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The Mediterranean diet displays an
immunomodulatory effect that correlates with
beneficial changes in carotid atherosclerosis
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Keywords

The Mediterranean Diet (MeDiet), a healthy, plant-based dietary pattern, is
recommended by international scientific organizations for its potential in
cardiovascular disease (CVD) prevention.' However, its underlying me-
chanisms remain incompletely understood.? Increased carotid intima-
media thickness (CIMT), plaque height and inflammation are recognized
as indicators of cardiovascular risk.>* Results of previous studies indicate
that following the MeDiet may slow CIMT and carotid plaque progression®
and improve vascular inflammation.® However, to our knowledge, no pub-
lished studies have assessed whether changes in inflammatory biomarkers
resulting from long-term MeDiet intervention correlate with changes in
CIMT and plaque height. We hypothesize that MeDiet’s beneficial impact
on atherosclerosis—through improving CIMT and plaque height—
correlates with its immunomodulatory effects on inflammation and plaque
stability-related molecules (Figure 1A).

Here, we report results from a secondary analysis of the PREDIMED
(PREvencion con Dleta I"IEDiterrémea)7 study, a randomized, multicentre,
parallel-group, single-blind controlled trial (RCT) conducted in Spain to as-
sess MeDiet’s impact on primary prevention of CVD. Two hundred con-
secutive candidates from primary care centres linked to Clinic Hospital
and Bellvitge Hospital (Barcelona, Spain) were screened between
February 2008 and July 2009. Eligible participants, community-dwelling sub-
jects, aged 55-80 for men and 60—80 for women, were free of CVD at base-
line but at high risk. For complete protocol and eligibility criteria details see
ISRCTN35739639 at www.isrctn.com. Institutional review boards at the
two hospitals approved the study, which was conducted in accordance
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with the Declaration of Helsinki; all participants signed a written informed
consent. Candidates were randomly assigned (1:1:1) to one of the three
groups: MeDiet with extra virgin olive oil (EVOO, 1 L/week for the partici-
pants and their families), MeDiet with 30 g/day mixed nuts (walnuts, al-
monds, and hazelnuts), or control diet (advice to follow a low-fat diet).
No energy restriction or physical activity was indicated for any group.
Randomization was performed using a computer-generated random-
number sequence. The primary outcome of this sub-study was the associ-
ation between changes in plasma inflammation biomarkers and changes in
carotid atherosclerosis (maximum CIMT and maximum plaque height) after
intervention. Plasma inflammation and plaque stability-related molecules
were assessed using the Luminex® system, and high-sensitivity C-reactive
protein (hs-CRP) was determined by a standard enzyme-linked immuno-
sorbent assay at baseline and was repeated at Years 1 and 3. A standardized
ultrasonography imaging protocol was used to measure CIMT at the com-
mon carotid artery 1 cm pre-bifurcation (CCA-IMT), bifurcation (BIF-IMT),
andinternal carotid artery 1 cm after the flow divider (ICA-IMT), along with
plaque height measurements® at baseline and was repeated at Year 2. For
each participant, the plasma biomarker measurements closest to the se-
cond ultrasound were used, reflecting changes after an average of 2.2 years
of intervention (range: 1.6-3.1 years). Repeated-measures analysis of vari-
ance was used to compare changes in diet, adiposity, cardiovascular risk fac-
tors, and inflammation biomarkers, adjusting for potential confounding
variables: age, sex, use of oral hypoglycaemic agents and lipid-lowering
agents (statins), and baseline total-cholesterol and triglyceride levels, and
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Figure 1 Results of an intervention study with a MeDiet supplemented with nuts or EVOO vs. a control diet (advice to follow a low-fat diet) after 2.2 years in
an older Spanish population at high cardiovascular risk. (A) Graphical abstract: Schematic of the internal carotid artery showing inflammation markers, intima-
media thickness (ICA-IMT) and maximum atheroma plaque height. Solid lines represent the known protective effect of the MeDiet on markers of inflammation,
and on ICA-IMT and plaque height. Dashed lines represent the results of this study, which suggest that the MeDiet, especially when supplemented with nuts,
shows an immunomodulatory effect correlating with beneficial changes in carotid atherosclerosis. (B) Flow diagram of study participants. (C) Adjusted forest
plot of variation in maximum plaque height (mm) and maximum ICA-IMT (mm) in the MeDiet interventions with compared with the control after 2.2 years of
study, related to changes in inflammation biomarkers (MeDiet + EVOO, n = 55; MeDiet + nuts, n = 42; control group, n = 61). General linear model approach
to ANCOVA. Model 2 adjusted for sex, age at recruitment, baseline biomarker level, systolic and diastolic blood pressure, total-cholesterol and triglyceride
concentrations, and medication use (hypoglycaemic drugs and statins). Black diamonds represent the standardized coefficient (B) together with the lines re-
presenting the 95% CI. P-values < 0.05 are marked with an asterisk (*). EVOO, extra-virgin olive oil; hs-CRP, high-sensitivity C-reactive protein; ICA-IMT,
intima-media thickness of the internal carotid artery; sICAM-1, soluble intercellular adhesion molecule 1; sVCAM-1, soluble vascular cell adhesion molecule
1; IL-10, interleukin 10; IL-18, interleukin 18; IL-1B, interleukin 1 beta; IL-6, interleukin 6; MCP-1, monocyte chemoattractant protein 1; MeDiet,

Mediterranean diet; TNF-a, tumour necrosis factor alpha.
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systolic and diastolic BP. General Linear Model approach to analysis of co-
variance (ANCOVA) assessed associations between inflammation biomar-
kers changes in both MeDiet groups (fixed factors) compared with the
control group on mean and maximum CCA-IMT, BIF-IMT, ICA-IMT, and
maximum plaque height after an average of 2.2 years (dependent variables),
using the ultrasonographic baseline measurements as covariates and others
as additional covariates. Model 1 was unadjusted; Model 2 was adjusted for
sex, age, baseline biomarker levels, systolic and diastolic BP, total-cholesterol
and triglyceride concentrations, and medication use as oral hypoglycaemic
drugs and statins.

As 25 participants declined a second ultrasound and baseline and follow-
up plasma samples were missing for 11 and 6 participants, respectively,
complete data were available for 158 participants (53% female) after a me-
dian of 2.2 years’ intervention (Figure 1B). The mean baseline age was 66.2 +
5.9 years, with a mean CCA-IMT .« of 0.98 + 0.27 mm and a mean plaque
height,ax of 1.86 + 0.85 mm. All participants had similar clinical, dietary, and
physical activity characteristics at baseline.

After 2.2 years of intervention, adherence to the MeDiet significantly in-
creased in MeDiet groups compared with the control diet group, while
physical activity was maintained in all groups. Participants in the MeDiet +
EVOO group showed a significant increase in IL-10 levels, while those in
the MeDiet + nuts group had a significant reduction in MCP-1. In contrast,
participants in the control group displayed significant increases in the plasma
concentrations of sVCAM-1, sICAM-1, TNF-o, IL-1B, IL-6, IL-18, and
hs-CRP. A trend towards between-group differences in sICAM-1 and
hs-CRP was observed in favour of both MeDiet arms (P=0.05 and P =
0.06, respectively). Figure 1C shows the differences in maximum plaque
height or ICA-IMT in the MeDiet interventions vs. the control diet after
2.2 years. The non-standardized coefficient (B) indicates the differences in
maximum plaque height or ICA-IMT in the MeDiet interventions compared
with the control diet, presented with its 95% confidence interval (95% Cl).
In the multivariable-adjusted Model 2, participants with the same maximum
plaque height at baseline experienced a significantly greater reductionin pla-
que height, .« (range: 0.17-0.26 mm) associated with plasma changes in
sVCAM-1, sICAM-1, MCP-1, TNF-q, IL-6, IL-18, and hs-CRP after the
MeDiet + nuts intervention compared with the control. Likewise, partici-
pants with the same ICA-IMT .« at baseline experienced a significantly
greater reduction in the ICA-IMT .« (range: 0.20-0.22 mm), correlated
with changes in plasma levels of MCP-1, IL-1B, IL-6, hs-CRP, and IL-10 after
the MeDiet + nuts intervention compared with the control. ICA-IMT .
was also reduced by 0.17-0.21 mm, associated with changes in plasma levels
of sICAM-1, TNF-a, and IL-6 after the MeDiet + EVOO intervention com-
pared with the control. Mean CCA-IMT also showed a greater reduction
[-0.12 mm (—0.24 to —0.001 mm)] associated with changes in plasma le-
vels of MCP-1 after the MeDiet + nuts intervention compared with the con-
trol (data are not shown). No changes were observed in CCA-IMT ..,
maximum BIF-IMT ..., mean ICA-IMT, or mean BIF-IMT.

The results of our study suggest that changes in ultrasound-assessed
CIMT and plaque are associated with changes in concentrations of inflam-
mation biomarkers ensuing from a MeDiet enriched with two of its main
foods, nuts and EVOO. These findings may indicate that the immunomodu-
latory and anti-inflammatory properties of the MeDiet, which are linked to a
reduced progression of atherosclerosis, might be responsible for the de-
monstrated effect in reducing the incidence of CVD observed in RCTs.”?
The MeDiet’s effect to induce a reduced inflammatory status could be at-
tributed to its richness in beneficial nutrients, such as dietary fibre, unsatur-
ated fatty acids, and bioactive compounds, such as carotenoids and
(poly)phenols, which may play an anti-atherosclerotic role.>"°

However, several limitations of this study should be noted, including a
small sample size and the lack of a pre-specified sample size, as at the
time of the ultrasound scans there were no published data on the maximum
CIMT/plaque height progression to make assumptions for power calcula-
tions; nonetheless, the sample size of this exploratory study was sufficient
to find evidence of an association between primary outcomes. Moreover,
although these data support the link between the MeDiet’s beneficial effects
on inflammation and atherosclerosis, the results show correlations

between changes in variables after dietary intervention, which prevents
conclusions of a clear cause-effect relationship being drawn. Additionally,
our population comprised older individuals at high CVD risk living in a
Mediterranean country, limiting generalization to other populations. The
study also has several strengths, including its basis in the results of a RCT,
real-life conditions with home-prepared foods, and close participant
monitoring.

In conclusion, this study suggests that the MeDiet, especially when sup-
plemented with nuts, displays an immunomodulatory effect that correlates
with beneficial changes in carotid atherosclerosis. These findings propose a
hypothesis for a new mechanistic explanation of how MeDiets may provide
cardiovascular protection, warranting future research to validate this
hypothesis.
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