Nutrition, Metabolism and Cardiovascular Diseases 35 (2025) 103831

Contents lists available at ScienceDirect

Nutrition, Metabolism and Cardiovascular Diseases

4
L

I.SEVIER journal homepage: wwuw.elsevier.com/locate/nmed

Check for

Increased risk of coronary artery diseases in overweight and obese | e
individuals is partially mediated by chronic inflammation: The
EPICOR study

a,”

Maria Teresa Giraudo , Lorenzo Milani?, Lisa Padroni "®, Sabina Sieri “®,
Claudia Agnoli “®, Vittorio Simeon “, Mario Fordellone “®, Fulvio Ricceri ™' ®,
Carlotta Sacerdote '

& Department of Clinical and Biological Sciences Universita di Torino, Regione Gonzole 10, 10043 Orbassano (Torino), Italy

b Unit of Cancer Epidemiology, Citta Della Salute e Della Scienza University-Hospital and Center for Cancer Prevention (CPO), Via Santena 7, 10126, Torino, Italy
¢ Epidemiology and Prevention Unit, Fondagzione IRCCS Istituto Nazionale Dei Tumori di Milano, Via Venezian 1, 20133, Milan, Italy

4 Medical Statistics Unit, University of Campania “Luigi Vanvitelli”, Largo Madonna Delle Grazie n. 1, 80138, Napoli, Italy

€ Department of Health Sciences Universita Del Piemonte Orientale, via Solaroli 17, 28100 Novara and Unit of Epidemiology, Local Health Unit of Novara, Viale Roma,
7, 28100, Novara, Italy

ARTICLE INFO ABSTRACT

Handling Editor: Dr. A. Siani Background and aims: It is well known that being overweight or obese is a risk factor for coronary artery disease
(CAD). At the same time, belonging to these categories indirectly influences other risk factors like hypertension,

Keywords: diabetes or dyslipidemia also through a chronic inflammation condition. The aim of this study was to establish to

Inflammation index
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Mediation analysis
Time-varying indirect effect

which extent the effect of body mass index (BMI) on CAD risk can be explained by the chronic inflammation
degree, using a statistical mediation model.

Methods and results: The present study used data from EPICOR, the cardiovascular branch of the EPIC Italy
(European Investigation into Cancer and Nutrition) study. We employed a case-cohort design including 1416
participants with 622 incident CAD cases (major coronary events, myocardial infarction). Acute phase reactant
C-reactive protein (CRP) and Plasminogen Activator Inhibitor-1 (PAI-1), were measured at baseline. A mediation
analysis was performed to establish to which extent the effect of BMI on CAD risk can be explained by the
inflammation degree expressed by the levels of both CRP and PAI-1.

Using a fully adjusted survival model individuals in the second and third BMI categories had increased hazard
ratios for CAD compared to the first BMI category. Mediation analysis revealed significant direct and indirect
effects of BMI on CAD risk through inflammation, and results were consistent across gender and with waist-to-hip
ratio analyses.

Conclusion: Chronic inflammation might explain part of the increased risk of CAD due to more or less severe
excess weight, in a robust statistical mediation model.

representing about 1.72 % of the global population, with nine million
deaths attributed to the disease annually [1]. At the same time, obesity is
increasingly becoming a prevalent health issue worldwide [2].

Obesity plays a significant role in the development of atherosclerosis
and acute coronary syndrome through both direct and indirect mecha-
nisms. Directly, obesity causes endothelial dysfunction, which is a crit-
ical early event in atherogenesis. Indirectly, obesity contributes to the

1. Introduction

Overweight and obesity are associated with unfavorable health
outcomes, and they are a known risk factor for coronary artery disease
(CAD) [1]. CAD remains a major cause of illness and death globally.
Approximately 126 million people worldwide are affected by CAD,
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Acronyms

CAD coronary artery disease

CRP C-reactive protein

PAI-1 Plasminogen Activator Inhibitor-1
IL interleukin

HR hazard ratio

NIE natural indirect effect

PDE pure direct effect

TCE total causal effect

development of hypertension, insulin resistance, and dyslipidemia, each
of which accelerates the progression of atherosclerosis and increases the
risk of acute coronary events. These interconnected mechanisms high-
light the complex and multifaceted impact of obesity on cardiovascular
health [3].

The development of atherosclerosis in the coronary arteries leads to a
range of conditions, including acute coronary syndrome and angina
pectoris, with inflammation playing a critical role in the pathogenesis
[4].

Dyslipidemia, characterized by high levels of total cholesterol, tri-
glycerides, LDL-cholesterol, and VLDL, along with low levels of HDL
cholesterol, is frequent in obese patients and is a key risk factor for acute
coronary syndrome [5].

Finally, insulin resistance and diabetes significantly increase the risk
of coronary disease, largely through mechanisms such as the formation
of advanced glycation end products (AGEs) and the production of pro-
inflammatory cytokines and pro-thrombotic factors. These effects are
more prevalent in individuals who are obese or overweight [6].

All three previously described conditions - atherosclerosis, dyslipi-
demia, and insulin resistance - are characterized by a pro-inflammatory
state that worsens coronary health. The inflammatory environment
contributes to endothelial damage through the recruitment of T cells and
macrophages, ultimately leading to the formation of foam cells derived
from macrophages [7]. These foam cells play a role in the release of
pro-inflammatory cytokines such as interleukin-6 (IL-6) [7].

Given the clinical evidence linking obesity to coronary artery disease
and the hypothesis that low-grade inflammation may play a mediating
role, the primary objective of this project and its contribution to this
topic is to formally investigate to what extent the association between
obesity and coronary artery disease is mediated by low-grade inflam-
mation. Indeed, statistical mediation methods allow a rigorous and
robust measurement of the magnitude of the effect due to specific me-
diators in a plausible biological model.

2. Methods
2.1. Study population

EPICOR is the cardiovascular branch of the EPIC Italy study (Euro-
pean Investigation into Cancer and Nutrition), aiming to investigate the
underlying causes of coronary artery diseases. The study took place
between 1993 and 1998 as part of the larger European EPIC study, and a
total of 47749 volunteers aged 35-74 were recruited from five centers
located in different regions of Italy: Varese and Turin in Northern Italy
and Florence, Ragusa and Naples in Central and Southern Italy [8].

Written consent was obtained from all participants, and the study
received ethical approval from local ethics committees in the partici-
pating countries and the ethical review board of the International
Agency for Research on Cancer (IARC).

In the EPICOR case-cohort study, the identification and assessment of
cardiovascular diseases and of CAD events in particular, both incident
and prevalent, were conducted using consistent procedures across
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centers. A record linkage between the EPICOR database and regional
mortality and hospital discharge databases was performed, followed by
quality control of the EPICOR database. All coronary artery events were
validated after confirmation of the disease by direct evaluation of
medical notes, or through information derived from the baseline ques-
tionnaire, including direct questions on preexisting cardiovascular
events. The subjects were followed from the time of enrollment until the
diagnosis of coronary artery event, occurrence of death, emigration out
of the region, or the end of the designated follow-up period. The dura-
tion of follow-up varied among the centers due to differences in the
availability of hospital discharge files for updating.

2.2. Statistical analyses

Self-administered questionnaires were used at recruitment to obtain
information on lifestyle factors, socio-economic status and anthropo-
metric measurements such as weight (to the nearest 0.1 kg), height (to
the nearest 0.5 or 1 c¢cm), waist circumference and hip circumference
(both in cm). All subjects with missing or not available data for one or
more variables that were relevant for the analysis were excluded for a
total of 72 exclusions. BMI was computed as weight in kg over square of
height in meters (kg/m?) and then categorized according to the usual
criteria into class I (underweight or normal weight, BMI<25), class II
(overweight, 25<BMI<30) and class III (obese, BMI>30). The waist-to-
hip ratio (WHR) was calculated by dividing the waist circumference by
the hip circumference both measured in centimeters. It was then cate-
gorized according to WHO criteria into class I (low risk, WHR up to 0.80
for women and up to 0.95 for men), class II (moderate risk, bigger than
0.80 and lower than 0.86 for women and bigger than 0.95 and lower
than 1 for men) and class III (high risk, at least 0.86 for women and at
least 1 for men). The possible confounders included in the analysis were
age (in years), sex, socio-economic level, smoking status, total physical
activity and geographical area of recruitment center. We also took dia-
betes into account as a potential confounder, while autoimmune or renal
diseases were not considered since there were no prevalent cases at
recruitment in the sub-cohort and among cases. Relative index of
inequality (RII) was used as an indicator of socio-economic status
instead of education level to overcome the problem of possible differ-
ences in the distribution of subjects among education levels depending
on geographical area, class of birth years and gender [9]. Smoking status
was categorized decreasingly into smoker, former smoker and never
smoker. According to a validated physical activity index, occupational
and recreational physical activity was categorized increasingly into
inactive, moderately inactive, moderately active and active. The
geographical area of recruitment centers was categorized into Northern
and Southern. The levels of the two biomarkers CRP and PAI-1 were
measured from blood samples collected at baseline. Both variables were
treated as continuous and their levels are expressed in mg/1 for CRP and
in ng/ml for PAI-1 respectively.

We used data from a whole appropriately extracted sub-cohort, for
which biomarker measurements were available, and from all incident
CAD cases in the original cohort.

Descriptive statistics of exposure and of confounders were computed
for the disease-free sub-cohort and the overall CAD cases using mean
and standard deviation for quantitative variables and absolute fre-
quencies and percentages for qualitative variables. Furthermore, the
distributions of confounders and of mediators across the different classes
of BMI were considered. Possible differences were tested employing one-
way analysis of variance, Kruskal-Wallis test or t-test and chi-square test
as required.

Flexible parametric Royston-Parmar regression models [10,11] were
fitted to estimate hazard ratios (HRs) of CAD with BMI as exposure
taking the lower class as the reference category. Three different models
were fitted: A) a model adjusted only for age, sex and geographical area;
B) similar to model A, but with RII, smoking status and physical activity
as additional covariates and C) as model B, but with the addiction of the
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levels of the two biomarkers CRP and PAI-1 among the predictors.
Diabetes was not considered in the mediation model as no major dif-
ferences were found compared to the model that did not include it, when
considering all subjects. Sensitivity analyses were performed to avoid
reverse causality excluding the first 2 years of follow-up. Positivity
assumption was checked and the results did not suggest violations.

General linear regression models were used to verify the association
between the levels of the two biomarkers and the BMI categories taking
the lowest one as a reference level.

A mediation analysis was then performed to establish to which extent
the effect of BMI on CAD risk can be explained by the inflammation
degree expressed through the measured levels of the two biomarkers
considered. To this aim we made use of the weighting approach devel-
oped in Ref. [12] and adapted to survival outcomes in Ref. [13]. We
chose this method since it can be applied to survival outcomes even in
the presence of not rare outcomes. The requirement that biomarker
measures followed temporally the assessment of BMI values was fulfilled
since CRP and PAI-1 levels were measured at the recruitment of the
cohort when the BMI values could be considered as stabilized.

We will refer to indirect effect [14,15] as natural indirect effect (NIE)
and to direct effect as pure direct effect (PDE) [16]. Applying the
decomposition on multiplicative scale in terms of hazard functions, the
total causal effect (TCE) is obtained as the product between NIE and PDE
[16].

In order to identify and estimate the effects, the following assump-
tions need to be satisfied: absence of unmeasured confounders for the
exposure-outcome relationship, exposure-mediators relationships,
mediators-outcome relationships and absence of measured or unmea-
sured mediators-outcome confounders affected by the exposure.

All analyses were performed using software R version 4.0.3 (R
foundation for Statistical Computing, Vienna, Austria, 2020).

3. Results

The case-cohort study was based on 1488 participants from the
centers involved with a mean follow-up period of 9.79 years (median
11.08, IQR = 5.21). A total of 63 subjects with CRP levels higher than 10
mg/1 or PAI-1 levels higher than 100 ng/ml, implying an acute inflam-
mation state, were further excluded from the analysis. Due to missing
information, 9 more subjects were excluded from the analysis. A total of
14 incident cases of CAD were diagnosed in the sub-cohort while 608
cases arose in the cohort.

Table 1 shows the baseline characteristics of the disease-free sub-
cohort together with all the CAD cases. Among all the investigated
confounders, only the physical activity index did not significantly
depend on belonging to the two different classes. Persons who devel-
oped a CAD event were more likely to be overweight or obese at
recruitment. Subjects in different BMI categories were different in terms
of sex, diabetic status, smoking status, physical activity, socio-economic
status and geographical area (Table 2). A crude association was also
evident between BMI categories and both CRP and PAI-1 continuous
measures.

By fitting a Royston-Parmar flexible survival model adjusted only for
sex, age and geographical area (Table 3), subjects in the second and
third categories of BMI had a hazard ratio (HR) of suffering the event
with respect to subjects in the first category respectively of 1.74 (95 %
confidence interval (CI): 1.56, 1.92) and of 2.21 (95 % confidence in-
terval (CI): 1.84, 2.61). When all the confounders considered were
added to the model (Table 3), the HR became respectively 1.74 (95 %
confidence interval (CI): 1.56, 1.92) and of 2.43 (95 % confidence in-
terval (CI): 2.03, 2.88). A further Royston-Parmar model was fitted to
estimate the association between the two mediators and the outcome,
always adjusting for the exposure and the confounders. Subjects in both
the second and the third BMI class had an increased risk of CAD event
compared to those in the first class (adjusted hazard ratio: 1.48, 95 % CI:
1.33, 1.64 in the first case and 1.55, 95 % CI: 1.29, 1.83 in the second
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Table 1
Descriptive characteristics of the disease-free sub-cohort and coronary artery
events.

Variables Major cardiovascular events P-value
Absent Present
Sex <0.0001
M 249 (31.9 %) 426 (67.0 %)
F 531 (68.1 %) 210 (23.0%)
RII 0.0021
I tertile 271 (34.7 %) 183 (28.8 %)
II tertile 269 (34.5 %) 202 (31.7 %)
111 tertile 240 (30.8 %) 251 (39.5%)
Age 49.52 (7.80) 54.04 (7.32) <0.0001
Age class <0.0001
<40 87 (11.2%) 17 (2.7 %)
40-49 325 (41.7 %) 166 (26.1 %)
50-59 263 (33.7 %) 278 (43.7 %)
>60 105(13.4 %) 175 (27.5 %)
Physical Activity index 0.411
None 236 (30.3 %) 173 (27.2 %)
Low 312 (40.0 %) 265 (41.7 %)
Moderate 124 (15.9%) 95 (14.9 %)
Intense 108 (13.8 %) 103 (16.2 %)
Waist-to-hip ratio <0.0001
Low 418 (53.6 %) 268 (42.1 %)
Medium 231 (29.6 %) 194 (30.5 %)
High 127 (16.3 %) 166 (26.1 %)
Missing 4 (0.5 %) 8 (1.3%)
Smoking status <0.0001
Never 369 (47.3 %) 182 (28.6 %)
Former 203 (26.0 %) 198 (31.1 %)
Smoker 208 (26.7 %) 256 (40.3 %)
Diabetes <0.0001
Yes 19 (2.4 %) 45 (7.1 %)
No 761 (97.6 %) 591 (92.9 %)
Geographical area <0.0001
North (Turin-Varese) 516 (66.2 %) 485 (76.3 %)
South (Naples-Ragusa) 264 (33.8%) 151 (23.7 %)
PAI-1 10.04 (7.03) 13.72 (8.38) <0.0001
CRP 1.39 (1.55) 2.08 (2.02) <0.0001
BMI <0.0001
<25 337 (43.2%) 165 (25.9 %)
[25-30] 329 (42.2 %) 349 (54.9 %)
>30 114 (14.6 %) 122 (19.2 %)

Legenda: RII = Relative Index of Inequalities; BMI = Body Mass Index: PAI-
1 =Plasminogen Activator Inhibitor-1; CRPI = C-reactive protein.

case). It should be underlined that the comparability of these estimates
may be affected by non-collapsibility of hazard ratios [10]. Table 3
shows the HRs of CAD according to BMI classes in the various instances.

Since BMI category was strongly associated with CAD risk, we
studied through mediation analysis which portion of this effect can be
explained through the degree of inflammation as expressed by the levels
of the two biomarkers CRP and PAI-1 considered. Fig. 1 shows the causal
effects estimated as a function of time in terms of HRs for the second BMI
category (upper panels) and for the third BMI category (lower panels)
with respect to the first one. A direct effect was detected in both cases
over the whole follow-up time (panels 1A and 1D). There was also evi-
dence for an indirect effect, more relevant for the third BMI category
than for the second one with respect to the first category taken as a
reference. (panels 1B and 1E). These effects slightly increased with time
in the first case while remaining essentially constant in the second one.
The TCEs remained always significant (panels 1C and 1F) with a con-
stant trend for the second BMI category and a slowly decreasing pattern
for the third BMI category. Table 4 shows the causal effects estimated at
years 1, 5 and 10 of follow up. At the longest time from recruitment, the
TEs were in the two cases 1.71 (95 % CI: 1.06, 2.62) and 2.47 (95 % CI:
1.37, 4.78), the TIEs were 1.19 (95 % CI: 0.93, 1.52) and 1.65 (95 % CI:
1.14, 2.48) while the PDEs were 1.44 (95 % CI: 1.01, 1.93) and 1.50 (95
% CI: 0.94, 2.33). The positivity assumption [15,17] was checked and
the analyses did not suggest violations. The absence of unmeasured
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Table 2
Descriptive characteristics by BMI classes (N and percentage).
Variables BMI p-value
<25 [25-30] >30
N 502 (35.5 %) 678 (47.9 %) 236 (16.7 %)
Sex <0.0001
M 199 (39.6 %) 377 (55.6 %) 99 (41.9 %)
F 303 (60.4 %) 301 (44.4 %) 137 (58.1 %)
RII <0.0001
I tertile 192 (38.2 %) 207 (30.5 %) 55 (23.3 %)
1I tertile 190 (37.9 %) 206 (30.4 %) 75 (31.8 %)
1II tertile 120 (23.9 %) 265 (39.1 %) 106 (44.9 %)
Age class 0.0215
<40 49 (9.8 %) 40 (5.9 %) 15 (6.4 %)
40-49 191 (38.0 %) 227 (33.5 %) 73 (30.9 %)
50-59 179 (35.7 %) 268 (39.5 %) 94 (39.8 %)
>60 83 (16.5 %) 143 (21.1 %) 54 (22.9 %)
Age 50.49 (8.16) 52.09 (7.77) 52.23 (7.58) 0.0010
Physical Activity index 0.0002
None 115 (22.9 %) 199 (29.4 %) 95 (40.2 %)
Low 214 (42.6 %) 280 (41.3 %) 83 (35.2 %)
Moderate 89 (17.7 %) 97 (14.3 %) 33 (14.0 %)
Intense 84 (16.8 %) 102 (15.0 %) 25 (10.6 %)
Waist-to-hip ratio <0.0001
Low 172 (34.2 %) 185 (27.3 %) 37 (15.7 %)
Medium 286 (57.0 %) 255 (46.2 %) 68 (28.8 %)
High 39 (7.8 %) 175 (25.8 %) 128 (54.7 %)
Missing 5 (1.0 %) 5 (0.7 %) 2 (0.8 %)
Smoking status 0.01
Never 165 (38.9 %) 241 (35.5 %) 58 (24.6 %)
Former 133 (26.5 %) 197 (29.1 %) 71 (30.1 %)
Smoker 204 (40.6 %) 240 (35.4 %) 107 (45.3 %)
Diabetes <0.0001
Yes 12 (2.4 %) 29 (4.3 %) 23 (9.7 %)
No 490 (97.6 %) 649 (95.7 %) 213 (90.3 %)
Geographical area <0.0001
North (Turin-Varese) 386 (76.9 %) 470 (69.3 %) 145 (61.4 %)
South (Naples-Ragusa) 116 (23.1 %) 208 (30.7 %) 91 (38.6 %)
PAI-1 8.29 (5.81) 12.70 (7.75) 16.04 (9.08) <0.0001
CRP 1.23 (1.63) 1.69 (1.62) 2.77 (2.18) <0.0001

Legenda: RII = Relative Index of Inequality; BMI = Body Mass Index: PAI-1 = Plasminogen Activator Inhibitor-1; CRP = C-reactive protein.

Table 3

Crude and adjusted Royston-Parmar models for coronary artery events. Model I: adjusted for age, sex and geographical area (North or South); Model II: Model I plus
Physical activity index, smoking status and Relative Index of Inequality; Model III: Model II plus biomarkers CRP and PAI-1.

Variables HR (95 % CI)
Model I Model I Model 111
BMI class all
<25 Ref. Ref. Ref.
[25-30] 1.74 (1.56-1.92) 1.74 (1.56-1.92) 1.48 (1.33-1.64)
>30 2.21 (1.84-2.61) 2.43 (2.03-2.88) 1.55 (1.29-1.83)

BMI class men
<25 Ref.
[25-30] 1.67 (1.47-1.87)
>30 2.14 (1.66-2.68)

BMI class women

<25 Ref.
[25-30] 1.76 (1.44-2.12)
>30 2.25 (1.69-2.88)

Ref. Ref.
1.70 (1.50-1.91) 1.53 (1.34-1.72)
2.56 (2.00-3.20) 1.84 (1.43-2.30)

Ref. Ref.
1.85 (1.51-2.22) 1.52 (1.24-1.82)
2.34 (1.78-3.00) 1.33 (1.01-1.69)

HR = Hazard Ratio.

confounders of exposure-outcome, exposure-mediators,
mediators-outcome associations and of an effect of the exposure that
possibly confounds mediators-outcome relationship was assumed.

The same type of mediation analysis was performed on women and
men separately, whose results are reported in the Supplementary ma-
terial. Figs. 2 and 3 show the causal effects as a function of time in terms
of HRs in the same way as for Fig. 1 for women and for men respectively.
In both cases no relevant deviations from the results for the overall
sample can be observed. The confidence intervals for direct and total

effects were only slightly broader in these cases with respect to the
overall one. Tables 5 and 6 report the causal effects estimated at year 1,
5 and 10 for women and men respectively. Moreover, we performed
analysis using the waist-to-hip ratio as a measure of obesity for evalu-
ating abdominal fat: results were consistent with those obtained using
the BMI The distribution of confounders in WHR classes and the results
for the corresponding Royston-Parmar flexible survival models are
shown in the Supplementary material (Tables 7 and 8) together with the
plots for causal effects as a function of time (Figs. 4,5 and 6 for the
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Fig. 1. Causal effects of BMI on CAD as a function of time with CRP and PAI-1 levels as mediatiors.
Table 4
Mediation effects at 1, 5 and 10 years of follow-up.
BMI class Mediation effect 1 YEAR 5 YEARS 10 YEARS
BMI CLASS <25 VS [25-30]
<25 Ref. Ref. Ref.
[25-30] Direct 1.48 (1.01-2.05) 1.46 (1.01-1.99) 1.44 (1.01-1.93)
Indirect 1.16 (0.87-1.53) 1.17 (0.90-1.54) 1.19 (0.93-1.52)
Total 1.71 (1.01-2.74) 1.71 (1.04-2.68) 1.71 (1.06-2.62)
BMI CLASS <25 VS > 30
<25 Ref. Ref. Ref.
>30 Direct 1.54 (0.93-2.54) 1.52 (0.93-2.45) 1.50 (0.94-2.33)
Indirect 1.65 (1.10-2.68) 1.65 (1.11-2.63) 1.65 (1.14-2.48)
Total 2.55 (1.34-5.45) 2.52 (1.36-5.19) 2.47 (1.37-4.78)

overall sample and for women and men separately, similar to the pre-
vious ones) and with their values estimated at year 1, 5 and 10
(Tables 9-11) resulting from the mediation models.

4. Discussion

In an observational Italian cohort study, an increased risk of incident
coronary artery events (major coronary events, myocardial infarction)
was observed among participants in the higher categories of BMI
(overweight and obese) compared to those with normal weight. This
finding confirms expectations based on previous literature data [18-20].

The risk of coronary artery disease in overweight and obese partic-
ipants, in the model adjusted for physical activity, education, and
smoking status, remained similar to that obtained through the crude
model. However, this risk was attenuated when we also adjusted for the
inflammation biomarkers levels, indicating a role of inflammation in
this association.

We then conducted a formal mediation analysis to determine to
which extent the effect of BMI on coronary artery disease can be
explained by the presence of low-grade inflammation.

Low-grade inflammation has been considered a potential risk factor
for coronary artery events [21], particularly in association with obesity
and visceral adiposity [22]. Direct and indirect causal effects, estimated

over time in terms of hazard ratios for the highest BMI categories
compared to the lowest, were significant throughout the entire
follow-up period. Therefore, we can infer that inflammation might
explain at least a portion of the increased risk of CAD associated with
excess weight.

Low level inflammation is associated with the onset and progression
of atherosclerosis. Atherosclerosis is a complex and progressive disease,
whose key initiating event is the presence of elevated circulating levels
of apoB-containing lipoproteins, particularly low-density lipoproteins
(LDL), which are commonly observed in patients with obesity and dys-
lipidemia [23]. ApoB-containing lipoproteins, such as LDL and very
low-density lipoproteins (VLDL), are particularly atherogenic. When
present in excess, as found in many obese individuals, these lipoproteins
infiltrate the endothelial layer of blood vessels. Due to the increased
low-level systemic inflammation associated with obesity, these particles
undergo oxidative modification. Such oxidation is crucial because it
enhances the pro-inflammatory and pro-atherogenic properties of the
apoB-containing lipoproteins [24]. Once oxidized, apoB-containing li-
poproteins are recognized by scavenger receptors on macrophages,
which engulf the particles through phagocytosis. The continued uptake
of these modified lipoproteins by macrophages leads to their trans-
formation into foam cells, which are lipid-laden cells that accumulate
within the arterial intima [25]. Foam cells not only accumulate
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cholesterol but also become active participants in the inflammatory
cascade. These cells release pro-inflammatory cytokines such as
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and
interleukin-1 (IL-1), all of which perpetuate a state of chronic, low-grade
inflammation [26]. IL-6, in particular, stimulates hepatic production of
C-reactive protein (CRP), commonly used as a marker of systemic
inflammation [27].

Also the plasminogen activator inhibitor-1 (PAI-1), a major regulator
of fibrinolysis, has emerged as a critical mediator in the progression of
atherosclerosis [28]. Elevated levels of PAI-1, often seen in patients with
metabolic syndrome, obesity, and dyslipidemia, contribute to the
pro-thrombotic state and impaired vascular remodelling that charac-
terize atherosclerosis. In fact, there is evidence to suggest that adipo-
kines including PAI-1 are produced in adipose tissue, contributing to
diseases associated with obesity [29]. PAI-1 is critically involved in
regulating fibrinolysis by inhibiting tissue plasminogen activator (tPA)
and urokinase plasminogen activator (uPA), thus preventing the
breakdown of fibrin [30]. In the context of atherosclerosis, elevated
PAI-1 levels contribute to a pro-thrombotic state by promoting fibrin
deposition and reducing the clearance of thrombi [30].

The ongoing release of cytokines from foam cells, CRP and PAI-1 not
only contributes to inflammation within the plaque itself but also pro-
motes further recruitment of immune cells to the site of injury. This
amplifies the inflammatory response, leading to plaque instability and to
an increased risk of rupture. Ultimately, the sustained inflammatory
milieu accelerates the progression of atherosclerosis, driving the for-
mation of advanced plaques that can occlude blood vessels and lead to
clinical events such as myocardial infarction [31].

Given the involvement of inflammation in the association between
obesity and increased coronary risk, and the presence of CRP and PAI in
the inflammatory cascade and in the progression of atherosclerotic
plaques towards instability, these two biomarkers have been chosen to
construct the mediation model.

However, evidence suggests that approximately half of coronary
events can occur even when C-reactive protein levels are within the
normal range [32]. Furthermore, the use of PAI-1 as a marker for
obesity-related inflammation may be problematic, as indicated by the
study conducted by Kohler et al. [33]. They found that fat distribution,
dyslipidemia, and hyperglycemia contribute only modestly to the vari-
ability in PAI-1 levels, suggesting that the relationship between PAI-1
and obesity-related inflammation is more complex than previously
assumed.

Nevertheless, the chronic low-grade inflammation typical of over-
weight and obese patients characterized by subacute levels of C-reactive
protein and PAI-1 has not been considered into the calculation of risk
prevalence.

Other risk factors for coronary artery diseases may coexist with
overweight and obesity, creating a systemic environment of low-level
inflammation. Physical inactivity [34], low socioeconomic status [35],
and smoking [36] can all contribute to an inflammatory environment
that leads to a state of systemic low-grade inflammation. Additionally,
these risk factors may act through the same biological mechanisms on
coronary artery diseases, exacerbating their negative effects.

In conclusion, chronic inflammation measured prospectively in the
blood explains at least a portion of the increased risk of CAD associated
with excess weight. The prospective design of the study, the evidence of
a dose effect and the identification of a couple of mediators with a high
biological plausibility strengthen the hypothesis of a causal relationship
among overweight and coronary artery events.

These results could also enhance future research perspectives on the
mechanisms underlying CAD prevention through weight loss achieved
with GLP-1RA use. Specifically, studying the modulation of systemic
inflammation as measured by CRP and PA1 levels could shed light on the
mechanism of action of GLP-1RA and have potential implications for a
better selection of patients for treatment.
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