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Background: Carotid atherosclerosis (CA) is closely related to stroke, and Framingham
Risk Score (FRS) has been used for CA risk evaluation. However, FRS could only be used
for subjects of up to 74 years old. The present study was to determine if Essen Stroke Risk
Score (ESRS) could be used to estimate CA risk in community populations without age
limits.

Methods: In the present prospective multi-community screening study, we evaluated the
prevalence of CA using high-resolution ultrasound in 521 males and 1039 females (35 to 91
years old). Both FRS and ESRS were calculated for the subjects. Multivariate logistic
regression analysis was used to determine the predictive values of FRS and ESRS for CA
in these subjects.

Results: Ultrasound data showed that CA was present in 56.2% of the participants (total of
1560). Multivariate logistic regression analysis showed that ESRS was associated with CA
with odds ratio (OR): 1.34 (95% confidence interval (CI), 1.12-1.60, p=0.001). Central
obesity (OR: 1.40, CI: 1.07-1.83, p=0.015), female (OR: 0.55, CI: 0.39-0.77, p <0.001)
and age (OR: 2.63, CI: 2.27-3.06, p <0.001) were also associated with CA. Based on the
estimated area under curve (AUC), FRS (AUC 0.775) was better than ESRS (AUC 0.693) (z
statistic 6.774, p <0.001) for CA prediction for individuals of <74 years old. However,
receiver operating characteristic analysis showed ESRS was a good CA predictor for all
subjects (AUC of 0.715).

Conclusion: ESRS could be used as an alternative to FRS to predict CA in community
population of all age.

Keywords: Essen Stroke Risk Score, ESRS, carotid atherosclerosis, risk factors, stroke

Introduction

Stroke is the leading cause of mortality in China.! Carotid atherosclerosis (CA) is
closely related to stroke.” Thus, identification and optimal management of the risk
factors for CA are critical to preventing CA, and subsequent stroke. It is known that
atherosclerosis is associated with diabetes, obesity, hypercholesterolemia, hyperten-
sion, cigarette smoking, kidney disease, and increasing age.’ Both the Essen Stroke
Risk Score (ESRS) and Framingham Risk Score (FRS) have been used for risk
assessment for ischemic stroke (IS) and cardiovascular disease.*

FRS is a gender-specific algorithm that has also been used for prediction of CA
in adults with significant predictive value.>® However, the traditional FRS could be
only applicable for the subjects of a specific range of subjects (age limit), and its
predictive values could be variable widely in populations with different ethnic and/
or geographic backgrounds.” The predictive value of FRS for CA has not yet been
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established in Chinese population. ESRS has been used for
predicting recurrent IS for patients without age limit.® It is
unclear if ESRS could be used for CA prediction, espe-
cially for an aging population. There is no study on direct
comparison between FRS and ESRS on their predictive
values for CA in general population.

CA is generally considered an early marker of signifi-
cant atherosclerosis in cardiovascular system, and asso-
ciated with increased risk of IS.° " High-resolution color
Doppler ultrasound is a sensitive and reproducible method
to visualize and quantify CA noninvasively. The test,
however, comes at a cost. China has also experienced an
increased income inequality over time.'> Due to the low
social health insurance coverage in China, a patient’s
socioeconomic status also influences patients and their
relatives” decisions on receiving regular physical
examination.'? This may result in more risk factors and
less consciousness of receiving secondary prevention.
Therefore, we need to provide some sort of simple score
to predict the severity of CA and to alert the patient for
a physical examination when the score is achieved. The
objective of the present study was to determine if ESRS
could be used for prediction of CA in general population
without age limits, and determine the relative values of

ESRS and FRS on predicting CA in the same population.

Methods
Participants and Risk Factor

Measurement

To be eligible for participation, individuals must be 35 years
older with no history of stroke or good recovery after stroke
(with modified Rankin scale less than or equal to 2 points).
Subjects included in the present study were 521 men and
1039 women (35 years old or older) in multicenter commu-
nities of Guangzhou from 2018 to 2019. The ongoing pro-
spective longitudinal study was originally designed for
effective prevention of IS in community population, and
has been conducted in more than 20 communities, and
named “Ivy Action” (IA). Participants with the following
conditions were excluded: 1) inability to communicate with
research team, 2) mobility disability, 3) heart, liver or kid-
ney failure, 4) malignant tumors. The nature, risks and
benefits of all study procedures were explained to the sub-
jects, and their written informed consent was obtained
before participation in the study. All study protocols and
procedures were reviewed and approved by the Institutional
Review Board at the Hospital.

Data on blood pressure (BP), medications, body mass
index (BMI), and waist-to-hip ratio, and laboratory tests
were collected at the baseline examination. Waist and hip
circumference were measured with light clothing. BP
was measured at rest using an automatic electronic
sphygmomanometer (OMRON HEM-7111, healthcare
Co., Ltd, Kyoto, Japan). The average of three readings
was used for analysis. Hypertension was defined as rest-
ing systolic BP >140 mmHg, diastolic BP >90 mmHg,
self-reported hypertension, and/or antihypertensive thera-
pies. Central obesity was defined by a waist-to-hip ratio
of >0.90 for men and >0.85 for women. Diabetes was
defined as fasting glucose >125 mg/dl, glycosylated
hemoglobin >6.5%, or use of antidiabetic medication.
Smoking status was defined as either non-smoker (sub-
jects who never smoked and quit smoking for at least
5 years) or smoker (current smokers or those who quit
within the last 5 years). Blood samples were collected
after a 12-h fasting, and analyzed at a central laboratory.
Informed consent was obtained from all participants. The
ESRS' and FRS'® were calculated and used for IS risk
estimation for the participants.

Measures of CA

Patients were examined in the supine position with the
head slightly extended and rotated away from the exam-
iner. To evaluate carotid intima media thickness (IMT),
a LOGIO E ultrasonography (GE healthcare, USA) was
used with a 7.5-MHz high-resolution linear-array transdu-
cer. The maximal IMT of 2 sites and all interfaces of the
near and far walls of the common carotid artery (CCA)
(1-1.5 cm range below the bifurcation of CCA) was care-
fully examined and measured. The depth, gain, and focus
were carefully adjusted for each participant, so that the
arterial lumen was completely anechoic and in the center
of the image. Carotid plaque was defined as a focal thick-
ening that protrudes into the lumen by at least 0.5 mm or
where IMT is >1.5 mm as measured from the near and far
wall of any carotid segments in internal carotid artery,
carotid bulb, and common carotid arteries. CA was defined
as a maximal IMT >1.0 mm and/or the presence of ather-
osclerotic plaques.'® One single experienced sonographer
performed all the ultrasound examinations to avoid intra-
operator variation.

Statistical Analysis
Analyses were performed using IBM SPSS Statistics 25
(SPSS Inc., Chicago, IL, USA) and Stata version 15.0
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(Stata Corp LP, College Station, TX, USA). Quantitative
variables were not normally distributed and thus expressed
as median values and interquartile ranges. Age was analyzed
by quartiles. Categorical variables are shown as frequencies
and percentages. To compare clinical characteristics
between two groups, univariate binary logistics regression
was used for analyzing continuous variables and categorical
variables. Multivariate logistic regression was used to ana-
lyze the relationship between sonographic phenotypes and
the risk factors of CA, adjusting for potentially significant
factors determined in the univariate regression analysis
(p <0.05). C-statistics was used to evaluate the discrimina-
tory ability of multivariable models. The goodness-of-fit test
of the regression model was assessed using Hosmer-
Lemeshow test. Regression coefficients and adjusted odds

ratios (OR) with two-sided 95% confidence intervals (Cls)
were calculated for each variable in the model. Two-tailed
p value of <0.05 was considered statistically significant.

The predictive values of ESRS and FRS were evalu-
ated and compared using the area under the receiver oper-
ating characteristic (ROC) curve. The sensitivity and
specificity for a variety of points on ROC curves were
obtained. The optimal cutoff value for CA was determined
using Youden’s index (J = Sensitivity + Specificity - 1).
The 95% confidence interval (CI) of a CA diagnosis was
obtained using the Wilson method. Relationships between
age and Carotid atherosclerosis were plotted as curves
based on multivariable logistic regression models with
the mean values of other covariates using SAS version
9.3 (SAS Institute Inc., Cary, North Carolina).

Table 1 Comparison of Variables Between All Patients with and without CA

Parameters CA OR 95% ClI p value
With (n=876) Without (n=648)

Female, n (%) 526 (60.0) 491 (75.8) 0.481 0.481 ~ 0.384 <0.001
Marital status 1.258 0.978 ~ 1.618 0.074

Unmarried, n (%) 70 (8.0) 61 (94)

Married, n (%) 770 (87.9) 572 (88.3)

Divorced, n (%) I (1.3) 4 (0.6)

Widowed, n (%) 20 (2.3) 9 (1.4
Hyperuricemia, n (%) 258 (29.5) 135 (20.8) 1.597 1.258 ~ 2.029 <0.001
Central obesity, n (%) 596 (68.0) 323 (49.8) 2.142 1.737 ~ 2.641 <0.001
History of dyslipidemia, n (%) 266 (30.4) 116 (17.9) 2.000 1.562 ~ 2.561 <0.001
History of malignancy, n (%) 39 (4.5) 17 (2.6) 1.729 0.969 ~ 3.086 0.064
Drinking, n (%) 204 (23.3) 103 (15.9) 1.608 1.236 ~ 2.090 <0.001
Sleep disorders (No), n (%) 494 (56.4) 357 (55.1) 1.034 0.842 ~ 1.271 0.749
Living alone, n (%) 44 (5.0 23 (3.5) 1.440 0.860 ~ 2.410 0.165
Physical exercise, n (%) 395 (45.1) 270 (41.7) 1.106 0.887 ~ 1.380 0.370
Essen score, median (IQR) 1(0~2) 00~1) 2.633 2.294 ~ 3.023 <0.001
BMI, median (IQR) 23.8 (21.8 ~ 25.8) 23.23 (21.5 ~ 25.2) 1.042 1.011 ~ 1.074 0.007
TG, median (IQR), mmol/L 1.5 (1.1 ~2.1) 1.3(09~19) 1.136 1.032 ~ 1.252 0.010
TC, median (IQR), mmol/L 54 (47 ~62) 53 (47 ~59) I.164 1.056 ~ 1.284 0.002
HDL, median (IQR), mmol/L 1.3 (1.1 ~ 1.5) 1.3 (1.2~ 1.5) 0.780 0.563 ~ 1.079 0.133
LDL, median (IQR), mmol/L 3.0 (2.5~ 3.6) 2.8 (24 ~3.3) 1.280 1.126 ~ 1.455 <0.001
HCY, mean (IQR), pmol/L 11.7 (9.8 ~ 14.3) 10.4 (8.7 ~ 12.6) 1.109 1.076 ~ 1.142 <0.001
Glycosylated hemoglobin, mean (IQR), % 5.7 (55~6.1) 5.6 (53 ~538) 1.896 1.578 ~ 2.278 <0.001
hsCRP, median (IQR), mg/L 1.1 (0.6 ~24) 09 (04~ 1.8) 1.061 1.017 ~ 1.107 0.007
Age, per IQR 3.083 2.729 ~ 3.482 <0.001

First IQR, n (%) 65 (7.4) 305 (47.1)

Second IQR, n (%) 179 (20.4) 169 (26.1)

Third IQR, n (%) 320 (36.5) 128 (19.8)

Fourth IQR, n (%) 312 (35.6) 46 (7.1)

Abbreviations: BMI, body mass index; CA, carotid atherosclerosis; Cl, confidence interval; HbAlc, human glycosylated hemoglobin Alc; HCY, homocysteine; HDL, high-
density lipoprotein; hsCRP, hypersensitivity C-reactive protein; IQR, interquartile range; LDL, low-density lipoprotein; OR, odds ratio; TC, total cholesterol; TG, triglyceride.
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Results

Population Characteristics

The subjects (total of 1560) were enrolled from 22
communities with the median age of 60 years (from
35 to 91 years) (Table 1). CA was present in 350 of
521 men (67.2%) and 526 of 1039 women (50.6%).
The prevalence of subjects with central obesity was
59.7% (men 33.3%, women 66.7%). Our study
revealed that 47.6% (men 37.9%, women 62.1%) of
patients with central obesity had hypertension and/or
dyslipidemia.

Associations with CA
Analysis with unadjusted logistic regression models
showed that significant differences (p <0.05) in ESRS
and sex, hyperuricemia, central obesity, history of dyslipi-
demia, alcohol use, BMI, total cholesterol, triglycerides,
low-density lipoprotein, homocysteine, glycosylated
hemoglobin, high-sensitive C-reactive protein, and age
(per IQR) were present between subjects with and without
CA (Figure 1).

Multiple logistic regression analyses showed that men

had a higher prevalence of CA than women (p <0.001,

Variables OR (95% CI)
Sex, female - 0.55 (0.39, 0.77)
Essen score E —— 1.34 (1.12, 1.60)
Central obesity —— 1.40 (1.07, 1.83)
Age, per interquartile E —— 2.63(2.27,3.06)
BMI . 1.00 (0.96, 1.04)
Hyperuricemia e 0.95 (0.69, 1.32)
hs-CRP, mg/L . 1.03 (0.99, 1.07)
Glycosylated hemoglobin, % L 1.18 (0.99, 1.41)
Homocysteine, pmol/L . 1.01 (0.98, 1.04)
LDL, mmol/l — 1.36 (0.96, 1.92)
TG, mmol/L - 1.00 (0.90, 1.12)
TC, mmol/L - 1.05 (0.80, 1.38)
Hyperlipidemia —— 1.14 (0.84, 1.55)
Drinking —— 1.26 (0.90, 1.75)
T t T
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Figure | Multivariable logistic model for identification of predictors of carotid atherosclerosis (CA). Multivariable-adjusted odds ratios (diamonds) and 95% confidence
intervals (Cl; bars) for risk factors of CA were shown. Multiple logistic regression analyses demonstrated that men had a significantly higher prevalence of CA than women,
and Central obesity, ESRS, and advanced age were associated with the presence of CA (p=0.015, 0.001, and <0.001, respectively).
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Figures 1 and 2). Central obesity, ESRS, and advanced age
were associated with the presence of CA (p=0.015, 0.001,
and <0.001, respectively, Figure 1). After adjusting for
glycosylated hemoglobin, homocysteine, low-density lipo-
protein, total cholesterol, triglyceride, history of dyslipide-
mia, alcohol use, high-sensitivity C-reactive protein, BMI,
and hyperuricemia, ESRS was found to be an independent
predictor for CA (OR 1.34, 95% CI 1.12~1.60, p=0.001;
Figures 1 and 3). To compare the predictive ability of the
FRS and ESRS in individuals aged <74, the ROC curves
for both scores were analyzed and shown in Figure 4.
There was a significant difference between the estimated
area under curve (AUC) based on a model with FRS (AUC
0.775) and ESRS (AUC 0.693) (z statistic 6.774,
p <0.001). Moreover, the cutoff point on the ROC analysis
showed significant predictive power for ESRS as a risk for
the CA patients in the present study. The plot indicated

>
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0.50

0.25

Probability for Carotid atherosclerosis

0.00

T T T

40 60 80
Age(years)

1.00 4

0.75

0.50

0.25

Probability for Carotid atherosclerosis

0.00

40 60 80
Age(years)

sex female ——— male

Figure 2 Association between age and Carotid atherosclerosis. The black line and
dotted line with shaded bands represented the adjusted predicted curves with 95%
confidence interval. The prevalence of CA was closely associated with age for all
subjects (A), and significantly higher in male subjects than in females (B).

a better predictive value for ESRS with an AUC of 0.715
(95% CI=0.690-0.741, standard error=0.013, p <0.001).
Patients with CA were significantly older (63.4 + 8.2 vs.
52.4 + 9.4 years), and prone to central obesity (68.0 vs.
49.8%) than subjects without CA.

Discussion

To our best knowledge, this was the first study to directly
compare the predictive values of FRS and ESRS in CA,
and to use ESRS to estimate the risk for CA in a Chinese
community-based population. The data from the present
study showed that ESRS, central obesity, sex and age were
associations with CA.

An Association Between ESRS and CA

Identification and characterization of individuals at risk for
IS is one of the most challenging issues in stroke preven-
tion. CA is responsible for one-third of acute IS cases,'’
and ESRS has been proposed to estimate the risk of
cerebrovascular events. We observed that approximately
two-thirds of participants had CA in the present study. The
subjects with CA had significantly higher ESRS than those
without CA (p=0.001). Previous study showed that ESRS
was an excellent indicator of global atherosclerosis
burden.'® Our data have demonstrated that ESRS is also
a strong predictor of CA in community populations.

Atherosclerosis is a systemic disease, and carotid ather-
osclerosis is considered an early site of atherosclerosis.'”
This is because carotid bifurcations are more prone to
developing atherosclerotic plaques due to turbulent blood
flow and high shear stress, and are more vulnerable to
plaque rupture or break away, causing distal embolization.
It has also been reported that the severity of CA is closely
related to the severity and duration of the hypertension and
diabetes.”® ESRS has incorporated the major traditional
risk factors, such as hypertension and diabetes, and not
surprisingly, might be able to objectively predict the risk
of CA. Thus, ESRS could be used to identify at high-risk
for CA in general population and improve stroke preven-
tion in the communities.

Recent findings confirmed that traditional risk factors
including advanced age, hypertension, smoking, history of
coronary artery diseases, diabetes mellitus are responsible
for a majority of cardiovascular risk factors.>' CA is
considered to be a surrogate indicator of stroke events.
This is because both carotid and cerebral arteries have
similar vascular risk factors, and both can be affected by
similar factors, especially atherosclerotic plaque.”” In
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Figure 3 Distribution of Essen Stroke Risk Score (ESRS) in patients with carotid atherosclerosis. The number of subjects with ESRS 21 was significantly higher in the group

with CA than that in the control group without CA.

comparison to traditional risk factors, the data from the
present study indicate that ESRS might be a better pre-
dictor for CA than the well-established single risk factor
including diabetes, and smoking, etc.

ESRS vs FRS in CA Prediction

FRS is a composite cardiovascular risk score algorithm
that has been used for risk estimates for both cardiovas-
cular risk and for CA.*® FRS is a gender-specific algorithm
that has also been used for prediction of CA in patients
with significant predictive value.>* However, FRS could
be only applicable for subjects less than or equal to
74 years old, and its predictive values could be variable
widely in populations with different ethnic and/or geo-
graphic backgrounds.” The Framingham Stroke Risk
Profile (FSRP) that was originally described in 1991
could be used for individuals of up to 84 years of age.”
FSRP included age, systolic blood pressure (SBP), DM,
smoking, atrial fibrillation, left ventricular hypertrophy,
and use of hypertensive medication. However, several
studies including Framingham cohorts’ data have demon-
strated that age-adjusted incidence of stroke has declined
over the past 50 years.”>>” When the FSRP was applied to
a French study in the early 2000s, it appeared to over-
estimate the risk that was also observed in the REGARDS
study (Reasons for Geographic and Ethnic Differences in
Stroke).?**° The data from the present study also showed
that FRS is a good predictor for CA, and better than ESRS
for the subjects of 74 years old or younger in Chinese

community population. However, FRS is only applicable
to individuals under 75 years old. With the rapidly aging
population, it becomes clear that another scoring system
that could be applied to all population without age limits is
needed to estimate the risk for CA and overall cardiovas-
cular risk.

In fact, Essen scoring system has been used for risk
assessment for fatal and nonfatal stroke as well as combined
major cardiovascular events (cardiovascular death, myocar-
dial infarction, and stroke). The data from the present study
suggested that both FRS and ESRS had good predictive
values for CA for the same Chinese community population
of less than 75 years of age, although FRS might be better
than ESRS. However, ESRS also provided a good prediction
of CA for all community populations of all age groups. Thus,
ESRS could be used as an alternative to FRS for CA risk
estimate in community populations for stroke prevention.

In agreement with other observational studies on the
prevalence of CA, the data from the present study also
showed that women are less likely to have CA than men.
Compared to ESRS, the inclusion of female sex to the FRS
substantially improved the predictive value of the FRS. On
the other hand, lack of a strong correlation between history
of non-ischemic heart diseases (like rheumatic heart dis-
ease, hypertensive heart diseases and dilated cardiomyo-
pathy) and CA might provide an explanation on why
inclusion of non-myocardial infarction into ESRS did not
significantly improve its predictive value for CA. Future
study is needed to determine if addition of female sex to
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Figure 4 ESRS vs FRS in CA prediction. The predictive values of Framingham Risk
Score (FRS) and ESRS for CA were calculated and compared for the individuals of
35 to 74 years old. FRS was a better predictor for CA than ESRS for this group of
subjects (A); receiver operating characteristic curve analysis showed that ESRS was
a good predictor CA for all community populations of all ages (B).

ESRS could significantly improve the predictive value of
ESRS for CA.

Association of Sex Differences, Age, and
Central Obesity with CA

In agreement with the finding from previous studies.>* > the
present study also demonstrated that men are more likely to
develop CA, and central obesity and advanced age are clo-
sely associated with the development of CA in Chinese
community population. Why does central obesity enhance
the risk for CA? It is believed that obesity-associated oxida-
tive stress and systemic inflammation may play an important
role in the pathogenesis of atherosclerosis.>® Since CA
reflects the presence of preclinical atherosclerotic disease

elsewhere, it is an independent predictor of future cardiovas-
cular and cerebrovascular events. Thus, it may be useful to
include carotid ultrasonography in the screening of central
obesity subjects to identify those at high risk for adverse
cardiovascular events and stroke who may benefit from

early and more aggressive prevention.''* 3¢

Limitations

There are a number of limitations in the present study,
including: 1). This was a cross-sectional study and no
causal relationship could be inferred. Long-term longitu-
dinal research data will be available from the IA in the
future. 2). We enrolled only subjects who were able to
participate in the study from the target communities; there-
fore, conclusion may not be representative of Chinese
individuals from other regions. 3). The study only included
one ethnic groups. Thus, the findings may not be applied
to other ethnic populations. And, especially in the Chinese,
where prevalence of hypertension is markedly different in
the northern and southern communities.>” North-south dif-
ferences in blood pressure were thought to be closely
related to differences in average salt intake of the popula-
tions, as several multinational studies have shown
a significant positive correlation between sodium intake
and blood pressure levels.*® A survey of sodium and blood
pressure in 12 regions of China found that the average
blood pressure level in the North was higher than that in
the south, and there was a positive correlation between the
average level of sodium in the urine and blood pressure.
Therefore, we believe that the north—south difference in
CA occurrence observed in this study may be closely
related to the north-south differences in blood pressure
levels, which was thought to be caused by salt intake
variations. However, further research is needed to ascer-
tain these associations in the future.>’ 4). The present
study used the traditional FRS and did not include the
modified FRS,* which extends the age range of the sub-
jects; however, the latter could not be appropriately
assessed for stroke risk due to geographic and ethnic
differences in stroke patients. The addition of carotid
ultrasound imaging data to these scores in our future
study may be interesting to investigate, especially in the
Chinese population where ethnic and geographic differ-
ences exist.

Conclusions
The present study showed ESRS was able to provide
reasonable predictive value for CA in a multicenter
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community-based population, and could be used as an
alternative to FRS for CA risk estimate in community
populations for stroke prevention.
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