinical Atherosclerotic Disease

The Doppler Ultrasound Vivid-I (General Electric Healthcare, Waukesha, WI, USA),
fitted with a 12L RS/4–13 MHz linear probe, was utilized by qualified sonographers for
ultrasound imaging of vascular territories in the carotid arteries (common carotid, bifur-
cation or bulb, internal carotid, and external carotid) as well as in the femoral arteries
(common and superficial). Additionally, it included a module for measuring intima media
thickness [39]. AP was defined as focal intima-media intrusion into the lumen measuring
≥1.5 mm [39]. SAD was defined by the detection of plaque in any of the twelve territo-
ries [40]. The number of plaques was classified as follows: no plaque was indicated when
no visible plaque was observed in the sample or area being evaluated; one plaque was
indicated by the presence of a single visible plaque in the sample or area being evaluated;
and multiple plaques were indicated when more than one visible plaque was observed
in the sample or area being evaluated. The AP condition was assessed by examining its
progression based on changes in the presence of AP across one or more territories during
the follow-up period. The progression of SAD was determined by an increase in the number
of vascular territories with detected AP. Participants were classified into two groups: those
who demonstrated progression and those who did not.

2.6. Lifestyle Score

The lifestyle score was constructed by combining quartiles of the MEDAS and PA
measured in METS. According to the PREDIMED study, the classification of MEDAS to
determine the adherence to the MDiet was scored with 0 points for the low adherence
group (from 0 to 6 points), 1 point for the moderate group (from 7 to 9 points), and 2 points
for the high group (≥10 points) [41]. PA was stratified into quartiles, representing different
levels of physical activity, with each quartile assigned 1 to 4 points (1 for the lowest quartile
and 4 for the highest). The use of quartiles allowed us to capture the relative distribution of
PA within the cohort and facilitate comparisons between individuals with different activity
levels and MDiet categories. The lifestyle score was calculated by combining all the MDiet
groups with all PA quartiles, resulting in a score from 1 to 6 points. Finally, the lifestyle
score was classified into four groups as follows: unhealthy (1 and 2 points), mildly healthy
lifestyle (3 points), moderately healthy (4 points), and highly healthy (5 and 6 points).
Additionally, we calculated a composite lifestyle score (summarized lifestyle score) by
standardizing MEDAS and METS data into z-scores. These z-scores were then averaged to
create a single metric, reflecting overall lifestyle behavior. Higher scores indicate healthier
diet and greater PA, while lower scores suggest poorer lifestyle habits.
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2.7. Statistical Analysis

The Shapiro–Wilk test was employed to assess the normality of continuous variables.
Continuous variables with a normal distribution are reported as mean and standard devia-
tion, while categorical variables are presented as absolute frequencies. Group differences
were evaluated using the chi-square test or Fisher’s test for categorical variables, and the
T-Student or ANOVA test were used for continuous variables. Additionally, the Levene
test was used to examine the equality of variances. In the next step, bivariable models
were utilized to examine the unadjusted association between variables and the outcome,
which is the progression of SAD. Following this, adjusted multivariable logistic models
were performed to assess the relationship between lifestyle at baseline of this study and
the progression of SAD at follow-up. Additionally, an adjusted multivariable Poisson anal-
ysis was conducted to investigate the association between either the categorical lifestyle
or MEDAS score and PA in METS at baseline, and the burden of SAD in terms of the
number of territories affected by AP. The multivariable models were adjusted for clinical
confounding factors, including age, gender, hypertension, dyslipidemia, tobacco use, waist
circumference by gender, glycemic control, and estimated glomerular filtration rate (eGFR).
The odds ratio (OR) and 95% confidence intervals (CIs) are shown in bivariable and logistic
models. The incidence rate ratio (IRR) and corresponding 95% CI are presented in the
Poisson models. All statistical analyses were conducted using STATA v.16 software and R
Statistical Software (v. 4.1.2), with a significance threshold set at 0.05 [42,43].

3. Results

The clinical characteristics of the study groups are shown in Table 1. The group of
subjects with an unhealthy lifestyle were younger (mean age 56.8 years, p = 0.005) and
had fewer women (46.4%, p < 0.001). This group had a higher prevalence of obesity
(32.5%, p = 0.009), higher sBP (mean 131.2 mmHg, p = 0.048) and dBP (mean 82.4 mmHg,
p < 0.001), and a higher prevalence of tobacco exposure (62.3%, p < 0.001). They showed
lower adherence to the MDiet (mean MEDAS score 6.2, p < 0.001) and lower PA levels (3%
moderate activity, nonhigh activity, p < 0.001). Their kidney function was higher (eGFR
92.0 mL/min/1.73 m2, p < 0.001) in comparison with the other groups. Overall, as the
healthiness of lifestyle increased from the unhealthy to healthier lifestyle groups, there
were trends for an older age, a higher proportion of women, lower prevalence of obesity
and smoking, higher adherence to the MDiet, and higher levels of PA.

Table 1. Clinical characteristics of participants according to their lifestyle at baseline.

Characteristics
Unhealthy
Lifestyle
N = 1051

Mildly
Healthy
Lifestyle
N = 785

Moderately
Healthy
Lifestyle
N = 783

Highly
Healthy
Lifestyle
N = 478

p

Age (years) 56.8 (6.2) 57.6 (6.5) 57.7 (6.2) 57.7 (6.0) 0.005
Sex (women) 488 (46.4) 411 (52.4) 446 (57) 260 (54.4) <0.001
Caucasian 1046 (99.5) 783 (99.8) 782 (99.9) 478 (100) 0.298
BMI (kg/m2) 29.5 (5.1) 28.7 (4.8) 28.7 (4.8) 28.8 (4.7) 0.292
Waist (cm) 101.9 (12.0) 100.0 (11.6) 99.6 (11.3) 99.5 (11.2) 0.196
Obesity 341 (32.5) 199 (25.4) 232 (28.5) 147 (30.8) 0.009
Hypertension 402 (38.3) 311 (39.6) 304 (38.8) 190 (39.8) 0.920
sBP (mmHg) 131.2 (15.5) 131.1 (16.9) 130.2 (16.7) 129.8 (16.0) 0.048
dBP (mmHg) 82.4 (9.2) 81.3 (9.4) 81.0 (8.9) 80.3 (9.1) <0.001
Smoking 655 (62.3) 445 (56.7) 414 (52.9) 240 (50.2) <0.001
Glucose (mmol/L) 5.4 (1.0) 5.4 (0.9) 5.3 (1.0) 5.3 (0.8) 0.504
Dyslipidemia 535 (50.9) 447 (56.9) 429 (54.8) 272 (56.9) 0.037
TC (mmol/L) 5.8 (1.1) 5.8 (1.1) 5.7 (1.0) 5.7 (1.1) 0.754
HDL (mmol/L) 1.7 (0.5) 1.8 (0.5) 1.8 (0.5) 1.7 (0.5) 0.203
LDL (mmol/L) 3.2 (0.8) 3.2 (0.9) 3.2 (0.8) 3.2 (0.9) 0.936
TG (mmol/L) 1.8 (1.2) 1.8 (1.2) 1.7 (0.9) 1.8 (1.4) 0.160
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Table 1. Cont.

Characteristics
Unhealthy
Lifestyle
N = 1051

Mildly
Healthy
Lifestyle
N = 785

Moderately
Healthy
Lifestyle
N = 783

Highly
Healthy
Lifestyle
N = 478

p

AST 18.2 (7.9) 19.5 (12.4) 18.3 (7.8) 18.5 (6.8) 0.135
ALT 11.2 (6.4) 11.6 (11.5) 10.9 (7.0) 10.3 (5.2) 0.293
eGFR (mL/min/1.73 m2) 92.0 (14.2) 90.0 (14.0) 90.0 (14.1) 89 (14.1) <0.001
REGICOR score 4.4 (2.1) 4.3 (2.1) 4.3 (2.2) 4.3 (2.0) 0.512
MEDAS score 6.2 (1.4) 7.0 (1.6) 7.2 (1.6) 8.5 (1.3) <0.001
MedDiet Adherence <0.001

Low 663 (63.1) 286 (36.4) 236 (30.1) 0 (0.0)
Moderate 388 (36.9) 457 (58.2) 490 (62.6) 363 (75.9)
High 0 (0.0) 42 (5.4) 57 (7.3) 115 (24.1)

IPAQ (METS) 105.0 (183.7) 586.5 (389.5) 1648.9 (1646.5) 2940.5 (2204.3) <0.001
Physical activity <0.001

Low 1020 (97.1) 529 (67.4) 213 (27.2) 48 (10.0)
Moderate 31 (3.0) 256 (32.6) 479 (61.2) 275 (57.5)
High 0 (0.0) 0 (0.0) 91 (11.6) 155 (32.4)

Total plaques 1.9 (2.0) 1.8 (1.9) 1.7 (1.9) 1.7 (1.9) 0.217
Number of plaques 0.210

No plaque 315 (30) 268 (34.1) 252 (32.2) 165 (34.5)
One plaque 225 (21.4) 141 (18) 171 (21.8) 100 (20.9)
Multiple plaques 511 (48.6) 376 (47.9) 360 (46.0) 213 (44.6)

Plaque progression 711 (67.7) 505 (64.3) 519 (66.3) 316 (66.1) 0.529
Data are shown as n (%) for categorical variables and mean (SD) for continuous variables. ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; BMI, body mass index; dBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; HDL, high density lipoprotein; LDL, low density lipoprotein; p, p-value; REGICOR,
cardiovascular risk score; sBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides. Smoking habits
include current and former smokers.

In the bivariable analysis, several factors emerged as significant predictors of the
progression of SAD (Table 2). Older age was strongly associated with an increased like-
lihood of SAD progression (OR 1.03, 95% CI 1.01–1.04, p < 0.001). Additionally, a higher
REGICOR score (OR 1.18, 95% CI 1.13–1.22, p < 0.001), hypertension (OR 1.23, 95% CI
1.05–1.43, p = 0.009), and sBP (OR 1.01, 95% CI 1.01–1.02, p < 0.001) and dBP (OR 1.02,
95% CI 1.01–1.02, p < 0.001) were significantly associated with an increased risk of the
progression of SAD. Furthermore, dyslipidemia (OR 1.29, 95% CI 1.11–1.43, p = 0.001)
and smoking (OR 1.30, 95% CI 1.06–1.43, p = 0.007) also showed significant associations
with progression. Moreover, higher glycemia (OR 1.67, 95% CI 1.36–2.05, p < 0.001), total
cholesterol (TC) (OR 1.24, 95% CI 1.13–1.37, p < 0.001), LDL cholesterol (OR 1.25, 95% CI
1.11–1.42, p < 0.001), and triglycerides (OR 1.15, 95% CI 1.04–1.27, p = 0.005) were also
significant risk factors for SAD progression. Conversely, the female sex was associated with
a protective effect (OR 0.80, 95% CI 0.69–0.93, p = 0.003).

In the logistic multivariable model for the progression of SAD (Table 3), none of
the lifestyle categories showed a statistical association. However, older age was strongly
associated with a higher risk of SAD progression (OR 1.04, 95% CI 1.02–1.05, p < 0.001), as
was male gender (OR 1.26, 95% CI 1.06–1.49, p = 0.007). Additionally, hypertension (OR
1.23, 95% CI 1.05–1.43, p = 0.007), dyslipidemia (OR 1.35, 95% CI 1.16–1.60, p < 0.001), and
smoking (OR 1.37, 95% CI 1.16–1.61, p < 0.001) were also associated with a higher risk of
SAD progression.

The logistic model for SAD progression with the MDiet and PA, separately (Supple-
mentary Table S1), showed no significant association between the MEDAS score (OR 0.98,
95% CI 0.93–1.02, p = 0.313) or PA (METS) (OR 1.00, 95% CI 1.00–1.00, p = 0.342) and the
progression of SAD. However, age (OR 1.04, 95% CI 1.02–1.05, p < 0.001), hypertension (OR
1.26, 95% CI 1.06–1.49, p = 0.007), dyslipidemia (OR 1.35, 95% CI 1.15–1.60, p < 0.001), and
smoking (OR 1.37, 95% CI 1.16–1.62, p < 0.001) were all significantly associated with plaque
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progression. Additionally, being of female sex (OR 0.79, 95% CI 0.66–0.94, p = 0.009) was a
protective factor against plaque progression.

Table 2. Bivariable analysis between variables at baseline and the progression of plaque at the follow-up.

Variables
Progression

OR (95% CI) p

Age (years) 1.03 (1.01–1.04) <0.001
Sex (women) 0.80 (0.69–0.93) 0.003
Caucasian 0.50 (0.13–2.04) 0.340
Hypertension 1.23 (1.05–1.43) 0.009
Dyslipidemia 1.29 (1.11–1.43) 0.001
Smoking 1.30 (1.06–1.43) 0.007
Physical activity (METS) 1.00 (1.00–1.00) 0.480
BMI (kg/m2) 0.99 (0.97–1.00) 0.173
Waist (cm) 1.00 (0.99–1.00) 0.535
sBP (mmHg) 1.01 (1.01–1.02) <0.001
dBP (mmHg) 1.02 (1.01–1.02) <0.001
HbA1c (%) 1.67 (1.36–2.05) <0.001
TC (mmol/L) 1.24 (1.13–1.37) <0.001
HDL (mmol/L) 1.03 (0.83–1.27) 0.804
LDL (mmol/L) 1.25 (1.11–1.42) <0.001
TG (mmol/L) 1.15 (1.04–1.27) 0.005
eGFR (mL/min/1.73 m2) 1.00 (1.00–1.00) 0.098
REGICOR score 1.18 (1.13–1.22) <0.001
MEDAS score 0.98 (0.94, 1.03) 0.430
Lifestyle

Mild lifestyle 0.86 (0.71–1.05) 0.137
Moderate lifestyle 0.94 (0.77–1.14) 0.538
Healthy lifestyle 0.93 (0.74–1.17) 0.552

Unhealthy lifestyle was the reference group. BMI, body mass index; dBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; HbA1c, glycated hemoglobin; HDL, high density lipoprotein; IPAQ, international
physical activity questionnaire; LDL, low density lipoprotein; METS, Metabolic Equivalent Task; p, p-value; sBP,
systolic blood pressure; TC, total cholesterol; TG, triglycerides; OR, odds ratio; CI, confidence interval.

Table 3. Logistic model for the analysis between lifestyle at baseline and progression of plaque at follow-up.

Variables
Progression

OR (95% CI) p

Lifestyle
Mildly healthy lifestyle 0.83 (0.68–1.01) 0.068
Moderately healthy lifestyle 0.94 (0.78–1.15) 0.549
Highly healthy lifestyle 0.91 (0.72–1.16) 0.477

Age (years) 1.04 (1.02–1.05) <0.001
Sex (women) 0.79 (0.66–0.94) 0.007
Hypertension 1.26 (1.06–1.49) 0.007
Dyslipidemia 1.35 (1.16–1.60) <0.001
Smoking 1.37 (1.16–1.61) <0.001
High risk waist (cm) 0.83 (0.70–0.99) 0.034
eGFR (mL/min/1.73 m2) 1.00 (1.00–1.00) 0.605
Cons 0.27 (0.09–0.79) 0.017

Unhealthy lifestyle was the reference group. CI, confidence interval; eGFR, estimated glomerular filtration rate;
OR, odds ratio; p, p-value. Cons estimates baseline incidence rate. Note: This logistic regression model assesses
the association between different lifestyle categories at baseline (mildly, moderately, and highly healthy) and the
progression of AP at the follow-up.

In the linear regression analysis of the difference in the number of territories between
baseline and the follow-up, the summarized lifestyle score did not show a significant asso-
ciation (p = 0.42) (Supplementary Table S2). However, age (p < 0.001), smoking (p < 0.001),
hypertension (p = 0.001), dyslipidemia (p = 0.01), and higher HbA1c (p < 0.001) were positively
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associated with an increase in the number of plaque territories. Conversely, female sex and
waist circumference were associated with a decreased number of plaque territories (p < 0.001
and p = 0.01, respectively). Finally, eGFR did not show any significant association (p = 0.42).

Additionally, a Poisson regression analysis was conducted to explore the interactions
between age and smoking as potential confounding factors. The findings indicated that
a higher MEDAS score was associated with a 3% reduction in the IRR (IRR 0.97, 95% CI
0.96–0.99, p < 0.001). Similarly, older age (IRR 1.05, 95% CI 1.04–1.06, p < 0.001), hyper-
tension (IRR 1.19, 95% CI 1.13–1.26, p < 0.001), dyslipidemia (IRR 1.16, 95% CI 1.10–1.22,
p < 0.001), smoking (IRR 2.77, 95% CI 1.64–4.66, p < 0.001), and lower eGFR (IRR 1.00,
95% CI 1.00–1.00, p = 0.038) were all associated with a greater number of territories affected
by AP at the follow-up visit. Conversely, female sex (IRR 0.67, 95% CI 0.63–0.72, p < 0.001)
was associated with a protective effect against plaque progression. Further, the interaction
between smoking and age was marginally significant (IRR 0.99, 95% CI 0.98–1.00, p = 0.014).
On the other hand, PA did not show any relationship with the number of territories with
AP at the follow-up (IRR 1.00, 95% CI 1.00–1.00, p = 0.218). The study population exhibited
a lower baseline prevalence rate (IRR 0.16, 95% CI 0.10–0.27, p < 0.001) after adjusting for
all other factors in the model (Figure 1, Supplementary Table S3).
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Nutrients 2024, 16, 3607 10 of 15

The multivariable Poisson model for the analysis between lifestyle at baseline and
the number of territories with AP at the follow-up revealed no significant association
between lifestyle categories (unhealthy, mild, moderate, or healthy) and the number of
territories with AP at the follow-up (Supplementary Table S4). However, age (IRR 1.04,
95% CI 1.04–1.05, p < 0.001), female sex (IRR 0.67, 95% CI 0.63–0.71, p < 0.001), hypertension
(IRR 1.19, 95% CI 1.12–1.25, p < 0.001), dyslipidemia (IRR 1.16, 95% CI 1.10–1.22, p < 0.001),
and smoking (IRR 1.45, 95% CI 1.36–1.53, p < 0.001) were all significantly associated with
the number of territories with AP. Additionally, eGFR had a minor but significant effect
(IRR 1.00, 95% CI 1.00–1.00, p = 0.040).

4. Discussion

Our study did not reveal an association between a healthier lifestyle, measured by
adherence to the Mediterranean diet and physical activity, and the progression of SAD in
any of the composite scores. However, a higher MEDAS score at baseline was associated
with a decreased IRR of the number of territories with AP at the follow-up, while PA
measured by METS showed no significant association. Additionally, older age, hyperten-
sion, dyslipidemia, smoking, and a lower eGFR were associated with a higher risk of SAD
progression, whereas female gender showed a protective effect. The sensitivity analyses
of the interactions between the MDiet, PA, and confounding factors like age and smoking
showed a marginal association with atherosclerosis risk.

Contrary to our findings, healthier lifestyle scores that included variables such as non-
smoking, regular PA, healthy diet, optimal BMI, and even moderate alcohol consumption
have been associated with a reduced risk of SAD [24–26]. However, similar to our study, the
MESA study showed that having a better score in healthy behaviors may not necessarily be
linked to a reduction in the progression of SAD [27]. It is important to note that our score
only included PA and diet, and considering additional factors might impact the score’s
ability to predict SAD progression. However, diet and physical exercise are fundamental for
measuring healthy lifestyles. Unlike other lifestyle scores that include alcohol and smoking
alongside diet and exercise, our score integrates alcohol consumption within the MEDAS
score. Regarding smoking, our models account for this variable, following common practice
in other studies. Consequently, we have chosen to focus our score exclusively on these two
key aspects of lifestyle.

The results of our study emphasize the importance of adherence to a MDiet compared
to the overall lifestyle score in the progression of SAD, which is in line with previous
research [13–15,17,44–47]. Notably, an intervention involving a MDiet supplemented with
nuts was associated with either the reversal or slower progression of carotid IMT and
AP [44]. Additionally, participants in the prospective PESA study who adhered to a
MDiet showed a 1.3-fold lower prevalence of SAD compared with those following the
social-business eating pattern [45]. Similarly, the cross-sectional Aragon Workers’ Health
Study showed that the adherence to the MDiet had a protective association against SAD
in men, independent of other risk factors [46]. Furthermore, it has also been reported
that, in the long term, adherence to the MDiet lowers inflammatory biomarkers linked
to the development of SAD in high-risk elderly individuals, according to an intervention
study [47].

According to the IPAQ guidelines, a high PA category is defined as achieving a total
of at least 3000 METS per week [48]; in our study, the healthy lifestyle group achieved
around 2940 METS. Consistent with this, in another study, physically active individuals
who achieved more than 2000 MET minutes per week (i.e., very high PA levels) exhibited
a higher prevalence of SAD [49]. Similarly, earlier research has demonstrated a higher
frequency of SAD in endurance athletes when compared with control groups [49–51]. In-
terestingly, two randomized controlled trials have examined the effects of more intensive
exercise on plaque regression, showing plaque reduction in both trials, although neither
study found a significant difference between the treatment groups [50,51]. However, a
cross-sectional study suggested that while athletic men show higher CAC scores and greater
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coronary plaques, these may indicate both potential harmful and protective benefits against
plaque rupture and heart attacks [52]. Furthermore, exercise intensity, rather than amount
of exercise, has been associated with coronary atherosclerosis progression [53]. Interest-
ingly, very vigorous exercise was associated with an increased CAC and calcified plaque
progression, while vigorous exercise was associated with decreased CAC progression [53].
Although in our study PA measured by METS did not show an association with plaque
progression, it is important to consider that other aspects of PA, such as intensity and
frequency, might still play crucial roles in cardiovascular health [54]. It is possible that
our score did not accurately capture the effect of a healthy lifestyle on the progression of
AP because there are significantly more subjects with moderate-to-high adherence to a
MDiet compared with those with moderate-to-high PA. However, the data from our study
showing that the MDiet has a significant effect on SAD progression (while PA did not)
suggest that maintaining a healthy diet is important for cardiovascular health just as much
(if not more) than engaging in regular (moderate) PA.

Clinical factors associated with SAD progression were examined in detail. Age
emerged as a strong predictor of SAD progression in the current study. This aligns with
established knowledge that cardiovascular risk increases with age [55–57]. Hypertension,
dyslipidemia, and smoking were also significant predictors, emphasizing the need for effec-
tive management of these conditions to mitigate SAD progression. Interestingly, the female
sex was consistently associated with a lower risk of disease progression, highlighting po-
tential gender differences in CVD risk profiles. These findings are consistent with previous
studies indicating that plaque size and burden are typically greater in men, especially at a
younger age, with women tending to reach comparable levels later in life [58]. In addition,
the prevalence of SAD has been described to be 1.9 times higher in men compared with
women and increases significantly with age in both genders [59].

The current study has several limitations. The ILERVAS population consisted of
middle-aged individuals with low-to-moderate CVD risk, potentially limiting the general-
izability of our findings to a broader population. Additionally, the MEDAS questionnaire
and IPAQ were completed by the participants, which could introduce errors that may affect
the accuracy of our data. Another significant limitation was the lack of detailed metrics
on PA, particularly regarding intensity and frequency. This information could have better
informed a potential association between PA and AP progression in our study. Neverthe-
less, our study has several strengths. The entire ILERVAS study cohort comprised a large
population with follow-up data, randomly selected using a stratified sampling approach
based on primary care records to minimize selection bias. Furthermore, we conducted
an analysis on the number of vascular territories affected by AP, which is considered a
valid and robust noninvasive tool for predicting CVD. Moreover, the MDiet serves as the
traditional eating pattern in this region, ensuring that our data were not influenced by
prior clinical interventions. Additionally, the MEDAS score is a validated tool to assess
adherence to the MDiet that is quick and easy for participants to complete.

5. Conclusions

In conclusion, our study provides valuable insights into the progression of SAD, em-
phasizing the relevant impact of lifestyle factors. Adherence to the MDiet emerged as a
critical factor influencing disease progression, whereas higher levels of PA did not exhibit
an association with plaque progression, indicating that the relationship between PA and
disease advancement may be more complex than previously understood. Age, hyperten-
sion, dyslipidemia, smoking, and lower kidney function were consistently identified as
strong predictors of the progression of SAD, highlighting the importance of managing
these risk factors. Moreover, our findings consistently demonstrated a protective effect of
the female sex against disease progression. Overall, this study underscores the need for a
holistic approach to prevent the progression of SAD. It also highlights the importance of
integrating lifestyle modifications and risk factor management, with a particular emphasis
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on personalized interventions that prioritize dietary changes, specifically those based on
the MDiet.
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