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Abstract
Introduction: Cardiovascular events (CE) due to atherosclerosis are preventable. Identification of high-risk patients helps to focus resources on those
most likely to benefit from expensive therapy. Atherosclerosis is not considered for patient risk categorization, even though a fraction of CE are predicted
by Framingham risk factors. Our objective was to assess the incremental value
of combining total plaque area (TPA) with the Framingham risk score (FramSc)
using post-test probability (Ptp) in order to categorize risk in patients without
CE and identify those at high risk and requiring intensive treatment.
Material and methods: A descriptive cross-sectional study was performed in
the primary care setting in an Argentine population aged 22–90 years without CE. Both FramSc based on body mass index and Ptp-TPA were employed
in 2035 patients for risk stratification and the resulting reclassification was
compared. Total plaque area was measured with a high-resolution duplex
ultrasound scanner.
Results: 57% male, 35% hypertensive, 27% hypercholesterolemia, 14% diabetes. 20.1% were low, 28.5% moderate, and 51.5% high risk. When patients
were reclassified, 36% of them changed status; 24.1% migrated to a higher
and 13.6% to a lower risk level (k index = 0.360, SE k = 0.16, p < 0.05, FramSc
vs. Ptp-TPA). With this reclassification, 19.3% were low, 18.9% moderate and
61.8% high risk.
Conclusions: Quantification of Ptp-TPA leads to higher risk estimation than
FramSc, suggesting that Ptp-TPA may be more sensitive than FramSc as
a screening tool. If our observation is confirmed with a prospective study,
this reclassification would improve the long-term benefits related to CE prevention.
Key words: hypertension, atherosclerosis, cardiovascular event.

Introduction
The prevalence and incidence of cardiovascular disease increase exponentially with age [1, 2]. Although preventable, it remains a leading
global cause of death and disability [3]. Even if the only effective approach to restrict this unnecessary loss of life is to prevent the disease
from developing in the first place, strategies such as classification based
on the Framingham risk score or the European SCORE system are not
highly effective.
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This lack of effectiveness may be the result of
misclassification of patients as low risk and a resulting lack of treatment, or as high risk and corresponding overmedication. These facts remind
us that although exposure to causal factors is
important, susceptibility to these factors and the
disease in question might be more important.
Despite its great promise, genetic testing for susceptibility has not yet proven to be useful for risk
stratification [4].
Many new approaches to improve risk prediction are in development, using new biochemical
and clinical [5, 6] strategies, but these are not appropriate [7–9].
Atherosclerosis, the leading cause of cardiovascular disease, develops over decades silently
before symptoms occur. Thus, while there is an
opportunity for timely detection and personalized prevention, the period before development
of symptoms (preclinical atherosclerosis) is not
used efficiently, either to prevent events or to
appropriately categorize the risk of patients in
primary care. Subclinical atherosclerosis can be
detected very accurately and non-invasively by
determining carotid total plaque area (TPA) by ultrasound. A recent meta-analysis showed that TPA
is a stronger predictor of cardiovascular risk than
the more widely used carotid intima-media thickness (IMT) [10], and an accompanying editorial
[11] explained why it is more useful for assessing
effectiveness of therapy.
Thus, the objective of this study was to assess
the incremental value of combining the measurement of TPA with the Framingham risk score
(FramSc) using post-test probability (Ptp) for categorizing risk in a population without history of cardiovascular event (CE), and identifying patients at
high risk for CE who require intensive treatment.

Material and methods
Study participants
This was a cross-sectional study in a consecutive sample of 2035 physician-referred individuals
being followed in an atherosclerosis prevention
program (LifeQualityA), conducted by Blossom
DMO Argentina, who signed informed consent.
The study was approved by the Blossom DMO Argentina ethics committee.

Risk factor assessment
We excluded patients who reported any personal history of cardiovascular disease defined by
prior myocardial infarction or coronary/peripheral
revascularization or any current symptoms potentially suggestive of angina, defined by self-reports
of chest pain, chest pressure, chest tightness,
stroke and chronic renal failure. We included pa-
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tients aged > 18 years with a Framingham score
greater than 6% because we focused on patients
in whom risk reclassification might change therapy. Very low-risk patients would not be candidates
for therapy such as statins [12].
All individuals provided details of their demographics, medical history, medication usage, current symptoms, and involvement in leisure time
physical activity. A history of cigarette smoking
was considered positive if a subject was a current
or former smoker. History of hypercholesterolemia
was defined as positive for any individual self-reporting a history of high total cholesterol, high
LDL, low HDL and/or high triglycerides, or the current use of lipid-lowering therapy. Patients were
considered diabetic if they reported using oral
hypoglycemic agents, insulin sensitizers, or subcutaneous insulin. Patients were considered hypertensive if they reported a history of this condition
or the use of antihypertensive medications. Body
mass index (BMI) was calculated from height and
weight.

Framingham risk score determination
Framingham sex-specific risk equations were
used to predict the 10-year risk of developing
myocardial infarction (MI) or cardiovascular death
(CVDeath) as previously described [13].
Blood pressure was measured three times in
the sitting position after 5 min of rest with the
OMRON Hem 705 sphygmomanometer [14]. The
average of the three readings was used in the
present analyses. The individuals were divided
into three groups: low-risk (≤ 10% 10-year risk),
intermediate-risk (10–20% risk) and high-risk
(> 20% risk).

Carotid plaque area determination
Total carotid plaque area was measured as described previously [15] 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. The
plane in which each plaque was measured was given by the view showing the largest extent of plaque.
The image was then frozen and magnified, and the
plaque was measured by tracing around the perimeter with a cursor on the screen (Figure 1). The operator then moved on to the next plaque and repeated
the process until all visible plaques were measured.
The sum of cross-sectional areas of all plaques seen
between the clavicle and the angle of the jaw was
taken as TPA. Total plaque area was divided by 2
(to match the risk prediction in the Tromsø study
[16], in which plaque was measured only on one
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side) and this value was used for the post-test analysis. Only patients for whom complete data were
available were included in the present study; 46 patients were excluded from the database as a result
of morbid obesity obscuring accurate carotid artery
evaluation.
Intra-observer reliability (intraclass correlation)
was 0.94 for repeated measurements. For the purpose of demonstrating generalizability of our results to other ultrasound laboratories and clinics,
we previously carried out a study of interobserver reliability in which plaque area measurements
in 25 patients were repeated a week apart by
2 technicians using 2 different machines. The senior technologist, who has been carrying out these
measurements for 8 years and who performed
all the measurements on which this article was
based, used a new, high-resolution TL HDI 5000
scanner; the junior technologist, who has been
doing such measurements for 1 year, used an ATL
Mark 9 duplex scanner. The reliability (intraclass
correlation) was 0.85, with the senior technician
using the higher-resolution machine systematically measuring more plaque [8].

Statistical analysis
Data were expressed as mean ± SD. Descriptive statistics were used to summarize patient
characteristics. We determined FRS, body mass
index version (FRS/BMI), for each patient, and
it was expressed as the percentage 10-year risk
[13]. The post-test probability TPA (Ptp-TPA) was
then used as a surrogate marker for the combined outcome of fatal myocardial infarction and
stroke, calculated by using the Bayes formula and
risk calculator designed by Romanens et al. [17,
18] (http://www.scopri.ch/posttestcalculators1.
html). Then, to compare both methods we calculated the Pearson coefficient. To evaluate whether the differences have a clinical impact, risk was
divided into three categories, low (< 10%), moderate (10.1% to 20%) and high risk (> 20%), and
finally data were evaluated with the k coefficient.
For statistical analysis, the level of significance
was set at p < 0.05.

Figure 1. Measurement of carotid plaque area.
Each plaque was measured in a longitudinal view
in the plane in which the plaque is maximal. The
image was frozen and magnified on the screen,
and a cursor was traced around the perimeter of
the cross section. The microprocessor in the duplex scanner displays the cross-sectional area of
the plaque (cm2). The plaque shown is in the right
common carotid artery and measures 0.55 cm2 (Reprinted with permission from ref. [8])

Results
The demographic data of the subjects studied
are shown in Table I. In our middle-aged sample
mean age + SD was 59 ±0.2 years; 57% were male,
35% hypertensive, 27% had hypercholesterolemia
and 14% were diabetic. There were no differences between men and women in the prevalence
of cigarette smoking or use of antihypertensive
treatment.
First, we classified patients based on FRS/BMI
to predict their 10-year risk of MI or CVDeath [13].
From our sample of patients studied, the low-risk
(< 10%) group represented 20.1% of the subjects.
They were 48 ±1 years old, with a TPA of 16.6
±1.1 mm2. The moderate-risk group of patients
represented 28.5% of the subjects, with an average age of 56 ±1 years, and average TPA of 33.0
±1.5 mm2. The high-risk group represented 51.5%,
with an average age of 65 ±1 years, and average
TPA of 80.4 ±2.4 mm2. Framingham Risk Score
(FRS) increased with age and number of risk factors (r = 0.87 and r = 0.78 respectively).
We then reclassified patients (low to high risk
FRS) based on the TPA of carotid atherosclerosis;

Table I. Characteristics of the study population
Parameter

Female (n = 860)

Male (n = 1175)

Total (n = 2035)

Age [years]

63 ±0.4

56 ±0.3

59 ±0.3

Hypercholesterolemia (%)

24.5

29.3

26.9

Hypertension (%)

32.5

37.9

35.1

Diabetes mellitus (%)

13.2

15.5

14.3

TPA [mm2]

48.4 ±1.8

58.1 ±2.1

54.1 ±1.4

FRS (%)

17.7 ±0.3

21.3 ±0.3

19.8 ±0.2
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Table II. Category risk distribution FRS vs. Ptp-TPA (number of patients)
Framingham

Post test category risk

Total

Low

Moderate

High

Low category risk

245

130

34

409

Moderate category risk

129

125

327

581

High category risk

19

129

897

1045

Total

393

384

1258

2035

1400

Number of patients

1200
1000
800
600
400
200
0

Low risk

Framingham Score

Intermediate risk

High risk

Post test Calculator Risk Score

Figure 2. Distribution of risk category by FRS (black
bars) vs. Ptp-TPA (white bars). *p < 0.05 vs. Framingham score

768 subjects were re-scored to a new risk category: 491 (24.1%) migrated to a higher risk and 277
(13.6%) were reclassified to a lower risk category
(k index = 0.360, SE k = 0.16) (Table II, Figure 2).
The Pearson correlation between both cardiovascular risk methods was 0.813 (p < 0.0001), suggesting that risk did not correlate between the
methods in a small fraction of patients.

Discussion
We have demonstrated that in a representative
sample of patients in primary care, stratification
of Ptp-TPA leads to significantly different risk estimation than the FRS. These findings suggest that
inclusion of subclinical atherosclerosis may help
to better predict cardiovascular event (CE), and
thus identify patients who would benefit most
from intensive preventive therapies. A prospective
study would be needed to confirm this hypothesis.
The FRS is one of the most validated and widely used predictive scores in the medical literature.
The FRS was developed in 1998 [12] with robust
methods and was intended to offer prospective
risk assessment for coronary heart disease risk in
men and women without previous heart disease.
Risk was calculated based on age, sex, blood pressure, total or low-density lipoprotein cholesterol
level, high-density lipoprotein cholesterol level,
smoking status, and presence of diabetes mellitus; however, a simpler FRS version replacing lab-
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oratory results with body mass index can be used
for more cost-effective and simple stratification
by the primary care physician [13]. This method
was used in this study.
While atherosclerosis is the main cause of
coronary events, and a substantial proportion of
strokes, measurement of preclinical burden of
atherosclerosis is not used for stratification in any
Framingham analysis. Total plaque area determination is a simple and highly reproducible method
to quantify atherosclerosis. This may explain why
in many studies the FRS does not predict most of
the cardiovascular events observed [19]. Spence
[20] found that a high FRS identified only 32% of
patients who would experience events, whereas
77% of the events occurred among patients in the
top quartile of TPA.
As pointed out by Spence [20, 21] and Hackam
[21], “Virtually all positive randomized trials of cardiovascular prevention in high-risk patients show
relative risk reductions in the range of 9% to 30%
[22–26]; this means that 70% to 80% of events
are not prevented by guideline-advocated therapies. In the STENO-2 trial, despite a long-term,
intensive, multifactorial intervention in diabetic
subjects, only 50% of cardiovascular events were
prevented during a follow-up of 14 years [27]. In
real-world practice, results of therapy tend to be
even less effective than in clinical trials.”
Additionally, the Framingham risk score does
not assess other factors related to the development of atherosclerosis, such as physical inactivity, hypertriglyceridemia, Lp(a), small LDL particles
or family history, and finally, it cannot be applied
in all populations.
Because of these limitations, many studies
have tried to improve the prediction scores, and
some advances have been made. Several European countries evaluated the SCORE model instead
of the Framingham model. In Austria, the SCORE
model for low-risk regions overestimated mortality rates [28]. In Germany, the SCORE for high-risk
regions overestimated absolute risks as compared
with the Framingham risk function and mortality
statistics [29]. In a third comparison, the SCORE
model underestimated risks as compared with the
Framingham and FINRISK models in a South Asian
population in the United Kingdom [30].
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Kivimäki et al. [31] investigated whether the
addition of information regarding job strain improved its predictive power in a low-risk working
population, but when compared with the Framingham algorithm this maneuver did not improve
the model’s predictive performance. Scheltens et
al. [32] compared the Framingham Heart Study
risk model with the SCORE risk prediction model.
However, they found that both the SCORE model
and the Framingham model functions were insufficient to predict absolute risks.
Wouter de Ruijter et al. [33] evaluated the performance of Framingham risk factors, adding new
biomarkers to predict cardiovascular mortality
in the elderly. They found that in the very elderly with no history of cardiovascular disease, homocysteine alone is able to identify those at high
risk of cardiovascular mortality, whereas classic
risk factors included in the Framingham risk score
are not. Many other strategies have been used to
predict heart dysfunction [34], suggesting that additional information is required in these classical
risk stratification algorithms.
Thus the Framingham score has important limitations, and we hypothesized that the addition of
a measurement of preclinical atherosclerotic burden would enhance prediction of absolute risk.
For this purpose we selected TPA, because it is
noninvasive, is highly reproducible, requires minimal training, is not expensive, can identify both
calcified and non-calcified atherosclerotic plaques
with an axial resolution accuracy of < 0.1 mm,
and can be used to guide management and monitor therapy aimed at decreasing atherosclerotic
plaque area [21].
There are other techniques to evaluate subclinical atherosclerosis such as non-contrast
computed tomography imaging of coronary arteries for calcification using the coronary artery
calcium (CAC) score, B-mode ultrasound to measure carotid intima-media thickness (CIMT), and
the ankle brachial index (ABI). TPA, however, has
many advantages over these techniques. The CAC
score serves as a noninvasive measure of coronary
plaque burden [35–37], and it has prognostic value, independent of and incremental to that of the
Framingham Risk Score, demonstrated in multiple
studies [36, 37]. The major limitations of CAC scoring are radiation exposure and cost.
B-mode ultrasound to measure CIMT requires
special technical expertise in performance and
interpretation of the results [38, 39]. With this
method, prospective studies also showed incremental prognostic information for traditional risk
factor scoring, and improved risk classification
[40, 41]. However, comparative studies in asymptomatic subjects have shown that the CAC score
provides greater incremental prognostic information compared to CIMT [42, 43].

Finally, an ABI of < 0.9 is considered diagnostic for lower extremity peripheral arterial disease
(flow-limiting atherosclerosis) and is associated
with a high risk of developing other atherosclerotic manifestations. The limitations of this method
include the indirect measure of obstruction only
assumed to be due to atherosclerosis and its inability to determine treatment efficiency.
Taking these issues into consideration, addition of TPA to the FRS may help to better predict
cardiovascular events compared to the FRS. This is
easily explained based on the following example:
Mrs. CEB is a 57-year-old without hypertension
or diabetes mellitus, with a systolic blood pressure of 116 mm Hg, a small carotid plaque area
of 20 mm2 and a BMI of 22.73 kg/m2. Her FRS is
8.99%, indicating low risk and a vascular age of 66
years. These parameters do not directly evaluate
the vascular tree; it is possible that this patient
would receive general lifestyle advice on a cardioprotective dietary pattern, physical activity and
smoking cessation or another non-pharmacological approach to treat multiple risk factors. If we
evaluate this patient based on TPA, however, the
result changes. Now her post-test is 23%, reclassifying the patient to a high risk score, and so the
patient will be treated differently.
Thus, the post-test procedure provides the
physician with a method to identify vascular disease early and the possibility to treat patients
appropriately before they experience a cardiovascular event. It has been shown previously that
coronary artery calcium scoring is of value in the
general population when combined with traditional risk factors using a post-test classification:
In the MESA study [43], coronary artery calcium
(CAC) scoring improved the prediction of coronary
events including revascularization. In the Heinz
Nixdorf Recall study, CAC scoring improved the
prediction of hard coronary events, i.e. cardiac
death and myocardial infarction [37]. In the Rotterdam Study, hard coronary event prediction was
significantly improved in an elderly cohort [44].
Today, fewer than 15% of patients hospitalized with a first atherosclerotic event are taking
preventive lipid-lowering treatment before admission, and the majority of these have only been
treated for a few years [45]. Additionally, recent
reports have highlighted the importance of “optimal” medical therapy with antiplatelet drugs in
reducing both first-ever and recurrent stroke [46]
as well as optimal doses of statins [47, 48]. If patients destined for symptomatic disease can be
identified and treated at an earlier stage by means
of a combination of biomarkers and noninvasive
imaging, prevention of cardiovascular events will
be more successful. These issues were highlighted
in 2011 by Sillesen and Falk [49], Puz et al. [50]
and by Hecht [51].
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In our study, 36% of the population evaluated
changed risk status, 62% of whom notably migrated from the intermediate-risk group to the highrisk group. These patients are now on intensive
treatment to prevent a cardiovascular event.
Lastly, it is important to note that in this study
we only included patients with > 6% FRS from
a primary prevention network center in Argentina,
and thus its results may not apply to secondary
prevention or other countries. However, the findings of Spence et al. [52, 53] suggest that this approach would also be useful in secondary prevention. Additionally, because it is a cross sectional
study, we cannot confirm prediction of events;
a prospective study with follow-up to events
would be necessary to confirm these results.
In conclusion, there is a critical need to refine
predictive models or to develop them de novo to
predict events. As described above, physical and
blood-based constituents are dynamic and can
participate in atherosclerosis, in the development
of vulnerable plaques, and in plaque rupture.
A blood-based profile should yield significant predictive information for the near term, and if this
biomarker approach could be supplemented by
TPA analyses it would be more relevant for nearterm cardiovascular risk prediction.
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