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eAppendix 1. The quality control process of Meinian health check-up

Routine health check-ups have emerged as an essential healthcare service in China,
playing a crucial role in early disease detection and prevention at the population level. Over
the past decade, health check-ups have gained widespread popularity, with an estimated 30%
of the population undergoing such examinations in 2020. In China, providers of health check-
up services offer diverse packages encompassing a range of tests, including physical
examinations, laboratory analyses, and imaging procedures. The Chinese government actively
promotes the provision of health check-ups by encouraging employers to offer them as part of
employee welfare programs. Notably, around 80% of individuals visiting health check-up
centers are sponsored by their employers, with individual participation typically being cost-
free. Consequently, the choice of examinations is predominantly influenced by employers
rather than being based on personal preferences or medical recommendations. As a result,
variations in economic status and health conditions among individuals do not significantly
impact the types of examinations received.

As the largest health check-up chain in China, Meinian Healthcare Group offers a wide
range of health check-up services catering to the adult population. Its network of check-up
centers spans across all 31 provinces in mainland China. The majority of Meinian's health
check-up participants comprise employees from government organizations, public and private
enterprises, as well as members of social organizations. Additionally, freelancers and retirees
from nearby communities also take part in these check-ups. At Meinian check-up centers,
each participant undergoes a comprehensive examination that includes physical assessments,
laboratory tests, and imaging scans. To ensure accurate results, all participants are required to
fast for a minimum of eight hours prior to the check-up. Trained doctors and technicians
conduct all tests and examinations within the centers.

The check-up process at Meinian Healthcare Group underwent rigorous quality control
measures. Firstly, standardized training on the check-up process and equipment operation
procedures was provided to all doctors, technicians, and nurses at the centers. Secondly,
biological samples were promptly transferred to central laboratories in each province for testing.
These laboratories participated in External Quality Assessment overseen by the National Center

for Clinical Laboratories of the National Health and Family Planning Commission, ensuring
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that test results met established quality standards. Additionally, Meinian Healthcare Group's
Department of Quality Control conducted monthly internal assessments to uphold and enhance
laboratory quality. Thirdly, the establishment and implementation of a standardized operating
procedure for the check-up process across the entire system aimed to standardize procedures
and quality control measures at every center. The quality control team conducted unannounced
inspections, encompassing on-site checks of operational procedures, documentation reviews,
and customer inquiries, thereby providing comprehensive oversight of the check-up process.
Fourthly, all check-up data was entered into a web-based data management system at the center
level. Data managers at the Meinian Healthcare Group's Department of Medical Information
Center in Shanghai and data statisticians at the Meinian Institute of Health in Beijing monitored
data flow and quality using validation procedures and progress reports for all centers. Any data
inconsistencies were promptly identified and rectified by engaging with the respective centers.
These robust quality control measures ensured the reliable and accurate collection of check-up

process data.
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eAppendix 2. Measures and definitions of risk factors

The study participants were surveyed for demographic information, such as age, sex, and
geographical regions, as well as individual medical and medication history, including
hypertension, diabetes, dyslipidemia, and tumors. Additionally, cardiovascular disease risk
factors were assessed, which included measurements of height, weight, systolic and diastolic
blood pressure (SBP/DBP), and resting heart rate (HR), using a standard protocol. The
geographical regions were categorized into Type I (East, South, Central, North, Northwest,
Southwest, and Northeast) and Type II (South and North). Body mass index (BMI) was
calculated by dividing weight in kilograms by height in meters squared, and then categorized
into four groups: < 18.5 (underweight), 18.5-23.9 (normal), 24.0-27.9 (overweight), and > 28.0
(obesity). ! Hypertension was defined as SBP/DBP > 140/90 mmHg, confirmed hypertension
medication use, or self-reported history of hypertension. Increased HR was identified if HR >
100 times/min. City-level GDP per capita was categorized using the median as a cutoff to
represent socioeconomic status.

In this study, to account for the socioeconomic and lifestyle impact on CAS, multivariate
models made additional adjustments for province-level average educational years, smoking
prevalence, and drinking prevalence in sensitivity analysis. These covariates were divided into three
levels according to their tertiles and then analyzed as categorical variables in the model. Details of
these covariates are presented as follows. Data on province-level average educational years and
city-level GDP per capita were collected from the China Statistical Yearbook for 2020.
Educational years were categorized into low (< 9.75 years), middle (9.75 years ~ 10.10 years),
and high (> 10.11 years). GDP per capita was also categorized into low (< 60,611 CNY), middle
(60,611 CNY ~ 92,175 CNY), and high (= 92,176 CNY). Province-level smoking prevalence
was extracted from the results of Wang et al. %, which was estimated based on a national cross-
sectional survey in 2013. Smoking prevalence was categorized into below average (< 24.3%),
average (24.3% ~ 25.0%), and above average (> 25.1%). Province-level drinking prevalence
was obtained from the 2002 Chinese National Nutrition and Health Survey (2002 NNHS),
which was a stratified multigrade cluster sampling study covering 132 sample sites from all 31
provinces. * Drinking prevalence was then categorized into low, middle, and high according to
the rank of the prevalence in males and females.
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All participants provided blood samples following an overnight fast of at least 8 hours.
The samples were analyzed using standardized devices and procedures to measure fasting blood
glucose (FBG), total cholesterol (TC), triglyceride (TG), high density lipid-cholesterol (HDL-
C), low density lipid-cholesterol (LDL-C), platelet count (PLT), uric acid (UA), white blood
cells (WBC), neutrophil, and lymphocyte. Form these measurements, we calculated the
neutrophil-to-lymphocyte ratio (NLR) as the absolute neutrophil count divided by the absolute
lymphocyte count. Participants were classified as having diabetes if they had a FBG > 7.0
mmol/L, were using diabetes medication, or had a history of diabetes. * Dyslipidemia was
defined as having TC of > 5.17 mmol/L, TG of > 1.7 mmol/L, LDL-C of > 3.37 mmol/L, HDL-
C < 1.00 mmol/L or using dyslipidemia medication. > Metabolic syndrome (MetS) was defined
based on the 2009 harmonized criteria of MetS. ¢ Participants were considered to have MetS if
they presented two or more of the following components: 1) elevated BP (SBP > 130 mm Hg
and/or diastolic BP > 85 mm Hg) or self-reported hypertension or taking antihypertensive
medication, 2) elevated TG (> 1.7 mmol/L), or using lipid-lowering medication, 3) reduced
HDL (< 1.0 mmol/L in males; < 1.3 mmol/L in females) or using lipid-lowering medication, 4)
elevated fasting glucose (= 5.56 mmol/L) or self-reported diabetes or using antidiabetic drugs.
Increased PLT was identified if PLT > 350.0x10%/L. Increased UA was identified if UA > 420.0
umol/L for males or UA > 357.0 pmol/L for females. ’ Increased WBC was identified if WBC >
10.0x10°/L. Increased neutrophil was identified if neutrophil > 6.30x10%L. Increased

lymphocyte was identified if lymphocyte > 3.20x10%/L. Increased NLR was identified if NLR >

3.53.%
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eAppendix 3. Description of the calculation method and results of weighted
prevalence

Age, sex, and geographical regions were specified as important risk factors of interest a priori.
To better represent the epidemiology of CAS (i.e., increased cIMT, CP, and CS) in Chinese
adults, we assigned each participant a weight coefficient based on the weight for the unequal
distribution of samples across provinces and the poststratification weight, which harmonized
the age and sex structure of the study population with that of the 2010 census of the Chinses
population. The weighted prevalence and the corresponding 95% confidence intervals (Cls)
were estimated using the Taylor series linearization method incorporating the cluster effect of
centers with stratification by province. The Taylor series linearization method estimates
variance from the variance among cluster in the sample and combines stratum variance
estimates to compute the overall variance estimates. All prevalence reported in this study are
weighted. The weighted prevalence between subgroups was compared using the Rao-Scott
adjusted y? test. It improves the performance in the problem of goodness-of-fit and can help to
avoid misleading results generated by clustering in the sample. Additionally, we analyzed the
weighted CAS prevalence stratified by age and sex. To gain insights into province-level patterns
in weighted prevalence and its relative contribution to the total burden of CAS, we constructed
heatmaps of China. We also used the Joinpoint regression program to analyze sex- and region-
specific trends in the weighted prevalence of CAS in Chinese adults between 2017 to 2022. We
calculated the average annual percentage change (AAPC) for the entire period from 2017 to
2022, and the estimated annual percent change (APC) was calculated for each segment.
Moreover, we also conducted an ecological analysis to explore the association between the
prevalence of CAS and GDP per capita.

Figure 2 illustrates a map of China, with colors representing the prevalence of increased
cIMT, CP, and CS per province. The weighted prevalence of increased cIMT, CP and CS was
highest in the northern Inner Mongolia Autonomous Region, Shaanxi Province, and Guangxi
Zhuang Autonomous Region, respectively, at 39.2% (95% CI, 30.6%-47.9%), 34.1% (95% CI,
29.4%-38.9%) and 3.46% (95% CI, 0.00%-7.29%) (Figure 2; data not shown). Inner Mongolia
Autonomous Region showed the second-highest prevalence of CP and CS, at 32.3% (95% CI,
23.9%-40.8%) and 1.46% (95%CI, 0.00%-3.30%), respectively. Conversely, several provinces
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from the southwest, south, and east regions had the lowest prevalence, including Tibet, Jiangsu,
Guangdong, and Guizhou (e.g., Guizhou for increased cIMT: 17.8%; 95% CI, 11.9%-23.7%;
CP: 14.7%; 95% CI, 9.29%-20.0%; CS: 0.29%; 95% CI, 0.11%-0.47%). The population
distribution of patients with CAS (increased cIMT, CP and CS) was concentrated in Shandong
Province in the east and Liaoning Province in the northeast (eFigure 8). In combination, these
two provinces contributed almost 25% of cases of various CAS subtypes, followed by nearly
9.0% of cases in Henan and 7.0% in Hebei.

eFigure 9 shows the temporal variation in the weighted prevalence of increased cIMT, CP
and CS in the southern and northern regions since 2017. From 2017 to 2022, the prevalence of
increased cIMT (APC/AAPC:3.67, P = .001) and CP (APC/AAPC:5.24, P < .001) increased
significantly in both the South and North over time, with no statistically significant difference
in this trend between the North and South (P > 0.05). The trend of both sexes showed a
significant increase over the period from 2017 to 2022 in both the North (APC/AAPC: 3.27, P
< .001) and South (APC/AAPC: 4.29, P < .001) for increased cIMT, with no statistically
significant differences between females and males in this trend (P > .05). Meanwhile, for CP,
the trend for both sexes showed a significant increase from 2017 to 2022 in the South
(APC/AAPC:5.47, P < .001), whereas in the North, the trend for both sexes exhibited a
declining pattern that was not significant (APC:2017-2018:-10.7, P = .37), but increased
significantly thereafter (APC:2018-2022:6.80, P <.001; AAPC:3.0, P = .26). There were also
no statistically significant differences in the prevalence trends between males and females in
either the South or the North (P > .05). In terms of CS, from 2017 to 2022, the trend for both
sexes showed a significant decrease in the South (APC/AAPC: -6.27, P = .016), but not in the

North and nationally.
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eAppendix 4. Description of methods and results of main and related secondary
analyses

For the main analysis, we considered the status of CAS as a dependent variable and
sociodemographic and health-related variables as independent variables. We selected risk
factors based on published literatures on CAS and cardiovascular disease-related risk factors,
including age, sex, geographical regions, BMI, hypertension, diabetes, dyslipidemia, MetS,
WBC, NLR, HR, PLT, and UA. Since the participants in the same physical examination center
may not be independent from each other due to the shared environment and facilities, violating
the independence assumption of regression models, we applied a mixed-effect model with study
factors at the participant level as a fixed-effect term, and center as a random-effect term. We
used a conceptual framework ' to categorize the study factors for CAS into distal factors (e.g.,
age, sex, geographical regions, and GDP per capita), intermediate factors (e.g., BMI, WBC,
NLR, HR, UA, and PLT) and proximal factors (e.g., hypertension, diabetes, dyslipidemia, and
MetS), assuming the former influenced the latter. This framework determined the factors to
retain in the multivariable models. We treated the distal factors as potential confounders of the
association between intermediate factors and the prevalence of CAS (eFigure 3). Similarly, the
distal and intermediate factors were considered as potential confounders for the association
between proximal factors and CAS. Linear trends were tested for significance by including the
categorical variables as ordinal variables in the model. For simplicity, only associations of risk
factors with increased cIMT and CP are reported in the following results. To investigate whether
sex and region modified the association of risk factors with increased cIMT and CP, we used
the ? likelihood ratio test to assess interactions on multiplicative scale. Stratified analysis was
further performed to assess the associations of risk factors with increased cIMT and CP in
participants of different sexes and living in different geographic locations. We selected the most
influential risk factors based on statistical significance and coefficient magnitude to generate
an additive risk model for the cumulative probability of increased cIMT and CP when
considering multiple categorical variables simultaneously. Furthermore, we estimated the dose-
response association between risk factors and the prevalence of increased cIMT and CP using
restricted cubic spline logistic regression, where extreme variables values < 0.01st percentile
and > 99.9th percentile were excluded to avoid the influence of extreme values. We detected
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multicollinearity among covariates in the final model using variance inflation factors (VIFs),
with VIFs exceeding 10 indicating multicollinearity. All VIFs ranged from 1.05 to 1.59,
indicating no collinearity issue. The proportion of missing values in the study participants was
21.9% for HR, and less than 20% for other variables (eTable 1). Most missing values were
generated due to inconsistencies in physical examination items. For continuous missing value,
we performed multiple imputation (with five imputations) using the chained equations method.?

Using mutually adjusted analyses, we calculated ORs for the risk of increased IMT and CP
with multiple simultaneous risk factors (eFigure 12). The reference levels were defined as
previously described. Participants aged 60 years or older had ORs of 4.250 (95%CI, 4.233-
4.268) and 4.052 (95%CI, 4.036-4.068) for developing increased cIMT and CP, respectively,
compared to those aged 50 to 59 years. If these participants also had hypertension, the OR
increased to 9.863 (95%CI, 9.815-9.910) and 8.445 (95%CI, 8.407-8.482). Similarly, if they
had diabetes, the OR increased to 10.487 (95%CI, 10.375-10.600) and 8.798 (95%CI, 8.716-
8.881). Furthermore, if these participants were males and had the aforementioned risk factors,
the OR increased to 13.218 (95%CI, 13.018-13.421) and 10.357 (95%CI, 10.225-10.490).
Finally, if they were from the North and had all other factors, the OR for increased cIMT and
CP increased to 14.509 (95%CI, 14.206-14.819) and 10.791 (95%CI, 10.610-10.974).

The dose-response analysis conducted in this study revealed a non-linear association
between increased cIMT and CP with continuous variables such as BMI, WBC count, NLR,
and UA concentrations (P for overall association < .001 and P for non-linear < .001; eFigures
13 and 14). Additionally, there was a non-linear dose-response association between PLT and
increased cIMT (P for overall association < .001 and P for non-linear < .001), whereas the
association between PLT and CP was linear (P for overall association < .001 and P for non-
linear = .14). Among these variables, BMI and WBC demonstrated a J-shaped relationship with
increased cIMT and CP. Our analysis indicated that the threshold concentration of BMI and
WBC were 21.0 kg/m* and 4.50x10°/L for increased cIMT and 22.0 kg/m® and 4.50x10°/L for
CP, respectively. Above the threshold, we observed significant associations between increased
cIMT and CP prevalence with BMI and WBC. The adjusted ORs for log-transformed in BMI
and WBC were 3.279 (95%CI: 3.228, 3.331) and 2.107 (95%CI: 2.088, 2.126) for increased
cIMT. For CP, the adjusted ORs were 2.275 (95%CI: 2.238, 2.313) and 2.124 (95%CI: 2.104,
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2.144), respectively.
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eAppendix 5. Description of the methods and results from sensitivity analysis

In order to ensure the robustness of our findings, we performed several sensitivity analyses.
Firstly, we adjusted for log-transformed age, BMI, WBC, PLT, UA, HR, and NLR as continuous
variables instead of categorical variables. Secondly, we conducted multivariable logistic
regression analysis to re-examine the association between risk factors and CAS. Thirdly, we
only included data from the first physical examination of participants who underwent multiple
physical examinations in order to analyze the prevalence of CAS in the general population and
across subgroups. Fourthly, to check whether the imputation of missing values affected the
results, we repeated the mixed-effect logistic regression analyses among participants with
complete data on the risk factors (n=7,292,261). Fifth, all risk factors were included in the
mixed-effect model for mutual adjustment, and the association between risk factors and CAS
was observed. Finally, due to the lack of lifestyle-related variables in this study, to adjust the
impact of the above variables, we included province-level average educational years, smoking
prevalence, and drinking prevalence as covariates into the multivariable model to assess their
impact. '

Several sensitivity analyses were performed in this study to ensure the robustness of our
results. Firstly, we transformed categorical variables into continuous variables and found that
our main results remained unchanged (eTable 4). Secondly, we conducted a multivariable
logistic regression analysis to investigate the association between risk factors and CAS. our
main results remained unaffected (eTable 5). Thirdly, when we retained only the first physical
examination record for analyses, the results of our sensitivity analysis for estimating CAS
prevalence were slightly lower but broadly consistent (eTable 6). Fourthly, when repeating the
analyses among participants without any missing values on risk factors, the results were similar
(eTable 7). Fifthly, when we adjusted for all risk factors in a mixed-effect model, the results
remained unchanged except that the association between HR and CAS became weaker (eTable
8). Lastly, we further explored the associations between risk factors and CAS by including
regional average educational years, smoking prevalence, and drinking prevalence in the model

(eTable 9). The results showed similar associations between risk factors and CAS.
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eTable 1. The proportions of missing values of each variable, and the distribution of values of each variable before and after imputation

Variables

Missing, N (%)

Before imputation

After imputation

Mean (SD)

Median (P2s, P7s)

Mean (SD)

Median (P2s, P7s)

BMI (kg/m?)
SBP (mmHg)
DBP (mmHg)
TC (mmol/L)
TG mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
FBG, mmol/L

WBC (10°/L)

843,653 (7.86)
666,410 (6.21)
666,581 (6.21)
229,093 (2.13)
231,449 (2.16)
1,242,490 (11.6)
683,633 (6.37)
556,113 (5.18)

562,701 (5.24)

248 (3.62)
127.3 (19.4)
773 (12.4)
5.05 (1.02)
1.69 (1.40)
1.39 (0.37)
2.94 (0.83)
5.55 (1.48)

6.05 (5.73)

24.6 (22.3, 27.0)

125.0 (113.0, 139.0)

76.0 (68.0, 85.0)
4.97 (4.35, 5.66)
1.33 (0.91, 2.00)
1.35 (1.15, 1.57)
2.88 (2.36, 3.44)
5.25 (4.84, 5.76)

5.81(4.91, 6.90)

24.8 (3.54)
127.5 (19.1)
77.4 (12.2)
5.05 (1.00)
1.69 (1.39)
1.39 (0.32)
2.94 (0.82)
5.56 (1.43)

6.02 (1.69)

245 (22.2,26.9)
123 (112, 136)
75 (67, 84)
4.89 (4.28, 5.55)
1.34 (0.92, 2.00)
1.35 (1.16, 1.57)
2.88 (2.37, 3.43)
5.27 (4.85, 5.79)

5.81(4.94, 6.806)
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Before imputation After imputation

Variables Missing, N (%)

Mean (SD) Median (P2s, P75) Mean (SD) Median (P25, P7s)
Neutrophil (10°/L) 544,233 (5.07) 3.56 (3.70) 3.36 (2.71,4.15) 3.54 (1.28) 3.36 (2.73,4.13)
Lymphocyte (10°/L) 515,878 (4.81) 2.02 (2.05) 1.92 (1.57,2.32) 2.01(1.39) 1.91 (1.58, 2.30)
HR (times/min) 2,353,996 (21.9) 71.3(9.37) 71.0 (65.0, 76.0) 71.4 (8.52) 71.1 (66.0, 76.0)
Uric acid (pmol/L) 374,580 (3.49) 333.9 (95.6) 324.0 (263.7,394.0) 333.5(94.6) 324.0 (264.0, 393.0)
Platelet (10°/L) 324,361 (3.02) 222.5(57.9) 218.0 (184.0, 257.0) 222.2 (56.8) 218.0 (184.0, 256.0)

BMI body mass index, DBP diastolic blood pressure, FBG fasting blood glucose, GDP gross domestic product, HDL-C high-density lipoprotein cholesterol, HR heart rate, LDL-C low-
density lipoprotein cholesterol, MetS Metabolic syndrome, NLR neutrophil to lymphocyte ratio, P percentile, SBP systolic blood pressure, TC total cholesterol, TG triglycerides, WBC

white blood cells
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eTable 2. General characteristics of the study population, 2017-2022

(n=10,733,975)

Characteristics Classifications Median (IQR)/n (%)
20-29 951,142 (3.86)°
30-39 2,399,875 (22.4)
Age (vears) 40-49 2,426,446 (22.6)
50-59 2,889,038 (26.9)
60-~ 2,067,474 (19.3)
Males 5,861,566 (54.6)
o > >
Sex (%) Females 4,872,409 (45.4)
East 2,997,767 (27.9)
South 1,115,930 (10.4)
Central 1,649,121 (15.4)
Region (type I) (%) North 1,672,581 (15.6)
Northwest 625,196 (5.82)
Southwest 955,946 (8.91)
Northeast 1,717,434 (16.0)
. South 4,794,904 (44.7)
o, B El
Region (type 11) (%) North 5.939.071 (55.3)
o < Median 5,317,651 (49.5)
GDP per capita (%, RMB) > Median 5,416,324 (50.5)
. Yes 7,520,318 (70.1)
- o, ’ 5
COVID-19 pandemic (%) No 3,213,657 (29.9)
<18.5 260,478 (2.43)
18.5-23.9 4,163,679 (38.8)
2 s s
BMI (kg/m’) 24.0-27.9 4,415,541 (41.2)
>28.0 1,894,277 (17.7)
FBG (mmol/L) Continuous 5.27 (4.85,5.79)°
SBP (mmHg) Continuous 126.0 (114.0, 139.0)
DBP (mmHg) Continuous 77.0 (69.0, 85.0)
TC (mmol/L) Continuous 4.98 (4.36, 5.65)
TG (mmol/L) Continuous 1.34 (0.92, 2.00)
LDL-C (mmol/L) Continuous 2.88(2.37,3.43)
HDL-C (mmol/L) Continuous 1.35(1.16, 1.57)
. Yes 3,301,757 (30.8)
() B >
Hypertension (%) No 7.432.218 (69.2)
. Yes 906,772 (8.45)
(1) >
Diabetes (%) No 9,827,203 (91.6)
o Yes 6,273,214 (58.4)
(1) > >
Dyslipidemia (%) No 4,460,761 (41.6)
Yes 4,565,307 (42.5)
(1) B )
MetS (%) No 6.168.668 (57.5)
Characteristics Classifications Median (IQR)/n (%)
, >10.0 197,734 (1.84)
WBC (10°L) <10.0 1,0536,241 (98.2)
. o >6.30 284,244 (2.65)
Neutrophil (10%L) = 630 10449731 (97.4)
0 >3.20 368,218 (3.43)
Lymphocyte (10°7L) <3.20 10,365,757 (96.6)
>3.53 374,031 (3.48)
NLR <3.53 10,359,944 (96.5)
. . > 100 42,415 (0.40)
HR (times/min) <100 10,691,560 (99.6)

> 428 for males; > 357 for females

© 2024 Fu J et al. JAMA Network Open.

2,111,521 (19.7)



Uric acid (umol/L) <428 for males; < 357 for females 8,622,454 (80.3)

9 >350 224,860 (2.09)
Platelet (10°/L) <350 10,509,115 (97.9)
Increased cIMT (%) ')Igeos ;ggg%gg 82132;
Yes 2,666,296 (24.8)
° b b
CP (%) No 8,067,679 (75.2)
Yes 61,323 (0.57)
° b
CS (%) No 10,672,652 (99.4)
Moderate to severe CS (%) Eeos 102;) 13372‘0(10 .(1999)8)

BMI body mass index, cIMT carotid intima-media thickness, CP carotid plaque, CS carotid artery
stenosis, DBP diastolic blood pressure, FBG fasting blood glucose, GDP gross domestic product, HDL-
C high-density lipoprotein cholesterol, HR heart rate, LDL-C low-density lipoprotein cholesterol, MetS
Metabolic syndrome, NLR neutrophil to lymphocyte ratio, SBP systolic blood pressure, TC total
cholesterol, TG triglycerides, WBC white blood cells.

® Categorical variables were expressed as n (%) (all such values).

® Continuous variables were expressed as median (IQR).
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eTable 3. Characteristics of participants according to classification of age and region (n=10,733,975)

Mean (95%CI)

Characteristics Group of age Region

G1 G5 SMD South North SMD
Subjects (n) 951,142 2,067,474 4,794,904 5,939,071
Age (years) 26.1(26.1,26.1)* 66.9 (66.9, 66.9) 8.76 44.8 (44.8, 44.8) 46.5 (46.5, 46.6) 0.13
Sex (males, No. (%)) 523,391 (55.0) ® 1,082,465 (52.4) -0.05 2,600,744 (54.2) 3,260,822 (54.9) 0.01
Region (North, No. (%)) 471,335 (49.6) 1,260,985 (61.0) 0.23 - - -
GDP per capita (= Median, No. (%)) 544,367 (57.2) 988,238 (47.8) -0.19 3,232,195 (67.4) 2,184,129 (36.8) -0.64
BMI (kg/m2) 23.1(23.1,23.1) 24.9 (24.9,24.9) 0.44 24.0 (24.0, 24.0) 25.1(25.1,25.1) 0.31
FBG (mmol/L) 4.93 (4.93,4.93) 5.84 (5.84,5.84) 0.80 5.28(5.28, 5.28) 5.56 (5.56, 5.56) 0.21
SBP (mmHg) 116.4 (116.4, 116.4) 139.4 (139.4, 139.5) 1.40 123.3 (123.3, 123.3) 128.5(128.5, 128.5) 0.28
DBP (mmHg) 70.5 (70.5, 70.5) 78.6 (78.6, 78.6) 0.79 74.6 (74.5, 74.6) 77.8 (77.8,77.8) 0.27
TC (mmol/L) 4.53 (4.53, 4.53) 5.09 (5.09, 5.09) 0.60 4.98 (4.98, 4.98) 4.93 (4.93, 4.93) -0.05
TG (mmol/L) 1.08 (1.08, 1.08) 1.42 (1.42,1.42) 0.31 1.37(1.37,1.37) 1.40 (1.40, 1.40) 0.01
LDL-C (mmol/L) 2.53(2.53,2.53) 2.90 (2.90, 2.90) 0.48 2.85(2.85,2.85) 2.80 (2.80, 2.80) -0.05
HDL-C (mmol/L) 1.35(1.35, 1.35) 1.38 (1.38, 1.38) 0.10 1.37(1.37,1.37) 1.34 (1.34, 1.34) -0.08
Hypertension, No. (%) 75,369 (7.92) 1,190,053 (57.6) 1.25 1,250,649 (26.1) 2,051,108 (34.5) 0.18
Diabetes, No. (%) 7,214 (0.76) 349,346 (16.9) 0.60 329,582 (6.87) 577,190 (9.72) 0.10
Dyslipidemia, No. (%) 341,517 (35.9) 1,338,557 (64.7) 0.59 2,807,876 (58.6) 3,465,338 (58.4) -0.004
MetS, No. (%) 167,010 (17.6) 1,264,481 (61.2) 1.00 1,779,704 (37.1) 2,785,603 (46.9) 0.20
Increased WBC, No. (%) 21,453 (2.26) 31,799 (1.54) -0.05 83,213 (1.74) 114,521 (1.93) 0.01
Increased NLR, No. (%) 25,016 (2.63) 96824 (4.68) 0.11 170,121 (3.55) 203,910 (3.43) -0.01
Increased HR (%) 5,927 (0.62) 9,534 (0.46) -0.02 17,854 (0.37) 24,561 (0.41) 0.01
Increased uric acid (%) 245,889 (25.9) 349,486 (16.9) -0.22 1,090,359 (22.7) 1,021,162 (17.2) -0.14
Increased platelet (%) 25,307 (2.66) 24630 (1.19) -0.11 87,249 (1.82) 137,611 (2.32) 0.03

Mean (95%CI)

Characteristics Group of age Group of age

Gl G5 SMD South North SMD
Increased cIMT, No. (%) 30,992 (3.26) 1,518,324 (73.4) 2.09 1,215,770 (25.4) 2,178,438 (36.7) 0.25
CP, No. (%) 27,367 (2.88) 1,280,773 (62.0) 1.63 928,077 (19.4) 1,738,219 (29.3) 0.23
CS, No. (%) 753 (0.08) 38,294 (1.85) 0.18 20,322 (0.42) 41,001 (0.69) 0.04
Moderate to severe CS, No. (%) 12 (0.00) 16,153 (0.78) 0.13 4,326 (0.090) 16,048 (0.27) 0.04
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Abbreviations: G1 and G5: We divided the age into five groups, from the lowest group to the highest group, they were respectively 20-29 y (G1), 30-39 y, 40-49 y, 50-59 y,
and > 60 y (G5). BMI body mass index, cIMT carotid intima-media thickness, CP carotid plaque, CS carotid artery stenosis, DBP diastolic blood pressure, FBG fasting blood
glucose, G group, GDP gross domestic product, HDL-C high-density lipoprotein cholesterol, HR heart rate, LDL-C low-density lipoprotein cholesterol, MetS Metabolic
syndrome, NLR neutrophil to lymphocyte ratio, SBP systolic blood pressure, SMD standardized mean difference, TC total cholesterol, TG triglycerides, WBC white blood
cells.

2 Geometric least square mean (95% confidence interval) (all such values).

b Categorical variables are expressed as number (percentage) of participants.
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eTable 4. Characteristics of participants according to CAS status (n=10,733,975)

Mean (95%CI)
Characteristics Increased cIMT (&
Yes No SMD Yes No SMD Yes No SMD

Subjects () 3,394,208 7,339,767 - 2,666,296 8,067,679 ; 61,323 10,672,652 ;
Age (years) 57.1(57.1,57.1)* 413 (41.3,413) 137  57.8(57.8,57.8)  424(42.4,424) 129  61.3(612,61.5)  457(457,457)  1.17
Sex (males, No. (%)) 2,095,283 (61.7)" 3,766,283 (51.3) 021 1,656,821 (62.1)  4,204,745(52.1) 020 43,571 (71.1) 5,817,995 (54.5)  0.35
?,jg)‘)"“ (North, No. 176438 (642) 3.760.633 (512) 026  1.738219(652) 4200852 (52.1) 027 41,001 (66.9) 5,898,070 (55.3)  0.24

0
GDP per capita (=
Median, No. (%)) 1,563,989 (46.1) 3,852,335 (52.5) -0.13 1,210,964 (454)  4,205360(52.1)  -0.13 22,623 (36.9) 5,393,701 (50.5)  -0.28
BMI (kg/m?) 252(252,252) 243(243,243) 024 252(252,252) 243 (24.3,243) 020 24.8(24.8,249)  24.6(24.6,246)  0.07
FBG (mmol/L) 5.81(5.80,5.81) 527(5.27,527) 041 5.84(5.84,5.84)  530(5.30,531) 040  6.02(6.01,6.03)  543(543,543)  0.40
SBP (mmHg) 135.3 (135.2, 135.3) 122i12§112)2.1, 072 136.0(135.9, 136.0) 123.0(123.0,123.1) 0.70 139.5(139.3, 139.6) 126.1 (126.1,126.1)  0.67
DBP (mmHg) 79.8 (79.8,79.8) 74.8 (74.8,74.8) 041  79.7(79.7,79.8)  752(75.2,75.2) 037  79.1(79.0,79.2)  763(76.3,763) 025
TC (mmol/L) 5.13(5.13,5.13)  4.87 (4.87,4.87) 027  5.12(5.12,5.12)  4.90 (4.90,4.90) 023  5.05(5.05,5.06)  4.95(4.95 495  0.12
TG (mmol/L) 151 (1.51,1.51)  1.33(1.33,133)  0.11  1.51(1.51,1.51)  135(1.35,1.35)  0.10  1.47(1.46,1.48)  1.39(1.39,1.39)  0.03
LDL-C (mmol/L) 297(297,2.97) 2.76(2.76,2.76) 028  2.96(2.96,2.96)  2.78(2.78,2.78) 023  2.94(2.93,2.95)  2.82(2.82,2.82)  0.16
HDL-C (mmol/L) 1.35(1.34,1.35)  1.36(1.36,1.36) -0.03  1.35(1.35,1.35)  1.35(1.35,136)  -0.03  133(1.33,133)  1.35(1.35,1.35)  -0.07
Hypertension, No. (%) 1,702,579 (50.2) 1,599,178 (21.8)  0.62 1,381,995 (51.8) 1,919,762 (23.8)  0.60 36,410 (59.4) 3,265,347 (30.6)  0.60
Diabetes, No. (%) 537,885 (15.9)  368,887(5.03) 036 446,153 (16.7) 460,619 (571) 035 13,250 (21.6) 893,522 (8.37) 0.38
Dyslipidemia, No. (%) 2,287,861 (67.4) 3,985,353 (54.3) 027 1,789,815 (67.1) 4,483,399 (55.6) 024 40,110 (65.4) 6,233,104 (58.4)  0.14

. L. Increased cIMT CS

Characteristics Yes No SMD Yes No SMD Yes No SMD
MetS, No. (%) 1,991,181 (58.7) 2,574,126 (35.1) 049 1,592,285 (59.7) 2,973,022 (36.9)  0.47 39,265 (64.0) 4,526,042 (42.4)  0.44
zf,‘;;eased WBC, No. 76791 2.09) 126,943 (1.73)  0.03 57,256 (2.15) 140,478 (1.74) 0.03 1,697 (2.77) 196,037 (1.84) 0.06

0
{f,‘;;eased NLR, No. 14268 (4.19)  231,763(3.16) 005 115778 (4.34) 258,253 (3.20) 0.06 3,576 (5.83) 370,455 (3.47) 0.11

0
Increased HR, No. (%) 13,926 (0.41) 28,489 (0.39)  0.004 11,595 (0.43) 30,820 (0.38) 0.01 297 (0.48) 42,118 (0.39) 0.01
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Increased wuric acid,

No. (%) 650,294 (19.2) 1,461,227 (19.9) -0.02 512,095 (19.2) 1,599,426 (19.8)  -0.02 11,975 (19.5) 2,099,546 (19.7)

. (1)

;f,‘/cieased platelet, No. 56 53¢ (1 67) 168,324 (2.29)  -0.05 44,004 (1.65) 180,856 (2.24)  -0.04 1,158 (1.89) 223,702 (2.10)
0

BMI body mass index, CP carotid plaque, CS carotid artery stenosis, DBP diastolic blood pressure, FBG fasting blood glucose, G group, GDP gross domestic product,
HDL-C high-density lipoprotein cholesterol, HR heart rate, IMT intima-media thickness, LDL-C low-density lipoprotein cholesterol, MetS Metabolic syndrome, NLR
neutrophil to lymphocyte ratio, SBP systolic blood pressure, SMD standardized mean difference, TC total cholesterol, TG triglycerides, WBC white blood cells.

2 Geometric least square mean (95% confidence interval) (all such values).

b Categorical variables are expressed as number (percentage) of participants.

-0.004

-0.01
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eTable 5. Association between the risk factors as continuous variables and CAS (adjusted ORs and 95 % confidence intervals;

n=10,733,975)

Characteristic

Abnormal IMT

Cp

CS

OR (95%CI)*

OR (95%CI)

OR (95%CI)

Distal Factors"
Age group (years)
Sex

Females

Males
Region

South

North

Intermediator Factors
C

BMI group (kg/m?)
WBC (10°/L)
NLR
HR (times/min)
Uric acid (umol/L)
Platelet (10°/L)
Proximal Factors

Hypertension ¢

No

Yes

706.6 (700.2, 713.1)

1.00 (reference)
2.152 (2.145,2.160)

1.00 (reference)
1.031 (1.022, 1.040)

1.745 (1.721, 1.769)
1.427 (1.417, 1.438)
1.052 (1.047, 1.057)
1.141 (1.124, 1.158)
1.250 (1.241, 1.260)
1.070 (1.050, 1.083)

1.00 (reference)
1.613 (1.607, 1.619)

504.5 (499.8, 509.3)

1.00 (reference)
1.989 (1.982, 1.996)

1.00 (reference)
1.511 (1.339, 1.707)

1.295 (1.277, 1.314)
1.482 (1.471, 1.493)
1.059 (1.054, 1.064)
1.325 (1.305, 1.345)
1.315 (1.305, 1.325)
1.027 (1.020, 1.035)

1.00 (reference)
1.635 (1.629, 1.642)

150.5 (144.2, 157.1)

1.00 (reference)
2.138 (2.099, 2.177)

1.00 (reference)
1.559 (1.312, 1.854)

0.425 (0.396, 0.455)
1.935 (1.866, 2.007)
1.144 (1.119, 1.169)
1.059 (0.983, 1.141)
1.215 (1.170, 1.261)
0.978 (0.945, 1.012)

1.00 (reference)
1.501 (1.473, 1.528)

Characteristic

Abnormal IMT

Cp

CS
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OR (95%CI)

OR (95%CI)

OR (95%CI)

Diabetes ¢
No
Yes
Dyslipidemia ¢
No
Yes
MetS °
No
Yes

1.00 (reference)
1.633 (1.624, 1.641)

1.00 (reference)
1.270 (1.265, 1.275)

1.00 (reference)
1.459 (1.454, 1.465)

1.00 (reference)
1.632 (1.623, 1.641)

1.00 (reference)
1.228 (1.224, 1.233)

1.00 (reference)
1.478 (1.473, 1.484)

1.00 (reference)
1.522 (1.490, 1.555)

1.00 (reference)
1.080 (1.060, 1.100)

1.00 (reference)
1.412 (1.386, 1.439)

BMI body mass index, cIMT carotid intima-media thickness, CP carotid plaque, CS carotid artery stenosis, HR heart rate, GDP gross domestic product, MetS metabolic

syndrome, NLR neutrophil to lymphocyte ratio, WBC white blood cells.

2 Obtained by using multivariable mixed effect logistic regression analysis.

b Adjusted for age, sex, GDP per capita, and region for distal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count for intermediator factors.
4 Additionally adjusted for hypertension, diabetes, and dyslipidemia for proximal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count for MetS.
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eTable 6. Association between the risk factors and CAS using multivariable logistic regression model (adjusted ORs
and 95 % confidence intervals; n=10,733,975)

Characteristic

Increased cIMT
OR (95%CI)?

cp
OR (95%CI)

cs
OR (95%CI)

Distal Factors °
Age group (years)
20-29
30-39
40-49
50-59
60-~
P for trend
Sex
Females
Males
Region
South
North
Intermediator Factors ©
BMI group (kg/m?)
<18.5
18.5-23.9
24.0-27.9
>28.0
P for trend

0.044 (0.043, 0.044)
0.090 (0.090, 0.091)
0.305 (0.304, 0.306)
1.00 (reference)
3.929 (3.914, 3.945)
<0.0001

1.00 (reference)
2.027 (2.021, 2.034)

1.00 (reference)
1.718 (1.713, 1.724)

0.994 (0.980, 1.007)
1.00 (reference)
1.140 (1.136, 1.144)
1.258 (1.252, 1.264)
<0.0001

0.063 (0.063, 0.064)
0.114 (0.113, 0.114)
0.331 (0.329, 0.332)
1.00 (reference)
3.680 (3.666, 3.694)
<0.0001

1.00 (reference)
1.883 (1.877, 1.889)

1.00 (reference)
1.672 (1.666, 1.677)

1.047 (1.033, 1.062)
1.00 (reference)
1.088 (1.084, 1.092)
1.145 (1.139, 1.150)
<0.0001

0.155(0.144, 0.167)
0.171 (0.163, 0.179)
0.378 (0.366, 0.390)
1.00 (reference)
3.572 (3.505, 3.640)
<0.0001

1.00 (reference)
2.176 (2.138,2.214)

1.00 (reference)
1.272 (1.249, 1.294)

1.311 (1.233, 1.393)
1.00 (reference)
0.933 (0.916, 0.950)
0.861 (0.841, 0.882)
<0.0001
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Increased cIMT CP CS
Characteristic
OR (95%C1I) OR (95%CI) OR (95%CI)
Increased WBC 1.351 (1.336, 1.367) 1.360 (1.344, 1.376) 1.407 (1.338, 1.479)
Increased NLR 1.039 (1.030, 1.048) 1.065 (1.056 ,1.074) 1.200 (1.159, 1.243)
Increased HR 1.064 (1.037, 1.092) 1.136 (1.108, 1.166) 1.042 (0.926, 1.167)

Increased uric acid
Increased platelet

Proximal Factors
d

1.099 (1.094, 1.103)
1.121 (1.108, 1.134)

1.121 (1.116, 1.125)
1.110 (1.097, 1.124)

1.146 (1.122, 1.170)
1.341 (1.264, 1.423)

Hypertension
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.497 (1.492, 1.502) 1.503 (1.498, 1.508) 1.499 (1.473, 1.525)
Diabetes ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.563 (1.555, 1.571) 1.554 (1.546, 1.562) 1.499 (1.469, 1.529)
Dyslipidemia ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.241 (1.237, 1.245) 1.193 (1.189, 1.197) 1.091 (1.072, 1.110)
MetS ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.422 (1.417, 1.426) 1.428 (1.403, 1.454) 1.428 (1.403, 1.454)

BMI body mass index, cIMT carotid intima-media thickness, CP carotid plaque, CS carotid artery stenosis, HR heart rate, GDP gross domestic product, MetS
metabolic syndrome, NLR neutrophil to lymphocyte ratio, WBC white blood cells.

2 Obtained by using multivariable logistic regression analysis.

® Adjusted for age, sex, GDP per capita, and region for distal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count for intermediator factors.

4 Additionally adjusted for hypertension, diabetes, and dyslipidemia for proximal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count for MetS.

f P for trend < .001.
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& P for trend > .001 and < .05.
h P for trend > .05.
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eTable 7. Prevalence of CAS by the characteristics of study population using information from the first check-ups, 2017-2022

(n=9,847,132)

Weighted prevalence, % (95%CI)

Group All participants,
No. (%) Increased cIMT CP CS Moderate to severe CS
Participants 9,847,132 24.5(23.3, 25.6) 19.5 (18.4, 20.6) 0.52 (0.35, 0.68) 0.14 (0.12, 0.16)
Year
2017 664,927 (6.75) 22.8 (21.1,24.5)* 17.8 (16.4,19.3)° 0.44 (0.30,0.57) ¢ 0.14 (0.11,0.17) ®
2018 1,765,752 (17.9) 22.4(21.2,23.6) 16.9 (16.0, 17.9) 0.52 (0.31, 0.72) 0.13 (0.11, 0.16)
2019 2,000,426 (20.3) 24.1(22.7,25.4) 19.1(17.9, 20.4) 0.63 (0.39, 0.87) 0.17 (0.15, 0.20)
2020 2,153,081 (21.9) 24.2 (22.7,25.6) 19.5 (18.1, 21.0) 0.51(0.24, 0.79) 0.13 (0.11, 0.15)
2021 2,384,498 (24.2) 25.8(24.2,27.5) 21.0(19.3,22.7) 0.44 (0.27, 0.60) 0.14 (0.12, 0.15)
2022 878,448 (8.92) 27.6 (25.8,29.4) 22.1(20.3, 24.0) 0.54 (0.29, 0.79) 0.11 (0.092, 0.12)
Sex
Males 4,850,212 (54.1) 27.5(26.4,28.6) * 21.9 (20.8,23.0) 2 0.61 (0.48,0.75)® 0.20 (0.18,0.23) @
Females 4,118,472 (45.9) 21.3(20.0, 22.5) 16.9 (15.7, 18.1) 0.42 (0.20, 0.63) 0.08 (0.07, 0.09)
Age (years)
20-29 896,706 (10.0) 3.03 (2.06, 3.99)? 2.55(1.61,3.50)* 0.17 (0.01, 0.38) * 0.0009 (0.0003, 0.002) 2
30-39 1,989,682 (22.2) 6.08 (5.00, 7.17) 4.65 (3.57,5.73) 0.16 (0.006, 0.31) 0.016 (0.013, 0.020)
40-49 2,043,343 (22.8) 17.8 (16.7, 19.0) 12.6 (11.5,13.7) 0.26 (0.094, 0.43) 0.002 (0.013, 0.020)
50-59 2,353,278 (26.2) 39.7 (38.4,40.9) 29.2 (28.0, 30.5) 0.50 (0.33, 0.68) 0.095 (0.082, 0.11)
60-69 1,227,786 (13.7) 65.7 (64.6, 66.8) 53.3(52.2,54.4) 1.20 (0.97, 1.43) 0.42 (0.37, 0.47)
70-79 371,777 (4.15) 83.4 (82.6, 84.2) 74.0 (73.1, 75.0) 2.32(2.03, 2.61) 0.99 (0.88, 1.09)
80-~ 86,112 (0.96) 92.0 (91.5, 92.6) 86.2 (85.6, 86.9) 3.82 (3.38, 4.26) 1.68 (1.49, 1.88)
Weighted prevalence, % (95%CI)
Group All participants,
No. (%) Increased cIMT (0] 4 CS Moderate to severe CS
Region (type I)
East 2,997,767 (27.9) 23.7(21.2,26.1)? 18.4 (15.9,20.9)* 0.33(0.22, 0.44)® 0.13 (0.094, 0.16)*
South 1,115,930 (10.4) 14.7 (13.1, 16.3) 10.8 (9.56, 12.0) 0.44 (0.08, 0.79) 0.075 (0.057, 0.092)
Central 1,649,121 (15.4) 26.3 (24.1, 28.5) 20.9 (18.9, 22.9) 0.50 (0.20, 0.79) 0.16 (0.10, 0.21)

© 2024 Fu J et al. JAMA Network Open.



North
Northwest
Southwest
Northeast

Region (type IT)

South
North
BMI (kg/m?)
<18.5
18.5-23.9
24.0-27.9
>28.0
Diabetes
Yes
No
Hypertension
Yes
No

1,672,581 (15.6)
625,196 (5.82)
955,946 (8.91)

1,717,434 (16.0)

3,824,949 (42.7)
5,143,735 (57.4)

933,488 (10.4)

3,297,153 (36.8)
3,262,318 (36.4)
1,475,725 (16.5)

712,980 (7.95)
8,255,704 (92.1)

2,605,511 (29.1)
6,363,173 (71.0)

29.1 (25.8, 32.4)
28.1(25.4, 30.8)
21.5 (18.4, 24.5)
27.2(24.1,30.2)

19.3 (18.1, 20.6)*
28.7 (26.9, 30.5)

27.9 (26.2,29.7)*
18.7 (17.5, 19.8)
28.7 (27.6, 29.8)
28.4 (27.2, 29.6)

56.8 (55.6, 58.0)°
22.3(21.2,23.4)

47.5 (46.4, 48.6)*
17.3 (16.1, 18.4)

23.3 (20.0, 26.6)
23.9 (21.5,26.3)
17.8 (14.8, 20.8)
21.7 (18.9, 24.5)

15.0 (13.8, 16.2)*
23.1(21.3,24.8)

23.6 (21.9,25.2)*
15.0 (13.9, 16.1)
22.5(21.4,23.7)
21.9(20.7, 23.1)

47.5 (46.3, 48.8)
17.6 (16.5, 18.7)

38.9 (37.8, 40.0)°
13.4 (12.3, 14.6)

0.66 (0.26, 1.06)
0.29 (0.17, 0.41)
0.27 (0.21, 0.34)
0.85 (0.54, 1.17)

0.37 (0.23,0.51)®
0.60 (0.45, 0.74)

0.75 (0.55, 0.95)*
0.46 (0.27, 0.64)
0.54 (0.39, 0.68)
0.46 (0.31, 0.60)

1.40 (1.16, 1.64)
0.46 (0.29, 0.62)

1.03 (0.84, 1.22)®
0.36 (0.19, 0.52)

0.23 (0.18, 0.28)
0.083 (0.056, 0.11)
0.094 (0.069, 0.12)

0.32(0.22, 0.42)

0.080 (0.071, 0.090)*
0.24 (0.20, 0.28)

0.25 (0.22, 0.29)*
0.11 (0.10,0.12)
0.15 (0.13, 0.17)
0.12 (0.10, 0.13)

0.52 (0.46, 0.57)*
0.11 (0.10,0.13)

0.35 (0.32, 0.39)*
0.07 (0.06, 0.08)

Group

All participants,
No. (%)

Weighted prevalence, % (95%CI)

Increased cIMT

CP

CS

Moderate to severe CS

Dyslipidemia
Yes
No
MetS
Yes
No

5,005,199 (55.8)
3,963,485 (44.2)

1,548,988 (17.3)
7,419,696 (82.7)

30.0 (28.8,31.2)
18.6 (17.5, 19.7)

36.7 (35.5,37.9)*
17.3 (16.2, 18.4)

23.7(22.5,24.9)*
15.1 (14.0, 16.1)

29.4 (28.3, 30.6)°
13.6 (12.5, 14.7)

0.58 (0.41, 0.75)*

0.45 (0.28, 0.62)

0.74 (0.57,0.91)*

0.39 (0.21, 0.56)

0.16 (0.14, 0.18)*
0.12 (0.10, 0.13)

0.24 (0.21, 0.26)*
0.08 (0.07, 0.10)

BMI body mass index, CAS carotid atherosclerosis, cIMT carotid intima-media thickness, CP carotid plaque, CS carotid artery stenosis, MetS Metabolic

syndrome.

a P for difference < .001, P for difference can be expressed as whether there is a statistically significant difference in prevalence between subgroups.
® P for difference > .001 and < .05.
¢ P for difference > .05.
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eTable 8. Association between the risk factors and CAS using complete data (adjusted ORs and 95 % confidence intervals;

n=7,292,261)

Characteristic

Increased cIMT
OR (95%CI)?

cp
OR (95%CI)

CS
OR (95%CI)

Distal Factors °
Age group (years)
20-29
30-39
40-49
50-59
60-~
Sex
Females
Males
Region
South
North
Intermediator Factors ©
BMI group (kg/m?)
<18.5
18.5-23.9
24.0-27.9
>28.0
Increased WBC
Increased NLR
Increased HR

0.029 (0.029, 0.030)
0.066 (0.066, 0.067)
0.268 (0.266, 0.269)
1.00 (reference)
3.996 (3.976, 4.016)

1.00 (reference)
2.194 (2.185,2.203)

1.00 (reference)
1.391 (1.220, 1.586)

0.992 (0.975, 1.009) f
1.00 (reference)
1.129 (1.124, 1.134)
1.267 (1.259, 1.274)
1.343 (1.323, 1.363)
1.069 (1.058, 1.080)
1.200 (1.166, 1.234)

0.043 (0.042, 0.044)
0.082 (0.081, 0.082)
0.285 (0.283, 0.286)
1.00 (reference)
3.822 (3.803, 3.841)

1.00 (reference)
2.033 (2.025, 2.042)

1.00 (reference)
1.545 (1.363, 1.752)

1.058 (1.040, 1.077) f
1.00 (reference)
1.071 (1.066, 1.077)
1.145 (1.139, 1.152)
1.348 (1.328, 1.369)
1.092 (1.081 ,1.104)
1.283 (1.247, 1.320)

0.113 (0.101, 0.127)f
0.144 (0.135, 0.153)
0.323 (0.309, 0.338)
1.00 (reference)
3.643 (3.553, 3.735)

1.00 (reference)
2.472 (2.413,2.533)

1.00 (reference)
1.598 (1.335,1.914)

1.324 (1.225,1.429) f
1.00 (reference)
0.877 (0.856, 0.898)
0.796 (0.771, 0.821)
1.385 (1.296, 1.477)
1.251 (1.197, 1.307)
1.171 (1.033, 1.322)
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Characteristic

Increased cIMT
OR (95%CI)*

cp
OR (95%CI)

cs
OR (95%CI)

Increased uric acid
Increased platelet

Proximal Factors

1.131 (1.125, 1.137)
1.062 (1.051, 1.073)

1.162 (1.156, 1.168)
1.109 (1.092, 1.127)

1.213 (1.180, 1.245)
1.322(1.223, 1.427)

Hypertension ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.677 (1.670, 1.685) 1.716 (1.709, 1.724) 1.638 (1.599, 1.678)
Diabetes ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.639 (1.628, 1.649) 1.643 (1.633, 1.654) 1.565 (1.524, 1.606)
Dyslipidemia ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.272 (1.266, 1.277) 1.224 (1.218, 1.230) 1.066 (1.041, 1.091)
MetS ©
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.474 (1.468, 1.481) 1.487 (1.480, 1.494) 1.401 (1.368, 1.435)

BMI body mass index, cIMT carotid intima-media thickness, CP carotid plaque, CS carotid artery stenosis, GDP gross domestic product, HR heart rate, MetS
metabolic syndrome, NLR neutrophil to lymphocyte ratio, WBC white blood cells.

2 Obtained by using multivariable mixed effect logistic regression analysis.

® Adjusted for age, sex, GDP per capita, and region for distal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count for intermediator factors.

4 Additionally adjusted for hypertension, diabetes, and dyslipidemia for proximal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count for MetS.

f P for trend <.001.

& P for trend > .001 and < .05.

h P for trend > .05.
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eTable 9. Association between the risk factors and CAS using full model (adjusted ORs and 95 % confidence intervals; n=10,733,975)

Characteristic

Increased cIMT
OR (95%CI)?

cp
OR (95%CI)

CS
OR (95%CI)

Distal Factors °
Age group (years)
20-29
30-39
40-49
50-59
60-~
P for trend
Sex
Females
Males
Region
South
North
Intermediator Factors ©
BMI group (kg/m?)
<18.5
18.5-23.9
24.0-27.9
>28.0
P for trend

0.036 (0.035, 0.036)
0.079 (0.078, 0.079)
0.292 (0.291, 0.294)
1.00 (reference)
3.924 (3.908, 3.941)
<0.0001

1.00 (reference)
1.961 (1.954, 1.968)

1.00 (reference)
1.334 (1.178, 1.512)

1.070 (1.054, 1.085)
1.00 (reference)
1.024 (1.020, 1.028)
1.004 (0.999, 1.009)
<0.01

0.051 (0.051, 0.052)
0.096 (0.095, 0.097)
0.312(0.311,0.314)
1.00 (reference)
3.738 (3.723, 3.754)
<0.0001

1.00 (reference)
1.851 (1.844, 1.857)

1.00 (reference)
1.512 (1.344, 1.701)

1.139 (1.122, 1.156)
1.00 (reference)
0.975 (0.972, 0.979)
0.913 (0.908, 0.918)
<0.0001

0.183 (0.170, 0.197)
0.200 (0.191, 0.210)
0.413 (0.400, 0.427)
1.00 (reference)
3.253 (3.191, 3.316)
<0.0001

1.00 (reference)
2.114 (2.077, 2.152)

1.00 (reference)
1.284 (1.261, 1.308)

1.431 (1.345, 1.520)
1.00 (reference)
0.843 (0.827, 0.859)
0.708 (0.691, 0.726)
<0.0001
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Increased cIMT CP CS
Characteristic
OR (95%CI)? OR (95%CI) OR (95%CI)
Increased WBC 1.239 (1.224, 1.255) 1.255 (1.239, 1.271) 1.330 (1.265, 1.398)
Increased NLR 1.047 (1.038, 1.056) 1.062 (1.053,1.072) 1.159 (1.119, 1.201)
Increased HR 0.953 (0.928, 0.979) 1.023 (0.995, 1.051) 0.898 (0.799, 1.006)

Increased uric acid
Increased platelet

Proximal Factors

1.052 (1.048, 1.057)
1.064 (1.051, 1.077)

1.082 (1.077, 1.087)
1.073 (1.059, 1.087)

1.107 (1.084, 1.130)
1.317 (1.240, 1.396)

Hypertension ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.542 (1.536, 1.547) 1.557 (1.551, 1.563) 1.439 (1.413, 1.466)
Diabetes ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.557 (1.549, 1.566) 1.553 (1.544, 1.561) 1.440 (1.410, 1.470)
Dyslipidemia ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.221 (1.217, 1.226) 1.172 (1.167, 1.176) 1.056 (1.038, 1.075)
MetS ©
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.139 (1.135, 1.144) 1.155 (1.150, 1.160) 1.153 (1.130, 1.176)

BMI body mass index, cIMT carotid intima-media thickness, CP carotid plaque, CS carotid artery stenosis, GDP gross domestic product, HR heart rate, MetS
metabolic syndrome, NLR neutrophil to lymphocyte ratio, WBC white blood cells.

2 Obtained by using multivariable mixed effect logistic regression analysis.

b Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, platelet count, hypertension, diabetes, dyslipidemia, and MetS.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count for intermediator factors.

4 Additionally adjusted for hypertension, diabetes, and dyslipidemia for proximal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count for MetS.

f P for trend <.001.
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& P for trend > .001 and < .05.
h P for trend > .05.

© 2024 Fu J et al. JAMA Network Open.



eTable 10. Association between the risk factors and CAS (adjusted ORs and 95 % confidence intervals; n=10,733,975)

Characteristic

Increased cIMT
OR (95%CI)?

cp
OR (95%CI)

CS
OR (95%CI)

Distal Factors °
Age group (years)
20-29
30-39
40-49
50-59
60-~
P for trend
Sex
Females
Males
Region
South
North
Intermediator Factors®
BMI group (kg/m?)
<18.5
18.5-23.9
24.0-27.9
>28.0
P for trend

0.028 (0.027, 0.028) f
0.065 (0.065, 0.066)
0.266 (0.265, 0.268)
1.00 (reference)
4.270 (4.252, 4.288)
<0.0001

1.00 (reference)
2.039 (2.025,2.052)

1.00 (reference)
1.676 (1.440, 1.951)

0.982 (0.968, 0.996)
1.00 (reference)
1.156 (1.152, 1.161)
1.285 (1.279, 1.292)
<0.0001

0.040 (0.040, 0.041) f
0.079 (0.079, 0.080)
0.284 (0.283, 0.285)
1.00 (reference)
4.065 (4.048, 4.081)
<0.0001

1.00 (reference)
1.894 (1.881, 1.907)

1.00 (reference)
1.704 (1.484, 1.956)

1.043 (1.027, 1.058) f
1.00 (reference)
1.103 (1.098, 1.107)
1.168 (1.162, 1.174)
<0.0001

0.161 (0.150, 0.173) f
0.175 (0.168, 0.184)
0.367 (0.355, 0.379)
1.00 (reference)
3.849 (3.774, 3.925)
<0.0001

1.00 (reference)
3.443 (3.339, 3.549)

1.00 (reference)
1.540 (1.289, 1.841)

1.335(1.252,1.422) f
1.00 (reference)
0.925 (0.908, 0.943)
0.833 (0.812, 0.854)
<0.0001
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Increased cIMT CP CS
Characteristic
OR (95%CI) OR (95%CI) OR (95%CI)
Increased WBC 1.348 (1.332, 1.365) 1.359 (1.342, 1.376) 1.408 (1.336, 1.483)
Increased NLR 1.065 (1.056, 1.075) 1.088 (1.079 ,1.098) 1.191 (1.148, 1.235)
Increased HR 1.167 (1.136, 1.198) 1.246 (1.213, 1.281) 1.032 (0.914, 1.165)

Increased uric acid
Increased platelet

Proximal Factors

1.126 (1.121, 1.131)
1.098 (1.084, 1.111)

1.152 (1.147, 1.157)
1.108 (1.094, 1.123)

1.129 (1.105, 1.153)
1.271 (1.194, 1.352)

Hypertension ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.605 (1.599, 1.611) 1.624 (1.618, 1.630) 1.486 (1.459, 1.513)
Diabetes ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.618 (1.609, 1.627) 1.618 (1.609, 1.626) 1.504 (1.473, 1.536)
Dyslipidemia ¢
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.267 (1.262, 1.271) 1.218 (1.213, 1.222) 1.059 (1.040, 1.078)
MetS ©
No 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.482 (1.477, 1.487) 1.495 (1.489, 1.500) 1.411 (1.386, 1.438)

BMI body mass index, cIMT carotid intima-media thickness, CP carotid plaque, CS carotid artery stenosis, GDP gross domestic product, HR heart rate, MetS
metabolic syndrome, NLR neutrophil to lymphocyte ratio, WBC white blood cells.

2 Obtained by using multivariable mixed effect logistic regression analysis.

® Adjusted for age, sex, GDP per capita, and region for distal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, platelet count, province-level average educational years, smoking prevalence, and
drinking prevalence for intermediator factors; Risk factors that were included formed a two-level hierarchical structure, with participants at level one and centers at level
two. age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, and platelet count were included at the participant level with centers as the random effect, while
regional average educational years, smoking prevalence, and drinking prevalence were further included at the center level.
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4 Additionally adjusted for hypertension, diabetes, and dyslipidemia for proximal factors.

¢ Adjusted for age, sex, GDP per capita, region, BMI, WBC, NLR, HR, uric acid, platelet count, province-level average educational years, smoking prevalence, and
drinking prevalence for MetS.

f P for trend < .001.

& P for trend > .001 and < .05.

h P for trend > .05.
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Participants aged = 20 years who underwent carotid artery ultrasound examination at the Meinian

Health Check-up Centers in China between January, 2017 and June, 2022 (n=10,772,091)

Exclusions (n=38,116):

»| _ missing values on age (n=0) or sex (0=0) or region (n=0).

- participants with a history of cancer (n=31,382).

A 4

Participants included into the final analyses of this study (n=10,733,975)

A 4

Carotid atherosclerosis grades of the study participants:

- increased carotid intima-media thickness: 3,394,208 (31.6%)
- carotid plaque: 2,666,296 (24.8%)

- carotid stenosis: 61,323 (0.57%)

- moderate to severe carotid stenosis: 20,374 (0.19%)

eFigure 1. Flowchart of the study participation.
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eFigure 2. Geographical distribution of the check-up centers included into the study.
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DISTAL RISK FACTORS
Age, sex, region, GDP per capita

y

INTERMEDIATE RISK FACTOR
BMI, WBC, NLR, heart rate, uric acid, and platelet

A

A 4

PROXIMAL RISK FACTORS
Hypertension, diabetes, dyslipidemia, and Mets

OUTCOMES
CAS

A

eFigure 3. Conceptual model risk factors for CAS. BMI body mass index, CAS carotid
atherosclerosis, GDP gross domestic product, Mets metabolic syndrome, NLR neutrophil to
lymphocyte ratio, WBC white blood cells.
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eFigure 4. Correlations between participants’ blood relevant parameters. NLR neutrophil to

lymphocyte ratio, PLT platelet count, UA uric acid, WBC white blood cells.
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eFigure 5. Association between prevalence of different grades of CAS, and GDP per capita. Each bubble in the figure represents the prevalence of each city, and the size of the bubble

reflects the sample size of the city. The dotted lines reflect the associations between the prevalence and GDP per capita, and the gray shadows represent the corresponding 95% confidence

intervals.

© 2024 Fu J et al. JAMA Network Open.



c
40 = 30 =
1.0m
304 0.8
£ 20+
=
E : — 0.6=
S = x
o 20 =
& & ]
g 0.4
G 10
£
104
0.2+
T T T T T h T T T T T 0.0 T T T T T
(1] Q2 Q3 Q4 Qs Q1 Q2 Q3 Q4 Qs a1 Q2 Q3 Q4 as
BMI (kg/m?) BMI (kg/m?) BMI (kg/m?)
D E
80+ F
60 2.0
60
= 1.5
[ 40—
P
H g -
S 40 e =
1, s
i 5 » 104
] 3]
S 20
2
20+ 0.5
0
0 T T T T T . . . . | 0.0 T T T T T
@ Q@ @ a4 Qa5 Q1 Q2 Q@ a4 a5 Q1 Q@ @ Q@ Qb
SBP (mmHg) SBP (mmHg) SBP (mmHg)
G H 1
50— 40— 1.5+
£ 404
E 30
% 1.0
3 %7 = =
0w g
g & 20 [2:]
g 204 3] o
£ 0.5+
10 109
0 T T T T T 0 T T T T T 0.0 T T T T T
Qi Q2 Q3 Q4 Q@5 @i Q2 Q3 Q4 Q5 Q1 Q@ Q3 Q4 a5
LDL-C (mmol/L) LDL-C (mmoliL) LDL-C (mmol/L)

eFigure 6. Prevalence of increased cIMT, CP and CS by BMI, SBP, and LDL-C quintiles after age, gender, and regional
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LDL-C low-density lipoprotein-cholesterol, Q quintiles, SBP systolic blood pressure.
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eFigure 7. Association between prevalence of different grades of CAS and BMI, SBP, and LDL-C levels. Each bubble in the
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eFigure 8. Relative contribution to the total burden of CAS by region. Age- and sex- standardized prevalence of CAS was
calculated for each province according to the 2010 National Population Census. CAS carotid atherosclerosis, CP carotid plaque,

c¢IMT carotid intima-media thickness
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eFigure 9. Joinpoint regression analysis of the trend for the prevalence of CAS in the South and North populations from 2017 to 2022. * Indicates that the Annual Percent Change

(APCQ) is significantly different from zero at the alpha=0.05 level. Failed to reject Parallelism. CAS carotid atherosclerosis, CP carotid plaque, cIMT carotid intima-media thickness.
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eFigure 10. Association between the risk factors and increased cIMT, stratified by sex and region.
BMI body mass index, cIMT carotid intima-media thickness, HR heart rate, MetS Metabolic syndrome,
NLR neutrophil to lymphocyte ratio, WBC white blood cells. * Adjustment factors were determined by
the conceptual framework. ® Obtained using a multivariable mixed effect logistic regression analysis. ©
Comparison between the odds ratios associated with sex (A) or region (B) using P for multiplicative

interaction.

© 2024 Fu J et al. JAMA Network Open.



Sex

(a) According to stratified by sex o Mo g Fomales

Characteristics OR (95% CI)*  P-Value® P-interaction ©

Region (North vs South)

1.732(1.526, 1.965) <0.0001 <.001
1.438 (1.262, 1.639) < 0.0001 —_—
Obesity
1.080(1.074, 1.086) <0.0001 - <.001
1106 (1.097, 1.114)  <0.0001 -
Increased WBC
1.385 (1.365, 1.405) < 0.0001 — <.001
1.235(1.204, 1.268) < 0.0001 ——
Increased NLR.
1103 (1.091,1.115) <00001 - <.001
1.083 (1.066, 1.101) < 0.0001 r-
Increased HR
1.308 (1262, 1.354) <0 0001 —_— <.001
1154 (1107, 1204) <00001 —
Increased uric acid <.001
1.111(1.105, 1.117) < 0.0001 - :
1249 (1239, 1259) <00001 -
Increased platelet < 001
1217 (1.193,1242) <0.0001 —_— :
1074 (1055, 1093) <00001 -
Hypertension <001
1567 (1559, 1.574) <0.0001 - :
Diabetes 1.697 (1.687, 1.708) < 0.0001 -
1626 (1.615, 1.636) <0.0001 - <001
Dyslipidemia 1.566 (1.552, 1.580) < 0.0001 -
1.200(1.194, 1.206) < 0.0001 - <002
MetS 1.213(1.205, 1.220) < 0.0001 -
1469 (1462, 1.476) <00001 - < 001
1.501 (1.492, 1.510) < 0.0001 - ’
I T T T 1
085 1 125 15 175 2
«—Low risk  OR (95% CI) High risk—
. . . Region
(b) According to stratified by region —a South- B -Noth
Characteristics OR(95% Cl) __ P-vale . _________ Printeraction _
Sex (Males vs Females)
2112(2.102,2.121) <0.0001 - <001
1.805 (1794, 1.815)  <0.0001 -
Obesity
1.104 (1.098, 1.110) < 0.0001 . << 001
1.089 (1.080, 1097) < 00001 -
Increased WBC _
1358 (1336, 1380) <00001 - 05
Increased NLR 1343 (1316,1371) <0001 el
1.062 (1.050, 1.074) <0.0001 - <.001
1.113(1.098, 1.129) < 0.0001 -
Increased HR
1.229(1.188,1272) <0.0001 —_— 34
1.251(1.197, 1.307) < 0.0001 —
Increased uric acid 002
1157 (1.150,1.164)  _ no0, - .
1170 (1.163, 1.178) = 00001 -
Increased platelet
1.101(1.084, 1.119)  <0.0001 - .001
1117 (1092, 1 142) <00001 —
Hypertension 062
1.605 (1.597, 1612) <0.0001 - .
Diabetes 1647 (1637, 1657) <0.0001 -
1.643 (1632, 1654) <0.0001 v < 001
Dyslipidemia 1572 (1559, 1586) < 00001 -
1.216 (1.210,1.222) < 0.0001 - 24
MetS 1210 (1203, 1218) <0.0001 -
1.508 (1.501, 1515)  <0.0001 - <.001
1476 (1468, 1485) <0.0001 -
I 1 L} L) L) 1
085 1 125 15 175 2 215

—Lowrisk OR (95% CI) High risk —

eFigure 11. Association between the risk factors and CP, stratified by sex and region. BMI body
mass index, CP carotid plaque, HR heart rate, MetS Metabolic syndrome, NLR neutrophil to
lymphocyte ratio, WBC white blood cells. * Adjustment factors were determined using a conceptual
framework. ® Obtained using multivariable mixed-effects logistic regression analysis. ¢ Comparison

between odds ratios associated with sex (A) or region (B) using P for multiplicative interactions.
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eFigure 13. The restricted cubic spline for the association between risk factors (A-E) and increased cIMT in the overall population. Solid and dashed lines represent
OR and 95% CI based on restricted cubic splines in the logistic regression model. Horizontal dashed line represents the reference value. Knots were placed at the 5th, 25th,
50th, 75th and 95th percentiles of the risk factors distribution, and the reference values were listed to the left of the Y axis for all variables, e.g., the reference value of BMI as
18.5 kg/m?. Adjustment factors were age, sex, GDP per capita, region, BMI, WBC, NLR, HR, UA, and PLT. BMI body mass index, cIMT carotid intima-media thickness,
GDP gross domestic product, NLR neutrophil to lymphocyte ratio, PLT platelet count, UA uric acid, WBC white blood cells.
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eFigure 14. The restricted cubic spline for the association between risk factors (A-E) and CP in the overall population. Solid and dashed lines represent OR and 95%
CI based on restricted cubic splines in the logistic regression model. Horizontal dashed line represents the reference value. Knots were placed at the 5th, 25th, 50th, 75th and
95th percentiles of the risk factors distribution, and the reference values were listed to the left of the Y axis for all variables, e.g., the reference value of BMI as 18.5 kg/m?.
Adjustment factors were age, sex, GDP per capita, region, BMI, WBC, NLR, HR, UA, and PLT. BMI body mass index, CP carotid plaque, GDP gross domestic product,
NLR neutrophil to lymphocyte ratio, PLT platelet count, UA uric acid, WBC white blood cells.
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