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Objective: To investigate the relationship between high-sensitivity C-reactive protein (hs-CRP) and the longitudinal changes in
arterial Arteriosclerosis over time.

Methods: Using a prospective cohort study design, 25,336 participants from the Kailuan study cohort, who had completed at least
two baPWV measurements and met the inclusion criteria, included in the analysis. Participants were divided into three groups based
on baseline hs-CRP levels: hs-CRP<1 mg/L, 1 mg/L<hs-CRP<3 mg/L, and hs-CRP >3 mg/L. The relationship between hs-CRP and
the longitudinal changes in baPWV was analyzed using a linear mixed-effects model.

Results: (1) The average follow-up duration was 4.62 + 2.86 years. At the end of the follow-up, the baPWV of the three groups:hs-
CRP <1 mg/L (n=11,651), 1 mg/L < hs-CRP < 3 mg/L (n=9,369), and hs-CRP > 3 mg/L (n=4,316) increased over time. The average
rate of increase in baPWV was 84.26 cm/s, 88.06 cm/s, and 73.92 cm/s, respectively. (2) The linear mixed-effects model analysis of
factors affecting the progression of Arteriosclerosis, after adjusting for confounding factors, showed that compared to the hsCRP_1
group, the baPWV increase rate in the hsCRP_2 and hsCRP_3 groups was progressively higher. The effect Estimate were 14.4 cm/s
(95% CI 6.54 to 22.34, P<0.001) and 40.67 cm/s (95% CI 5.28 to 51.02, P<0.001), respectively. Stratifying by gender showed that the
impact was more pronounced in males, with effect Estimate of 20.56 cm/s (95% CI 6.18 to 8.45, P<0.001) and 43.06 cm/s (95% CI
27.82 to 58.31, P<0.001), respectively. Sensitivity analysis confirmed that this longitudinal association was more pronounced.
Conclusion: There is a significant “dose-response” relationship between hs-CRP and the longitudinal progression of Arteriosclerosis,
with a more pronounced effect observed in the male population.

Keywords: high-sensitivity C-reactive protein, ankle-brachial pulse wave velocity, arteriosclerosis, linear mixed-effects model

Introduction

Arteriosclerosis is an important feature of vascular aging,' and it is not only a critical pathological foundation for
cardiovascular diseases but has also been confirmed by several studies as an effective predictor of newly developed
diabetes,” malignant tumors,® heart failure,* cardiovascular events,’ and all-cause mortality.® The European Society of
Hypertension/European Society of Cardiology (ESH/ESC) guidelines for hypertension management have included
Arteriosclerosis detection as a key indicator for assessing target organ damage.” The progression of Arteriosclerosis is

Journal of Inflammation Research 2025:18 13255-13264 13255
Received: 14 June 2025 © 2025 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Accepted: 13 September 2025
Published: 24 September 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0005-3997-0025
http://orcid.org/0009-0004-1967-1530
http://orcid.org/0000-0001-7095-6022
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Li et al

a chronic and gradual process. Clinically, non-invasive methods, such as carotid-femoral pulse wave velocity (cfPWV)
and baPWV, are commonly used to measure large artery stiffness, reflecting the degree of large artery hardening. The rate
of Arteriosclerosis progression is related to traditional risk factors, such as aging and blood pressure.® Furthermore,
epidemiological evidence has shown that the level of inflammation in the body is closely related to the development of
Arteriosclerosis.” "' Previous studies on inflammation and Arteriosclerosis have primarily been cross-sectional.'*™'®
which do not accurately explain the causal relationship between inflammation and the progression of Arteriosclerosis.
Although several large prospective cohort studies have confirmed a positive correlation between inflammation levels and

long-term pulse wave velocity (PWV),172

these studies often lack baseline and repeated PWV measurements, making it
impossible to accurately quantify the relationship between inflammation and the longitudinal changes in PWV over time.

C-reactive protein (CRP) is one of the biomarkers of inflammation that can reflect the level of inflammation in the
body,?® while baPWV is a classic indicator of arterial stiffness. Currently, there are no large-sample cohort studies that
explore the relationship between hs-CRP and repeated measurements of baPWV. To investigate the relationship between
the two, this study utilized data from the Kailuan cohort study®’ (Registration number: ChiCTR-TNC-11001489) to

explore the longitudinal relationship between hs-CRP and the time-dependent changes in baPWV.

Methods
Study Population and Design

Data Source

The data were collected from the Kailuan General Hospital and its 11 affiliated hospitals, where health check-ups were
conducted for both active and retired employees of the Kailuan Group from 2006 to 2007. Subsequently, the second to
ninth rounds of health check-ups were carried out from 2008 to 2023. Starting in 2010, baPWV measurements were
taken during the third to ninth health check-ups for certain populations. The study aimed to explore the relationship
between baseline hs-CRP and arterial stiffness over time. Therefore, individuals who participated in at least two baPWV
measurements were selected as the study subjects. Following the Declaration of Helsinki, the Kailuan study was
approved by the Kailuan General Hospital’s ethics committee (No. 200605). Written informed consent was obtained
from all participants.

Inclusion and Exclusion Criteria
Inclusion Criteria: (1) Participants from the Kailuan study population; (2) No cognitive impairment and able to complete
the questionnaires; (3) Participants who have undergone health check-ups and completed at least two baPWV measure-
ments during the same period; (4) Individuals who agreed to participate and signed the informed consent form.
Exclusion Criteria: (1) Participants who completed more than two baPWV measurements but had missing baseline
data or hs-CRP values; (2) Individuals with physical disabilities that prevent them from undergoing the tests; (3)
Participants with atrial fibrillation or lower limb venous thrombosis; (4) Individuals who did not consent to participate
in the study.

Data Collection and Definition

The investigators and examination doctors in this study are fixed personnel who have undergone unified training. They
strictly follow the unified standards established by the Kailuan study for conducting questionnaires and various tests. The
questionnaire survey is administered by specially trained investigators who conduct face-to-face interviews with
participants, filling out the content carefully. The survey includes demographic data, occupational status, behavioral
habits (sleep, smoking, alcohol consumption, physical exercise, and diet), medical history, and family history. Physical
examinations collect data on systolic blood pressure (SBP) and diastolic blood pressure (DBP), resting heart rate (RHR),
height, weight, and waist circumference (WC). Body mass index (BMI) was determined as weight (kg) divided by height
(m) squared. The mean arterial pressure (MAP) is calculated as: MAP=DBP+ (SBP-DBP) /3. Smoking is defined as
smoking at least one cigarette per day on average over the past year, for at least one year. Alcohol consumption is defined
as drinking at least 100 mL of white liquor (with an alcohol content of over 50%) per day on average over the past year,
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for at least one year. Physical exercise is defined as aerobic activities such as walking, jogging, or ball sports for at least
90 minutes per week.

baPWYV Measurement

In the Kailuan study, baPWV was assessed by a BP-203 RPE III networked arterial stiffness detection device
manufactured by Omron Health Medical (Omron, Dalian, China) Co., Ltd., with data directly read via network
connection. The temperature of the examination room is maintained between 22°C and 25°C. Prior to measurement,
participants are instructed not to smoke and to rest for at least 5 minutes. The participant’s age, gender, height, and
weight are recorded before the examination. At the start of the test, the participant remains calm, lies flat without
a pillow, and positions their palms facing up with arms resting at their sides. Blood pressure cuffs are applied to both the
upper arms and the ankles. The cuff’s airbag marker is aligned with the brachial artery on the upper arm, with the lower
edge of the cuff placed 2-3 cm above the elbow crease. For the lower limbs, the cuff’s airbag marker is positioned on the
inner side of the ankle, with the lower edge of the cuff placed 1-2 cm above the inner ankle. The electrocardiogram
(ECG) electrodes are connected to the limbs, and one phonocardiogram (PCG) sensor is placed at the V4 position of the
chest leads for the ECG. All four cuffs inflate and deflate simultaneously, and both ECG and PCG are monitored. Each
participant undergoes two measurements, with the second measurement being used for the final result. The larger of the
baPWYV values from the left and right sides is taken for analysis in this study.

Laboratory-Related Tests

All study participants were required to fast for at least 8 hours. Blood samples (5 mL) were collected from the antecubital
vein between 7:00 AM and 9:00 AM. The samples were analyzed within 4 hours for total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), fasting blood glucose
(FBG), and hs-CRP. Serum hs-CRP levels were measured using the immunoturbidimetric method. From 2006 to 2009,
the Ministry of Health’s proficiency testing (Laboratory Proficiency Testing, PT) results for hs-CRP analysis in our
laboratory were consistently 100%. Additionally, for each experimental sample, two measurements were conducted daily
with a minimum interval of 2 hours, over a span of 20 days, to evaluate measurement precision. The results showed that
the intra-assay coefficient of variation (CV) was 6.53%, the inter-assay CV was 4.78%, the intra-day CV was 6.61%, and
the total CV was 9.37%. Blood glucose levels were measured using the hexokinase method, with reagents provided by
Zhongsheng Beikong Biotechnology (Zhongsheng Beikong, Beijing, china) Co., Ltd., The CV for this method was less
than 2%. All analyses were performed using a Hitachi 7600 automatic biochemical analyzer (Hitachi, Tokyo, Japan).

Follow-Up
The follow-up period began with the first measurement of baPWV conducted after the third health check-up in
2010-2011. The follow-up ended at the conclusion of the ninth health check-up in 2023.

Statistical Analysis
Health check-up data were entered by specially trained personnel at each hospital and uploaded to the Kailuan General
Hospital’s computer room server via the network, forming an Oracle 10.2 database (Oracle Corporation, Redwood,
USA). Statistical analysis was performed using SAS 9.4 software. Normally distributed continuous data are described
using the mean and standard deviation (SD), compared with the one- way ANOVA. Skewed continuous data are
summarized by the median and interquartile range, compared with the Wilcoxon rank-sum test. Categorical variables
are described as frequencies and percentages, compared with the y2 test. A linear mixed-effects model was used to
analyze the longitudinal effect of different baseline hs-CRP levels on the progression of baPWV over time, along with the
95% confidence intervals (Cls). Two multifactorial adjustment models were constructed: Model 1, controlled for age,
gender and Follow-up time; Model 2, controlled for age, gender, Follow-up time, MAP, LDL-C, HDL-C, TC, TG, FBG,
RHR, BMI, and lifestyle factors (smoking, alcohol intake, physical activity).

Sensitivity analysis: To mitigate the potential confounding effects of acute-phase inflammation (hsCRP>10mg/L),
cancer patients, and the use of antihypertensive, lipid-lowering, or glucose-lowering medications on hs-CRP levels,
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individuals with these conditions were excluded from a subsequent analysis. A bilateral P<(0.05 was deemed statistically
significant.

Result

Baseline Characteristics
A total of 30,021 subjects underwent at least two baPWV measurements. Baseline data were derived from the most
recent health examination conducted before the first baPWV measurement. After excluding 3,949 participants with
missing baseline hs-CRP or other health examination data, and 736 participants with ABI < 0.9 or ABI > 1.4, a total of
25,336 participants were included in the statistical analysis. Among them, 16,532 were male (65.25%) and 8,804 were
female (34.75%). To ensure the robustness of the results, this study further excluded 3,445 participants with hs-CRP >
10 mg/L, those taking antihypertensive, hypoglycemic, or lipid-lowering medications, and those with tumors.
Consequently, a sensitivity analysis was performed on the final cohort of 21,891 participants (Figure 1).

The mean interval between the first and final baPWV measurements was 4.62 + 2.86 years. Based on baseline hs-CRP
levels, participants were categorized into three groups: hs-CRP < 1 mg/L, 1 mg/L < hs-CRP < 3 mg/L, and hs-CRP >
3 mg/L.*® As baseline hs-CRP levels increased, the following parameters also showed an upward trend: baPWV, age,

30,021 participants with at least two baPWV measurement from
January 2010 to December 2023

Excluded (n=3,949)
with missing baseline hs-CRP or health check-up data

v

26,072 participants with complete data on hs-CRP and baPWV

Excluded (n="736)
with ABI < 0.90or ABI > 14

v

25,336 participants met the inclusion criteria, and these data were

utilized to examine the longitudinal relationship between hs-CRP
and temporal changes in baPWV

Excluded (n=3,421)
with hs-CRP >10 mg/L, cancer, taking antihypertensive

\ 4

lipid-lowering and glucose-lowering medications

v

21,915 participants were included in the sensitivity analysis

Figure | Flowchart of the study participants.
Abbreviations: baPWYV, brachial-ankle pulse wave velocity; ABI, ankle-brachial Index.

13258 ‘s Journal of Inflammation Research 2025:18



Li et al

MAP, SBP, DBP, FBG, LDL-C, BMI, RHR, WC, the proportion of participants using antihypertensive and antidiabetic
medications, and tobacco exposure. Conversely, HDL-C levels gradually decreased. All differences were statistically
significant (P < 0.05; Table 1).

Progression of baPWYV in the Study Population

Among the 25,336 study participants included in the statistical analysis, the average baPWV values at the second
measurement for the groups with hs-CRP < 1 mg/L, 1 mg/L < hs-CRP < 3 mg/L, and hs-CRP > 3 mg/L were 1525.31,
1576.08, and 1624.84 cm/s, respectively. The differences between the groups were statistically significant (P < 0.05). The
average increase in baPWV for each group was 84.26, 88.06, and 73.92 cm/s, respectively, and the inter-group
comparisons were also statistically significant (P < 0.05) (Table 2).

Linear Mixed-Effects Model Analysis of Factors Affecting Longitudinal Changes in
baPWV

Using the hsCRP_1 group as the reference group, Model 1 adjusted for age, gender, and Follow-up time. The results
showed that the baPWV increase rate in the hsCRP_2 and hsCRP_3 groups was significantly higher than the control
group, with effect Estimate of 27.29 cm/s (95% CI: 22.79 to 31.78, P<0.001) and 63.63 cm/s (95% CI: 57.80 to 69.45,
P<0.001), respectively. Model 2 further adjusted for MAP, lipid profiles (LDL-C, HDL-C, TC, TG), FBG, RHR, BMI,
and lifestyle factors (smoking, alcohol intake, physical activity). The effect Estimate for hsCRP_2 and hsCRP_3 groups
decreased but remained significantly different, with effect Estimate of 14.44 cm/s (95% CI: 6.54 to 22.34, P<0.001) and
40.67 cm/s (95% CI: 5.28 to 51.02, P<0.001), respectively. Subgroup analysis after stratification by gender showed
significant gender differences in the effect of hsCRP on baPWYV progression, with men exhibiting a significantly faster

Table 1 Comparison of Baseline Characteristics Among Different hs-CRP Groups

Characteristics hs-CRP<Img/L | Img/L<hs-CRP<3mg/L | hs-CRP>3mg/L FIX? P-value
Participants, n 11651 9369 4316

baPWV/, cm/s 1441.05£31.53 1488.02+326.93% 1550.92+355.02* ® | 185.76 | <0.001
Age, years 46.88+12.10 48.13£12.88 49.53x13.10% ° 75.31 <0.001
Male, n (%) 7340 (63.00%) 6318 (67.44%) * 2874 (66.59%) * 49.18 | <0.001
MAP, mmHg 96.30+12.49 98.18+12.23% 100.16%12.86™ ® 159.04 | <0.001
SBP, mmHg 128.50£18.63 131.21+£18.34* 134.35£19.58% ° 159.83 | <0.001
DBP, mmHg 80.20+11.00 81.66+10.90* 83.07+11.35*° 114.09 | <0.001
FBG, mmol/L 5.49+1.70 5.70+2.24* 6.08+2.86 © 121.85 | <0.001
TC (mmol/L) 4.83+1.55 5.08+1.32* 499%1.75* ° 76.17 | <0.001
LDL_C, mmol/L 2.70+0.83 2.87+0.90* 2.88+1.02* 125.44 | <0.001
HDL_C, mmol/L 1.52+0.62 1.45+0.68” 1.40£0.47* ® 67.88 | <0.001
TG, mmol/L 1.16 (0.80, 1.74) | 1.35(0.91,2.11) ® 1.53(1.02, 2.49) > ® | 696.09 | <0.001
BMI, kg/m? 24.25+3.29 25.38+3.37° 26.26+3.77% ° 604.63 | <0.001
RHR, beats/min 74371111 74.79+10.93 76.26%11.15% ° 35.50 | <0.001
WC, cm 86.27+9.99 87.62+9.77% 87.98+10.31> ® 13.42 | <0.001
Current smoker, n (%) 3251(32.97) 2983(36.95) * 1326(37.01) * 3749 | <0.001
Current drinker, n (%) 3434 (39.57) 3071 (45.97) * 1398 (44.74) *° 69.21 <0.001
Physical activity, n (%) 640 (15.14) 549 (17.14) 235 (15.82) 5.44 0.068
Use of antihypertensive medication, n (%) | 833 (7.62) 979 (11.33) * 611 (15.70) > ® 217.02 | <0.001
Use of antidiabetic med -ication, n (%) 299 (2.73) 286 (3.31) * 204 (5.25) * 55.86 | <0.001
Use of lipid-lowering me 7 (0.12) 4 ©.11)* 0 10.70 | 0.030
-dication, n (%)

Notes: *Compared with the hs-CRP<Img/L group with a P <0.05. "Compared with the Img/L<hs-CRP<3mg/L group with a P <0.05.

Abbreviations: baPWV, first measurement of brachial-ankle pulse wave velocity; Age, The age of the study participants when entering the cohort; MAP, mean
arterial pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; BMI, Body Mass Index; RHR, resting heart rate; WC, waist circumference.
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Table 2 Progression of baPWYV in Different hs-CRP Group Populations

Characteristics | hs-CRP<Img/L | Img/L<hs-CRP<3mg/L | hs-CRP>3mg/L F P-value
Participants, n 11,651 9369 4316

baPWV, cm/s 1441.05+316.53 1488.024+326.93* 1550.92+355.02> ° | 185.76 | <0.001
baPWV,, cm/s 1525.31+355.73 1576.08+368.25% 1624.84£369.90* ° | 131.27 | <0.001
PWV_4 84.26+236.47 88.06+247.21° 73.924267.67* ° 491 0.0l
Follow-up, year 4.63+2.93 4.62+2.82 4.56+2.73 0.90 0.41

Notes: *Compared with the hs-CRP<Img/L group with a P <0.05. "Compared with the Img/L<hs-CRP<3mg/L group with a P
<0.05.

Abbreviations: baPWV,, Last measurement of brachial-ankle pulse wave velocity; PWV_d, the difference between the first and
last baPWV measurements during the follow-up period; Follow-up, the time from the participant’s entry into the cohort to the
completion of the final baPWV measurement; other abbreviations are as in Table |.

baPWYV progression compared to women. The results suggest that the effect of hsCRP on arterial stiffness differs by
gender (Table 3).

Sensitivity Analysis

To ensure the accuracy of the research results, we excluded other factors that might affect hs-CRP levels, including acute-
phase inflammation (hs-CRP > 10 mg/L), cancer patients, and individuals taking antihypertensive, lipid-lowering, and
antidiabetic medications, and re-analyzed the data. The results showed that as the hs-CRP levels increased, the rate of
increase in baPWV significantly accelerated. In Model 1, the effect Estimate for the hsCRP_2 and hsCRP_3 groups were
24.23 cm/s (95% CI: 19.84 to 28.62, P<0.001) and 57.18 cm/s (95% CI: 51.06 to 63.31, P<0.001), respectively. In Model
2, the effect Estimate for the hsCRP_2 and hsCRP_3 groups were 15.98 cm/s (95% CI: 18.30 to 23.65, P<0.001) and
45.28 cm/s (95% CI: 34.38 to 56.19, P<0.001), respectively. The sensitivity analysis further confirmed that higher hs-
CRP levels were significantly positively correlated with the accelerated increase in baPWV (Table 4).

Discussion
This study followed 25,336 participants for an average interval of 4.62 + 2.86 years and found a positive correlation
between hs-CRP levels and the progression of arterial stiffness. Notably, this effect exhibited gender differences, with
a more pronounced impact observed in the male population.

First, this study found a positive association between hs-CRP levels and baPWV at baseline. After an average
observation period of 4.62 years, the rates of increase in baPWYV differed among the hs-CRP groups. In the low-to-
medium hs-CRP groups, baPWYV increased from 84.26 cm/s in the hsCRP_1 group to 88.06 cm/s in the hsCRP_2 group.

Table 3 Analysis of Factors Influencing Longitudinal Changes in baPWYV Using a Linear Mixed-Effects Model

Total (n=25,336) Male (n=16,532) Female (n=8804)

Effect Estimate (95% CIl) | P-value | Effect Estimate (95% Cl) | P-value | Effect Estimate (95% Cl) | P-value
Model |
hsCRP_I Ref. Ref. Ref.
hsCRP_2 27.29 (22.79-31.78) <0.001 22.29(16.37-28.21) <0.001 24.09(17.26-30.92) <0.001
hsCRP_3 63.63 (57.80-69.45) <0.001 54.28(46.66-61.92) <0.001 69.67(60.77-78.56) <0.001
Model 2
hsCRP_| Ref. Ref. Ref.
hsCRP_2 14.44 (6.54-22.34) <0.001 20.56(6.18-8.45) <0.001 8.01(—2.26-18.28) 0.127
hsCRP_3 40.67(5.28-51.02) <0.001 43.06(27.82-58.31) <0.001 39.67(25.64-53.67) <0.001

Notes: hs-CRP_| represent the hs-CRP < | mg/L group, hs-CRP_2 represent the | mg/L < hs-CRP < 3 mg/L group, and hs-CRP_3 represent the hs-CRP > 3 mg/L
group. Model | was adjusted for age (continuous), gender (male or female) and Follow-up time (continuous); Model 2 was adjusted for age (continuous), gender
(male or female), follow-up time (continuous), MAP (continuous), LDL-C (continuous), HDL-C (continuous), TC (continuous), TG (continuous), FBG (continuous),
RHR (continuous), BMI (continuous), current smoking (yes or no), current drinking (yes or no), physical activity (active or inactive).

Abbreviation: Cl, confidential intervals.
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Table 4 Sensitivity Analysis Result

Total (n=21,915) Male (n=14,223) Female (n=7692)
Effect Estimate (95% CI) | P-value | Effect Estimate (95% CIl) | P-value | Effect Estimate (95% CI) | P-value

Model |

hsCRP_I Ref. Ref. Ref.

hsCRP_2 24.23 (19.84-28.62) <0.001 19.46 (13.53-25.38) <0.001 23.72 (17.27-30.17) <0.001
hsCRP_3 57.18 (51.06-63.31) <0.001 52.92 (44.73-61.11) <0.001 58.15 (49.07-67.23) <0.001
Model 2

hsCRP_I Ref. Ref. Ref.

hsCRP_2 15.98 (8.30-23.65) <0.001 18.12 (6.07-30.17) 0.0032 11.30 (1.49-21.11) 0.024
hsCRP_3 45.28 (34.38-56.19) <0.001 57.24 (40.90-73.58) <0.001 33.45 (18.9047.99) <0.001

Notes: Model | was adjusted for age (continuous), gender (male or female) and Follow-up time (continuous); Model 2 was adjusted for age (continuous), gender
(male or female), follow-up time (continuous), MAP (continuous), LDL-C (continuous), HDL-C (continuous), TC (continuous), TG (continuous), FBG (continuous),
RHR (continuous), BMI (continuous),current smoking (yes or no), current drinking (yes or no), physical activity (active or inactive); other note are as in Table 3.
Abbreviation: Cl, confidential intervals.

In contrast, the increase moderated in the higher-level hsCRP_3 group, reaching only 73.92 cm/s. Our team’s previous
research?® found that in individuals with normal arterial stiffness, elevated hs-CRP concentrations were not only
associated with faster baPWV at baseline but also showed a significant positive association with the rate of increase in
baPWYV over time. A similar phenomenon was observed in the Rotterdam study,*® where among middle-aged and elderly
individuals aged 55 and over with higher arterial stiffness, the rate of increase in cfPWV tended to moderate as CRP
levels increased across tertiles. Given that the average arterial stiffness in all hs-CRP subgroups of our study population
was already high at baseline (baPWV > 1400 cm/s),>" Thus, we consider that the impact of hs-CRP on the progression of
atherosclerosis may exhibit a “ceiling effect” meaning that when atherosclerosis reaches a certain stage, the influence of
inflammation plateaus.

This study not only confirms the longitudinal association between hs-CRP and the progression of Arteriosclerosis but
also quantifies the impact of varying inflammation levels on the rate of progression. The linear mixed-effects model
analysis, after adjusting for age, gender, follow-up time, MAP, lipid parameters (LDL-C, HDL-C, TC, TG), FBG, HR,
BMI and lifestyle factors (smoking, alcohol intake, physical activity), showed that compared to the hsCRP 1 group, the
baPWYV in the hsCRP_2 and hsCRP_3 groups increased by 14.44cm/s (95% CI: 6.54 to 22.34) and 40.67 cm/s (95% CI:
5.28 to 51.02), respectively. Previous findings from the Caerphilly*® Prospective Cohort Study have shown that in older
adults, baseline CRP levels are independently associated with the progression of aortic pulse wave velocity (aPWV) over
a 20-year follow-up, as demonstrated by multivariable linear regression analysis (5: 0.35, P = 0.002). Furthermore, the
acceleration of aPWV was strongly associated with cumulative CRP exposure. Similarly, the Malmo Diet and Cancer
cohort study®' from Sweden found that in a middle-aged population with an average age of 55.97 years, baseline CRP
levels, categorized by quartiles, were associated with changes in cfPWV after a median follow-up of 16.9 years.
Specifically, the cfPWV in the Q1 and Q4 groups were 9.96 m/s vs 10.37 m/s (P < 0.001). These findings support the
existence of a “dose-response” relationship between hs-CRP and the longitudinal progression of Arteriosclerosis.

The subgroup analysis stratified by gender further reveals that hs-CRP has a more significant impact on the male
population. Compared to the hsCRP_1 group, the baPWV in the hsCRP_2 and hsCRP_3 groups increased by 20.56 cm/s
(95% CI: 6.18 to 8.45) and 43.06 cm/s (95% CI: 27.82 to 58.31), respectively. In contrast, the Whitehall II study?* found
that in a cohort of 3,769 European middle-aged individuals, after 16 years of observation, each doubling of baseline CRP
concentration was associated with an increase in aPWV of 130 cm/s in men and 140 cm/s in women. Similarly, the
ALSPAC study®® found that in a cohort of Caucasian adolescents with an average age of 17.7 years, after 7 years of
follow-up, hs-CRP levels were independently positively correlated with cfPWV progression only in the female popula-
tion (f =0.083, P < 0.001). One potential reason for the gender differences observed is that, compared to men, women
have higher baseline hs-CRP concentrations, whereas in this study, the hs-CRP levels were higher in the male population.
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These findings suggest that the effect of hs-CRP on the progression of Arteriosclerosis varies by gender across different
populations.

hs-CRP, as a nonspecific inflammatory marker, is highly susceptible to interference from various factors. To reduce
the risk of bias in the study’s results, acute-phase inflammation (hs-CRP > 10 mg/L), cancer patients, and individuals
taking antihypertensive, lipid-lowering, or antidiabetic medications were excluded from the analysis. Sensitivity analysis
showed a more significant positive correlation between hs-CRP levels and the progression of Arteriosclerosis.
Furthermore, baseline data revealed a clustering trend of other traditional risk factors, such as MAP, FBG, BMI and
LDL-C, as hs-CRP levels increased. However, after model correction, hs-CRP levels still showed a statistically
significant association with the progression of Arteriosclerosis. Several studies using different surrogate indicators of
Arteriosclerosis have also confirmed the relationship between CRP and the progression of Arteriosclerosis. A study by
Swamynathan et al** found that, after a 10-year follow-up of a population with an average age of 59 years, baseline CRP
levels were negatively correlated with the rate of dilation of both the ascending and descending aorta over time.
Additionally, a study in Rotterdam® discovered that, in a healthy middle-aged and elderly population, hs-CRP levels
were positively associated with the risk of developing isolated systolic hypertension as a result of Arteriosclerosis. For
each standard deviation increase in hs-CRP, the risk of isolated systolic hypertension increased by 19%. These findings,
along with the results from sensitivity analysis, further support a significant longitudinal association between hs-CRP and
the progression of Arteriosclerosis.

The current understanding suggests that CRP may contribute to the development of Arteriosclerosis through the
following mechanisms: (1) CRP directly inhibits the expression of endothelial nitric oxide synthase (eNOS). Cytokines,
such as tumor necrosis factor-a and interleukin-1, produced during inflammation, suppress the activation of eNOS by
receptor-dependent agonists, thereby increasing the expression of inducible nitric oxide synthase, which further impairs
eNOS activity. (2) Additionally, reactive oxygen species (ROS) generated during inflammation further consume nitric
oxide (NO), collectively leading to a reduction in NO bioactivity, decreased vascular dilation, and accelerated progres-

sion of Arteriosclerosis.>?33

(3) Prolonged inflammation leads to the activation of matrix metalloproteinases on
endothelial and smooth muscle cells by ROS, which degrade tissue inhibitors of metalloproteinases, resulting in elastin
degradation and smooth muscle cell proliferation. This impairs the cross-linking of collagen and elastin, ultimately

increasing collagen content and promoting Arteriosclerosis.** >’

Strengths and Limitations

This study is a large-sample cohort study that, while confirming the relationship between hs-CRP and the longitudinal
changes in arterial stiffness over time, also presents several limitations. (1) The cohort study grouped participants based
on their baseline hs-CRP levels at the start of the follow-up, without considering the dynamic changes in hs-CRP levels
during the follow-up period and their potential impact on baPWV. Additionally, given that hs-CRP assays were
conducted across multiple laboratories with varying reference ranges, this methodological heterogeneity may introduce
potential confounding effects on the results.

(2) The study had a relatively short average follow-up time, and given the multitude of factors influencing arterial
stiffness, not all potential confounders were included in the statistical analysis, which could affect the accuracy of the
results. However, the use of a more robust linear mixed-effects model for analyzing the impact of hs-CRP on baPWV
further mitigated the influence of confounding factors. (3) The study utilized baPWV as a surrogate marker for arterial
stiffness, rather than cfPWYV, which is recognized as the gold standard for arterial stiffness by the European Society of
Hypertension and the European Society of Cardiology.>® However, baPWV demonstrates a good correlation with cfPWV
and is more widely used in Asian populations. (4) The study predominantly involved male participants, which may limit
the generalizability of the results to other populations. Nevertheless, gender analysis was conducted, and the results
revealed a significant association between hs-CRP and the progression of arterial stiffness in both men and women.

Conclusion
This study demonstrates that elevated hs-CRP levels exhibit a significant dose-response relationship with the longitudinal
progression of arterial stiffness in a general Northern Chinese population, with a more pronounced association observed
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among males. However, when arterial stiffness reaches a higher level, the magnitude of hs-CRP’s influence may exhibit
a “ceiling effect”.
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