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Background: The measurement of serum biomarkers is a promising decision aid in the assessment of atherosclerosis. However, data on the
levels and epidemiological distribution of serum biomarkers of carotid atherosclerosis (CAS) in the oldest-old are limited. This study aimed
to investigate the characteristics of CAS serum biomarkers in the oldest-old over 80 and explore their predictive value for CAS.
Methods: As part of the China Hainan Centenarian Cohort Study, a total of 1565 individuals over 80 years old were included.
Atherosclerosis was assessed by carotid plaque and carotid intima-media thickness. Serum biomarker levels, demographic indicators,
and physical examination indicators were detected. Prediction factors correlated to the CAS were explored by logistic regression and
verified by receiver operating characteristic curve analysis. Multivariate regression models were fitted, along with subgroup analysis
and robustness tests.

Results: Among the oldest-old population, 83.5% (1306) had CAS. In a fully adjusted multivariate logistic regression model, systolic
blood pressure (SBP), heart thythm (HR), serum homocysteine (Hcy), and apolipoprotein B (ApoB) levels were significantly and
positively associated with CAS in the oldest-old (Ps <0.001). ROC analysis indicated that the combination of serum Hcy, ApoB, SBP,
and HR increased the predictive value for CAS in the oldest-old (area under the curve: 0.856, 95% CI: 0.803-0.879; sensitivity:
81.8%; specificity: 85.9%).

Conclusion: SBP, HR, Hcy and ApoB are independent risk factors for CAS in the oldest-old. The specific set of biomarkers and their
combination with other risk markers may be a promising strategy for assessing CAS in the elderly, especially in global aging.
Keywords: carotid atherosclerosis, carotid intima-media thickness, biomarker, homocysteine, apolipoprotein B

Introduction
Stroke and ischemic heart disease (IHD) are the two most common causes of death worldwide. Atherosclerosis is
identified as the leading cause of these diseases.! The early detection of atherosclerosis in asymptomatic individuals
focuses on the carotid arteries.” Notably, carotid atherosclerosis (CAS) is responsible for 8-15% of ischemic strokes.**
Additionally, the burden of carotid plaque load and characteristics is highly correlated with cardiovascular events.>
Therefore, estimating the epidemiological burden and risk factors of CAS serves as a significant basis for the prevention
and management of cardiovascular diseases.”®

Dyslipidemia and chronic systemic inflammation are key features of atherosclerosis and occur throughout all stages of
pathophysiology, including initiation, progression, and complications.” Vascular inflammation markers are highly correlated

with the degree of carotid plaque stenosis and vulnerability.'®'" Atherosclerotic plaque contents continuously interact with
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circulating blood. During plaque progression, specific molecules may diffuse toward the serum and become serum biomar-
kers, thus providing predictive information about plaque presence, status, and risk of complications.'® Several serum
biomarkers combined with imaging features can help vascular specialists identify high-risk stroke patients and those requiring
intervention.'>!'* Compared with ultrasonography, computed tomography, magnetic resonance imaging, and other new
imaging techniques such as intravascular ultrasound and positron emission tomography, serum biomarker testing has the
advantages of operator-independent diagnostic accuracy, non-invasiveness, and low cost.'> Serum biomarkers that are
currently widely concerned include inflammatory markers, lipids, metabolic markers, hematologic markers, etc. Their rational
use may help quantify the risk associated with carotid artery disease.'® However, there are currently no data evaluating the
serum biomarkers of CAS in the elderly population over 80 years old.

This study involved data collection of demographics and physical examinations, as well as the examination of serum
biomarkers of CAS in the China Hainan Centenarian Cohort Study (CHCCS). We performed additional analyses,
including a comparison of serum biomarker concentrations in the oldest-old with and without CAS, alongside an analysis
of the correlation between them. We also determined whether serum biomarkers are independent risk factors for CAS
after controlling other confounding factors. Finally, we assessed the predictive value of serum biomarkers for CAS by
combining physical examination indicators. Overall, this study provides insights into managing cardiovascular disease in
the oldest-old, particularly in the context of global aging.

Methods

Participants and Settings

This study is part of the China Hainan Centenarian Cohort Study (CHCCS), which aims to examine determinants of various
diseases among centenarians and the elderly. The detailed procedures, including the interview process and sampling strategies,
have been reported previously.''® This investigation was made possible through the support of The Department of Civil
Affairs of Hainan Province of the People’s Republic of China. The design and implementation of the cohort involved a team of
sociologists, psychologists, geriatricians, cardiologists, neurologists, and other experts. From 18 cities and counties in Hainan
Province, 1782 elderly people who were eligible (aged 80—116 years) were enrolled and surveyed based on the participant
selection process shown in Figure 1. The following inclusion criteria were used to recruit study participants: (1) were
permanent residents of the survey area and over 80 years old through age verification; (2) volunteered to participate in the
study and provided written informed consent; (3) was conscious and able to cooperate in completing questionnaire interviews,

Participants aged 80-116 yrs

in 18 countries and counties Participants excluded:

in Hainan Province 1. Participants who had a past medical history
(n=1782) positive for stroke (defined as a history of ischemic

or unspecified stroke but not hemorrhagic stroke),
coronary disease, severe liver disease, chronic
kidney disease, anemia, and malignant;

2. Participants who have taken folic acid, vitamin B6,
vitamin B12 and lipid metabolism drugs
continuously for a long time (more than three

\ 4 months).
Follow up participants (n=121)

(n=1661)

Participants excluded:
1. Missing data for anthropometric or demographic

characteristics;
"l 2. Missing data for laboratory testing serum
biomarkers.
y (1=96)
Participants included in final
analysis
(n=1565)
Figure | Flowchart of participant enrollment.
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physical examinations and blood tests. The following were participant exclusion criteria: (1) history of stroke (defined as
a history of ischemic or unspecified stroke but not hemorrhagic stroke), coronary disease, severe liver disease, chronic kidney
disease, anemia, and malignant; (2) had taken folic acid, vitamin B6, vitamin B12 and lipid metabolism drugs continuously for
a long time (more than three months); (3) missing data for anthropometric, demographic or laboratory testing serum
biomarkers. Finally, a total of 1565 participants were included.

Carotid Ultrasound

Carotid ultrasound was performed by experienced physicians using a Philips CX50, 7.5 MHz linear array transducer.
CIMT and plaques were assessed in B mode, following the criteria established by the European Stroke Organization.'’
CIMT was measured three times in longitudinal sections of the left and right common carotid arteries located 1.0 cm
proximal to the common carotid bulb, and the average value was calculated for subsequent analysis. When CIMT
measured between 1.0 and 1.4 mm, it was considered thickening. Carotid plaque was diagnosed when a focal CIMT
>1.5 mm or a lesion encroaches into the arterial lumen >0.5 mm or 50% of the surrounding IMT value. CAS was defined
as CIMT>1 mm and/or the presence of atherosclerotic plaques in the carotid.?>** The carotid ultrasound examination
results were subsequently reviewed by two independent operators.

Laboratory Measurements from Blood Samples

After an overnight fast, venous blood samples were collected from each participant and transported in chilled bio-transport
containers at 4°C to our central laboratory within 4 hours. The Roche automatic biochemical analyzer (Cobas 8000-c701,
Roche Diagnostics GmbH, Mannheim, Germany) was used to measure serum levels of albumin (ALB), total bilirubin (TB),
aspartate transaminase (AST), High-sensitivity C-reactive protein (hs-CRP), homocysteine (Hcy), total cholesterol (TC),
triglyceride (TG), low-density lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDLC), apolipoprotein
A T(ApoA ), and apolipoprotein B (ApoB). Automatic Hematology Analyzer (Sysmex XT-2000i, Hitachi Ltd., Tokyo, Japan)
was used to measure red blood cells (RBC), white blood cells (WBC), neutrophils, lymphocytes, monocytes and platelet
(PLT). All test items were calibrated with matching calibrators and underwent two levels of quality control testing before
analysis. All samples were tested within 8 hours of arrival at the laboratory. The inter-assay coefficient of variation (CV) of all
inspection items is <6.5%.

Covariates

Self-reported information was obtained from each subject, including age, sex, race, smoking status, alcohol consumption,
and medical history. Subjects were grouped according to their cigarette use: current smoker, former smoker (quit
smoking one year ago or earlier), or never, as well as their alcohol consumption: current drinker, former drinker (quit
drinking one year ago or earlier), or never. History of hypertension, dyslipidemia, and diabetes was defined as previously
diagnosed with hypertension, dyslipidemia, or diabetes, or the medical history of antihypertensive, lipid-lowering, or
hypoglycemic drugs before the study examination. Height (H), weight (W), waist circumference (WC), and hip
circumference (HC) were measured. BMI and WHR were calculated using the standard formulas: BMI=W/H2,
WHR=WC/HC. The estimated glomerular filtration rate (¢GFR) was calculated using the chronic kidney disease Epi
formula.?

Ethics Approval and Consent to Participate

This study followed the Declaration of Helsinki and was approved by the Ethics Committee of the Hainan Branch of the
Chinese People’s Liberation Army General Hospital (No. 301hn11201601). Informed consent was obtained from all
participants.

Statistical Analysis

The measurement data were assessed for normality. Normally distributed data were compared using unpaired Student’s
t-test and reported as mean * standard deviation (SD). Non-normally distributed variables were compared using the
Mann—Whitney U-test and presented as medians (Q1, Q3). Categorical variables were tested using the chi-squared test
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and are presented as count and percentage. The association between serum biomarkers and covariates with CAS was
investigated using Spearman correlation analysis. Multivariate logistic regression analyses were conducted to calculate
adjusted odds ratios (OR) for the association of serum biomarkers with CAS. Multicollinearity was checked using the
variance inflation factor (VIF) at a cut-off point of 10. The interaction between selected potential factors on CAS was
evaluated using a generalized linear model. The diagnostic threshold, specificity, sensitivity, and predictive accuracy of
CAS-related predictors were measured using the receiver operating characteristic (ROC) curve and the area under the
curve (AUC) analysis. p < 0.05 indicated statistical significance. All probability values were two-tailed distributed, and
confidence intervals (CIs) were calculated at a 95% level of accuracy. All analyses were conducted using the software
SPSS 28.0 (IBM Corp., Armonk, NY, USA), and all graphs were created using OriginPro 2019b (OriginLab Inc.,
Northampton, MA, USA).

Results

Clinical Characteristics of the Participants

A total of 1782 participants who met the inclusion were enrolled in this study, among them, 217 met the exclusion criteria
and finally 1565 participants were included in the analysis. There were significant differences in blood cell formed
components (WBC, Neutrophil, PLT), liver and kidney function indicators (AST, TB, eGFR), and lipid metabolism
indicators (TC, LDL-C) between included and excluded participants (P < 0.05 for all) (Supplementary Table 1). The
demographic, clinical, and laboratory characteristics of the participants are shown in Table 1. Among the 1565

participants, the median age was 100 (84, 102) years, and 28.4% (n = 445) were male. The proportion of the oldest-
old with CAS was 83.5% (n = 1306). The age, SBP, HR, and prevalence of metabolic syndrome in the CAS group were

Table | Baseline Characteristics for Participants

Variables Overall, n =1565 CAS, n =1306 Non-CAS, n =259 XZIZ P
Age (years) 100 (84,102) 100 (85,103) 91 (83,101) -3.717 0.000
Male, n (%) 445 (28.4) 381 (29.1) 64 (24.7) 2.115 0.146
BMI (kg/m?) 18.7 (16.5,21.0) 18.8 (16.7,21.6) 18.1 (15.9,21.1) —0.452 0.651
WHR 0.89 (0.84,0.93) 0.89 (0.84,0.93) 0.89 (0.84,0.92) —0.111 0911
SBP (mmHg) 149.0 (132.0,169.0) 149.0 (133.0,170.0) 140.0 (124.0,158.0) —2.946 0.003
DBP (mmHg) 77.0 (70.0,86.0) 77.0 (70.0,86.0) 76.0 (70.0,86.0) —0.068 0.946
HR (bpm) 78.0 (70.0,87.0) 82.0 (75.0,91.0) 72.0 (64.0,81.0) —-3.532 0.000
Smoking status, n (%)

Current 95 (6.1) 8l (6.2) 14 (5.4) 1.775 0.183
Former (one year ago) 375 (24.0) 362 (24.9) 13 (5.0) 61.121 0.000
Never 1095 (69.9) 863 (68.9) 232 (89.6) 272.94 0.000
Drinking status, n (%)

Current 196 (12.5) 158 (12.1) 38 (14.7) 1.307 0.253
Former (one year ago) 569 (36.4) 524 (40.1) 45 (17.4) 48.330 0.000
Never 800 (51.1) 624 (47.8) 176 (67.9) 28.262 0.000
History of metabolic syndrome, n (%) | 404 (25.8) 364 (27.9) 40 (15.4) 10.562 0.001
RBC (10'%/L) 4.2 (3.8/4.6) 4.2 (3.8,4.6) 43 (3.94.7) —-1.063 0.059
WABC (10°/L) 5.9 (49,7.2) 5.9 (4.7,7.2) 6.1 (5.0,7.1) —0.604 0.049
Neutrophil (10°/L) 33 (2642) 32 (2.642) 33 (2.642) —0.446 0.656
Lymphocytes (10°/L) 1.8 (1.4,2.3) 1.8 (1.4,2.3) 1.8 (1.4,2.3) —-0.231 0.818
Monocytes (10°/L) 0.5 (0.4,0.6) 0.5 (0.4,0.6) 0.4 (0.3,0.6) —0.843 0.399
PLT (10°/L) 219.0 (179.0,264.0) | 219.0 (180.0,265.0) | 218.0 (175.0,263.0) —1.045 0.296
ALB (g/L) 40.7 (37.7,43.0) 40.6 (37.6,43.0) 41.0 (38.0,43.3) =119 0.230
AST (U/L) 21.5 (18.4,25.4) 21.5 (18.5,25.5) 21.1 (18.0,24.4) —-1.632 0.103
TB (umol/L) 8.6 (6.5,11.4) 8.7 (6.5,11.4) 8.3 (6.6,11.3) —0.657 0.511

(Continued)
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Table | (Continued).

Variables Overall, n =1565 CAS, n =1306 Non-CAS, n =259 | Z P
eGFR (mL/min/1.73 m?) 59.7 (473,71.1) 60.1 (47.6,72.1) 59.3 (47.0,71.0) -0.911 0.324
hs-CRP (mg/dL) 0.2 (0.1,0.5) 0.2 (0.1,0.8) 0.2 (0.1,0.4) —1.106 0.269
Hcy (pmol/L) 23.6 (19.0,29.7) 25.4 (20.1,31.0) 19.2 (15.1,24.6) —9.043 0.000
TC (mmol/L) 4.7 (4.2,54) 4.7 (4.2,5.5) 4.7 (4.1,5.3) —1.464 0.143
TG (mmol/L) 1.1 (0.8,1.5) 1.0 (0.8,1.4) 1.0 (0.7,1.5) —0.842 0.400
HDL-C (mmol/L) 1.4 (1.1,1.9) 1.4 (1.1,1.7) 1.4 (1.1,1.7) —-0.773 0.440
LDL-C (mmol/L) 2.8 (2.3,3.4) 2.9 (243.5) 2.8 (2.3,34) —1.678 0.093
ApoA-I (g/L) 1.4 (1.2,1.6) 1.4 (1.2,1.6) 1.4 (1.2,1.5) —1.150 0.082
ApoB (g/L) 1.0 (0.8,1.3) 1.1 (0.8,1.4) 0.9 (0.6,1.1) —5.069 0.000

Abbreviations: CAS, carotid atherosclerosis; BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart
rhythm; RBC, red blood cell; WBC, white blood cell; PLT, platelet; ALB, albumin; AST, aspartate aminotransferase; TB, total bilirubin; eGFR, Estimated glomerular filtration
rate; hsCRP, high-sensitivity C-reactive protein; Hcy, homocysteine; TC, total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-
density lipoprotein cholesterol; ApoA-l, apolipoprotein A-l; ApoB, apolipoprotein B.

higher than those in the Non-CAS group (P < 0.05 for all). Additionally, significant differences were found in the past
smoking and drinking history between the two groups (P < 0.05 for all). Notably, the levels of serum Hey and ApoB in
the CAS group were significantly higher than those in the control group (P < 0.05 for all).

Correlations Between Clinical Profile and CAS in the Oldest-Old

Correlation analysis showed that age (r = 0.091, P < 0.001), SBP (r=0.174, P <0.001), HR (r=0.189, P < 0.001), Hey
(r=0.259, P <0.001) and ApoB (r=0.218, P < 0.001) were significantly correlated with CAS (Table 2). Moreover, Hcy
and ApoB were stratified into quartiles according to serum concentrations. The prevalence of CAS stratified based on
quartiles was shown in Figure 2, indicating that Hcy and ApoB concentrations were positively associated with CAS
incidence, and CIMT thickened with increasing Hcy and ApoB.

Table 2 Univariate Correlation Analysis of the Clinical
Profile and CAS

Variables r P

Age 0.094 0.000
Male —0.037 0.146
BMI 0.013 0911
WHR 0.012 0.651
SBP 0.174 0.000
DBP —0.002 0.946
HR 0.189 0.000
Smoking status —0.031 0.245
Drinking status —0.025 0.336
RBC —0.052 0.059
WBC —0.015 0.546
Neutrophil 0.012 0.942
Lymphocytes —0.006 0818
Monocytes 0.021 0.400
PLT 0.026 0.296
ALB —0.030 0.230
AST 0.041 0.103
TB 0.017 0.511

(Continued)
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Table 2 (Continued).

Variables r p

eGFR 0.041 0.109
hs-CRP 0.030 0.229
Hcy 0.259 0.000
TC 0.037 0.143
TG 0.021 0.410
HDL-C 0.020 0.440
LDL-C 0.042 0.093
ApoA-I| 0.054 0.062
ApoB 0.218 0.000

Abbreviations: CAS, carotid atherosclerosis; BMI, body mass index;
WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HR, heart rhythm; RBC, red blood cell; WBC, white
blood cell; PLT, platelet; ALB, albumin; AST, aspartate aminotransferase;
TB, total bilirubin; eGFR, Estimated glomerular filtration rate; hsCRP,
high-sensitivity C-reactive protein; Hcy, homocysteine; TC, total cho-
lesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol;
LDL-C, Low-density lipoprotein cholesterol; ApoA-l, apolipoprotein
A-l; ApoB, apolipoprotein B; r; Spearman related coefficient.

The Multiple-Variable Models for CAS and Associated Factors

To reduce the confounding effect of variables on CAS, multivariate logistic regression analysis was conducted to identify the
independent variables associated with the presence of CAS in the oldest-old. As shown in Table 3, in the unadjusted model,
SBP, HR, serum Hcy and ApoB levels were positively associated with CAS (P < 0.05 for all), while no association was
observed between CAS and other serum biomarkers. Meanwhile, four regression models were tested to evaluate the
robustness of the associations, and it was found that the associations remained significant in the adjusted models.

The Value of Single and Combined SBP, HR, Hcy, and ApoB Detection in the
Prediction of CAS

ROC curve analysis showed that the AUCs of SBP, HR, Hcy, and ApoB alone were 0.558 (0.520, 0.595), 0.569 (0.530,
0.608), 0.678 (0.642, 0.713), and 0.600 (0.563, 0.636), respectively. Among these, Hcy had the highest sensitivity of
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Figure 2 Percentage of CIMT grade stratified by quartile of Hcy (A) and ApoB (B).
Abbreviations: CAS, carotid atherosclerosis; Hcy, homocysteine; ApoB, apolipoprotein B.
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Table 3 Multivariate Logistic Regression Analysis of Factors Associated with CAS in Long-Lived Elderly

Model | Model 2 Model 3 Model 4
OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p
SBP (mmHg) 1.008 (1.003,1.014) 0.004 1.009 (1.002,1.015) 0.007 1.007 (1.001,1.014) 0.035 1.008 (1.001,1.014) 0.019
HR (bpm) 1.045 (1.004,1.089) 0.033 1.065 (1.017,1.116) 0.007 1.046 (1.001,1.094) 0.047 1.027 (1.000,1.069) 0.041
RBC (10'%L) 0.741 (0.597,0.921) 0.107 0.769 (0.607,0.974) 0.103 0.727 (0.565,0.937) 0.114 0.673 (0.519,0.873) 0.073
WBC (10°/L) 1.305 (0.890,1.915) 0.173 1.305 (0.876,1.944) 0.191 1.397 (0.891,2.191) 0.145 1.291 (0.859,1.940) 0.218
Neutrophil (10°/L) 0.757 (0.513,1.119) 0.162 0.749 (0.498,1.128) 0.167 0.729 (0.458,1.159) 0.729 0.777 (0.521,1.159) 0.217
Lymphocytes (10°/L) 0.684 (0.432,1.083) 0.105 0.677 (0.418,1.095) 0.112 0.647 (0.378,1.109) 0.113 0.622 (0.407,1.078) 0.097
Monocytes (10°/L) 0.970 (0.410,2.296) 0.946 0.849 (0.365,1.974) 0.703 0.705 (0.301,1.650) 0.420 1.003 (0.307,3.479) 0.958
PLT (109/L) 1.000 (0.998,1.002) 0.962 1.000 (0.998,1.002) 0.864 1.000 (0.998,1.002) 0.810 1.000 (0.997,1.002) 0.748
TB (umol/L) 1.005 (0.977,1.034) 0.719 1.008 (0.982,1.035) 0.551 1.008 (0.981,1.036) 0.568 1.002 (0.973,1.032) 0.874
hs-CRP (mg/dL) 0.947 (0.871,1.030) 0.204 0.944 (0.867,1.027) 0.177 0.967 (0.889,1.052) 0.438 0.954 (0.875,1.040) 0.285
TC (mmol/L) 1.397 (0.799,2.442) 0.241 1.334 (0.766,2.358) 0.303 1.553 (0.868,2.778) 0.138 1.454 (0.788,2.682) 0.231
TG (mmol/L) 0.772 (0.687,1.061) 0.065 0.788 (0.595,1.044) 0.097 0.726 (0.569,1.020) 0.068 0.859 (0.622,1.188) 0.358
HDL-C (mmol/L) 0.329 (0.148,0.731) 0.067 0.355 (0.154,0.821) 0.216 0.352 (0.147,0.884) 0.109 0.342 (0.139,0.841) 0.079
LDL-C (mmol/L) 0.838 (0.451,1.559) 0.577 0.889 (0.447,1.655) 0.710 0.817 (0.413,1.546) 0.534 0.829 (0.425,1.616) 0.581
ApoA-I (g/L) 1.324 (0.801,3.385) 0.324 1.556 (0.836,3.485) 0.334 1.199 (0.591,3.982) 0.123 1.791 (0.830,4.030) 0.062
Hcy (pmol/L) 1.093 (1.069,1.117) 0.000 1.091 (1.066,1.117) 0.000 1.080 (1.054,1.107) 0.000 1.083 (1.057,1.110) 0.000
ApoB (g/L) 3.101 (1.915,5.020) 0.000 3.803 (2.233,6.478) 0.000 3.515 (2.000,6.180) 0.000 2.716 (1.591,4.639) 0.000

Notes: Model | was unadjusted; Model 2 was adjusted for age, ethnicity, education level, marital status, fertility status, and rural or urban residents; Model 3 was adjusted for BMI, WHR, smoking status, drinking status, diet diversity

score, regular physical activity based on Model 2; Model 4 was further adjusted for history of metabolic, anemia, chronic pain based on Model 3.

Abbreviations: CAS, carotid atherosclerosis; SBP, systolic blood pressure; HR, heart rhythm; RBC, red blood cell; WBC, white blood cell; PLT, platelet; TB, total bilirubin; hsCRP, high-sensitivity C-reactive protein; TC, total cholesterol;

TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ApoA-l, apolipoprotein A-I; Hcy, homocysteine; ApoB, apolipoprotein B, OR, odds ratio; Cl, confidence interval.

aro(q

239 nr|


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

Table 4 Comparison of the Predictive Ability of Hcy and ApoB Alone or in Combination on Carotid Atherosclerosis in the Elderly by
ROC Curve

AUC (95% CI) Cut-off value | Sensitivity (%) | Specificity (%) PLR NLR P
SBP 0.558 (0.520,0.595) 147 55.6 53.7 1.20 0.83 0.000
HR 0.569 (0.530,0.608) 79 64.1 41.7 1.09 0.86 0.003
Hcy 0.678 (0.642,0.713) 21.5 742 58.1 1.77 0.44 0.000
ApoB 0.600 (0.563,0.636) 1.1 49.9 754 2.03 0.66 0.000
Hcy+ ApoB 0.701 (0.667,0.735) 55.3 8l.1 2.93 0.55 0.000
Hcy+ ApoB+ SBP+ HR | 0.856 (0.803,0.879) 8l1.8 85.9 5.80 0.22 0.000

Abbreviations: SBP, systolic blood pressure; HR, heart rhythm; Hcy, homocysteine; ApoB, apolipoprotein B; AUC, area under the curve; Cl, confidence interval; PLR,
positive likelihood ratio; NLR, negative likelihood ratio.

74.2%, while ApoB had the highest specificity of 75.4%. The AUC of the combined use of the four markers in predicting
CAS was 0.856 (0.803, 0.879), with a sensitivity of 81.8%, a specificity of 85.9%, and a significantly higher predictive
value than single detection (P < 0.05 for all). Additionally, we calculated the positive likelihood ratio (PLR) and negative
likelihood ratio (NLR). Similarly, the results showed that combined detection had the highest PLR (5.80) and the lowest
NLR (0.22), indicating a good diagnostic value (Table 4).

Discussion

Whenever possible, accurate assessment of carotid atherosclerosis will be beneficial in reducing the risk of coronary heart
disease and stroke.”**> To the best of our knowledge, this study represents the first large-scale cross-sectional evaluation
of serum markers of CAS in an elderly population older than 80. Our results indicated that serum Hcy and ApoB levels
were significant independent risk factors for CAS in the elderly after adjusting for multiple potentially confounding
factors. Nevertheless, we found no significant associations between hs-CRP, TC, LDL-C, HDL-C, ApoA-I levels,
hematological indicators, and CAS in the oldest-old. Our findings support that serum Hcy combined with ApoB can
serve as an effective target for the prevention and treatment of CAS in the elderly population.

According to the Hey theory of atherosclerosis, elevated Hey levels in the blood represent an important risk factor for
developing atherosclerosis.”® Previous studies have reported that even mildly elevated serum Hey level is an independent
risk factor for increased carotid artery wall thickness.”’*® Additionally, Kim et al found that Hey levels can predict
asymptomatic carotid artery stenosis in patients undergoing coronary artery bypass grafting.”” Kim reported that elevated
serum Hey levels are independently associated with intracranial arterial calcification and atherosclerotic burden.*® Not
only that, other studies have shown that Hcy is associated with carotid plaque densitometry, area, and its use as
a subclinical marker of ischemic stroke risk.>'? Studies have suggested several mechanisms through which Hecy can
lead to vascular injury and subsequent cardiovascular diseases, including endothelial damage, DNA dysfunction, smooth
muscle cell proliferation, increased oxidative stress, decreased glutathione peroxidase activity, and inflammation
promotion.”® Nevertheless, some cohort studies have reported no significant correlation between elevated Hey levels
and CAS.*** Our findings support a positive correlation between serum Hcy and CAS in the oldest-old population.
Notably, age differences in participants appear to be the primary cause of the varying conclusions observed. Hey is more
likely associated with CAS among older individuals, further substantiated by the NHLBI Family Heart study findings.
Specifically, the study reports a significant positive correlation between Hcy levels and carotid artery wall thickness only
in those aged 55 years or older.®® Collectively, these data suggest that age-based stratification is necessary when
formulating medical strategies targeting Hcy metabolism.>’~®

Studies suggested that ApoB and ApoAl may be superior predictors of atherosclerosis and cardiovascular risk
compared to traditional lipid parameters.**** Our study focused on assessing serum lipid markers for their ability to
predict coronary artery stenosis (CAS) in the elderly. Our findings revealed that ApoB levels were an independent risk
factor for CAS in the elderly, while ApoAl, TC, TG, LDL-C, and HDL-C did not demonstrate a significant correlation
with CAS. Furthermore, ApoB exhibited the highest degree of specificity (75.4%) among all risk factors examined when
used alone to predict CAS in the oldest-old population. ApoB is known to consist of ApoB-48 and ApoB-100. ApoB-48
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forms complexes with free cholesterol and dietary TG. In contrast, ApoB-100 is present in LDL, intermediate LDL, very
LDL, and small-dense LDL.*' A recent meta-analysis demonstrated that ApoB is a more precise marker for assessing
cardiovascular risk than LDL and HDL.** In a 9-year prospective study with a multiethnic cohort of participants who had
atherosclerosis, CAS progression was associated with ApoB independent of cholesterol levels.*? Similarly, in a 13-year
prospective study, Razavi et al found that lower LDL levels did not reliably predict the persistence of carotid plaque
independently of ApoB. However, when ApoB levels were considered, a 10 mg/dL drop in ApoB was associated with an
11% higher likelihood of long-term absence of carotid plaque.** Furthermore, proton nuclear magnetic resonance
lipoprotein profiling data from three large cohorts identified ApoB as a positive correlate for cardiovascular events.*
This evidence suggests that ApoB is a clinically useful marker in the assessment of atherosclerosis risk.

Although CRP was the first identified biomarker of atherosclerosis, its association with carotid artery disease has been
continuously debated. Multiple studies have revealed that CRP does not accurately predict the presence of carotid
plaque*® and lacks a significant correlation with plaque inflammation.*”*® Our study showed that serum hs-CRP level is
not an independent risk factor for CAS in the oldest-old. Furthermore, a reported large series found no significant
association between the progression of cIMT and average hsCRP levels over a 2-year period; values were also not related
in a dose-response manner.*’ Indeed, serum hs-CRP, as an indicator of a chronic inflammatory state, is not organ-specific
and displays a lognormal distribution throughout different study populations, which makes it difficult to obtain
a threshold or diagnostic cutpoint for a specific disease. Additionally, CRP is closely linked to various factors, including
blood pressure, age, sex, diabetes, smoking, LDL-C, HDL-C, ventricular hypertrophy, and atrial fibrillation,>® which
limits its effectiveness as a marker for disease risk stratification.

Research to date can demonstrate that biomarkers can help evaluate stroke risk and assist patients with carotid
artery disease in selecting the best treatment.’’ However, current research still focuses on the correlation between
a single marker and pathological outcome.'' Recommending a specific set of biomarker tests for clinical use is
cumbersome. First, some clinically proven associations are nonspecific; second, the clinical relevance of promising
biomarkers is inconsistent across populations, and other clinically relevant biomarkers such as metalloproteinases,
interleukins, or microRNAs require great economic resources and long determination times, limiting their use to
really selected patients.'® Therefore, we believe that it is a valuable exploration to combine serum biomarkers with
demographic and physical examination indicators to improve the positive predictive value. Although current
reports are limited, this view has gradually attracted the attention of researchers. For example, a recent study
found that combining co-existing hypertension and Hcy with carotid vulnerable plaque features has a stronger
predictive value for subsequent vascular events than each measurement alone.’'

Specificity is a weakness of serum biomarkers in regards to coronary and CAS. To address this, we should focus on a small
group of clinically-proven biomarkers, then determine which ones are more cost-effective and widely available before
ultimately proposing a set of biomarkers for clinicians. In this study, we screened out the physical examination indicators
related to CAS in the elderly, HR, and SBP. When combined with serum biomarkers, the specificity of predicting CAS reached
85.9%. Our research focuses on the elderly over 80, who often have limited exercise capacity, making it difficult to undergo
Doppler ultrasound or other imaging examinations regularly. However, physical examination data and blood samples are
easily acquired. We believe that the combination of physical examination indicators and serum biomarkers with high-risk
weights can be an effective strategy for stratifying the risk of carotid artery disease in elderly individuals.

It is important to note that this study had several limitations. Firstly, it was a single-center study that only included the
elderly in China. A multicenter trial of different races or ethnicities is necessary to confirm the predictive value of serum
Hcy and ApoB levels for CAS in the oldest-old. Secondly, we did not detect and classify carotid plaque components and
thus could not confirm the associations between serum biomarkers and carotid plaque characteristics. Finally, the oldest-
old in this study were not followed up for outcomes, nor were serum biomarkers measured multiple times over time,
limiting our ability to make broad recommendations.

Our study not only substantiated previous research on the impact of Hcy and ApoB on CAS burden but also evaluated
the predictive value of the combined application of serum biomarkers and physical examination indicators on CAS in the
oldest-old. This will provide an important basis for the prevention and management of cardiovascular diseases using
serum markers in the context of global aging.
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