
Association of cardiovascular health and risk
prediction algorithms with subclinical atherosclerosis
identified by carotid ultrasound
Roberto Enrique Azcui Aparicio, MD,*† Melinda J. Carrington, PhD,*†

Quan Huynh, PhD,* Jocasta Ball, PhD,*†‡ Thomas H. Marwick, MBBS, PhD, MPH*†
From the *Baker Heart and Diabetes Institute, Melbourne, Australia, †Torrens University Australia,

Melbourne, Australia, and ‡Department of Epidemiology and Preventive Medicine, Monash University,
Melbourne, Australia.
BACKGROUND The requirement for laboratory tests to assess conven-
tional cardiovascular disease (CVD) risk may be a barrier to the early
detection and management of atherosclerosis in some population
groups. A simpler risk assessment could facilitate detection of CVD.

OBJECTIVES The association of the Fuster-BEWAT Score (FBS), Fra-
mingham Risk Score (FRS), and Pooled Cohort Equation (PCE) with
the presence of carotid plaque was investigated, with the intention
of developing a stepped screening process for the primary preven-
tion of CVD.

METHODS Asymptomatic participants with a family history of pre-
mature CVD had an absolute cardiovascular disease risk (ACVDR)
score calculated using the FBS, FRS, and PCE risk equations. This
risk classification was compared with the presence or absence of ca-
rotid plaque on ultrasound. Prediction of carotid plaque presence by
risk scores and risk factors was assessed by logistic regression and
area under the curve (AUC) for discrimination and diagnostic perfor-
mance. A classification and regression-tree (CART) model was ob-
tained for stratification of risk assessment.

RESULTS Risk score calculation and ultrasound scanning were per-
formed in 1031 participants, of whom 51 had carotid plaques. Par-
ticipants with plaque and male sex showed higher risk (higher PCE
and FRS and lower FBS, as higher scores of FBS indicate better car-
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diovascular health). Participants �50 years of age showed the FBS
was a significant predictor; there was a reduced likelihood of plaque
presence with a higher score (OR 0.54, 95% CI 0.39–0.75, P, .01).
Higher ACVDR (evidenced by higher PCE and FRS scores and lower
FBS score) was associated with an increased likelihood of carotid
plaque; however, the FBS and the addition of risk factors not
included in the equation showed the highest AUC (AUC 5 0.76, P
, .001). CART modeling showed that participants with FBS between
6 and 9 would be recommended for further risk stratification using
the PCE, whereupon a PCE score �5% conferred an increased risk
and greater possibility for plaque. Validation of the model using a
different cohort showed similar risk stratification for plaque pres-
ence according to level of risk by CART analysis.

CONCLUSION FBS was able to identify the presence of carotid pla-
que in asymptomatic individuals. Its use for initial risk delineation
might improve the selection of patients for more specific and com-
plex assessment, reducing cost and time.

KEYWORDS Subclinical atherosclerosis; Carotid plaque; Cardiovas-
cular risk factors; Primary prevention; Screening; Risk scores
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Introduction
Notwithstanding the advances in technology, diagnostic
tools, and patient management,1 cardiovascular disease
(CVD) remains the leading cause of death worldwide.2

CVD continues to be a significant public health concern in
developed countries, but mortality is also increasing rapidly
in low- andmiddle-income countries (LMICs). In these coun-
tries, most of the population, particularly in rural and low so-
cioeconomic areas, do not have ready access to primary
health care and pathology services for lipid assessment are
limited.3–6 This is a problem for the most widely used
CVD risk scores, such as the Framingham Risk Score
(FRS)7 and the Pooled Cohort Equation (PCE),8 which
require lipid concentrations for calculation. However, the
Fuster-BEWAT score (FBS; blood pressure, exercise,
weight, alimentation, and tobacco) is a simple measurement
based on lifestyle and risk factors (RFs) of CVD that does
not rely on laboratory testing.9

The most cost-effective strategies to reduce the burden of
CVD in LMICs involve both population- and individual-
based approaches. These include a refocus toward preventive
action to encourage individuals to seek early consultation,
opportunistic screening of CVD risk, efficient management,
and structured follow-up of those with increased risk of
chronic disease with a focus within primary care to engage
the population at risk. In this context, an accessible CVD
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Textbox 1
Variables included in the PCE, FRS, and FBS

PCE FRS FBS

Age (years)
Sex (male/female)
Ethnicity
(White/other)

SBP (mm Hg)
DBP (mm Hg)
TC (mmol/L)
HDLC (mmol/L)
LDLC (mmol/L)
Diabetes mellitus
history (yes/no)

Smoking history
(current/former/
never)

Hypertension
treatment (yes/no)

Age (years)
Sex (male/
female)

HDLC (mmol/L)
TC (mmol/L)
SBP (mm Hg)
Hypertension
treatment
(yes/no)

Smoking status
(yes/no)

Diabetes mellitus
(yes/no)

Blood pressure: SBP
and/or DBP
(mm Hg)

Exercise
Weight (BMI)
Alimentation (fruits
and vegetables)

Smoking (.1 pack
per day, ,1 pack
per day,
nonsmoker)

BMI 5 body mass index; DBP 5 diastolic blood pressure; FBS 5
Fuster-BEWAT Score; FRS 5 Framingham Risk Score; HDLC 5 high-
density lipoprotein cholesterol; LDLC 5 low-density lipoprotein
cholesterol; PCE 5 Pooled Cohort Equation; SBP 5 systolic blood
pressure; TC 5 total cholesterol.

KEY FINDINGS

� The Fuster-BEWAT Score (FBS), a non-pathology-based
cardiovascular risk score, is a significant predictor of ca-
rotid plaque in participants �50 years of age.

� If FBS is used for pathology-independent screening, a
score between 6 and 9 should be recommended for
further risk stratification using the pooled cohort equa-
tion (PCE). In this setting, a PCE score �5% conferred
an increased risk and greater possibility for plaque.

� The use of FBS for initial risk delineation might improve
the selection of patients for more specific and complex
assessment, reducing cost and time.
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risk assessment tool to improve the identification of subclini-
cal atherosclerosis should be investigated, with key consider-
ation of the limitations and the feasibility for effective
implementation in LMICs.10,11 Asymptomatic atherosclerosis
is a prelude to CVD events12 and therefore is a good interme-
diate endpoint for the comparison of risk scores. The purpose
of this study was to compare the association of the FBS, FRS,
and PCE risk scores with the presence of carotid plaque in
asymptomatic individuals with the intention of developing a
staged screening process for primary prevention.
Methods
Participant characteristics
Participants were selected from an asymptomatic adult
population with a family history of premature CVD,
enrolled in the Intima-Media Thickness Guidance of Pri-
mary Prevention in Relatives of Individuals with Early
Onset Atherosclerosis Study (IMPRESS). At baseline,
participants were assessed for eligibility and selected ac-
cording to inclusion and exclusion criteria across 3 study
sites in Australia: Baker Heart and Diabetes Institute
(Melbourne), Princess Alexandra Hospital-University of
Queensland, and the Australian National University (Can-
berra). The study was conducted in individuals between
40 and 65 years of age, free of CVD or diabetes, who
had a first-degree relative with premature atherosclerotic
CVD (occurring before the age of 65 years), including
coronary artery disease/acute myocardial infarction,
ischemic stroke, and peripheral vascular disease.

The study (protocol version 4.0; May 2011) was approved
by the Human Research Ethics Committees of the Alfred
Hospital (Project No: 16/10); the Metro South Health Service
District on behalf of Prince Alexandra Hospital and the Uni-
versity of Queensland (Project no: HREC/09/QPAH/202);
and ACT Health (11-09357/1).

Assessment of CVD risk factors
Baseline assessment included collecting data on demo-
graphic profile (age and sex), clinical status (body mass in-
dex, systolic blood pressure and diastolic blood pressure,
vital signs, and past/current cardiac and noncardiac disease
states), physical activity (categorized as low, moderate, or
high as assessed via the International Physical Activity Ques-
tionnaire13), daily fruit and vegetable intake (daily servings),
and smoking (current, former, never).

Point-of-care blood testing included lipid profile (total
cholesterol [TC], high-density lipoprotein cholesterol
[HDLC], low-density lipoprotein cholesterol [LDLC], and
triglycerides), and fasting blood glucose via the Cholestech
LDX (Abbott, Abbott Park, IL). LDLC was imputed in 343
participants and calculated according to TC, HDLC, and tri-
glyceride levels (LDLC 5 TC – HDLC – (triglycerides /
5)).14 The validity of these results was confirmed in a random
sample of 5% (n5 56) of the total study population by com-
parison with the LDLC test results using Bland-Altman anal-
ysis. The accuracy of the imputed LDLC showed a mean
difference of -0.0073 (6 0.03) in this population.

Risk level assessment
Participants attended a baseline clinic visit for eligibility
assessment. Level of risk for future CVD was initially deter-
mined by the FRS using a computerized tool according to
recommended guidelines.7,15 The FRS estimates the 5-year
CVD risk in individuals with no previous history of dis-
ease.15 Risk calculation was additionally assessed using the
PCE and FBS. The PCE is a sex- and race-specific tool for
estimating 10-year absolute rates of atherosclerotic cardio-
vascular disease events in a primary prevention population
between 20 and 79 years of age. Similar to the FRS, the
PCE categorized risk by a combination of traditional



Table 1 Participant characteristics

Characteristics Overall (N 5 1031)

Carotid plaque

P valueAbsent (n 5 980) Present (n 5 51)

Age (years), mean 6 SD 53.1 6 6.9 53.0 6 6.9 55.9 6 6.2 .003*
Female sex, n (%) 632 (61%) 604 (62%) 28 (55%) .336
Premature CVD
Parents, n (%) 936 (91%) 890 (91%) 46 (91%) .805
Siblings, n (%) 315 (31%) 298 (30%) 17 (33%) .660

Ethnicity
White, n (%) 936 (91%) 892 (91%) 44 (86%) .220

Physical activity intensity
Low, n (%) 387 (38%) 369 (38%) 18 (35%) .800
Intermediate, n (%) 501 (48%) 474 (48%) 27 (53%)
Intense, n (%) 143 (14%) 137 (14%) 6 (12%)

Alimentation (number of daily servings)
Fruit, mean 6 SD 1.6 6 1.2 1.6 6 1.2 1.8 6 1.2 .316
Vegetable, mean 6 SD 2.4 6 1.4 2.4 6 1.4 2.2 6 1.4 .135

Smoking
Never, n (%) 579 (56%) 558 (57%) 21 (41%) .060
Current, n (%) 81 (8%) 74 (8%) 7 (14%) .069
Ex-smoker, n (%) 371 (36%) 348 (35%) 23 (45%) .426

Clinical features
History of hypertension, n (%)† 295 (29%) 273(28%) 22 (43%) .019*
History of elevated cholesterol, n (%)† 401 (39%) 376 (38%) 25 (49%) .128
SBP (mm Hg), mean 6 SD 131.6 6 16.1 131.4 6 16.0 134.9 6 17.4 .132
DBP (mm Hg), mean 6 SD 81.9 6 10.1 81.8 6 10.1 83.9 6 9.0 .159
BMI (kg/m2),‡ mean 6 SD 27.9 6 5.2 28.0 6 5.3 27.5 6 4.3 .567

Laboratory tests
TCH (mmol/L),‡ mean 6 SD 5.1 6 1.1 5.1 6 1.1 5.0 6 1.1 .602
HDLC (mmol/L),‡ mean 6 SD 1.4 6 0.4 1.4 6 0.4 1.4 6 0.4 .320
LDLC mmol/L),‡ mean 6 SD 3.0 6 1.1 3.0 6 1.1 3.0 6 1.1 .838
TG (mmol/L),‡ mean 6 SD 1.5 6 0.9 1.5 6 0.9 1.2 6 0.5 .091
Fasting blood glucose (mmol/L),‡ mean 6 SD 5.1 6 0.9 5.1 6 0.9 4.8 6 0.7 .008*

Risk scores
PCE,‡ mean 6 SD 4.4 6 4.4 4.3 6 4.3 6.1 6 4.8 .004*
FRS,‡ mean 6 SD 4.3 6 3.7 4.3 6 3.7 5.6 6 4.2 .015*
FBS,‡ mean 6 SD 7.89 6 2.6 7.9 6 2.6 6.9 6 2.8 .008*

BMI 5 body mass index; CVD 5 cardiovascular disease; DBP 5 diastolic blood pressure; FBS 5 Fuster-BEWAT Score; FRS 5 Framingham Risk Score;
HDLC 5 high-density lipoprotein cholesterol; LDLC 5 low-density lipoprotein cholesterol; PCE 5 Pooled Cohort Equation; SBP 5 systolic blood pressure;
TCH 5 total cholesterol; TG 5 triglycerides.
*Asterisk indicates statistically significant values.
†Collected via self-report.
‡Missing values: BMI 5 2, TCH 5 7, HDLC 5 11, LDLC 5 11, TG 5 313, blood glucose 5 8, PCE 5 11, FRS 5 3, FBS 5 1.
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cardiovascular RFs and providing a risk category based on
percentage of risk.16,17 A higher score in the FRS and the
PCE represents a higher risk of CVD, whereas a lower FBS
represents increased CVD risk. Differing from the other
scores, the FBS measures ideal cardiovascular health (ie,
the higher the score, the healthier the individual) using a com-
bination of RFs.18 The FBS does not consider blood tests,
age, race, or sex as part of the risk calculation. Textbox 1 de-
scribes each variable included in the 3 absolute CVD risk
(ACVDR) scores.
Vascular ultrasonography
Carotid arteries were scanned at baseline using a high-
frequency (6–13 MHz bandwidth) transducer with a standard
commercial ultrasound machine (Vivid I; General Electric,
Milwaukee, WI). The right and left carotid arteries were as-
sessed in 3 longitudinal images (anterior, lateral, and posterior)
and in the short axis for plaque identification. Imaging was
performed by expert personnel (trained research nurses) to
ensure accuracy and reproducibility. Baseline images were
assessed for presence of carotid plaque, defined as a focal
echogenic wall thickening that encroached on the arterial
lumen, with a carotid intima-media thickness .1.5 mm.19
Statistical analysis
Mean and standard deviation was calculated for continuous
variables, and frequency and percentage for categorical vari-
ables. For each risk equation, mean computed scores (PCE,
FRS, and FBS) were compared with carotid plaque (presence
or absence) by analysis of variance for differences between
groups. Risk scores and the presence or absence of carotid
plaque were also stratified by sex and age category. For age
category, a dichotomous variable was constructed based on
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pants with and without carotid plaque. ACVDR 5 absolute cardiovascular disease risk.
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the change of decade closest to the mean age of the study pop-
ulation (�50 and �51 years).

Univariate and multivariate logistic regression analyses
(with calculation of odds ratios [ORs] and 95% confidence
intervals [CIs]) were conducted to assess the relationship of
each risk score with the presence of carotid plaque. Tradi-
tional RFs that were not measured by the scores were
included in each analysis (for example, the FBS does not
include lipids, diabetes, age, sex, ethnicity, or medications,
so these RFs were added as variables in the logistic regression
model), to assess the variation of prediction of the scores.
Receiver operating characteristic (ROC) curves were created
to assess the performance of the regression models in
correctly discriminating risk. The area under the curve
(AUC) obtained from the analyses of the 3 scores for
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Figure 2 Mean scores for cardiovascular risk (Pooled Cohort Equation [PCE], F
pants with and without carotid plaque, by sex.
prediction of the presence of carotid plaque were compared
for statistical difference,20 initially between the scores only
and subsequently with the inclusion of traditional RFs. The
Youden index was calculated to assess the effectiveness
and optimal cut-off point for predicting the likelihood of pla-
que presence. Finally, a classification and regression tree
(CART) analysis was conducted to analyze the FBS and
PCE scores to best fit the model of carotid plaque risk catego-
rization. The CART analysis is used as an alternative to linear
regression analyses to build a decision tree to determine the
benefits of further risk assessment for the presence of carotid
plaque.

The results were then validated using data from the Child-
hood Determinants of Adult Health (CDAH) study,21 a lon-
gitudinal, prospective population-based cohort study in
Male Female Male

RS FBS

Caro d plaque Present

8 *p=0.238

ramingham Risk Score [FRS], and Fuster-BEWAT Score [FBS]) in partici-
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Figure 3 Association of risk scores (odds ratios and 95% CI) with carotid
plaque: A: in participants �50 years of age; B: in participants �51 years of
age. FBS5 Fuster-BEWATScore); FRS5 FraminghamRisk Score; PCE5
Pooled Cohort Equation).A) Participants �50 years of age B) Participants
�51 years of age

Table 2 Determinants of carotid plaque presence prediction
according to all risk scores and risk factors not included in the risk
scores

Carotid plaque presence prediction by PCE and RFs

Variables OR

95% CI P value

Lower Upper

PCE 1.10 1.04 1.16 .001*
Family history parents 1.05 0.35 3.13 .933
Family history siblings 1.15 0.58 2.30 .683
Blood glucose 0.55 0.39 0.78 .001*
Fruit .5 serves daily 1.18 0.94 1.48 .156
Vegetable .5 serves daily 0.82 0.64 1.03 .090
Physical activity 1.00 1.00 1.00 .886
BMI 0.99 0.93 1.05 .626
Carotid plaque presence prediction by FRS and RFs
FRS 1.09 1.02 1.17 .017*
Blood glucose 0.56 0.39 0.79 .001*
Fruit .5 serves daily 1.22 0.97 1.54 .088
Vegetable .5 serves daily 0.80 0.63 1.01 .062
Physical activity 1.00 1.00 1.00 .829
DBP 1.01 0.98 1.05 .388
LDLC 1.01 0.75 1.36 .956

Carotid plaque presence prediction by FBS and RFs
FBS 0.85 0.75 0.97 .012*
Age 1.08 1.03 1.13 .001*
Sex 1.32 0.68 2.54 .415
History of Hypertension 1.63 0.87 3.05 .131
Family history parents 1.02 0.34 3.08 .968
Family history siblings 1.02 0.51 2.06 .951
Ethnicity 1.13 0.33 3.94 .846
TCH 0.50 0.18 1.40 .189
HDLC 1.69 0.53 5.43 .377
LDLC 2.19 0.78 6.15 .137
Blood glucose 0.48 0.33 0.69 ,.001*

*Asterisk indicates statistically significant values.
BMI5 body mass index; CI 5 confidence interval; FBS 5 Fuster-BEWAT

score; FRS 5 Framingham Risk Score; HDLC 5 high-density lipoprotein
cholesterol; LDLC 5 low-density lipoprotein cholesterol; OR 5 odds ratio;
PCE 5 Pooled Cohort Equation; RFs 5 risk factors; TC 5 total cholesterol.
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Australia, Finland, and the United States that aimed to
examine childhood predictors of adult CVD and diabetes.
The AUC curve of the FBS was obtained, followed by a You-
den index calculation and a CART analysis.

All statistical analyses were conducted in SPSS, version
26 (IBM Corp. Released 2019. IBM SPSS Statistics for Win-
dows, Version 26.0. Armonk, NY: IBM Corp) and Stata,
version 17 (Stata Corp. 2021. Stata Statistical Software:
Release 17. College Station, TX: Stata Corp LLC).
Results
Participant characteristics
After baseline profiling of 1352 individuals screened for
eligibility, 1070 participants were identified as eligible
to participate in the study. Table 1 shows the population
characteristics at baseline comparing participants with and
without carotid plaque. After exclusion of 39 owing to
missing images, 1031 (61% female, 53 6 6.9 years of
age) participants were included. Of these, 51 participants
(5%; 55% female) had carotid plaque. Participants with
carotid plaque were on average older (56 6 6.2 years)
than those without plaque (53 6 6.9 years), with a
mean age differential of 3 years between the 2 groups.
A higher proportion of those with carotid plaque had co-
morbid hypertension (43% vs 28%) and had a lower
blood glucose than those without plaque. Moreover,
participants with carotid plaque showed on average higher
PCE and FRS and lower FBS scores of at least 1 point of
mean difference in comparison to those without plaque.
Association of scores with subclinical
atherosclerosis
Figure 1 shows that the PCE and FRS were significantly
higher, and the FBS significantly lower, in those with carotid
plaque detected compared to no carotid plaque at baseline
(P , .05). Figure 2 highlights that males had higher PCE
and FRS and lower FBS compared to females (all main ef-
fects P, .001) and the relationship between higher ACVDR
scores in those with carotid plaque occurred for both males
and females (all interaction effects P . .05). Figure 3 com-
pares the association of risk level (according to the PCE,
FRS, and FBS results) with carotid plaque presence in partic-
ipants �50 years of age (panel A) and �51 years of age
(panel B). The likelihood of plaque was reduced with higher
FBS in individuals�50 years of age (OR 0.54, 95% CI 0.39–



Figure 4 Discrimination of the risk score models.A:Area under the receiver operator characteristic (ROC) curve is shown for Pooled Cohort Equation (PCE),
Framingham Risk Score (FRS), and Fuster-BEWAT Score (FBS). B: Area under the curve of PCE, FRS, FBS when adding risk factors not included in the
scores.4A 4B
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0.75, P, .01). All other scores did not show significant dif-
ference in the OR of carotid plaque presence by age category.
Probability of presence of carotid plaque by risk
score level
In univariate logistic regression analyses (data not shown) all
3 scores were significantly associated with the presence of ca-
rotid plaque (all P , .05). A higher PCE (OR 1.07, 95% CI
1.02–1.13) and FRS (OR 1.07, 95% CI 1.01–1.14) increased
the odds of carotid plaque being present, whereas the odds of
carotid plaque were reduced for increases in FBS score (OR
0.86, 95% CI 0.77–0.96).

Table 2 shows the logistic regression of models including
the 3 scores and individual CVD RFs not considered in the
calculation of each score. A model that included PCE, family
history of premature CVD, fasting blood glucose (mmol/L),
number of fruit and vegetable serves per day, body mass in-
dex (kg/m2), and physical activity intensity per week showed
that the PCE and fasting blood glucose only remained



Table 3 Area-under-the-curve analysis of Fuster-BEWAT Score and risk factors not included in the equation

Model 1 Model 2 Model 3 Model 4 Model 5
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age 1.07 (1.02, 1.12) 1.07 (1.02, 1.12) 1.07 (1.02, 1.12) 1.07 (1.02, 1.12) 1.08 (1.03, 1.14)
Male sex 1.25 (0.69, 2.25) 1.20 (0.66, 2.18) 1.19 (0.63, 2.24) 1.27 (0.70, 2.28) 1.39 (0.76, 2.52)
Ethnicity 0.56 (0.24, 1.31) 0.55 (0.23, 1.29) 0.56 (0.24, 1.31) 0.56 (0.24, 1.32) 0.46 (0.20, 1.10)
FBS 0.87 (0.77, 0.98) 0.87 (0.77, 0.97) 0.87 (0.77, 0.98) 0.87 (0.77, 0.98) 0.84 (0.74, 0.95)
TC 0.90 (0.69, 1.16)
HDLC 0.84 (0.40, 1.79)
LDLC 0.97 (0.74, 1.27)
Blood glucose 0.50 (0.35, 0.71)

C-statistic50.67
(0.60, 0.74)

C-statistic50.67
(0.60, 0.74)

C-statistic50.67
(0.61, 0.74)

C-statistic50.67
(0.60, 0.74)

C-statistic50.73
(0.66, 0.79)

In comparison to
model 1

REF P 5 .98 P 5 .79 P 5 .52 P 5 .015

CI 5 confidence interval; FBS5 Fuster-BEWAT Score; HDLC5 high-density lipoprotein cholesterol; LDLC 5 low-density lipoprotein cholesterol; OR5 odds
ratio; TC 5 total cholesterol.

Azcui Aparicio et al Risk Prediction Algorithms and Subclinical Atherosclerosis 97
significant. For every 1% increase in the PCE score, the odds
of plaque presence also increased by 10% (P , .001).

In a model including the FRS, the score was adjusted with
blood glucose (mmol/L), fruit and vegetable serves daily,
physical activity intensity per week, diastolic blood pressure
(mm Hg), LDLC (mmol/L), and ethnic background. Only
blood glucose and the FRS were significant predictors of pla-
que presence. There was a 9% increase in the odds of carotid
plaque presence for every 1% increase in the FRS (P5 .017).

The model that included the FBS adjusted for age, sex,
history of hypertension, family history of premature CVD,
ethnic background, lipid profile (TC, HDLC, and LDLC
[mmol/L]), and blood glucose (mmol/L) showed that FBS,
age, and blood glucose were significant determinants of ca-
rotid plaque presence (P , .01). For every 1-point increase
in the FBS the odds of plaque presence decreased by 15%
(P 5 .012).
Level of discrimination of the risk score models
The areas under the ROC curve comparing the ACVDR
scores only (Figure 4A) and the ACVDR risk scores with
the addition of RFs not included in each of the equations
(Figure 4B) are represented. The 3 scores alone showed a
Figure 5 Classification and regression-tree model for risk stratification using th
under the curve (Fuster-BEWAT Score [FBS] and Pooled Cohort Equation [PCE]
similar c-statistic; the PCE showed the highest AUC of
0.63 (95% CI, 0.55–0.71; P 5 .001), followed by the FBS
with an AUC of 0.61 (95% CI, 0.52–0.69; P 5 .015) and
the lowest AUC from the FRS (0.60 [95% CI, 0.52–0.68; P
5 .011). When the models included the ACVDR scores
and the RFs not considered in each score (Figure 4B), there
was a significant increase of the AUC in all models. The
most significant increase was in the model including the
FBS/RFs, which showed an AUC of 0.76 (95% CI, 0.70–
0.82; P , .001). The PCE/RFs had an AUC of 0.69 (95%
CI, 0.62–0.77; P , .001). Similarly, the model including
the FRS/RFs showed an AUC of 0.69 (95% CI, 0.62–0.76;
P , .001).

More comprehensive analyses of the FBS and RFs not
included in the equation were explored (Table 3). Model 1
(Reference model) included the FBS, age, male sex, and
ethnicity (c-statistic 5 0.67 [95% CI, 0.60–0.74]). Models
2–5 included the addition of 1 biochemical RF to each model.
Model 5, which included the addition of blood glucose,
showed the highest increase in c-statistic (0.73 [95% CI,
0.66–0.79, P 5 .015]).

Figure 5 shows the CART analysis of a decision tree
developed using the 2 ACVDR scores that showed the high-
est AUC (FBS and PCE) results in our population. According
e 2 absolute cardiovascular disease risk scores that showed the highest area
) results in our population.
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to the model partition, participants with an FBS �10 were
classified as low risk (n 5 284); only 9 (3%) participants in
this category had carotid plaques. Participants with an FBS
of 6–9 (n 5 531) were indicated to benefit with subsequent
classification according to the ACVDR PCE assessment. In
those with a PCE,5% (n5 365), only 3% (n5 10) had ca-
rotid plaque and these were deemed to be low risk. Partici-
pants with a PCE �5% were indicated as intermediate risk
(n 5 166), of whom 7% (n 5 12) had carotid plaque. Of
the 206 participants with the lowest FBS (1–5), 10% (n 5
20) had carotid plaques, making this group an automatic
higher-risk group without the need for further stratification
by PCE results.
Validation of CART analysis
To validate the findings of the CART analysis, the same pro-
cedure was applied in a population with similar characteris-
tics as the population in our study. The CDAH study had a
younger population free of CVD, with a mean age of 44 6
3 years (52% female).21 The validation analysis included
1140 participants and carotid plaque was detected in 13%.
The AUC in predicting carotid plaque was slightly lower
than in our study (0.65 [95% CI, 0.60–0.71]) and with each
increasing point of the FBS, there was a 10% reduction in
odds of carotid plaque presence (OR 5 0.90 [95% CI,
0.85–0.96]). The Youden index showed that using the FBS
cut-off of 8 identified 68% higher odds in participants with
FBS ,8 than those with FBS �8 (OR 5 1.68 [95% CI,
1.01–2.83]). Finally, we applied the IMPRESS classification
tree to the CDAH study. The CART analysis showed that
27.3% of participants of the CDAH study with FBS 1–5 (in-
termediate risk) had carotid plaque and only 11.4% in those
with FBS �10 (low risk). In participants with FBS between
6 and 9, the PCE showed that 30% of participants with scores
�5% (intermediate risk) had carotid plaque and 15.5% with
PCE ,5% (low risk) had plaque.
Discussion
In this relatively young cohort of asymptomatic individuals
with a family history of CVD, we demonstrated that the
FBS was superior in predicting subclinical atherosclerosis
compared with the FRS and PCE, both of which require
biochemical parameters. Of the 3 ACVDR scores, the FBS
showed the highest discrimination accuracy. The addition
of blood glucose was consistently found to improve risk pre-
diction; however, this finding should be interpreted with
caution. In addition, age improved the predictive ability to
the FBS and could be considered as an additional variable,
which has not previously been demonstrated.18 The FBS
was shown to be significant in the detection of subclinical
atherosclerosis in younger adults (�50 years of age), which
might improve the early detection of atherosclerosis at
younger ages. Finally, a CART decision tree suggested a
strategy for incorporation of FBS into CVD risk assessment
in resource-constrained settings. These results show that the
highest (�10) and lowest (1–5) FBS can be directly classified
into low- and intermediate-risk, while further pathology
testing for calculation of PCE seems to be most useful among
participants with an FBS of 6–9.

Our results showed significant interactions between the
FBS and other RFs. The age of our cohort might play a role
in risk classification, as it has been considered a key determi-
nant of CVD risk in most traditional risk scores. Regarding
age difference, participants who were �50 years of age had
less risk of carotid plaque presence and had better results of
the FBS score, whereas the PCE and the FRS were not signif-
icantly different between participants with and without pla-
que. Nonetheless, the 3 scores were significantly different
between younger and older people, showing an increased as-
sociation of plaque presence and worse scores in older partic-
ipants. Although our analysis did not show significance
between male sex and FBS scores for plaque presence, the
FBS scores were lower in male than in female participants.
Previous studies have shown that males have an increased
risk of subclinical atherosclerosis and increased risk assessed
by CVD risk scores, confirming that sex-specific profiling
might be a significant step to consider.18,23

Finally, our study showed a significant interaction be-
tween the FBS and blood glucose inversely associated with
plaque presence, which is an anomalous finding. Further
studies might be needed to offer a better interpretation of
this finding.
Previous experience of the FBS
The FBS is a simple tool that includes lifestyle risk variables
to assess ideal cardiovascular health with a simple score
calculation.9 The current study is not the first to demonstrate
the effectiveness of FBS in predicting subclinical atheroscle-
rosis. In a study conducted in a Cuban population, the FBS
showed high concordance with the Ideal Cardiovascular
Health Score (ICHS) when assessing CVD risk.6 The
ICHS, similar to the PCE and the FRS, is a popular risk score
that combines clinical and laboratory (serum cholesterol and
fasting blood glucose) parameters.18

Similarly, the Progression of Early Subclinical Athero-
sclerosis study showed that participants with ideal FBS and
ICHS, both recommended for primary prevention, had lower
adjusted ORs for plaque presence and coronary artery cal-
cium score than those with lower scores (denoting increased
CVD risk).18 In this study, the AUC showed similar discrim-
ination as the ICHS for carotid plaque presence and coronary
artery calcium score.18 In our study, the FBS showed a better
predictive accuracy and higher AUC than the PCE and FRS.
Clinical application of FBS
The importance of risk prediction and the use of risk scores
have been widely studied and reported.24,25 Although of
pivotal importance in primary prevention of CVD,24 they
have shown some limitations, such as misclassification of
risk in younger populations, women, and different ethnic
groups.26–28 Both the FRS and the PCE have shown
overestimation of risk and the need of calibration when
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assessing a multiethnic population.29 Access to pathology
and laboratory analyses in LMICs is a significant barrier to
traditional cardiovascular risk score algorithms. Despite
recent significant improvements, cost and availability remain
barriers to testing in primary care settings.4,10 The advantage
of the FBS score is that it does not need blood tests and can be
easily assessed in any health care setting without access to
laboratories.

By conducting an ROC analysis, we found that the FBS
was better associated with the presence of carotid plaque in
our population. The Youden index helped to adjust the cut-
off risk to improve the predictive value for risk of subclinical
atherosclerosis. A further CART analysis improved the selec-
tion of individuals likely to require additional screening in a
2-stage screening process. The first stage showed that partic-
ipants with FBS �10 could be directly classified as low risk,
and no further subclinical atherosclerosis screening is
needed. On the other hand, participants with FBS between
1 and 5 are classified as intermediate risk. This group of par-
ticipants might benefit from further subclinical atheroscle-
rosis studies, such as carotid ultrasound for plaque detection.

After the first stage of initial risk classification by the FBS,
a second stage is required for a reduced number of individuals
(ie, those with FBS between 6 and 9) who will need labora-
tory tests to further classify the risk level by including the
PCE. This second stage classified the population into 2
groups: Participants with PCE ,5% were classified as low
risk and discarding the need for further screening tests,
whereas those with PCE�5%were classified as intermediate
risk, requiring further ultrasound screening testing.

When the stratification of risk proposed in our study was
applied in the CDAH study population,21 the findings were
consistent with the IMPRESS study. Although the population
was younger, the FBS showed slightly lower AUC (0.65 vs
0.73), and the prevalence of plaque was higher in the
CDAH study, both studies showed similar results in the clas-
sification of risk and the presence of carotid plaque, with
similar CART analysis result, and favored further screening
of those at intermediate risk.
Strengths and limitations
The outcomes included in this study are an intermediate point
(presence or absence of plaque) in the development of athero-
sclerotic CVD and not cardiovascular events. The primary
aim of this study was to improve risk stratification to identify
subclinical atherosclerosis in relatively younger adults aged
40–65 years. Therefore, the number of participants with pla-
que detected is just the right outcome of this study.

We considered including other scores, such as the INTER-
HEART risk score.22 However, it was not feasible owing to
different methods to measures some of the variables, such
as psychosocial factors and diet.
Conclusion
The FBS is a simple score to measure cardiovascular health
risk without laboratory or imaging testing. The score showed
good discrimination of participants with carotid plaque, and
thereby the prediction of CVD risk. The use of the FBS for
risk stratification may be useful in regions where access to
laboratory tests is limited in populations who do not engage
with primary care (eg, young adults) or to better identify
those who might need more advanced testing (eg, of lipid
levels).
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