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Abstract: The cardiovascular risk assessment must be carried out during all the different phases 
of life because the cardiovascular risk and the related prevention actions are dynamic and 
constantly evolving. As patients age, they change their exposure to various risk factors and 
accumulate comorbidities by changing their subjective cardiovascular risk, so it is necessary to 
undertake personalized early and preventive diagnostic actions. The main approach to asympto
matic vascular disease is based on primary prevention with the adoption of a healthy lifestyle. 
Indeed, lifestyle influences most of the traditional risk factors. In recent years, important 
differences between the sexes regarding cardiovascular risk factors have emerged and in 
particular, risk factors specific for female sex have been identified. Women are more likely to 
be categorized into lower risk categories for cardiovascular disease and, as a result, receive less 
lifestyle counseling than men, as well as less intensive prevention. This narrative review aims to 
analyze CVD risk prevention in asymptomatic atherosclerosis with a look at new emerging 
factors. In the end, we quickly analyzed the effects of the recent pandemic on lifestyle and 
cardiovascular risk and the potential negative effects in the long term. 
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Introduction
A life-long approach to cardiovascular risk (CV) is important as both prevention 
and risk are dynamic and continuous. Patients modify their exposure to various risk 
factors and accumulate comorbidities thus modifying the subjective cardiovascular 
risk, therefore it is necessary to undertake early and personalized diagnostic actions.

This suggests that, in addition to improving lifestyle and reducing risk factor 
levels in patients with established cardiovascular disease (CVD) and those at high 
risk of CVD, healthy people of all ages should be encouraged to adopt one healthy 
lifestyle since childhood.

The early diagnosis of atherosclerosis when it is not yet symptomatic is fundamental 
in the prevention of cardiovascular diseases. It is well known that prevention is effective: 
the action on lifestyle and risk factors would prevent or delay almost 80% of CVDs.1

Information on the burden of subclinical atherosclerosis provides prognostic infor
mation on the risk of atherosclerotic cardiovascular disease beyond what can be 
obtained from traditional risk factors alone and can improve the allocation of preven
tive treatment in primary prevention. Atherosclerotic cardiovascular disease takes 
years to clinically manifest, providing a large window for optimal management of 
CV prevention.1–3 Imaging technique can be used during this long symptom-free 
period to estimate the future risk of atherosclerotic cardiovascular disease.
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Prevention should be provided both in the general 
population by promoting a healthy lifestyle and, on an 
individual level, in individuals at moderate or high risk 
of CVD or in patients with established CVD, by correcting 
unhealthy lifestyles (eg, poor quality diet, physical inac
tivity, smoking) and risk factors.3,4

In clinical practice, the preventive intervention during 
the life of a patient is divided into two phases: before and 
after the first symptomatic events, in which primary and 
secondary prevention strategies are applicable.5

The objective of this review is to analyze the estab
lished and the new strategies for the prevention of cardi
ovascular diseases. These strategies should be introduced 
from the asymptomatic phase of atherosclerotic disease.

Primary Prevention of 
Cardiovascular Disease
The prevention of cardiovascular diseases is defined as a 
coordinated action aimed at eliminating or minimizing the 
impact of cardiovascular diseases and related disabilities. 
It can be done either at the population level or customized 
on the individual.1

Traditional risk factors are well known and can be 
prevented through a healthy lifestyle.6 They include dysli
pidemia, high LDL cholesterol, low HDL cholesterol, 
hypertriglyceridemia, sedentary lifestyle, obesity, hyper
tension, smoking, diabetes.

In addition, stress, depression, and low socio-economic 
level act by promoting unhealthy diet and low physical 
activity (Table 1).6

A common mechanism of several risk factors is inflam
mation (Figure 1).

The histological study shows a high density of blood- 
borne immune and inflammatory cell infiltrates in 
atheroma.

Several immune cells have been identified within the 
atheroma including T cells, neutrophils, macrophages and 
mast cells, which show signs of activation and produce 
pro-inflammatory interleukins and cytokines.7 Despite the 
clear link between inflammation and atherogenesis, the 
causal relationship remains uncertain.8

The most common biomarker of inflammation is high- 
sensitivity C-reactive protein (hs-CRP). To date, due to the 
relationship between endothelial damage, inflammation 
and atherosclerosis, the measurement of hs-CRP is essen
tial in evaluating cardiovascular risk and is an important 

prognostic factor for acute myocardial infarction, stroke, 
peripheral arterial disease, atrial fibrillation and cardiac 
insufficiency. Additionally, hs-CRP can be used to assess 
the risk of recurrence of cardiac events in patients with 
stable coronary artery disease and myocardial infarction. 
However, the evaluation of hs-CRP has some limitations 
due to the high variability between subjects and to the 
influence of various other factors.9–12

If the usefulness of hs-CRP is well defined in the high- 
risk patient, much more controversial is its use in primary 
prevention.9–12 It is recommended in patients at moderate 
risk of coronary artery disease to determine the need for 
further evaluation, the timing of follow-up visits and drug 
treatment. Moreover, some evidence suggests that it may 
be a useful biomarker in risk assessment in overweight, 
prediabetic and diabetic patients.

Table 1 Traditional Risk Factors Affecting Cardiovascular Risk 
and Women-Specific Risk Factors

(A) Traditional risk factors affecting both men and women

Traditional risk factors
Dyslipidemia (including cholesterol and triglycerides)
Diabetes

Hypertension

Obesity and overweight
Physical inactivity and sedentary lifestyle

Stress

Smoking
Unhealthy diet

Homocysteine

Socio-economic status

(B) Specific risk factors for women at different life stages

Women-specific risk factors during lifetime
Young women

● PCOS
● Menarche

● Pre-term menopause

Pregnancy

● Hypertensive disorders of pregnancy

● Gestational diabetes
● Preterm delivery

● Persisting overweight after delivery

Adult and old women

● Menopause

● Depression
● Breast cancer treatment

● Autoimmune disease
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Lifestyle and Risk Factors
Primary prevention focuses on the non-pharmacological 
treatment of risk factors that is achieved through the adop
tion of a healthy lifestyle1,2,13 (Box 1).

Lifestyle is the sum of actions driven by several inter
connected environmental factors and their consequences 
on health. Unhealthy lifestyle includes the interplay 
between an unhealthy diet containing food rich in sugar 
and fat, sedentary habits and reduced physical activity, 
increasing consumption of cigarettes and alcohol, high 
levels of stress, psychological disturbances and poor 
sleep.14

The combination of these behaviors leads to obesity, 
which is a well-known and studied cardiovascular risk 
factor. Obesity, especially visceral obesity, is associated 
with high levels of inflammation as are dyslipidemia, 
hypertension and diabetes.15,16

Obesity is characterized by dysfunctional adipose tis
sue; during periods of caloric excess the adipocytes initi
ally become hypertrophic and secrete adipokines, which 
determine the recruitment of further pre-adipocytes, which 

evolve into mature adipocytes as compensatory protection 
mechanism. Fat distribution also influenced atherosclero
sis. The visceral fat is associated with the metabolic syn
drome, its associated CVD risk factors, and an increased 
risk of clinical CVD. In addition, visceral adiposity plays a 
central role by affecting insulin resistance.18

The effects of a healthy diet on various risk factors are 
known and well established. Diets rich in antioxidant 
foods (eg, Mediterranean and DASH diets) have a protec
tive action on the cardiovascular system. Among the dif
ferent diets the most studied is the Mediterranean diet.19,20

Recently, Dinu and collaborators analyzed a large num
ber of meta-analyses that evaluated the effects of several 
popular diets on weight and cardiometabolic risk factors 
and concluded that the Mediterranean diet had the stron
gest and most consistent evidence of efficacy, with no 
harmful effects. Also for the DASH diet, it was found to 
be effective in reducing body weight and blood pressure.

On the contrary, diets with low carbohydrate content, 
high protein content, low fat content and low glycemic 
index/load, having beneficial effects on weight loss, have 

Figure 1 The main mechanisms involved in the development of atherosclerosis. 
Abbreviations: iNOS, nitric oxide synthase; ROS, reactive oxygen species; COX-2, cyclooxygenase 2.
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highlighted potential risks of unfavorable changes in lipid, 
glycemic or blood pressure parameters.21

MedD has been shown to be effective in reducing 
cardiovascular mortality, in controlling arterial hyperten
sion, in preventing obesity and metabolic syndrome.22,23

A systematic review that analyzed data from 7186 
subjects reported a significant reduction in visceral obesity 
on a Mediterranean or similar diet.24

The Mediterranean diet is rich in fruit and vegetables 
and is naturally low in sodium due to its low degree of 
processing foods.19,21,22 Diets rich in fruit and vegetables, 
such as the Mediterranean diet, have several positive 
effects on the vascular system, especially for the antiox
idant action, the increase in nitric oxide species and the 
reduction of inflammation.25,26

These beneficial effects are quite similar in men and 
women although adherence to diet and healthy lifestyle are 
different in the sexes.14,27

Regular physical activity is also a key part of a healthy 
lifestyle. The fight against a sedentary lifestyle and the 
promotion of regular physical activity are important in 
correcting almost all cardiovascular risk factors.28 

Regular physical activity (PA) reduces inflammation and 
endothelial dysfunction.28

Fat loss mediated by changes in diet, exercise, and/or 
surgery is associated with decreased markers of adipose 
tissue and systemic inflammation.29–31

Weight loss achieved through low-calorie diet and/or 
exercise resulted in a decrease in IL-6, CRP, TNFα, MCP- 
1, soluble intercellular adhesion molecule-1 (ICAM-1) and 
cell adhesion molecule vascular-1 (VCAM-1).32

In most countries, most adults and children do not 
reach the minimum levels of activity recommended by 
health organizations: each person should engage in mod
erate exercise for at least 150 minutes per week and/or 

vigorous activity for at least 75 minutes per week or an 
equivalent thereof.1,33

For population-based prevention, the “seven best 
investments” declaration offers universal and comprehen
sive advice to promote PA.34

Recent campaigns by sports medicine societies have 
approved prescriptions for the PA (http://www.efsma.net) 
and have suggested that PA levels be assessed at each 
medical visit. Additionally, the amount of sedentary time 
should be minimized by actively traveling (cycling or 
walking), taking breaks from long sitting periods, and 
reducing screen time. Short, frequent exercises are more 
beneficial and affordable than occasional supervised exer
cise classes at the gym.35

This aspect is particularly relevant for women. Women 
are less likely to engage in regular physical activity due to 
different social roles: at work and in the family as a result 
of traditional social roles and stereotypes.36 Achieving 
healthy eating and constant physical activity adds to 
work and family activities and is time consuming. All 
this implies a big commitment in terms of time and 
costs.37

Lifestyle and Risk Factors in Women
Although cardiovascular disease (CVD) remains the lead
ing cause of death among men and women, women are 
still underdiagnosed and may experience a delay in 
diagnosis.38,39 Furthermore, in addition to traditional 
CV risk factors, there are sex-specific risk factors, 
which contribute to the risk profile in women38,39 

(Table 1). The main risk factor in a woman’s lifespan is 
menopause.40

Indeed, several scientific evidence supports the idea 
that the different impacts of cardiovascular disease and 
differences in vascular biology in men and women may 

Box 1 Practical Suggestions for Primary Prevention of Preclinical Atherosclerosis

Evaluation of 10-year atherosclerotic CVD risk estimation

Discuss with clinician before starting on pharmacologic therapy

Consume a healthy diet rich of vegetables, fruits, whole grains, lean vegetable or animal protein, and fish. Minimizes the intake of red meat and 
processed red meats, refined carbohydrates, and sweetened beverages.

Engage in at least 150 minutes per week of accumulated moderate-intensity physical activity or 75 minutes per week of vigorous-intensity physical 
activity

Reduce sitting time and screen time (ie, watching TV)

Avoid tobacco use
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be related to the effects of sex steroid hormones on the 
cardiovascular and metabolic systems.40

The gap in the diagnosis and treatment of cardiovas
cular disease in women depends on several factors: the 
lack of self-perception of cardiovascular risk, the exposure 
to risk factors that act with a difference in women and 
men, and specific sex-related risk factors, which are still 
little known.41

Sexual dimorphism in fat distribution and metabolism 
of adipose tissue and skeletal muscle affects sex differ
ences in tissue-specific insulin sensitivity and cardiometa
bolic health. Additionally, sex hormones, such as estrogen 
and testosterone, as well as the complement of sex chro
mosomes, are likely to play a role in sex differences in 
cardiovascular disease.27,42

Women have less obstructive coronary artery disease 
than men across the entire spectrum of acute coronary 
syndromes and across all age groups.43–45

Furthermore, women have better peripheral endothelial 
function than men at least up to the age of 70 and regard
less of exposure to various risk factors.46–48

Improved vascular function has also been reported in 
women undergoing coronary angiography but without 
obstructive coronary artery disease. Han et al found that 
women had less diffuse epicardial endothelial dysfunction 
than men.49 Sex hormones affect endothelial function 
through their effects on agonists and contribute to func
tional differences between women and men in relation to 
endothelial function. In women, estrogen promotes NO 
release via endothelial NO synthase (eNOS) activation, 
while androgen receptor engagement may result in altered 
endothelial release of NO.50

These differences between men and women pose the 
problem of thinking about different strategies for vascular 
prevention. Personalized prevention not only based on age 
and traditional risk factors but also on the basis of a 
woman’s gender and specific risk factors.

This thought has led to a different approach as is 
evident in the most recent literature.51

It has been suggested that some specific risk factors 
could be used as indicators of increased CV risk and the 
likelihood of developing CV events in the future life. 
Gestational diabetes, hypertension disorders during 
gestation, eclampsia could be used as indicators of an 
increased CV risk being linked to endothelial dysfunction 
and altered vascular response. These individuals should 
undergo periodic cardiovascular risk assessment even 
before menopause.36,39

Stress and depression are major risk factors for women. 
These conditions promote changes in lifestyle, switching 
to unhealthy diet, eat–drink for cope with stress, and 
sedentary behavior. Women were more likely to develop 
eating for coping and food craving to cope with stress.14 

Food craving is characterized by a high intake of fat- and 
sugar-rich foods.14 During the recent pandemic, the eco
nomic crisis mainly affected women who were the most 
exposed, aggravating situations of stress and depression. 
This is likely to lead to an increase in CV disease in 
women over the next few years.

Future Developments
Role of Microbiota
An unusual point of view in cholesterol control considers 
the role of the microbiota.

The gut microbiota is an important environmental fac
tor and there is increasingly concrete evidence that the 
activity and composition of the gut microbiota are closely 
related to health.52,53

The gut microbiota is hypothesized to participate in 
nutrient and energy uptake, modulate the innate immune 
system, and produce a wide variety of small-molecule 
metabolites that are detected by host receptor systems to 
regulate host metabolism and inflammatory pathways 
linked to CVD.52,53

In addition to direct interactions, the gut microbiota 
can indirectly interact with the host via metabolites, which 
can appear in the circulation and in the urine.

There is a strong relationship between microbiota and 
CV risk factors such as obesity: it has been seen that the 
diversity of the intestinal microbiota in obese patients is 
lower than that of the normal weight population and this 
decrease can lead to an increase in insulin resistance.54–56

A further link is that the microbiota is strongly influ
enced by the diet and the diet plays a central role in the 
development of many CV risk factors.57 A biologically 
active metabolite of the gut microbiota, which appears to 
be involved in the development of atherosclerosis, is tri
methylamine N-oxide (TMAO).

The increase in plasma TMAO level is correlated with 
lipid deposition in blood vessels and endothelial 
dysfunction.58 TMAO can also impair reverse cholesterol 
transport.59

Studies have revealed the association of altered micro
biota with increased triglyceride levels, decreased high- 
density lipoprotein cholesterol (HDL-c) and slightly 
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modified LDL-c level.60 Two studies of obese and healthy 
European individuals found that elevated fasting triglycer
ides and diminished HDL-c are associated with the low 
abundance of the gut microbiota in fasting triglycerides 
and a decrease in HDL-c is associated with the low abun
dance of the intestinal microbiota.61,62

Furthermore, following the results observed in patients 
in the LifeLines-DEEP study regarding blood lipid levels, 
body mass index and gut microbiota, it has been suggested 
that the gut microbiota may affect only certain aspects of 
lipid metabolism and distinct classes of lipoproteins, such 
as HDL and very low-density lipoprotein (VLDL).63 Since 
the microbiota is heavily influenced by diet, a healthy 
lifestyle could also act through it. Several evidences under
line that the drugs normally used in secondary prevention 
such as statins and new-generation oral hypoglycemic 
agents also act by modifying the intestinal 
microbiota.57,61,63

Role of Mitochondrial Dysfunction
In recent years, a growing number of studies have shown 
that atherosclerosis may be related to mitochondrial fusion 
and fission.64

In recent years, a growing number of studies have 
shown that atherosclerosis may be related to mitochondrial 
fusion and fission.64

During the early stages of atherosclerosis, increased 
ROS levels induce endothelial dysfunction, vascular 
inflammation, and accelerated accumulation of oxidized 
low-density lipoprotein (ox-LDL) in the arterial wall. 
Excessive LDL deposition can induce apoptosis of vascu
lar cells through a dependent mitochondrial pathway after 
oxidative modification. Furthermore, increased ROS levels 
cause mitochondrial dysfunction in vascular cells and pro
liferation of smooth muscle cells, and are responsible for 
inducing the development of vascular atherosclerosis.65 In 
addition to the control of lifestyle and risk factors and 
drugs such as statins, new types of antioxidants and mito
chondrial regulators such as mdivi-1 have become 
research hot spots for the treatment of atherosclerosis.

Furthermore, angiogenesis has recently played a role in 
the therapy of cardiovascular disease. Restoration of intra
vascular perfusion by improving or inhibiting angiogenesis 
is an innovative approach in the treatment of peripheral 
arterial disease (PAD) caused by atherosclerosis.66

Mitochondria seems to play a key role in angiogenic 
responses induced by growth factors such as VEGF by 
regulating mitoROS-related activities.67

Drugs targeting selective mitochondria such as mito
chondrial antioxidants are being evaluated in preclinical 
and clinical studies. Resveratrol has been shown to pro
mote mitochondrial fusion and can improve endothelial 
cells by reducing ROS and maintaining mitochondrial 
membrane proteins and could be used in the prevention 
of atherosclerosis.68,69

Role of Epigenetic-Sensitive Mechanisms
Epigenetic-sensitive mechanisms are involved in the onset 
and development of atherosclerosis and could play a 
potential role as non-invasive biomarkers. The epigenome 
includes a large spectrum of molecular changes leading to 
a functional reinterpretation of DNA sequence by dynamic 
activation/repression of specific genes, without changing 
the nucleotide sequence.70–72 The main epigenetic deter
minants are DNA and mRNA methylation, post-transla
tional histone/non-histone modifications, and non-coding 
RNA.70–72 DNA methylation is the most common form of 
epigenetic modification and involves the addition of 
methyl (-CH3) groups to cytosine-phosphate-guanine 
(CpG) sites of genes. Generally, increased methylation in 
gene promoters regions of DNA that regulate gene expres
sion via activation of transcription is associated with 
decreased gene expression, and decreased methylation is 
associated with increased gene expression.73 The cell-spe
cific patterns of epigenetic modifications, mainly DNA and 
RNA methylation are affected by environmental exposure. 
One hypothesis is that the onset of atherosclerosis may be 
explained by the mechanism of “persistent memory”, for 
which early environmental injuries experienced during 
prenatal or perinatal life are translated in epigenetic 
changes inherited across several generations.74,75 This 
mechanism is defined as “transgenerational epigenetic 
inheritance”, and several preclinical studies support it.74,75 

Clinical epigenetics (mainly DNA methylation) would be 
able to unveil new pathogenetic mechanisms and validate 
new artificial intelligence algorithms capable of predicting 
high-risk patients for subclinical atherosclerosis.

Impact of COVID-19 Pandemic
After the Spagnola pandemic throughout 1918, a spike in 
cardiovascular events was reported, with deaths caused by 
cardiovascular events in excess of deaths from other 
causes, including pneumonia.76 We must be prepared to 
face the likely increase in cardiovascular events soon after 
the end of the Covid-19 pandemic.
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The recent COVID-19 pandemic has greatly affected 
not only mental health but also the physical health of 
patients.77–79 Most of the subjects in primary prevention 
have reduced and/or eliminated visits to clinic, have 
adopted unhealthy lifestyles by reducing outdoors physical 
activity and have changed eating habits, in some cases as a 
way to cope with stress.80,81 Changes towards unhealthy 
lifestyles were related to quarantine and restrictions 
induced by Governments and to pandemic-related 
stress.77,81

Moreover, a clinical condition called “long COVID” is 
currently emerging. Long COVID identified the indivi
duals that do not recover for several weeks or months 
following the onset of symptoms suggestive of COVID- 
19. Women seem to be twice as likely to develop long 
COVID as men, but only until around age 60, when the 
risk level becomes similar.

The cause for the symptoms of long COVID may be an 
extreme inflammatory response triggered by the virus, but 
also an autoimmune reaction ―unveiledǁ by the virus 
itself.77,82 The adverse pathophysiological responses 
induced by the virus SARS-CoV-2 on the CV system, in 
combination with other factors, such as age, sex, cardio
vascular and metabolic comorbidities: increase the risk of 
cardiac and vascular injury. Furthermore, some therapeutic 
protocols adopted to fight against the virus can cause 
cardiotoxicity. Different classes of drugs present in the 
treatment COVID-19 may increase the risk of heart and 
vascular injury leading to long COVID.82 The prospects 
for the evolution of COVID-19 systemic pathology are 
aimed at evaluating long-term degenerative effects and 
sequelae.

After pandemic, it will be necessary to re-evaluate 
patients according to their individual CV risk with parti
cular attention to those affected by long COVID. Support 
can come from imaging methods. In addition to traditional 
risk assessment models, subclinical atherosclerosis ima
ging modalities personalize future ASCVD risk stratifica
tion and guide the initiation and intensification of 
preventive therapies. There are several emerging imaging 
techniques, but more research is needed for clinical use in 
the primary prevention.
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