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KEYWORDS Abstract

Cardiovascular Introduction: The aim of this study is to evaluate the relationship and the accuracy of SCORE
diseases; (Systematic Coronary Risk Evaluation Project) risk correlated to multiple methods for deter-
SCORE; mining subclinical cardiovascular disease (CVD) in a healthy population.

Subclinical Material and methods: This cross-sectional study included 120 completely asymptomatic sub-
atherosclerosis; jects, with an age range 35-75 years, and randomly selected from the general population. The
Risk; individuals were evaluated clinically and biochemical, and the SCORE risk was computed. Sub-
Asymptomatic clinical atherosclerosis was assessed by various methods: carotid ultrasound for intima-media

thickness (cIMT) and plaque detection; aortic pulse wave velocity (aPWV); echocardiography -
left ventricular mass index (LVMI) and aortic atheromatosis (AA); ankle-brachial index (ABI).
Results: SCORE mean value was 2.95+2.71, with 76% of subjects having SCORE <5. Sixty-four
percent of all subjects have had increased subclinical CVD changes, and SCORE risk score was
correlated positively with all markers, except for ABI. In the multivariate analysis, increased
cIMT and aPWV were significantly associated with high value of SCORE risk (OR 4.14, 95% Cl:
1.42-12.15, p=0.009; respectively OR 1.41, 95% Cl: 1.01-1.96, p=0.039). A positive linear
relationship was observed between 3 territories of subclinical CVD (cIMT, LVMI, aPWV) and
SCORE risk (p<0.0001). There was evidence of subclinical CVD in 60% of subjects with a SCORE
value <5.

Conclusions: As most subjects with a SCORE value <5 have subclinical CVD abnormalities, a
more tailored subclinical CVD primary prevention program should be encouraged.

© 2016 Sociedad Espanola de Arteriosclerosis. Published by Elsevier Espana, S.L.U. All rights
reserved.
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PALABRAS CLAVE Evaluacién de la enfermedad cardiovascular subclinica y su correlacion con la
Sfeed e puntuacion de riesgo cardiovascular SCORE en una poblacién de adultos sanos: Un
cerehorvEaalamEs: estudio transversal basado en la comunidad
E\ltjntuacilon; . Resumen

Er?,sc, er.os1s Introduccion: Nuestro objetivo fue evaluar la relacion y la precision de la Systematic Coronary
SRl:escg]on‘lca’ Risk Evaluation-Evaluacion Sistematica del Riesgo Coronario (evaluacion SCORE) correlacionada
)

Asintomatico

Introduction

con multiples métodos para determinar la enfermedad cardiovascular (ECV) subclinica en una
poblacion sana.

Material y métodos: Este estudio transversal incluyo a 120 personas asignadas al azar de la
poblacion general. Los sujetos con edades entre 35 y 75 aios y completamente asintomaticos
fueron evaluados desde el punto de vista clinico y bioquimico, y se calculo su riesgo SCORE.
Se evaluo la aterosclerosis subclinica mediante varios métodos: ecografia carotidea para la
determinacion del grosor intima-media y la deteccion de la placa; velocidad de la onda de pulso
aortico; ecocardiografia-indice de masa ventricular izquierda y ateromatosis adrtica; indice
tobillo-brazo.

Resultados: El valor medio de la puntuacion SCORE fue de 2,95 £ 2,71, con un 76% de los sujetos
con una puntuacion < 5. El 64% de todos los sujetos tenia cambios aumentados de ECV subclinica
y la puntuacion SCORE se correlaciond positivamente con todos los marcadores, excepto el
indice tobillo-brazo. El 40% de los sujetos tenia placas carotideas y el 70% ateromatosis adrtica.
En el analisis multivariante, los valores aumentados del grosor intima-media y de la velocidad
de la onda de pulso aodrtico se asociaron significativamente con un alto valor de riesgo SCORE
(CP 4,14; IC del 95%: 1,42-12,15; p=0,009; respectivamente CP 1,41; IC del 95%: 1,01-1,96,
p=0,039). Se observd una relacion lineal positiva entre 3 territorios de ECV subclinica (grosor
intima-media, indice de masa ventricular izquierda, velocidad de la onda de pulso aértico) y
el riesgo SCORE (p <0,0001). El 60% de los sujetos con el valor SCORE <5 tenian indicios de ECY
subclinica.

Conclusiones: La puntuacion SCORE se correlaciona positivamente con la mayoria de los mar-
cadores aterosclerdticos. Como la mayoria de los sujetos con valor SCORE <5 tienen anomalias
relacionadas con la ECV subclinica, es necesario promover una prevencion primaria mejor
adaptada de la ECV subclinica.

© 2016 Sociedad Espanola de Arteriosclerosis. Publicado por Elsevier Espana, S.L.U. Todos los
derechos reservados.

personalized and early assessment of at-risk subjects. Sev-
eral parameters of subclinical CVD and atherosclerosis have

Atherosclerotic cardiovascular diseases (CVD) represent the
main cause of morbidity and mortality worldwide, requir-
ing intensive medical surveillance and expensive therapies;
however the long term prognosis still remains poor."?
Primary prevention of CVD costs less than treating its
complications and is based on the reduction of cardio-
vascular risk factors. With a continuous attention toward
proper identification of patients, various algorithms of CVD
risk stratification have been proposed and tested during
time.>* Based on the classification in different risk class
categories, lifestyle changes or even pharmacological ther-
apy for high risk patients are recommended. However, an
acute atherosclerotic cardiovascular event represents the
first manifestation in 30-50% of individuals that have been
initially included into low to intermediate risk classes.’

It is clear that a simple quantification of risk factors is not
sufficient for an accurate CVD primary prevention and the
current guidelines admit this limitation."® Since atheroscle-
rosis develops silently before clinical manifestations occur,
the evaluation of the diseased arterial wall provides a

been proposed for the detection of intermediate and high-
risk populations, with reasonable CVD predictive value.
Carotid intima-media thickness (cIMT) and identification of
atherosclerotic plaques by carotid ultrasonography,” ankle-
brachial index (ABI) for evaluating the peripheral artery
disease® or the detection of aortic atheromatosis and left
ventricular (LV) hypertrophy by echocardiography® proved to
be valuable markers for CVD screening. More recently intro-
duced into clinical practice, the aortic pulse wave velocity
(aPWV) proved to be an independent predictor of CVD in
healthy individuals. '

Recently, the SHAPE (Screening for Heart Attack Preven-
tion and Education) program recommended the screening for
subclinical atherosclerosis in asymptomatic subjects aged
45-75 years in men and 55-75 years in women at interme-
diate risk.> According to the European and American CVD
prevention guidelines, the measurement of ABI, IMT and
the screening for carotid atherosclerotic plaques in asymp-
tomatic adults at intermediate risk should be considered."®
The role of echocardiography for the general screening in
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Figure 1  Flowchart of subjects’ randomization and inclusion.
GP: general practitioners.

population is not well defined. Moreover, the arterial stiff-
ness measurement is not yet included as recommended
screening method despite multiple evidences that supports
the PWV predictive role in CVD."%'? However, the com-
prehensive evaluation of subclinical CVD using the four
up-mentioned screening tools in asymptomatic population
has not been previously described. Thus, we aimed (1) to
evaluate the subclinical CVD and atherosclerotic burden
in a randomly, healthy, adult population by using carotid
ultrasound, echocardiography, ABI and arterial stiffness
parameters, respectively; (2) to correlate the CVD risk score
with determinants of subclinical CVD; and (3) to quantify the
proportion of patients who should be reclassified compared
with traditional risk factor scoring.

Methods

Study design and population

A single-center, cross-sectional, observational study was
conducted over a 2-year period between January 2014
and November 2015. Inclusion criteria: apparently healthy
individuals, aged 35-75 years, recorded on the local gen-
eral practitioners data lists. Exclusion criteria: pregnant
or breastfeeding women recorded on the above mentioned
local general practitioners data lists. From the medical
subjects’ data lists of the local general practitioners, 703
subjects have been randomized, of whom 276 were appar-
ently healthy individuals, aged 35-75 years and the women
not pregnant or breastfeeding. The ‘‘asymptomatic’’ sta-
tus of the subjects was defined by not having any previous
recorded acute or chronic diseases and not being under any
chronic treatment. Further eligibility was ascertained by
telephone interview directly with the subjects and finally
120 subjects were included in the study (Fig. 1). The
study protocol was approved by the local University Ethics
Committee and all participants provided written informed

consent before enrollment. The methods used in this study
have complied with the Helsinki Declaration.

At study visit, an interview was conducted with all parti-
cipants and data regarding basic cardiovascular risk factors
were recorded. By physical examination, height, weight
and waist circumference were measured and the body
mass index was calculated. The office blood pressure mea-
surement was performed by respecting the 2013 European
guidelines."® A fasting venous blood sample was obtained for
biochemical analysis, including lipid profile, plasma glucose
and serum creatinine.

SCORE risk score

For each subject, the HeartScore® risk was computed from
specific risk factors by using age, gender, smoking status,
systolic blood pressure and total cholesterol. The SCORE
(Systematic Coronary Risk Evaluation Project) risk provides
a 10-year direct estimation of total cardiovascular mortality
risk and the specific chart for high-risk countries has been
used in the current study. For a practical approach, the sub-
jects have been classified into two risk categories based on
the SCORE result: low to intermediate risk (1 to <5%); and
high to very high risk (>5%).

Subclinical atherosclerosis markers

cIMT and carotid plaques were examined using ultrasonogra-
phy (MyLab™50 XVision model, Esaote Group, Genoa, Italy)
by an experienced physician blinded to all patient data
and interpreted according to the Mannheim criteria.' The
carotid plaque was defined as cIMT thickness above 1.5 mm
or as a focal wall protrusion into the arterial lumen of at
least 0.5 mm or 50% of the surrounding cIMT value. The cIMT
was measured on the posterior wall of the common carotid
artery 10 mm proximal to the carotid bulb. Although the car-
diovascular risk is higher with the increasing of cIMT, a value
more than 0.9 mm is considered abnormal.’

Transthoracic echocardiography was performed by the
same operator using the cardiac software of the same ultra-
sound machine (Mindray DC-T6 Ultrasound Machine). For the
current research, the visual detection of aortic atheromato-
sis in the proximal ascending aorta and evaluation of LV mass
as parameter of subclinical organ damage represented the
main focuses. The values were indexed by body surface area
to obtain the LV mass index (LVMI) with the reference upper
limits being 95g/m? in women and 115g/m? in men.

ABI measurement was performed after 10 min of rest and
in supine position, by a single trained person. The systolic
blood pressure was initially measured in both arms and the
highest brachial systolic value was considered the denomi-
nator in the ABI calculation. Afterwards, the systolic blood
pressure was measured at the lower limbs in both posterior
tibial and dorsally pedis arteries. The highest value obtained
for each leg was the numerator in the final equation. A ratio
<0.9 was considered the threshold for peripheral artery dis-
ease.

The aPWV was assessed using the Arteriograph system
(Tensiomed, Budapest, Hungary). It is a relatively new
device which uses the oscillometric method. The Arterio-
graph results have been previously validated, by comparing
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both with invasive methods and with other devices for
PWV determination.'>'® Besides the aPWV, the device also
provided other arterial stiffness parameters such as the aor-
tic systolic blood pressure (SBPao) and the augmentation
indexes (brachial, AlXbr and aortic, AlXao).

Statistical analysis

Data analysis was performed using SPSS 20.0 (Statisti-
cal Package for the Social Sciences, Chicago, Illinois).
Data were presented as mean =+ standard deviation (SD)
and number of cases with percent frequency, for con-
tinuous and categorical variable, respectively. The two
SCORE risk categories were comparatively analyzed for
all variables. Continuous variables were compared using
Independent-Samples T Test and One Way ANOVA analy-
sis of variances. Comparisons based on different categories
were performed by chi-square test and by Fisher’s exact
test. Variables with p<0.05 in univariate analysis were
selected for multivariate analyses, by logistic regression.
This was used to assess the association between selected

variables and SCORE, as the dependent variable, and to
develop a new predictive model for the risk. Odds ratio
(ORs) with 95% confidence interval (Cl) was used to report
the results. The predictive model was assessed by receiver
operating characteristic (ROC) curve (C-statistic) analysis.
The degree of agreement between SCORE and the other
methods used to assess subclinical atherosclerosis was mea-
sured by Cohen’s kappa coefficient. Relationship between
two variables was determined by Pearson’s correlation coef-
ficient. A two-sided p value <0.05 was considered significant
for all data analyses.

Results
Baseline characteristics

The clinical and biological characteristics of the study group
are outlined in Table 1. Two thirds of subjects were females
and the mean age of patients was 52 years. Among tradi-
tional cardiovascular risk factors, 21% of the subjects were

Table 1 Characteristics of the study population according to SCORE risk score.

Characteristic

All subjects (n=120) SCORE <5 (n=92) SCORE >5 (n=28) p value

Age, years 52.01+10.73 48.42 +£9.09 63.79+£6.43 <0.0001
Male, n (%) 40 (33.3) 23 (25) 17 (60.7)

Current smoker, n (%) 26 (21.6) 18 (19.5) 8 (28.5)

Former smoker, n (%) 22 (18.3) 15 (16.3) 7 (25) 0.24
Never smoker, n (%) 72 (60) 59 (64.1) 13 (46.4)

Alcohol consumers, n (%) 15 (12.5) 6 (6.5) 9 (32.1) 0.0011
Family history of CVD?, n (%) 36 (30) 31 (33.7) 5(17.8) 0.083
Body mass index, kg/m? 28.50+5.34 28.28 +£5.24 29.23 +£5.67 0.414
Waist circumference, male, cm 103.60+10.29 102.91 +11.52 104.58 +8.60 0.308
Waist circumference, female, cm 97.2+13.62 96.144+-13.23 103.81+14.84 0.041
Systolic blood pressure, mmHg 127.30+17.22 123.16 +=15.14 140.89 +16.86 <0.0001
Diastolic blood pressure, mmHg 81.27 +£13.07 78.52+12.10 90.29+12.22 <0.0001
Cholesterol total, mg/dl 209.77 £45.56 205.38 +-44.66 224.19 +46.32 0.055
LDL cholesterol, mg/dl 129.96 +40.71 128.93 +£40.67 133.45+41.43 0.614
HDL cholesterol, mg/dl 52.49 +14.47 52.13+£13.92 53.70+£16.35 0.616
Non HDL cholesterol, mg/dl 157.27 +44.89 153.25 +44.58 170.48 +44.12 0.075
Triglycerides, mg/dl 137.06 +81.42 121.59 £+ 64.07 187.90 + 109.02 0.0001
Plasma glucose, mg/dl 97.21 £12.75 95.59 +11.87 102.51+14.28 0.011
eGFR, ml/min/1.73 m? 89.35+16.54 92.38 +£15.98 79.62 +14.67 0.0002
SCORE risk 2.95+2.71 1.65+0.97 7.21+£2.16 <0.0001
CIMT, mm 0.86+0.13 0.83+0.12 0.97+£0.10 <0.0001
cIMT >0.9 mm, n (%) 44 (36.7) 23 (25) 21 (75) <0.0001
Carotid plaques, n (%) 48 (40) 27 (29.3) 21 (75) <0.0001
LVMI, g/m? 101.54+23.25 99.10+21.40 109.78 £27.50 0.035
LVMI increased (>95 in women/>115 in men), n (%) 54 (45) 41 (44.5) 13 (46.4) 0.473
Aortic atheromatosis, n (%) 85 (70.8) 57 (62) 28 (100) <0.0001
ABI 1.08+0.13 1.08+0.8 1.05+0.24 0.210
aPWyV, m/s 8.28+1.79 7.87+1.64 9.48 +1.66 <0.0001
Central systolic blood pressure, mmHg 128.14+21.05 122.88 +18.67 143.73+20.24 <0.0001
AlXbr, % —0.98 +31.03 —4.75+30.35 10.04 +30.91 0.028
AlXao, % 37.04+15.60 35.06 +15.24 42.85+15.40 0.021

ABI: ankle-brachial index; AlXao: aortic augmentation index; AlXbr: brachial augmentation index; aPWV: aortic pulse wave velocity; cIMT:
carotid intima-media thickness; CVD: cardiovascular diseases; eGFR: estimated glomerular filtration rate; HDL: high-density lipoprotein;
LDL: low-density lipoproteins; LVMI: left ventricular mass index.

@ Acute atherosclerotic events for men <55 years of age and women <65 years of age in first degree relatives.
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Figure 2  Venn diagram: distribution of subclinical CVD abnor-
malities (%) measured at 3 different levels. aPWV: aortic pulse
wave velocity; cIMT: carotid intima-media thickness; LVMI: left
ventricular mass index.

current smokers, 12.5% presented chronic alcohol intake
and approximately one third had a positive family history
of CVD. Overall, the study participants were overweight
and total-, LDL- and non-HDL cholesterol mean values were
mildly elevated. However, triglycerides, HDL-cholesterol,
plasma glucose, renal function and blood pressure were
within normal range. Nonetheless, 34 (28.3%) of individuals
were hypertensive. The mean SCORE value was 2.95 (median
2), ranging from 1 to 13.

As for subclinical atherosclerosis markers, mean cIMT
and LVMI were close to the superior limit, 36%, respectively
45% of participants presenting pathological values. Carotid
plaques were found in 48 subjects (23 with unilateral and 25
with bilateral plaques) while aortic atheromatosis was a rel-
atively common feature of the population, detected in more
than 70% of cases. ABl and arterial stiffness parameters were
in normal ranges, with aPWV mean of 8.28 +1.79 m/s.

The overlap in the incidence of subclinical CVD and
atherosclerosis across 3 different territories (cIMT, LVMI
and aPWYV) is displayed in the Venn diagram (Fig. 2). Of
120 subjects, 43 (36%) had no evidence of atherosclerosis,
43 (36%) had 1 territory with atherosclerotic involvement,
27 (22%) had 2 territories with atherosclerotic involvement
and 7 (6%) had all 3 territories involved.

Table 2 Multivariate associates of SCORE risk score.

SCORE determinants

The study population was further divided into two classes
according to the SCORE risk (Table 1). Increased age and
blood pressure, male sex, alcohol intake and abdominal obe-
sity only in women were associated with high cardiovascular
risk. Smoking habits were better reflected in individuals with
increased SCORE risk value (current and former smokers
53.5% vs. 35.8% in the low risk group). Increased plasma glu-
cose and decreased eGFR were associated with high SCORE
risk score values. Except for triglycerides, all other lipid
parameters were not significantly different between the two
groups.

In univariate analysis, high SCORE risk score class indi-
viduals presented increased values of cIMT and overall LVMI
(p <0.05) but the LVMI significance was lost when divided
by gender. In the same subgroup, the carotid and aortic
atherosclerotic burden remained high (p<0.0001). There
was no difference by groups in regard to ABI. In subjects with
high cardiovascular risk, all arterial stiffness markers, espe-
cially aPWV had significantly increased values (p <0.0001).
A multivariate logistic regression analysis was performed,
taking the SCORE categories as the dependent variable and
parameters showing significant differences between SCORE
categories, in univariate analysis, as independent variables
(Table 2). cIMT and aPWV remained independently associ-
ated with SCORE risk in the multivariate model. Individuals
with cIMT values over 0.9 mm have a 4.1 times higher risk
for being at high CVD risk according to SCORE chart. More-
over, a 1.4-fold greater risk for having a high SCORE value
is present in subjects with an increase of aPWV with 1 m/s.
The significant relationship between LVMI and aortic athero-
matosis was lost in multivariate analysis. The value for the
predictive statistical model was 0.713 under receiver oper-
ating characteristics (95% Cl 0.589-0.838) with specificity of
92.7% and sensitivity of 50%.

Reliability of SCORE compared to subclinical CVD

Subclinical CVD was present in 64% of the asymptomatic
individuals. However, mean SCORE value was 2.95 and 76%
of subjects were classified into the low to intermediate
risk class. Except for ABI, SCORE risk positively correlated
with cIMT (Pearson’s r coefficient=0.57, p<0.0001), the
presence of carotid plaques (p<0.0001), aPWV (r=0.41,
p<0.0001), LVMI (r=0.29, p=0.001) and aortic atheromato-
sis (p<0.0001).

Parameter 0dds ratio 95% Cl p value
cIMT® 4.140 1.422-12.150 0.009
aPWwv? 1.412 1.017-1.961 0.039
LVMIP 1.268 0.442-3.642 0.659
Aortic atheromatosis® 0.000 0.000 0.998

aPWV: aortic pulse wave velocity; cIMT: carotid intima-media thickness; LVMI: left ventricular mass index.

@ Continuous value.
b Categorial value.
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Figure 3  Mean value of SCORE risk score by number of terri-
tories with subclinical cardiovascular disease (CVD).

A positive linear relationship was observed between
the 3 territories of subclinical CVD (cIMT, LVMI and aPWV)
and SCORE risk (p for trend <0.0001). In subjects free
of atherosclerotic burden, the 10-year CVD risk was
1.78 £ 1.65. Those who had 1 atherosclerotic marker had
a risk of 2.714+2.56, those with 2 markers had a risk of
4.5043.26, and those with all 3 markers increased had a
risk of 5.00+2.58 (Fig. 3). 89% of the subjects with high
to very high CVD risk presented markers of atherosclerosis.
However, in individuals considered into low to intermediate
risk class, 60% had evidence of subclinical CVD (39% in 1,
18% in 2, and 3% in all 3 sites). Moreover, in subjects with
low SCORE risk, 23% had increased cIMT, 29.3% had carotid
plaques, 14.1% had high aPWV, 46.7% had pathological LVMI,
while 62% had aortic atheromatosis.

Validity of subclinical atherosclerosis assessment meth-
ods in predicting CVD risk was evaluated by measuring the
degree of agreement between subclinical CVD parameters
and SCORE risk (low-intermediate and high-very high risk
classes). For each of the determined parameters, sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV) and Cohen’s kappa coefficient are shown in
Table 3. Individually, aortic atherosclerosis presented 100%
in sensitivity but 32.9% for PPV. Conversely, ABI had the best
PPV (100%) but only 10.7% in sensitivity. aPWV and carotid
plaques had good results on specificity and NPV (more than

70%). Overall, cIMT presented the best results in the predic-
tion of SCORE risk with the highest kappa coefficient (0.42).

Principal component analysis

By adding cIMT, PWV, SBPao, ABI and LVMI in the PCA com-
parative to SCORE, the best correlations for SCORE were
obtained with cIMT (r=0.57), SBPao (r=0.47) and PWV
(r=0.40). The Kaiser-Meyer-0lkin measure of sampling
adequacy was 0.74, p<0.0001. Only 2 components were
retained for further analysis which accounted for 61.92% of
the total variance. The best overall values were obtained
for cIMT, PWV and SBPao.

Study limitations

Our study should be interpreted within its limitations.
Firstly, the measurements have been performed in a rel-
atively small group of 120 adult participants. Though the
subjects have been previously randomized, the results
should be mindfully regarded when being extrapolated to
the overall population. Secondly, the study design was cross-
sectional and the results reflect the CVD abnormalities
measured at a specific moment. The absence of indepen-
dent validation limits the impact of this study. A long-term
follow-up of these individuals will show us if the current
results remain valid and which non-coronary markers better
predict the cardiovascular events.

Discussions

In the current study, we have shown that in healthy indi-
viduals the SCORE risk score was positively associated with
most of the traditional clinical and biochemical risk fac-
tors, as well as with different markers of subclinical CVD
and atherosclerosis. However, 60% of subjects considered as
having low to intermediate SCORE risk presented increased
markers of subclinical CVD evaluated by carotid and cardiac
ultrasound or arterial stiffness parameters. In contrast, low
ABI values were detected only in a minority of the study
sample. To our present knowledge, this is the first study
that compared the SCORE risk score with multiple meth-
ods of determining non-coronary CVD changes by measuring
cIMT, aPWV, LVMI, ABI and respectively, carotid and aortic
atherosclerosis in a healthy adult population.

In the current CVD prevention guidelines, the strongest
recommendations are for performing carotid ultrasound and

Table 3 Characteristics of subclinical CVD in predicting SCORE risk score.

Parameter Sensitivity (%) Specificity (%) PPV (%) NPV (%) Kappa coefficient p value
cIMT 75 75 47.7 90.8 0.42 <0.0001
Carotid plaques 75 70.7 43.8 90.3 0.37 0.0001
aPWv 35.7 85.9 43.5 81.4 0.23 0.011
LVMI 50 53.3 24.6 77.8 0.02 0.76
Aortic atheromatosis 100 38 32.9 38 0.23 0.001
ABI 10.7 100 100 78.6 0.15 0.001

ABI: ankle-brachial index; aPWV: aortic pulse wave velocity; cIMT: carotid intima-media thickness; CVD: cardiovascular diseases; LVMI:
left ventricular mass index; PPV: positive predictive value; NPV: negative predictive value.
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ABI (class lla)."® Echocardiography is not considered a first
line investigation in CVD prevention, but in our study 28% of
apparently healthy individuals were newly diagnosed with
arterial hypertension and 45% had increased LVMI. Likewise,
20% of subjects had increased arterial stiffness though aPWV
has not been yet recommended as method for cardiovascu-
lar risk assessment. Measurement of coronary artery calcium
(CAC) score by computer tomography is included in the cur-
rent guidelines’® and has been shown to predict mortality
and modify the CVD risk prediction."”” However, individu-
als with low CAC score can still suffer from acute coronary
events and it is debatable whether to perform CT imaging
for primary prevention in asymptomatic low and intermedi-
ate CVD risk individuals due to radiation exposure risk and
the considerable impact on the public health costs.'® Based
on such considerations and combined with our study results,
we consider that carotid and cardiac ultrasound, ABI and
arterial stiffness markers represent accessible, reliable and
easy to perform methods for a proper cardiovascular risk
assessment in asymptomatic population.

cIMT measurement leads to better cardiovascular risk
prediction and reclassification in non-high risk subjects.™
In our study, cIMT represented the marker best correlated
with SCORE risk and with the powerful risk estimation even
after multivariate analysis. In a study by Karim et al., ele-
vated cIMT correlated independently with 10-year CVD risk
(p=0.0003) (20) and 69% of individuals classified in the low
risk category presented evidence of subclinical atheroscle-
rosis in three different vascular beds (carotid, coronary and
aortic) with 8% presenting calcifications in all three. Our
results are similar only that we have assessed the carotid,
aortic and LV subclinical changes. However, Karim et al.
included subjects with increased homocysteine levels which
otherwise resembled the baseline population according to
the authors and excluded the persons that presented cardio-
vascular risk factors e.g. hypertriglyceridemia, high blood
pressure or chronic alcohol intake. In our study, individuals
with risk factors have not been excluded since we consider
they are generally met in the population and influence the
CVD risk. Bjerrum et al. showed on 277 healthy middle-
aged individuals that 56% had signs of coronary or carotid
atherosclerosis and the prevalence of subclinical atheroscle-
rosis was 57.5% and above 80% in participants classified as
having intermediate and high to very high risk profile accord-
ing to SCORE risk score.?’ Nonetheless, in the same Danish
study 12% of subjects were treated for hypercholesterolemia
and 18% for hypertension. However, though our results are
relatively similar to the presented data, those studies used
CAC for the evaluation of coronary atherosclerosis so that
the results should be regarded separately.

The occurrence of carotid plaques seems to be variable
in the general population. We have reported an overall inci-
dence of 40% with 25% prevalence in individuals with low to
intermediate SCORE risk. In subjects aged 50-60 years, 31%
had carotid plaques according to Bjerrum et al.?" In a low
to intermediate cardiovascular risk sample (SCORE =1.47;
cIMT =0.74mm), 25.1% of individuals had carotid atheroscle-
rosis and the prevalence was increasing with higher SCORE
values.?? The ultrasound screening for carotid and femoral
plaques in low and intermediate risk adults, aged 50-64
years, revealed a prevalence of 32% in women and 40% in

men.?® In the CARMELA (Cardiovascular Risk Factor Multi-
ple Evaluation in Latin America) study including more than
11,000 participants, the prevalence of carotid plaques was
8% in different Latin American countries, with an average
IMT of 0.65 mm.?* Thus, the cIMT values and the presence of
plaques are different across regions and might be explained
by geographical influence, age and the presence of cardio-
vascular risk factors.

Arterial stiffness markers predict adverse cardiovascular
events in various populations. A recent meta-analysis includ-
ing more than 17,000 participants concluded stated that
aPWV improves the cardiovascular risk prediction with 13%
in individuals at intermediate risk.'" Mendonca et al. showed
on 800 subjects that aPWV was increased both in individu-
als with and without coronary artery disease but presenting
several cardiovascular risk factors.?> Moreover, in an asymp-
tomatic population with normal cIMT and without carotid
plaques, aPWYV progressively increased related to the num-
ber of risk factors even when adjusted for gender and age.?
One study that included community-based samples of adults
with no history of myocardial infarction or stroke has shown
that higher aPWV was related to higher CAC (p=0.0003) and
lower ABI (p=0.02).”” Thus, increased aPWV was directly
and independently associated with greater burden of sub-
clinical CVD in other vascular beds. Our results confirm the
significant positive linear correlation between aPWV and
SCORE risk and increased aPWV levels are associated with
atherosclerotic burden in other territories.

LV hypertrophy is a marker especially used for evaluat-
ing the target organ damage in arterial hypertension. In
our asymptomatic population, one fourth had high blood
pressure and 45% had increased LVMI. Though in univariate
analysis, LVMI correlated with SCORE risk, in multivariate
logistic regression the significance was lost. Abe et al.
showed that 23% of a community-based, multiethnic pop-
ulation had LV hypertrophy.” The LVMI was increasing as
the Framingham score was higher: 23% in the intermediate
risk class, respectively 35% in the high risk class. Currently,
it is not well defined the approach for normotensive sub-
jects with increased LVMI, 17% in our study, this result
being higher than values reported by other authors (under
10%).2¢ This high prevalence of LV hypertrophy might have
different explanations: undiagnosed hypertensive subjects
that had normal blood pressure values at the study visit or
other non-evaluated factors that might influence the LV mass
(increased physical activity levels, presence of obstructive
sleep apnea). Aortic atherosclerosis is a relative, visual
parameter, not included in the current prevention guide-
lines. As LVMI, in multivariate logistic regression no positive
correlation was obtained with SCORE risk score. However,
the presence of aorta calcium determined by computer
tomography was independently associated with the 10-year
CVD risk score.??

The very low prevalence of pathological ABI (2.5%) in
the present study might be explained by the low risk profile
of our population as persons with known CVD and diabetes
had been excluded. Similar result has been obtained by
Bjerrum et al. on a healthy middle-aged sample where
only 1% of individuals had an ABI below 0.9.?" Probably, a
higher prevalence of asymptomatic lower limb atheroscle-
rosis would have been obtained in our research if imaging or
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morphological rather than functional methods would have
been applied” as low ABI reflects only hemodynamically
significant atherosclerotic lesions.

The findings of the current study present good evidence
in favor of a more practical approach in the CVD primary
prevention by using different methods for the assessment of
subclinical CVD changes. In our asymptomatic population,
the SCORE risk score underestimated the cardiovascular risk
especially in low to intermediate risk persons where more
than a half presented subclinical CVD and atherosclerosis.
By determining the CVD changes, the subjects’ risk would
be reassessed and early risk reduction therapies could be
applied. There might be other risk factors that determine
subclinical CVD changes and may be included in the CVD
risk algorithms such as family history of CVD, race obe-
sity or inflammatory diseases.”’ Nonetheless, the balance
cost-benefit for performing investigations in asymptomatic
low and intermediate risk subjects should be carefully
assessed.?’ However, in this risk category, we consider con-
venient to assess the subclinical CVD abnormalities by at
least one method. The criteria for choosing subclinical
atherosclerosis tests should take into consideration the pre-
dictive value, simplicity, reproducibility, safety and low
cost.’® Besides the excellent predictive value of CAC but
the modest value for all other criteria, the carotid artery
ultrasound and arterial stiffness parameters seem to be the
most accurate investigations. As future perspective, ideal
risk chart estimation would probably include both general
risk factors and easy-determined parameters of subclinical
CVD changes.

In conclusion, in an apparently healthy population,
SCORE risk score was directly associated with increased
markers of subclinical CVD abnormalities. 60% of individuals
considered as having low to intermediate SCORE risk pre-
sented asymptomatic atherosclerosis and should have been
reclassified into higher CVD risk classes. According to our
results, cIMT and aPWV represent the parameters that best
assess the increased cardiovascular risk and may serve as
useful markers to improve cardiovascular risk prediction.
Thus, further studies are needed for creating more accurate
algorithms in the primary CVD prevention.

Ethical disclosures

Protection of human and animal subjects. The authors
state that the procedures followed conformed to the ethical
standards of the responsible human experimentation com-
mittee and in agreement with the World Medical Association
and the Declaration of Helsinki.

Confidentiality of data. The authors state that they have
followed the protocols of their work center on the publica-
tion of patient data.

Right to privacy and informed consent. The authors have
obtained the informed consent of the patients and/or sub-
jects referred to in the article. This document is in the
possession of the correspondence author.

Authors’ contributions

Ovidiu Mitu: contributions to the idea and design, collection
of data or their analysis and interpretation, writing of the
draft of the article, approval of the final version.

Mihai Roca: collection of data or their analysis and inter-
pretation, writing of the draft of the article, approval of the
final version.

Mariana Floria: collection of data or their analysis and
interpretation, critical review of article contents, approval
of the final version.

Antoniu Octavian Petris: collection of data or their anal-
ysis and interpretation, critical review of article contents,
approval of the final version.

Mariana Graur: contributions to the idea and design, crit-
ical review of article contents, approval of the final version.

Florin Mitu: contributions to the idea and design, critical
review of article contents, approval of the final version.

Conflict of interest

None declared.

Acknowledgments

This paper was published under the frame of European Social
Found, Human Resources Development Operational Program
2007-2013, project no. POSDRU/159/1.5/136893.

The authors are grateful to Roxana lacob for carefully
reading the article and making valuable suggestions.

References

1. Perk J, De Backer G, Gohlke H, Graham |, Reiner Z, Ver-
schuren M, et al. European Guidelines on cardiovascular disease
prevention in clinical practice (version 2012). Eur Heart J.
2012;33:1635-701.

2. Shah PK. Screening asymptomatic subjects for subclinical
atherosclerosis: can we, does it matter, and should we? J Am
Coll Cardiol. 2010;56:98-105.

3. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H,
Kannel WB. Prediction of coronary heart disease using risk factor
categories. Circulation. 1998;97:1837-47.

4, Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, De
Backer G, et al. Estimation of ten-year risk of fatal cardio-
vascular disease in Europe: the SCORE project. Eur Heart J.
2003;24:987-1003.

5. Falk E, Shah PK. The SHAPE guideline: ahead of its time or just
in time? Curr Atheroscler Rep. 2011;13:345-52.

6. Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ,
Fayad ZA, et al. 2010 ACCF/AHA guideline for assessment of
cardiovascular risk in asymptomatic adults: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. J Am Coll Cardiol.
2010;56:e50-103.

7. Baber U, Mehran R, Sartori S, Schoos MM, Sillesen H, Mun-
tendam P, et al. Prevalence, impact, and predictive value of
detecting subclinical coronary and carotid atherosclerosis in
asymptomatic adults: the Biolmage study. J Am Coll Cardiol.
2015;65:1065-74.

8. Fowkes FG, Murray GD, Butcher I, Heald CL, Lee RJ, Chambless
LE, et al. Ankle brachial index combined with Framingham Risk


http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0155
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0160
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0165
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0170
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0175
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0180
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0185
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190

Subclinical atherosclerosis markers and SCORE risk score

119

Score to predict cardiovascular events and mortality: a meta-
analysis. JAMA. 2008;300:197-208.

. Abe Y, Rundek T, Sciacca RR, Jin Z, Sacco RL, Homma S, et al.

Ultrasound assessment of subclinical cardiovascular disease in
a community-based multiethnic population and comparison to
the Framingham score. Am J Cardiol. 2006;98:1374-8.

. Mattace-Raso FU, van der Cammen TJ, Hofman A, van Popele

NM, Bos ML, Schalekamp MA, et al. Arterial stiffness and risk of
coronary heart disease and stroke: the Rotterdam Study. Circu-
lation. 2006;113:657-63.

. Ben-Shlomo Y, Spears M, Boustred C, May M, Anderson SG,

Benjamin EJ, et al. Aortic pulse wave velocity improves
cardiovascular event prediction: an individual participant meta-
analysis of prospective observational data from 17,635 subjects.
J Am Coll Cardiol. 2014;63:636-46.

. Maldonado J, Pereira T, Polonia J, Silva JA, Morais J, Mar-

ques M. Arterial stiffness predicts cardiovascular outcome in
a low-to-moderate cardiovascular risk population: the EDIVA
(Estudo de Distensibilidade VAscular) project. J Hypertens.
2011;29:669-75.

. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm

M, et al. 2013 ESH/ESC guidelines for the management of arte-
rial hypertension. Eur Heart J. 2013;34:2159-219.

. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco

P, Bornstein N, et al. Mannheim carotid intima-media thick-
ness and plaque consensus (2004-2006-2011). Cerebrovasc Dis.
2012;34:290-6.

. Horvath IG, Németh A, Lenkey Z, Alessandri N, Tufano F, Kis

P, et al. Invasive validation of a new oscillometric device
(Arteriograph) for measuring augmentation index, central
blood pressure and aortic pulse wave velocity. J Hypertens.
2010;28:2068-75.

. Rajzer MW, Wojciechowska W, Klocek M, Palka I, Brzozowska-

Kiszka M, Kawecka-Jaszcz K. Comparison of aortic pulse wave
velocity measured by three techniques: Complior, SphygmoCor
and Arteriograph. J Hypertens. 2008;26:2001-7.

. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC.

Coronary artery calcium score combined with Framingham
score for risk prediction in asymptomatic individuals. JAMA.
2004;291:563.

. Lancellotti P, Nkomo VT, Badano LP, Bergler-Klein J, Bogaert

J, Davin L, et al. Expert consensus for multi-modality imaging
evaluation of cardiovascular complications of radiotherapy in
adults: a report from the European Association of Cardiovascu-
lar Imaging and the American Society of Echocardiography. Eur
Heart J Cardiovasc Imaging. 2013;14:721-40.

. Nambi V, Chambless L, Folsom AR, He M, Hu Y, Mosley T, et al.

Carotid intima-media thickness and presence or absence of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

plaque improves prediction of coronary heart disease risk: the
ARIC (Atherosclerosis Risk In Communities) study. J Am Coll Car-
diol. 2010;55:1600-7.

Karim R, Hodis HN, Detrano R, Liu CR, Liu CH, Mack WJ. Relation
of Framingham risk score to subclinical atherosclerosis evalu-
ated across three arterial sites. Am J Cardiol. 2008;102:825-30.
Bjerrum IS, Sand NP, Poulsen MK, Nergaard BL, Sidelmann JJ,
Johansen A. Non-invasive assessments reveal that more than
half of randomly selected middle-aged individuals have evi-
dence of subclinical atherosclerosis: a DanRisk substudy. Int J
Cardiovasc Imaging. 2013;29:301-8.

Coll B, Betriu A, Feinstein SB, Valdivielso JM, Zamorano JL, Fer-
nandez E. The role of carotid ultrasound in assessing carotid
atherosclerosis in individuals at low-to-intermediate cardiovas-
cular risk. Rev Esp Cardiol (Engl Ed). 2013;66:929-34.

Postley JE, Perez A, Wong ND, Gardin JM. Prevalence and dis-
tribution of sub-clinical atherosclerosis by screening vascular
ultrasound in low and intermediate risk adults: the New York
physicians study. J Am Soc Echocardiogr. 2009;22:1145-51.
Touboul PJ, Vicaut E, Labreuche J, Acevedo M, Torres V,
Ramirez-Martinez J. Common carotid artery intima-media
thickness: the Cardiovascular Risk Factor Multiple Evaluation
in Latin America (CARMELA) study results. Cerebrovasc Dis.
2011;31:43-50.

Mendonca MI, Reis RP, Sousa AC, Gomes S, Faria P, Pereira A.
Pulse wave velocity and coronary risk stratification. Rev Port
Cardiol. 2009;28:155-71.

Mohammed M, Zito C, Cusma-Piccione M, Di Bella G, Antonini-
Canterin F, Taha NM, et al. Arterial stiffness changes in
patients with cardiovascular risk factors but normal carotid
intima-media thickness. J Cardiovasc Med (Hagerstown).
2013;14:622-8.

Coutinho T, Turner ST, Kullo 1J. Aortic pulse wave velocity is
associated with measures of subclinical target organ damage.
JACC Cardiovasc Imaging. 2011;4:754-61.

Antoniucci D, Seccareccia F, Menotti A, Dovellini EV, Prati
PL, Rovelli F, et al. Prevalence and correlates of echocar-
diographic determined left ventricular hypertrophy in 2318
asymptomatic middle-aged men: the ECCIS project. Epidemiol-
gia e Clinica della Cardiopatia Ischemica Silente. G Ital Cardiol.
1997;27:363-9.

Polonsky TS, Greenland P. CVD screening in low-risk, asymp-
tomatic adults: clinical trials needed. Nat Rev Cardiol.
2012;9:599-604.

Simon A, Chironi G, Levenson J. Comparative performance
of subclinical atherosclerosis tests in predicting coronary
heart disease in asymptomatic individuals. Eur Heart J.
2007;28:2967-71.


http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0190
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0195
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0200
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0205
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0210
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0215
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0220
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0225
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0230
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0235
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0240
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0245
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0250
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0255
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0260
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0265
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0270
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0275
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0280
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0285
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0290
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0295
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300
http://refhub.elsevier.com/S0214-9168(16)30175-9/sbref0300

	Subclinical cardiovascular disease assessment and its relationship with cardiovascular risk SCORE in a healthy adult popul...
	Introduction
	Methods
	Study design and population
	SCORE risk score
	Subclinical atherosclerosis markers
	Statistical analysis

	Results
	Baseline characteristics
	SCORE determinants
	Reliability of SCORE compared to subclinical CVD
	Principal component analysis
	Study limitations

	Discussions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Authors’ contributions
	Conflict of interest
	Acknowledgments
	References


