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Abstract
Cardiovascular events are the leading cause of death worldwide. In this sense, cardiovascular diseases (CVD) are the
main products of atherosclerosis (ATR), whose origin is multifactorial. The measurable identification of the so-called
cardiovascular risk factors (CRF) was a great advance for its prevention. Scientific evidences have shown that the
reduction of mortality due to cardiovascular disease is an important achievement of the optimal control of CRF.
However, a large proportion of patients have cardiovascular events when CRF is controlled. It is therefore imperative
to stratify the patient’s risk in order to design the specific and individual treatment strategy. Currently, there are
cardiovascular risk classification (CVR) scales that contemplate the combination of the multiple CRF that patients
may present, although it is known that most of these algorithms sub- or overestimate the possibility of cardiovascular
events. The incorporation of intermediate cardiovascular surrogates to CRF and events, such as the measurement of
carotid atherosclerosis, is demonstrating an improvement in the diagnosis and fewer events in the healthy population,
with high cardiovascular risk, treated with the incorporation of these to the diagnostic and therapeutic algorithms.
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Introduction

Cardiovascular events are the leading cause of death
worldwide, being responsible for more than 15,000,000
deaths annually, and this frequency is increasing despite
the measures implemented in developed countries
(Hackam et al. 2011). Cardiovascular diseases (CVD)
are a product mainly of atherosclerosis (A) whose origin
is multifactorial. The measurable identification of the so-

called cardiovascular risk factors (CRF) (Table 1) was a
great advance for its prevention. Most scientific evidences
show that the reduction in mortality due to CVD is due to
the optimal control of these risk factors, but there is a
large number of patients with cardiovascular events even
when the classic risk factors are “controlled” (Romanens
et al. 2010).

As previously pointed out by Spence and Hackam
(Spence and Hackam 2010) and by Hackam (Hackam
et al. 2011), “practically all randomized studies of car-
diovascular prevention in high-risk patients show a re-
duction of only 9% to 30% (Yusuf et al. 2000; Heart
Protection Study Collaborative Group 2002; Chen et al.
2005; Fox 2003; Ridker et al. 2008).” This means that
at least 70–80% of events are not prevented by follow-
ing the current guidelines. In the STENO-2 study, de-
spite intensive and long duration treatment, only 50% of
cardiovascular events were prevented during a 14-year
follow-up (Gaede et al. 2008).

Therefore, stratifying the risk of the patient in a more
accurate way is a necessary tool to design the strategy of
specific and individual treatment, instead of treating each
risk factor independently.
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Methods of stratification in primary
prevention and its limitations

The general population is characterized by having more than
one risk factor, which has forced the establishment of cardio-
vascular risk classification (CVR) scales in response to the
combination of these factors. According to the scale of mea-
surement of cardiovascular risk, there are quantitative
methods, whose score gives a specific numerical result (for
example 15%) or qualitative result, which gives an approxi-
mate or categorical value of risk (for example moderate risk).
In most commonly used quantitative methods, a score below
< 10% is accepted as low risk, between 10 and 20% as mod-
erate risk, and > 20% as high risk.

Several valuation systems have been proposed, among
which are the Framingham Score, PROCAM, Framingham-
REGICOR Score, and Sheffield tables (Assmann and Schulte
1988; Marrugat et al. 2003; Wallis et al. 2000). These allow
for the development of mathematical predictive models based
on epidemiological data, known as health risk estimation
functions, which compare the CV risk factors measured in
disease-free individuals with those that have the probability
of developing it (lcaza et al. 2009).

All these methodologies are useful for the purposes of pre-
vention and intervention, but they have limitations that must be
considered. For example, in a population of 45–65-year-old
males, PROCAM underestimates the risk for the low-risk cate-
gory, while for the high-risk category, it gives supra-high values
when compared with the Framingham Score by categories.
Globally, the two methods are very similar, but at the individual
level, they do not measure the same cardiovascular risk, which
can have important repercussions when making decisions.

Specifically, the Framingham Score (Light et al. 1995) is
the most used tool to calculate the risk of an individual suffer-
ing a CV event in the next 10 years. The final score is calcu-
lated based on non-modifiable risk factors including age, sex,
presence of arterial hypertension, or diabetes mellitus and a
few modifiable risk factors such as total cholesterol, HDL,
blood pressure levels, tobacco consumption, and body mass

index. According to the total score, a person can be considered
low risk (< 10% risk of suffering a CV event in 10 years),
intermediate risk (between 10 and 20%), and high risk (>
20%). This categorization is used to implement individual
CV prevention strategy and pharmacological treatments. For
example, in a patient with low risk, non-pharmacological
strategies (nutrition and nutritional education for the develop-
ment of healthy habits, recommendations and implementation
of the Mediterranean diet and Dietary Approaches to Stop
Hypertension (DASH) diet, and incorporation of adequate
physical activity) would be implemented, while a patient with
high risk would include pharmacological strategies in addition
to the above to achieve more strict therapeutic objectives.
Although this tool is easy to use and can provide useful infor-
mation, it is not without limitations. Despite the fact that the
Framingham Score is the most commonly used to determine
the risk of CV events in primary health care, it has important
restrictions, since several studies have shown that only half of
the CV events that occurred can be justified with the CRF
evaluated in Framingham (Spence et al. 2002). A justifiable
evidence is a study of a group of 222 young patients (<
50 years) who suffered from myocardial infarction (MI),
whereas 75% did not qualified for pharmacological therapy
according to the Framingham Score and their LDL level
(Nasir et al. 2005; Akosah et al. 2003). Another similar study
also showed that the limitation of the Framingham Score is
more pronounced in women as only 18% qualified for phar-
macological therapy (García et al. 2014). The traditional
Framingham Score underestimates vascular risks in certain
populations, taking into account that most CV events occur
in low- to moderate-risk populations (Hlatky et al. 2009;
Romanens et al. 2017). Therefore, the need arises for having
more efficient and sensitive predictive tools.

Many strategies have been used with the aim of improving
prediction using biochemical and clinical markers (Kivimaki
et al. 2010; Araujo et al. 2010) but are yet to meet expectations
(Tzoulaki et al. 2009; Park et al. 2010). As a result, many
studies have tried to improve the prediction of results and
some progress has been recorded. Several European countries
evaluate using the SCORE model instead of the Framingham
model, nonetheless with its limitations (Mortensen and Falk
2017;Mortensen and Falk 2014; Selby et al. 2015). In Austria,
the SCORE model is used for the estimation of low-risk mor-
tality rates (Jorstad et al. 2015). In Germany, the SCORE for
high-risk regions overestimates the absolute risks compared to
the Framingham risk function and mortality statistics (Hense
et al. 2008). In a third comparison, the SCORE model under-
estimates the risks compared to the Framingham and
FINRISK models in a population of South Asia in the UK
(Bhopal et al. 2005).

Kivimäki et al. (2010) investigated whether the addition of
information about work stress can improve the predictive ca-
pacity of FINRISK in a working low-risk population.

Table 1 Atherosclerosis risk factors

Risk factors for atherosclerosis

Modifiable Not modifiable

Hypertension Age

Diabetes mellitus Sex

Dyslipidemia Race

Smoking Family history of early cardiovascular event

Alcohol consumption

Sedentary

Obesity

Comp Clin Pathol



However, compared to the Framingham algorithm, this ma-
neuver did not improve the predictive performance of the
model (Fransson et al. 2015). Scheltens et al. (Scheltens
et al. 2008) also compared the Framingham Heart Study risk
model with the SCORE risk prediction model, but found that
both the SCOREmodel and the Framinghammodel functions
were insufficient to predict absolute risks. Wouter de Ruijter
et al. (2009) evaluated the performance of Framingham risk
factors with the addition of new biomarkers to predict cardio-
vascular mortality in the elderly. They found that in the elder-
ly, without a history of cardiovascular disease, detection of
homocysteine alone was sufficient to identify people at high
risk of cardiovascular mortality, while classic risk factors in-
cluded in the Framingham risk score could not. Therefore, the
Framingham algorithm, like the others, has important limita-
tions, and this may be due to the fact that the main cause of the
cardiovascular event, namely, plaque, as a biological determi-
nant of atherosclerosis, is not considered.

The Pathobiological Determinants of Atherosclerosis in
Youth (PDAY) study based on the evaluation of arteries of
3000 young subjects between 15 and 34 years of age who died
of non-cardiovascular causes (suicides, accidents, homicides)
was conducted. In this study (McGill et al. 2008), it was ob-
served that the fatty veins (initial stage of the atheroma
plaque), calcified bone lesions (advanced stage of the plaque),
and vascular lesions increased with age at the level of the
coronary arteries in this young population. The prevalence
of advanced injuries increased slowly between 15 and 29 years
and doubled between 30 and 34 years. Since one of the char-
acteristics of advanced atheroma plaque is the vulnerability to
rupture, the possibility is that a significant proportion of these
young subjects might have died from injuries precipitated by a
coronary accident. These data and other reports (Hennerci
et al. 1987) showed that vascular damage begins early and is
silent.

Therefore the incorporation of vascular health into the car-
diovascular event algorithm will be needful for early identifi-
cation of patients at risk, which the current algorithms cannot
capture.

Currently, there are many techniques to evaluate vascular
health: (1) measurement of carotid intima-media thickness
(IMT), (2) Coronary Calcium Score (Gepner et al. 2015), (3)
measurement of carotid total plaque atherosclerosis area, and
finally (4) the volume of carotid atherosclerosis.

Total plaque atherosclerosis better predictor
than IMT

In 2002, a technique was developed to determine the total
plaque atherosclerosis area (TPA) of carotid arteries (Fig. 1)
(Spence et al. 2002). This technique allows to quantify the
area of carotid atherosclerosis and to see its evolution in an

individual patient. In this study, the TPA was determined in
1686 patients of secondary cardiovascular prevention and was
followed for 5 years. They observed that those patients with
progression of TPA (growth > 5mm2) had increased risk of
experiencing a cardiovascular event.

It is an established fact that the plaque is the biological
mark of atherosclerosis as it reflects both subendothelial de-
posit of cholesterol and the infiltration of inflammatory cells,
whereas the diffuse thickening of the intima-media layers can
be caused by other physiopathogenic mechanisms. On the
other hand, IMT is strongly associated with age and hyperten-
sion, and plaque growth occurs longitudinally along the flow
axis of the carotid at a cup twice as fast as thickening, which
can make TPA more sensitive as a measure of atherosclerosis
in relation to the discriminative capacity of the standard devi-
ation of the translator’s precision.

In recent years, several studies have repeatedly showed the
superiority of TPA over IMT and the Coronary Calcium
Score. A very important report is the Tromsø prospective
study (Mathiesen et al. 2011) of 6584 primary prevention
participants, who underwent TPA and IMT in the right carotid
artery. After 9.6 years of follow-up, it was shown that the
initial IMT at levels of the common carotid did not predict
myocardial infarction, while IMTat the bulb level was predic-
tive whereas TPAwas higher. After completing the follow-up,
it was found that IMT was not a predictor of ischemic stroke
when TPAwas higher.

The superiority of TPA vs. IMT to predict cardiovascular
events was also demonstrated by Ansgar Adams (2014) who
compared the capacity of TPA to that of PROCAM score and
IMT determination in predicting coronary events in primary
prevention patients. The carotid evaluations were performed
on both carotids in the 2361 patients, and it was concluded that
TPA is superior to PROCAM or IMT in predicting cardiovas-
cular events, and thus recommended the determination of TPA
in patients over 35 years of age.

The superiority of TPA over IMT is based on the following
two central themes: first, a generalized idea that IMT repre-
sents “preclinical atherosclerosis,” which is a misconception
as IMT may be increased by hypertensive hypertrophy
(Cuspidi et al. 1996; Linhart et al. 1996). Second, there is a
technical concern about the resolution of the equipment for
IMT (~ 0.3 mm), whereas the annual variation is lower (~
0.15 mm), the difference which cannot be measured in indi-
viduals within these clinically significant time frames. On the
other hand, for TPA, the changes on average are ~ 10 mm2,
such the progression or regression can be easily measured in a
matter of months (Spence et al. 2002). Another technical rea-
son is that there are two main ways to measure IMT: either in
the bottom wall of the distal common carotid in a site chosen
deliberately to avoid plaque, or in various sites of the carotid
including the bulb, which includes the thickness of the plaque
in the measurement. Unfortunately, the failure to distinguish
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which of these two approaches was employed in those studies
that reported the use of “IMT” has caused a great deal of
confusion (Polak et al. 2011). In the Tromsø study, the only
large-scale study in which both IMT and TPAwere measured,
in the common distal, IMT did not predict myocardial infarc-
tion upon the 6-year follow-up visit (Johnsen et al. 2007),
whereas IMT in the bulb (including the measurement of
IMT where there is a high chance of presenting plaque) was
a superior predictor; same with the cerebrovascular accident,
IMT did not, but TPA strongly predicted the risk.

TPA is a better predictor than Coronary
Calcium Score

As previously highlighted, the determination of TPA is an
easier, faster, and less expensive technique without the
risk of exposure to radiation when compared to the
Coronary Calcium Score, which limits the intensive
follow-up of the high-risk patient. The other benefit of
TPA is that it can identify both calcified and non-
calcified atherosclerotic plaques with an axial precision
of resolution of < 0.3 mm, while the Coronary Calcium
Score depends on whether the atherosclerotic plaque has
begun its calcification process. Thus, from the clinical
utility point of view, to rule out underlying coronary dis-
ease, a negative result of carotid plaque area is superior to

a Coronary Calcium Score of 0. Therefore, the use of TPA
should be considered a first-line action since it can detect
the plaques earlier, such that the gap between risk detec-
tion and treatment can be shortened and controlled more
accurately in most subjects; it rarely underestimates the
magnitude of the Coronary Calcium Score (Naqvi et al.
2010).

In addition, TPA is also trained to detect the risk of ische-
mic stroke, which is much less documented with the Coronary
Calcium Score.

Stratification of cardiovascular risks based
on vascular damage

Carotid atherosclerosis, detectable by high-resolution ul-
trasonography, is currently recognized as a marker of gen-
eralized atherosclerosis. Even before the atheroma plaques
can be visualized, the carotid ultrasonography allows
measuring the thickness of the inner and middle layers
of the arterial wall, whose increase is an early phenome-
non that precedes the formation of atheromatous plaques
(Spence et al. 2002). The ability to reveal the frequency
and progression of atherosclerosis in serial studies and to
show the relationship between these and some atherogenic
factors as well as any modification of the cardiovascular
risk factors due to the effect of pharmacological

Fig. 1 Determination of the plaque area of carotid atherosclerosis.
Progressive quantification of TPA allows the physician to ensure
optimal treatment. Total carotid plaque area (TPA) was measured as
part of a screening program to identify patients with high risk for
cardiovascular events. TPA was determined with a high-resolution
duplex ultrasound scanner. Plaque was defined as a local thickening of
the intima > 1 mm in thickness. Measurements were made in magnified

longitudinal views of each plaque seen in the right and left common,
internal, and external carotid arteries—to its maximum extent. The
images were frozen and magnified in the monitor, and the sum of cross-
sectional areas of all plaques seen between the clavicle and the angle of
the jaw was taken as the total area of atherosclerosis. The image shows a
plaque in the right common carotid artery measuring 55 mm2 (figure
adapted with permission from Spence et al. 2002)
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interventions are advantages of carotid ultrasonography.
The statistical analysis of a study that included 13,145
patients was carried to consider cardiovascular risk factors
in an isolated and together form with the presence of
plaque, thus including in the model both the IMT and
the presence of atherosclerosis plaques. An improvement
was achieved as the area under the curve went from 0.742
(traditional cardiovascular risk factors) to 0.755 with the
new model (Nambi et al. 2010).

Simon et al. (Simon et al. 2010), on the other hand, evalu-
ated prospective studies of the general population frommiddle
to elderly age, in which they determined the association be-
tween IMT (determined by B-mode ultrasound) and cardio-
vascular risk. After the analysis, they concluded the following:
(1) IMTwas an independent but modest predictor of coronary
event; (2) IMTwas an independent predictor of stroke; and (3)
the prediction by IMT in coronary events was lower compared
to when carotid plaque was determined, possibly because the
latter is more representative of atherosclerosis.

Another study found that IMT in the common and internal
carotid arteries was similarly associated with Framingham risk
factors (Polak et al. 2010). However, the IMT of the internal
carotid was more strongly associated with the presence of
symptomatic CV disease, age, and sex. There is no good cor-
relation with the increase in total cholesterol, which is the
most important clinical factor. A study that defined the plate
as IMT > 1.5 mm and not < 1.5 mm confirmed that IMT of
common and internal carotid were independent predictors of
CV events (Polak et al. 2011). These results were also con-
firmed by Inaba et al. (2012) in a meta-analysis comparing the
presence of carotid atherosclerosis plaque and IMT measured
by B-mode ultrasound in predicting coronary event. The co-
hort of a total of 11 studies (involving 54,336 patients) showed
that the presence of a carotid atherosclerosis plaque has a
diagnostic superiority in predicting future coronary events
compared to IMT.

Also, our laboratory evaluated the effect of incorporating
TPA into the Framingham algorithm using the body mass
index. In a population-based study, we evaluated 2035 pa-
tients from the primary prevention office and found that when
carotid TPA was incorporated, 24.1% of the patients were
stratified into a higher risk category, while 13.6% to a lower
risk category (Fig. 2). This re-stratification of risk allows op-
timizing the treatment mainly to those patients, who otherwise
would have been underestimated by other algorithms (Perez
et al. 2016).

Decrease plaque area of atherosclerosis
to improve vascular health

There is no doubt that reducing cholesterol levels to recom-
mended values decreases the risk of CVD, but still, it is not

enough. Nowadays, it will be erroneous to consider that mere-
ly decreasing cholesterol levels is enough to slow the progres-
sion of atherosclerosis. Sachdeva et al. (2009) reported in a
study that 77% of the patients admitted to the Coronary Unit
had normal LDL cholesterol, 45% had HDL cholesterol above
normal value, and 61% had normal triglyceride levels. These
data clearly demonstrate that dyslipidemia is not the only risk
factor to control.

Other factors, such as arterial hypertension, diabetes
mellitus, smoking, obesity, and sedentary lifestyle, also pro-
mote the progression of atherosclerosis.

Different studies which have determined cardiovascular
genetic risks (García et al. 2014) showed that treatment with
statins decreased the incidence of events to 48% in those with
high risk, but only to 13% and 29% in those with low or
intermediate risks, respectively (Mega et al. n.d.; Wannarong
et al. 2013).

This indicates that it is not enough to determine
cholesterolemia in addition to controlling other risk fac-
tors in order to as much as possible reduce the cardiovas-
cular risks of a patient. As a result, we evaluated the
growth of TPA in patients with a family history of early
cardiovascular event, compared with those who did not
have a family history (Atkins et al. 2018), in the absence
of another modifiable risk factor. Interestingly, despite not
presenting other risk factors, patients with a family history
had 86% more TPA compared to controls (Fig. 3a). Then,
to assess whether this difference between the groups was
maintained by adding one risk factor, we evaluated the
difference in TPA among patients who only presented
hypertension associated with family history of early car-
diovascular events (Fig. 3b). Again, in the presence of
arterial hypertension, patients with a family history were
characterized by 77% more TPA than patients with hyper-
tension alone, suggesting that patients with a family his-
tory and in the absence of classic risk factors have the
possibility of presenting subclinical atherosclerosis and
consequently an elevated risk of cardiovascular event,
thus an indications of a new therapeutic scheme.

Fig. 2 Distribution of risk category by Framingham Score (black bars)
vs. post-test with carotid TPA (white bars). * = p < 0.05 vs. Framingham
Score. Figure adapted with permission from reference (Perez et al. 2016)
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Therefore, we consider that as much as controlling the risk
factors is necessary, evaluating the progression of the total
area of atherosclerosis should also be a requirement to deter-
mine if the cardiovascular event reduction therapy is effective.

Conclusion

Atherosclerosis is the main cause of cardiovascular mor-
bidity and mortality. Currently, the indicated strategies fail
to significantly reduce cardiovascular events, and in real-
ity, many patients with a cardiovascular event present
classic controllable risk factors. It should be noted that
the classic risk factors that we control end up promoting
the formation of atherosclerosis, the main cause of the
cardiovascular event.

However, little effort is made to determine the amount of
atherosclerosis and its progression in response to treatment.
The techniques developed to quantify atherosclerosis at pres-
ent are the Coronary Calcium Score, measurement of the ca-
rotid intima-media thickness, determination of the carotid ath-
erosclerosis area, and determination of the volume of the ath-
erosclerotic lesion.

However, sufficient evidences exist demonstrating that the
current algorithms for determining cardiovascular risks are
ineffective, since they do not identify a sizeable population
of patients with high risk, and consequently depriving them
of benefiting from the appropriate therapy. Indeed, the evalu-
ation of vascular health through the determination of carotid
atherosclerosis and its incorporation into the risk algorithm of
cardiovascular events is an appropriate step to prospectively
achieve a decrease in atherosclerosis burden and consequently
the much needed reduction in cardiovascular events.
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