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ABSTRACT

Fifteen years elapsed between two surveys of cardiovascular (CV) risk factors in the same Italian region. Modifiable CV risk
profiles were compared among 2,199 individuals enrolled in the CV-PREVITAL trial (2022-2024) at IRCCS Neuromed with those of
16,656 participants from the Moli-sani Study (2005-2010), matched for age and absence of prior CV disease. The Moli-sani Risk
Score is a validated algorithm incorporating nine common modifiable risk factors measured overall risk. Most individual risk factors
were more favorable in CV-PREVITAL compared with Moli-sani participants, besides hypertension in men and glucose levels in
women. Relative fat mass was similar in both cohorts. Men in CV-PREVITAL had a mean Moli-sani Risk Score 4.8 points lower than
Moli-sani men; women showed a 4.5-point reduction. These findings suggest a meaningful decline in modifiable CV risk over a 15-
year interval, potentially reflecting enhanced prevention awareness, improved therapeutic efficacy, and cumulative effects of long-term
public health communication.
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Introduction

Cardiovascular (CV) disease remains the leading cause of
death in developed countries, yet the condition is largely pre-
ventable.! More than 90% of CV events can be ascribed to
modifiable risk factors, including smoking, diet, physical ac-
tivity, obesity, lipid profile, blood pressure, and glycemic con-
trol.? Prevention strategies targeting these factors have the
potential to substantially reduce disease burden, but effective-
ness depends on sustained population-level behavior change
and improved medical management.’

The Moli-sani Study, conducted between 2005 and 2010
in the Molise region of south-central Italy, enrolled over
24,000 participants and established a comprehensive profile of
cardiovascular risk in an Italian population.? From this cohort,
a weighted risk algorithm was developed, the Moli-sani Risk
Score, which quantifies the combined impact of nine modifi-
able risk factors on the probability of fatal or nonfatal cardio-
vascular events.’

Fifteen years later, the CV-PREVITAL trial began en-
rolling participants in the same geographic region.® The trial
represents a new opportunity to assess whether CV risk pro-
files have shifted during this interval. By comparing risk factor
distribution in the newer CV-PREVITAL Neuromed cohort
with a matched subset of the original Moli-sani participants,
we can detect temporal trends in modifiable risk while control-
ling for measurement procedures, population characteristics,
and regional context. Such comparisons are valuable for un-
derstanding whether public health communication, improved
medications, or behavioral shifts have produced detectable

changes in population risk.’
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Methods
Study populations

The Moli-sani Study is a population-based cohort enrolled
in 2005-2010 in the Molise region, Italy. Extensive information
on the Moli-sani Study has been reported elsewhere.** From the
original 24,325 participants, we selected 16,656 individuals aged
45 years or older without prior CV disease for the derivation of
the Moli-sani Risk Score. To enhance comparability with the
CV-PREVITAL cohort recruited from the same region, we iden-
tified a subset of Moli-sani participants in the same age range
and, as in CV-PREVITAL, without prior cardiovascular disease,
yielding 7,872 men and 8,784 women for comparison.

The CV-PREVITAL Study is a multicenter, prospective, ran-
domized controlled trial sponsored by the Italian Ministry of
Health and designed to evaluate the effectiveness of mobile
health intervention in primary CV prevention.® At the IRCCS
Neuromed recruitment center in Pozzilli (Isernia) 2,268 individ-
uals aged 45 years or older, apparently free of CV disease, were
enrolled between October 2022 and February 2024. For the pres-
ent analysis, we retained 2,199 participants with complete base-
line data.

Risk factor assessment

Both studies measured the same core variables using stan-
dardized procedures. Smoking was assessed by questionnaire
and expressed as number of cigarettes daily. Mediterranean diet
adherence was evaluated using validated food frequency ques-
tionnaires adapted to the Italian context.® Lipid fractions (LDL,
HDL, triglycerides) and glucose were measured in fasting blood
samples. Blood pressure was recorded using calibrated devices,

and mean arterial pressure was calculated.” Relative fat mass
was computed from height, waist circumference, and sex using
a validated formula.'

The primary outcome measure was the Moli-sani Risk
Score, a validated weighted algorithm incorporating nine mod-
ifiable CV risk factors: smoking, Mediterranean diet adherence,
LDL cholesterol, HDL cholesterol, triglycerides, mean arterial
pressure, glucose, leisure-time physical activity, and relative fat
mass. The score was standardized so that a one-point change in
the score corresponds to the CV risk equivalent of one year of
age at baseline.

Statistics

Baseline characteristics are presented separately by sex, with
means and standard errors adjusted for age. Comparisons be-
tween Moli-sani and CV-PREVITAL Neuromed cohorts used
age-adjusted analysis of covariance for continuous variables and
logistic regression for categorical outcomes. All analyses were
conducted using SAS 9.4.

Results
Men

Among men, the CV-PREVITAL cohort (n=987) was com-
parable in age with the Moli-sani subset (n=7,872), with mean
ages of 58.6 and 59.5 years, respectively (Table 1). Smoking
prevalence was notably lower in CV-PREVITAL: 16.8% vs
24.5% in Moli-sani, with smokers in the recent cohort reporting
fewer cigarettes (14.7 vs 16.8 daily). Mediterranean diet adher-
ence improved from 4.6 to 5.2 points. Lipid profiles shifted fa-
vorably: LDL cholesterol decreased from 130 to 118 mg/dL, and

Table 1. Characteristics of individuals in Moli-sani or in CV-PREVITAL (Neuromed center of recruitment) cohorts.

Men Women
Moli-sani CV-PREVITAL Moli-sani CV-PREVITAL
(n=7,872) Neuromed (n=8,784) Neuromed
(n=987) (n=1,212)
Meanor SEMor Meanor SEMor Meanor SEMor Meanor SEM or
number ) number % number % number )

Years of recruitment 2005-2010 2022-2024 2005-2010 2022-2024
Age (years) 59.5 0.1 58.6 0.3 59.1 0.1 57.5 0.2
Diabetes 1123 14.3% 56 5.7% 657 7.5% 58 4.8%
Hypertension* 2352 29.9% 375 38.0% 2893 32.9% 326 26.9%
Components of the Moli-sani Risk Score

Smokers 1931 24.5% 166 16.8% 1676 19.1% 181 14.9%

No. of cigarettes in smokers 16.8 0.2 14.7 0.7 10.9 0.2 122 0.5

Mediterranean Diet adherence (points) 4.6 0.1 52 0.1 43 0.1 5.8 0.1

LDL cholesterol (mg/dL) 130 0.4 118 1 136 0.4 121 1

HDL cholesterol (mg/dL) 523 0.1 53.5 0.4 62.7 0.2 64.0 0.4

Triglycerides (mg/dL) 150 1 122 2 119 0.7 105 2

Mean arterial pressure (mmHg) 105.3 0.1 97.2 0.3 102.0 0.1 92.3 0.3

Glucose (mg/dL) 107 0.3 103 1 98 0.2 104 1

Relative fat mass (%) 29.4 0.1 29.4 0.1 42.4 0.1 41.9 0.1
Moli-sani Risk Score (points) -2.3 0.1 -7.1 0.2 -2.9 0.1 -7.4 0.2

*Pharmacologically treated for hypertension. Means are adjusted for age (continuous) within each cohort and sex.
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triglycerides dropped from 150 to 122 mg/dL, while HDL cho-
lesterol remained essentially stable. Additionally, mean arterial
pressure declined substantially, from 105 to 97 mmHg and blood
glucose fell from 107 to 103 mg/dL. Relative fat mass showed
no meaningful change (29.4% in both groups).

The mean Moli-sani Risk Score decreased from -2.3 in Moli-
sani to -7.1 points in CV-PREVITAL, a difference of 4.8
(95%CI: 4.4 to 5.2) points (Table 1).

Women

Among women, the CV-PREVITAL cohort (n=1,212) and
the Moli-sani subset (n=8,784) had mean ages of 57.5 and 59.1
years, smoking prevalence fell from 19.1% to 14.9% and
Mediterranean diet adherence improved from 4.3 to 5.8 points
(Table 1). LDL cholesterol decreased from 136 to 121 mg/dL,
HDL cholesterol rose modestly from 63 to 64 mg/dL and triglyc-
erides fell from 119 to 105 mg/dL. Mean arterial pressure de-
clined from 102 to 92 mmHg. Contrary to the trend in men,
blood glucose increased in women: from 98 in Moli-sani to 104
mg/dL in CV-PREVITAL. Relative fat mass remained stable.

The Moli-sani Risk Score decreased from -2.9 in Moli-sani
to -7.4 points in CV-PREVITAL, indicating a 4.5-point reduc-
tion (95%CI: 4.1 to 4.9).

When comparing the cohorts within the same five 10-year
age strata, the Moli-sani Risk Score remained consistently lower
in CV-PREVITAL by roughly 4-6 points in both men and
women, with no clear age-related differences (data not shown).

Discussion

This comparison reveals a substantial and broad-based im-
provement in modifiable CV risk profiles across a 15-years in-
terval. The consistency of improvement in both men and
women, across age strata, and for most individual risk factors
and the aggregate Moli-sani Risk Score, suggests genuine pop-
ulation-level shifts rather than random variation.

The most striking findings are the reductions in smoking
prevalence, blood pressure, and LDL cholesterol. These align
with documented secular trends in many developed countries
and likely reflect multiple overlapping factors.!! Enhanced pub-
lic awareness of smoking-related CV risk, combined with to-
bacco control policies and greater availability of cessation aids,
has contributed to declining smoking rates.'> Antihypertensive
medications have become more effective, their use and prescrip-
tion has notably improved in the last years, and there is growing
awareness of target blood pressure goals.!® Statin therapy has
become standard for many individuals,'* contributing to lower
LDL cholesterol population-wide.'

The improvement in Mediterranean diet adherence is note-
worthy and was more pronounced in women. This may reflect
increased media emphasis on Mediterranean-style eating,
greater availability of traditional foods, and public health cam-
paigns specifically promoting Mediterranean diet patterns.'®
Body weight remained stable across both cohorts despite the
marked improvement in Mediterranean diet adherence, espe-
cially among women. This is striking because better diet qual-
ity did not translate into weight loss.!” The likely explanation
involves counteracting dietary trends, particularly the growing
consumption of ultra-processed foods. These foods, high in

calories but low in nutritional value, can offset the benefits of
Mediterranean diet adoption when it comes to weight control.'®
This suggests that the CV improvements that we observed
came mainly from pharmacological interventions, better blood
pressure control, and improved diet quality itself, rather than
from weight reduction.

An unexpected finding was the rise in glucose levels among
women. This may reflect differences between cohorts in fasting
state, timing of glucose measurement (fasting glucose in Moli-
sani vs glycated hemoglobin converted to mean glucose in CV-
PREVITAL), or true population-level increases in glycemic
burden.

Most remarkably, the reduction in Moli-sani Risk Score of
approximately 4.8 points in men and 4 to 5 points in women pro-
vides a synthetic measure of this progress. Since one point of
the Moli-sani Risk Score is calibrated to the cardiovascular risk
equivalent of one year of age, this 4.5-point decrease means that
individuals in the CV-PREVITAL cohort present a modifiable
risk profile roughly 4 to 5 years younger than their age-matched
counterparts from 15 years prior. This slower aging of the mod-
ifiable risk profile likely reflects accumulated benefits of pre-
vention efforts, improved therapeutics, and heightened
awareness of cardiovascular risk factor management.

These findings deserve careful interpretation. The two co-
horts were recruited from different geographic areas within the
same region (the Campobasso province for Moli-sani; the Iser-
nia province for CV-PREVITAL) and at different times. While
both are drawn from similar populations with comparable re-
cruitment methods and measurement standardization, unmea-
sured differences in population composition or socioeconomic
factors could have contributed to observed differences.

The long-term Moli-sani Study itself may have had indirect
effects on the regional prevention culture, promoting a better
health and prevention awareness among citizens, which was
achieved along the years through several public health dissem-
ination events in the region. In fact, during and after recruitment,
the research team conducted extensive community engagement
activities, including the ‘Campanili della Salute’ initiative (pub-
lic meetings held in various municipalities to discuss cardiovas-
cular prevention), meetings with senior citizen associations, and
school-based educational programs (https://www.moli-sani.org).
Participation in this large CV prevention study, combined with
these outreach efforts, may have heightened awareness and mo-
tivated engagement with preventive behaviors in the broader
community. Such effects are difficult to quantify but plausible,
particularly in a relatively small region like Molise where mul-
tiple recruitment waves have occurred.

In conclusion, CV risk profiles in Southern Italy have im-
proved substantially over 15 years, particularly for blood pres-
sure, smoking, and lipid management. The broader context of
improved prevention awareness, more effective therapeutic op-
tions, and possibly the legacy of major epidemiological studies
appears to have produced meaningful population-level benefits.

Conference presentation

This work was preliminary presented at the XX VIII Congress
of the Italian Society for the Study of Hemostasis and Thrombosis,
SISET, Rome, November 2024."7
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Appendix

Moli-sani Study Investigators

The enrolment phase of the Moli-sani Study was conducted at the Research Laboratories of the Catholic University in Campobasso
(Italy), the follow up of the Moli-sani cohort is being conducted at the Research Unit of Epidemiology and Prevention of the IRCCS Neu-
romed, Pozzilli, Italy.

Steering Commiittee: Licia lacoviello*# (Chairperson), Giovanni de Gaetano*, Maria Benedetta Donati*. Scientific Secretariat: Chiara
Cerletti* (Coordinator), Marialaura Bonaccio*, Americo Bonanni*, Simona Costanzo*°, Amalia De Curtis*, Augusto Di Castelnuovo*,
Alessandro Gialluisi*#, Francesco Gianfagna®, Mariarosaria Persichillo*. Safety and Ethical Committee: Jos Vermylen (Catholic Uni-
versity, Leuven, Belgio) (Chairperson), Renzo Pegoraro (Pontificia Accademia per la Vita, Roma, Italy), Antonio G. Spagnolo (Catholic
University, Roma, Italy). External Event Adjudicating Committee: Deodato Assanelli (Brescia, Italy), Livia Rago (Campobasso, Italy).
Baseline and Follow-up Data Management: Simona Costanzo*° (Coordinator), Sabatino Orlandi*, Teresa Panzera*. Data Analysis:
Augusto Di Castelnuovo* (Coordinator), Marialaura Bonaccio*, Francesca Bracone®, Simona Costanzo*°, Giuseppe Di Costanzo*, Simona
Esposito*, Alessandro Gialluisi*#, Anwal Ghulam®, Francesco Gianfagna®, Martina Morelli*f, Maria Loreto Mufioz Venegas*', Antonietta
Pepe*, Emilia Ruggiero*S. Biobank, Molecular and Genetic Laboratory: Amalia De Curtis* (Coordinator), Concetta Civitillo**, Alisia
Cretella*', Sara Magnacca*. Recruitment Staff: Mariarosaria Persichillo* (Coordinator), Francesca Bracone*, Giuseppe Di Costanzo*,
Martina Morelli*. Communication and Press Office: Americo Bonanni*. Regional Institutions: Direzione Generale per la Salute - Re-
gione Molise; Azienda Sanitaria Regionale del Molise (ASReM, Italy); Agenzia Regionale per la Protezione Ambientale del Molise (ARPA
Molise, Italy); Molise Dati Spa (Campobasso, Italy); Offices of vital statistics of the Molise region. Hospitals: Presidi Ospedalieri ASReM:
Ospedale A. Cardarelli - Campobasso, Ospedale F. Veneziale - Isernia, Ospedale San Timoteo - Termoli (CB), Ospedale Ss. Rosario -
Venafro (IS), Ospedale Vietri - Larino (CB), Ospedale San Francesco Caracciolo - Agnone (IS); Casa di Cura Villa Maria - Campobasso;
Responsible Research Hospital - Campobasso; IRCCS Neuromed - Pozzilli (IS).

“IRCCS Neuromed, Pozzilli, Italy.

“Department of Medicine and Surgery, LUM University “Giuseppe Degennaro”, Casamassima, Italy. ‘Department of Medicine and Surgery,
University of Insubria, Varese, Italy.

$Fellow of the Fondazione Umberto Veronesi, Italy.

"Fondazione Veronesi - Piattaforma UMBERTO.

Moli-sani Study Past Investigators are available at https://www.moli-sani.org/?page id=173

CV-PREVITAL Study Group

IRCCS Centro Cardiologico Monzino: Damiano Baldassarre, Roberta Baetta, Mauro Amato, José Pablo Werba, Stefano Genovese,
Gualtiero I. Colombo, Chiara Molinari, Alice Bonomi, Beatrice Frigerio, Alessio Ravani, Daniela Sansaro, Daniela Coggi, Federica Bologna,
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