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Abstract
Background and aims  This study aimed to investigate the association between cumulative C-reactive protein (cumCPR) 
and arterial stiffness.
Methods  The cross-sectional study included 15,432 participants from the Kailuan Cohort. The participants were divided into 
four groups according to cumCRP quartiles. The average brachial–ankle pulse wave velocity (baPWV) and detective rate of 
increased arterial stiffness were compared between exposure groups. Statistical analysis was performed with multiple logistic 
regression analysis to estimate the association between cumCRP and arterial stiffness by calculating the odds ratios (ORs) 
and 95% confidence intervals (CIs). The several sensitivity analyses were performed to test the robustness of our findings.
Results  The average baPWV increased from 1425.70 cm/s of Q1 group to 1626.48 cm/s of Q4 group. And the detective 
rate of arterial stiffness increased from 44.7 to 70.1% (P < 0.001). Multiple logistic regression analysis showed that after 
adjusting the confounding factors, compared to the Q1 group, the Q4 group had 42% (adjusted OR 1.42; 95% CI 1.24–1.63) 
higher arterial stiffness risk. In addition, 10% (adjusted OR 1.10; 95% CI 1.02–1.18) arterial stiffness risk was increased per 
1 standard deviation (SD) of cumCRP after a fully adjusted regression model.
Conclusion  Higher cumCRP exposure is associated with increased arterial stiffness.
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Introduction

Arteriosclerosis is associated with increased cardiovascu-
lar events [1], and also an independent predictor of these 
events [2, 3]. Arteriosclerosis decreases arterial elasticity 
and increases arterial stiffness, which shows that the pulse 
wave velocity (PWV) increases clinically. Carotid-femoral 
PWV is frequently considered as the standard measurement 
of arterial stiffness [4]. Inflammation plays an important 
role in the genesis and development of arteriosclerosis. And 
C-reactive protein (CRP) is one of the most sensitive mark-
ers of inflammation and tissue damage [5, 6]. Furthermore, 
numerous studies have shown that CRP is an independent 
risk factor of increased PWV among populations with met-
abolic syndrome, acute coronary syndrome, hypertension, 
and severe asthma [7–12].

The association between inflammation marker CRP and 
PWV has been confirmed; however, most of the related stud-
ies only using a single CRP concentration measurement to 
explore their association. Furthermore, serum CRP can be 

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4052​0-019-01274​-8) contains 
supplementary material, which is available to authorized users.

 *	 Lixia Sun 
	 drlixiasun@sina.com

 *	 Shouling Wu 
	 drwusl@163.com

1	 Department of Emergency, Affiliated Hospital, North China 
University of Science and Technology, No. 73 Jianshe South 
Road, Lubei District, Tangshan 063000, China

2	 Department of Emergency, The Third People’s Hospital 
of Hubei Province, Wuhan, China

3	 Department of ICU, Lishui Overseas Chinese Hospital, 
Lishui, China

4	 Department of Cardiology, Kailuan Hospital, North China 
University of Science and Technology, No. 57 Xinhua Road, 
Lubei District, Tangshan 063000, China

http://orcid.org/0000-0003-3597-0341
http://crossmark.crossref.org/dialog/?doi=10.1007/s40520-019-01274-8&domain=pdf
https://doi.org/10.1007/s40520-019-01274-8


790	 Aging Clinical and Experimental Research (2020) 32:789–796

1 3

influenced by many factors, such as age, gender, race, life-
style, and infections [13, 14]. Therefore, using a single CRP 
would not accurately reflect the association between CRP 
and PWV. Cumulative C-reactive protein (cumCPR) con-
siders exposure dose and time sufficiently, and it is more 
precise than a single CRP. To the best of our knowledge, 
few studies concerning the association between cumCRP 
and brachial–ankle pulse wave velocity (baPWV). The Kai-
luan study (Trial identification: ChiCTR-TNC-11001489) 
was based on the risk factors of cardiovascular diseases in a 
functional community. The community received comprehen-
sive cardiovascular risk factor assessments including CRP 
and baPWV, which can be used to analyze the association 
between cumCRP and baPWV.

Materials and methods

Population

We collected the data from the Kailuan community in Tang-
shan, a city in northern China. This community represented 
the Chinese population from a socioeconomic perspective. 
The Kailuan study is composed of independent data set from 
the staff of Kailuan community and also is an ongoing pro-
spective cohort study which medical examination started in 
2006–2007 in Tangshan. Detailed study design and proce-
dures have been published previously [15]. Briefly, between 
2006–2007 and 2007–2010 (visit 1), there were 101,510 par-
ticipants (81,110 males and 20,400 females) were recruited 
from 11 hospitals of Kailuan community. All participants 
were then underwent repeated questionnaire assessment, 
clinical and laboratory tests every 2 years, i.e., in the years 
2008 and 2009 (visit 2), in the years 2010 and 2011 (visit 3). 
Among them, 22,622 participants underwent baPWV assess-
ment between 2010 and 2015. In our study, we excluded 
7190 participants who lack of data for any two CRP values 
of the three medical examinations. Finally, 15,432 partici-
pants included in our analysis.

The protocol for this study was performed according to 
the guidelines of the Helsinki Declaration and approved 
by the Ethics Committee of the Kailuan Medical Group, 
Kailuan Company. All of the participants provided written 
informed consent.

Epidemiological survey and anthropometric 
parameters

The epidemiological survey and anthropometric param-
eters were in accordance with the previous published arti-
cles by our research group [16]. CRP was measured by 
high-sensitivity nephelometry assay (Cias Latex CRP-H, 
Kanto Chemical, Tokyo, Japan). All blood samples were 

tested using an auto-analyzer (Hitachi 747; Hitachi, Tokyo, 
Japan) in the central laboratory of Kailuan General Hospi-
tal. The laboratory proficiency testing value was 100%, as 
assessed by the Ministry of Health in 2006–2009. The two 
other samples were tested twice a day with 2 h intervals 
and lasted for 20 days. The precision was evaluated using a 
Hitachi 7600 automatic biochemical analyzer. Smoking was 
defined as having at least one cigarette a day in the recent 
years; drinking was defined as having 100 ml/day (alcohol 
content > 50%) for more than 1 year; physical training was 
defined as having aerobic exercise (e.g., walking, jogging, 
balls, and swimming) for ≥ 3 times/week at ≥ 30 min/time.

Assessment of baPWV and ankle brachial index 
(ABI)

All the baPWV and ABI data were read from BP-203RPEIII 
Internet (Oumulong). The temperature of the examination 
room was stable at 22 °C to 25°. And smoking was not 
allowed and more than 5 min of rest was essential prior to 
the test. Age, gender, height, and weight of forehead were 
recorded. At the beginning of the measurement, the par-
ticipant stayed calm and laid horizontally, and then keep 
the blood pressure cuffs which were attached to the upper 
arm and ankle, at the same time, with the balloon sign of 
the upper arm cuff aligned with the brachial artery, and 
guaranteed the balloon sign of the leg cuff placed preaxi-
ally. The cardiechema collecting device was placed at the 
precordial region, with the electrocardiography acquisition 
device clipped to left and right wrists. The specific measure-
ment method in detail can be found in the published paper 
of our research group [17]. The test was repeated twice and 
the second readings were considered the final value. The 
larger values of the left-side and right-side baPWV and the 
smaller values of the left-side and right-side ABI were used 
for further analysis. BaPWV < 1400 cm/s was considered as 
normal and baPWV ≥ 1400 cm/s was considered as arterial 
stiffness [18]. And the reproducibility of PWV measurement 
was evaluated by professionals trained by Kailuan Research 
Kailuan General Hospital.

Assessment of cumCRP and mean arterial pressure 
(MAP)

CumCRP was calculated according to the method of 
cumulative exposure to heart rate [19] and blood pres-
sure [20]. The formula was as follows: cumCRP =​ [(CRP1 ​
+​ CR​P2​​)/2 × time1​–2] + [(C​R​P2​ +​ ​CRP3)/2 × time2–3], where 
CRP1, CRP2 and CRP3 are the first, second, and thir​d p​
hys​ical examinat​ion​s f​or ​CRP, respectively; time1–2 and 
time2–3 are the time intervals of two adjacent measure-
ments; and cumCRP is the cumulative C-reactive pro-
tein. Mean CRP (meanCRP) was calculated as follows: 
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meanCRP = (CRP1 + CRP2 + CRP3)/3, where CRP1, CRP2, 
and CRP3 are the first, second and third physical examina-
tions for CRP, respectively. MAP was calculated as follows 
[21]: MAP = (systolic pressure + 2×diastolic pressure)/3.

Statistical analysis

Participants were divided into four groups according to the 
quartile of cumCRP exposure levels. The physical exami-
nation data from 2006 to 2007, 2008 to 2009, and 2010 to 
2011 were extracted by professional workers and used in 
creating an Oracle 10.2 database (Oracle, USA). BaPWV 
data were established into a database by Epidata 3.0 (Epi-
Data Association, Denmark), and analyses were performed 
using SPSS 13.0 (IBM, USA). Data in normal distribu-
tion were presented as mean ± standard deviation (x ± s). 
Measurement data in multiple groups were compared with 
one-way ANOVA and LSD-t/Dunnett’s T test. When the 
participants lost any CRP measurement of the three exami-
nations (n = 3499), we used the average value of the other 
two results. Mean CRP was in a skewed distribution and 
logarithmically transformed. Some CRP values presented 0 
and could not be logarithmically transformed. Thus, we used 
0.05 mg/L for calculation. These values showed normal dis-
tribution after logarithmic transformation and were analyzed 
by variance. Enumeration data were presented as N (%). 
Intergroup and rate comparisons were conducted using Chi-
square test. Multivariable logistic regression analysis was 
applied to analyze the influence of different cumCRP groups 
and the increase in each standard deviation on baPWV. 
P < 0.05 was considered statistically significant. To avoid the 
influence of acute inflammation, infection, lipid-lowering 
agent, diabetes, hypertension, cardiovascular disease, and 
peripheral arterial diseases, we applied sensitivity analysis 
as follows: (i) exclusion of CRP > 10 mg/L, (ii) exclusion of 
those taking lipid-lowering agents, (iii) exclusion of those 
with hypertension, diabetes, and cardiovascular diseases 
when taking the first physical examination in 2006 and new 
onset during 2006–2010, (iv) exclusion of ABI < 0.9 and (v) 
CRP values were completed in three examinations.

Results

Participant characteristics

The participants (n = 15,432) with 61.2% male (n = 9443) 
and 38.8% female (n = 5989) had a mean age of 
51.52 ± 11.11 years at the baseline. The four groups of cum-
CRP were: Q1: cumCRP < 2.72 mg/L year; Q2: 2.72 < cum-
CRP < 5.08 mg/L year; Q3: 5.08 < cumCRP < 9.60 mg/L year; 
Q4: cumCRP3 > 9.60 mg/L year. When the cumCRP increased 
from Q1 to Q4, the age, heart rate, systolic blood pressure 

(SBP), diastolic blood pressure (DBP), MAP, Visit1_lgCRP, 
Visit2_lgCRP, Visit3_lgCRP, lgmeanCRP, body mass index 
(BMI), fasting blood glucose (FBG), TC, low-density lipopro-
tein cholesterin (LDL-C), physical training, hypertension, dia-
betes, and use of hypotensive drugs and lipid-lowering drugs 
were significant increases (P < 0.001, respectively) (Table 1). 
And we also compared the characteristics of participants 
between inclusion and exclusion population at the baseline 
(Supplementary Table 1).

The mean baPWV and corresponding incidence 
of arterial stiffness of each group

The mean baPWV values of each group were 1425.70, 
1499.54, 1557.62, and 1626.48 cm/s, respectively. From 
Q1 to Q4, the corresponding incidence of arterial stiffness 
was 44.7%, 55.5%, 61.5%, and 70.1% (P < 0.001). Results 
were the same in the male and female groups and showed 
statistical significance (P < 0.001) (Table 2).

Multivariable logistic regression analysis 
of the arterial stiffness

Using arterial stiffness as the dependent variable, cumCRP 
or cumCRP (+1SD) was the independent variable (Q1 was 
the control group) in the multivariable logistic regression 
analysis. In model 3, after adjusted for age, gender, BMI, 
LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, 
physical exercise, the OR was 1.42 (95% CI 1.24–1.63) of 
Q4. Of note, in a fully adjusted regression model, when 
the cumCRP increased per SD, the OR was 1.10 (95% CI 
1.02–1.18) (Table 3).

In addition, the baseline CRP quartiles also exhibited 
a predictive value for arterial stiffness (Supplementary 
Table 2).

Sensitivity analysis

We conducted the sensitivity analysis as follows: (i) exclu-
sion of CRP > 10 mg/L, (ii) exclusion of those taking lipid-
lowering agents, (iii) exclusion of hypertension, diabetes, 
and cardiovascular diseases when taking the first physical 
examination in 2006 and the new onset during 2006–2010, 
(iv) exclusion of ABI < 0.9, and (v) CRP values were com-
pleted in three examinations. Results were in agreement with 
those previously described (Table 4).

Discussion

Age, SBP, FBG, smoking, HDL-C, and other related fac-
tors were well established associated with arterial stiff-
ness [22–25], and inflammation played a vital role in the 
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development and progression of article stiffness. We dis-
covered that with cumCRP increased, the incidence of 
article stiffness and mean value of baPWV also increased. 

The incidence of arterial stiffness of Q1 and Q4 was 
44.7% and 70.1%, respectively. The mean value of Q1 
was 1425.70 cm/s and that of Q4 was 1626.48 cm/s. The 

Table 1   Baseline characteristics of the study population by quartile of cumCRP exposure levels

Visit_lgCRP, Visit2_lgCRP and Visit3_lgCRP were the first, second, and third physical examinations for CRP which was logarithmically trans-
formed, respectively
cumCRP cumulative C-reactive protein, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean blood pressure, BMI body mass 
index, FBG fasting blood glucose, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C level density lipoprotein cholesterol, 
Q1 quartile1 (cumCRP < 2.72 mg/L year), Q2 quartile2 (2.72£cumCRP < 5.08 mg/L year), Q3 quartile3 (5.08£ cumCRP < 9.60 mg/L year), Q4 
quartile4 (cumCRP3 9.60 mg/L year)

Variable cumCRP Total (N = 15,432) P value

Q1 (N = 3853) Q2 (N = 3863) Q3 (N = 3859) Q4 (N = 3857)

Age, years 48.19 ± 9.79 50.47 ± 10.34 52.33 ± 11.07 55.07 ± 11.97 51.52 ± 11.11 < 0.001
Men, n (%) 2231 (57.9) 2406 (62.3) 2427 (62.9) 2379 (61.7) 9443 (61.2) < 0.001
Resting heart rate, bpm 72.26 ± 10.39 72.86 ± 10.25 73.34 ± 10.20 73.69 ± 10.61 73.04 ± 10.38 < 0.001
SBP, mmHg 122.47 ± 17.26 127.26 ± 18.66 130.27 ± 18.74 133.36 ± 20.34 128.33 ± 19.20 < 0.001
DBP, mmHg 80.60 ± 10.7 82.82 ± 11.07 84.08 ± 10.74 84.61 ± 10.97 83.02 ± 10.98 < 0.001
MAP, mmHg 94.56 ± 12.22 97.63 ± 12.79 99.48 ± 12.48 100.86 ± 12.98 98.13 ± 12.84 < 0.001
Visit1_lgCRP − 0.68 ± 0.49 − 0.32 ± 0.50 − 0.06 ± 0.53 0.36 ± 0.60 − 0.17 ± 0.65 < 0.001
Visit2_lgCRP − 0.43 ± 0.33 − 0.05 ± 0.24 0.23 ± 0.26 0.61 ± 0.40 0.10 ± 0.49 < 0.001
Visit3_lgCRP − 0.47 ± 0.42 − 0.12 ± 0.42 0.06 ± 0.49 0.40 ± 0.57 0.04 ± 0.57 < 0.001
BMI, Kg/m2 23.74 ± 3.00 24.75 ± 3.13 25.48 ± 3.35 26.10 ± 3.71 25.02 ± 3.42 < 0.001
FBG, mmol/L 5.27 ± 1.19 5.44 ± 1.38 5.64 ± 1.91 5.84 ± 1.83 5.55 ± 1.62 < 0.001
TC, mmol/L 4.84 ± 1.38 5.00 ± 1.37 5.08 ± 1.89 5.17 ± 2.03 5.02 ± 1.70 < 0.001
HDL-C, mmol/L 1.56 ± 0.47 1.51 ± 0.51 1.50 ± 0.46 1.46 ± 0.61 1.51 ± 0.52 < 0.001
LDL-C, mmol/L 2.33 ± 0.74 2.50 ± 0.86 2.61 ± 0.91 2.61 ± 1.23 2.51 ± 0.96 < 0.001
Smoking (%) 1225 (31.8) 1370 (35.5) 1364 (35.3) 1327 (34.4) 5286 (34.3) 0.002
Alcohol intake (%) 840 (21.8) 938 (24.3) 946 (24.5) 867 (22.5) 3591 (23.3) 0.009
Physical exercise (%) 929 (24.1) 1079 (27.9) 1251 (32.4) 1315 (34.1) 4574 (29.6) < 0.001
Hypertension (%) 1548 (40.2) 2022 (52.3) 2304 (59.7) 2581 (66.9) 8455 (54.8) < 0.001
Diabetes (%) 265 (6.9) 396 (10.3) 541 (14.0) 746 (19.3) 1948 (12.6) < 0.001
Hyperlipidemia (%) 1202 (31.2) 1627 (42.1) 1832 (47.5) 2008 (52.1) 6669 (43.2) < 0.001
Use of antihypertensive drugs (%) 478 (12.4) 784 (20.3) 949 (24.6) 1232 (31.9) 3443 (22.3) < 0.001
Use of diabetes medication (%) 94 (2.4) 166 (4.3) 246 (6.4) 338 (8.8) 844 (5.5) < 0.001
Use of lipid-lowering drugs (%) 155 (4.0) 246 (6.4) 372 (9.6) 488 (12.7) 1261 (8.2) < 0.001

Table 2   The incidence of arterial stiffness according to the quartile of cumCRP exposure levels

Q1 quartile1, Q2 quartile2, Q3 quartile3, Q4 quartile4, cumCRP cumulative C-reactive protein, baPWV brachial–ankle pulse wave velocity

Q1 (N = 3853) Q2 (N = 3863) Q3 (N = 3859) Q4 (N = 3857) Mean baPWV, cm/s P value

Total
 Mean baPWV, cm/s 1425.70 1499.54 1557.62 1626.48 1527.35 < 0.001
 Arterial stiffness (%) 1724 (44.7) 2144 (55.5) 2372 (61.5) 2703 (70.1) 8943 (58.0) < 0.001

Men
 Mean baPWV, cm/s 1517.64 1565.67 1605.28 1676.19 1592.35 < 0.001
 Arterial stiffness (%) 1330 (59.6) 1580 (65.7) 1677 (69.1) 1848 (77.7) 6435 (68.1) < 0.001

Women
 Mean baPWV, cm/s 1299.23 1390.32 1476.86 1546.48 1424.88 < 0.001
 Arterial stiffness ( %) 394 (24.3) 564 (38.7) 695 (48.5) 855 (57.8) 2508 (41.9) < 0.001



793Aging Clinical and Experimental Research (2020) 32:789–796	

1 3

trend existed in different gender groups. These results were 
similar to an early cross-sectional study about the associa-
tion between single CRP and baPWV. The cross-sectional 
study researched the middle-aged and elderly people in 
Japan, and found that the mean baPWV in males increased 
from 1358 cm/s (hs-CRP Q1) to 1381 cm/s (hs-CRP Q4) 
(P < 0.01) and that in females also increased from 1241 to 
1266 cm/s [26].

After adjusting the confounding factors, the risk of arte-
rial stiffness in the cumCRP exposure group increased by 
1.42-fold more in Q4 than that in Q1. In addition, cumCRP 
increased per standard deviation, and the risk of arterial stiff-
ness increased by 1.10-fold. Furthermore, the risk of arte-
rial stiffness remained unchanged when cumCRP increased, 
except for those with CRP > 10 mg/L; taking lipid-lowering 
drugs; with hypertension, diabetes, and cardiovascular dis-
eases; ABI < 0.9; and lacking any one of the CRP values. 
A prospective study concluded that in rheumatoid arthri-
tis patients, the risk of arterial stiffness was high in the 
CRP ≥ 5.31 mg/L group, which is 4.84-fold higher than that 
in the CRP < 5.31 mg/L group [27].

In addition, we also found that there was association 
between the baseline CRP and arterial stiffness (Supplemen-
tary Table 2), but when baseline CRP was introduced into 
cumCRP quartiles (Table 3), no significance was observed 
in predicting arterial stiffness (OR= 1.0; 95% CI 0.99–1.02). 
Similarly, a study included 107 middle-aged males found 
that the baseline CRP has no relationship with baseline 
baPWV, and the results remained the same after 1 year of 

follow-up [28]. However, our results were contradictory 
to those of previous studies about the association between 
baseline CRP and arterial stiffness. McEniery et al. [29] 
studied 825 middle-aged males and pointed out that baseline 
CRP was both related to baseline aortic pulse wave velocity 
(aPWV) and aPWV of a 20-year follow-up. In another study 
that included 3769 Europeans which followed up 16 years, 
the baseline CRP was correlated with the aPWV of both 
genders [30]. Thus, single CRP measurement showed an 
unidentified relationship with PWV. This result might be 
because the single-time point measurement of CRP does not 
consider the long-lasting effects on the individual body. Our 
study applied the cumCRP measurement, which is made up 
of deficiencies, and might have precisely indicated the asso-
ciation between CRP exposure and arterial stiffness.

We discovered that higher cumCRP could promote the 
increase in baPWV and increase the incidence of arterial 
stiffness, and its possible pathogenesis is as follows: (1) as a 
biomarker of inflammation, CRP is related to the increased 
risk factors in cardiovascular diseases; in addition, baPWV 
is a sensitivity index of arteriosclerosis [31, 32] that could 
predict cardiovascular events [33–35]. Increased cumCRP 
expedited the baPWV, possibly by enhancing the risk fac-
tors of cardiovascular diseases. (2) CRP could suppress the 
mobilization and differentiation of endothelial progenitor 
cells (EPCs) and newly formed blood vessels by down-
regulating the expression of endothelial nitric oxide syn-
thesis. In addition, CRP could promote the apoptosis of 
endothelial cells. Endothelial cells receive no repairs for a 

Table 3   Logistic regression 
analyses for the presence of 
arterial stiffness according 
to the quartile of cumCRP 
exposure levels

Model 1: The quartile of cumCRP or cumCRP (+1SD) was the independent variable and baPWV was the 
dependent variable
Model 2: Included variables in Model 1 and adjusted for age (years) and gender
Model 3: Adjusted for Model 2 and for BMI, LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, 
and physical exercise
cumCRP cumulative C-reactive protein, Q1 quartile1, Q2 quartile2, Q3 quartile3, Q4 quartile4

cumCRP B S.E. Wald P OR 95% CI

Model 1 Q1 527.216 < 0.001
Q2 0.433 0.046 89.355 < 0.001 1.54 1.41–1.69
Q3 0.680 0.046 215.789 < 0.001 1.98 1.80–2.16
Q4 1.064 0.048 494.721 < 0.001 2.90 2.64–3.18

Model 2 Q1 153.087 < 0.001
Q2 0.272 0.052 26.796 < 0.001 1.31 1.18–1.45
Q3 0.404 0.053 57.846 < 0.001 1.50 1.35–1.66
Q4 0.669 0.055 146.318 < 0.001 1.95 1.75–2.18

Model 3 Q1 26.609 < 0.001
Q2 0.108 0.059 3.362 0.067 1.11 0.99–1.25
Q3 0.102 0.061 2.838 0.092 1.11 0.98–1.25
Q4 0.351 0.070 25.484 < 0.001 1.42 1.24–1.63
Baseline CRP 0.004 0.007 0.329 0.566 1.00 0.99–1.02
cumCRP (+1SD) 0.091 0.037 5.928 0.015 1.10 1.02–1.18
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prolonged period, which results in endothelial dysfunction 
and increases aortic stiffness [36, 37]. (3) CRP might be 
related with medial vascular calcification, which increases 
aortic stiffness and PWV [38–41]. CRP induces vascular 
endothelial injury in different ways. The damaged endothe-
lial tissues affected with inflammatory factors exhibit hyaline 
degeneration and necrosis. Elastic fiber thickening and mus-
cle fiber fracture may increase aortic stiffness. Such injury 
is a chronic pathological process, because it will take years 
for vascular sclerosis to occur.

Although we confirmed the association between cum-
CRP and baPWV among Chinese population, our analy-
sis still has some limitations. First, the study population 
showed a weak balance in both genders, which might 
have influenced the representative effect of our cohort. 
The popularity remains to be confirmed. Second, although 

we adjusted the impact of various confounding factors in 
multivariable logistic regression analysis, several fac-
tors influencing the results were remain unadjusted, such 
as the white coat effect and the environmental changes. 
Third, the absence of CRP values (n = 3499) might have 
influenced the results accordingly, but we carried out a 
sensitivity analysis, and the results of which had no effect 
on our findings. Finally, our study only confirmed the asso-
ciation between cumCRP and arterial stiffness, but did not 
specifically determine their causal relationship.

In conclusion, our study provided that further evidence 
of high cumCRP exposure is associated with increased 
arterial stiffness.
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Table 4   The sensitivity analysis: adjusted odds ratios and 95% confidence intervals for arterial stiffness according to the quartile of cumCRP 
exposure levels

The quartile of cumCRP or cumCRP (+1SD) was the independent variable and baPWV was the dependent variable
Model 1: Adjusted for age (years), gender, BMI, LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, physical exercise and further 
excluded individuals with CRP > 10 mg/L
Model 2: Adjusted for age (years), gender, BMI, LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, physical exercise, and further 
excluded individuals with anti-hyperlipidemia
Model 3: Adjusted for age (years), gender, BMI, LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, physical exercise, and further 
excluded individuals with hypertension
Model 4: Adjusted for age (years), gender, BMI, LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, physical exercise, and further 
excluded individuals with diabetes
Model 5: Adjusted for age (years), gender, BMI, LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, physical exercise, and further 
excluded individuals with cardiovascular disease
Model 6: Adjusted for age (years), gender, BMI, LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, physical exercise and further 
excluded individuals with ABI < 0.9
Model 7: Adjusted for age (years), gender, BMI, LDL-C, FBG, baseline CRP, MAP, smoking, alcohol intake, physical exercise, and further 
excluded individuals with lack of data for any CRP value of the three physical examinations
cumCRP cumulative C-reactive protein, Q1 quartile1, Q2 quartile2, Q3 quartile3, Q4 quartile4

cumCRP cumCRP (+1SD) Baseline CRP

Q1 Q2 Q3 Q4

Model 1 N = 3594 N = 3584 N = 3598 N = 3586 – –
1 (ref) 1.11 (0.98–1.25) 1.10 (0.97–1.24) 1.52 (1.30–1.76) 1.18 (1.11–1.25) 1.00 (0.97–1.04)

Model 2 N = 3549 N = 3534 N = 3545 N = 3543 – –
1 (ref) 1.10 (0.97–1.24) 1.11 (0.98–1.25) 1.44 (1.25–1.65) 1.13 (1.04–1.22) 1.01 (0.99–1.02)

Model 3 N = 1743 N = 1742 N = 1749 N = 1743 – –
1 (ref) 0.91 (0.77–1.09) 1.04 (0.87–1.24) 1.30 (1.08–1.56) 1.10 (1.02–1.18) 0.99 (0.98–1.01)

Model 4 N = 3373 N = 3370 N = 3370 N = 3371 – –
1 (ref) 1.09 (0.96–1.23) 1.11 (0.98–1.26) 1.42 (1.23–1.63) 1.08 (1.01–1.16) 1.01 (1.00–1.03)

Model 5 N = 3210 N = 3218 N = 3218 N = 3214 – –
1 (ref) 1.11 (0.98–1.26) 1.09 (0.96–1.24) 1.50 (1.30–1.73) 1.12 (1.05–1.19) 1.00 (0.99–1.02)

Model 6 N = 3752 N = 3737 N = 3755 N = 3746 – –
1 (ref) 1.12 (1.00–1.26) 1.11 (0.98–1.25) 1.41 (1.23–1.62) 1.09 (1.01–1.17) 1.01 (0.99–1.02)

Model 7 N = 2993 N = 2975 N = 2982 N = 2983 – –
1 (ref) 1.04 (0.91–1.18) 1.08 (0.95–1.23) 1.42 (1.22–1.65) 1.11 (1.03–1.20) 1.00 (0.98–1.01)
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