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Joint effect of
elevated-c-reactive protein level
and hypertension on new-onset
stroke: A nationwide prospective
cohort study of CHARLS

Xuanli Chen, Siyuan Liu, Jiadong Chu, Wei Hu, Na Sun and
Yueping Shen*

Department of Epidemiology and Biostatistics, School of Public Health, Medical College of
Soochow University, Suzhou, China

Background and aims: This study aimed to examine whether the combination
of elevated-C-reactive protein (CRP) levels and hypertension increased the risk
of stroke among middle-aged and elderly Chinese.

Methods: This analysis included 9,821 Chinese participants aged >45 years
in the China Health and Retirement Longitudinal Study (CHARLS). Data based
on three waves of CHARLS were used (2011, 2013, and 2015). Multivariable
Cox proportional hazards regression models were used to estimate hazard
ratios (HRs) with a 95% confidence interval (95%Cl) of new-onset stroke risk
according to elevated-CRP level and hypertension. Moreover, the area under
the curve (AUC), net reclassification index (NRI), and integrated discrimination
improvement (IDI) were used to evaluate the incremental predictive value.

Results: A total of 184 stroke events occurred during follow-up. The median
follow-up time was 4 years. Compared with those with normal CRP levels
(CRP < 3mg /L) and blood pressure, the adjusted HRs and 95%Cl were
1.86 (0.90-3.85) for individuals with elevated-CRP levels alone, 2.70 (1.71-
4.28) for those with hypertension alone, and 4.80 (2.83-8.12) for those with
comorbid elevated-CRP levels and hypertension. People with the coexistence
of elevated-CRP levels and hypertension had the highest risk of new-onset
stroke among all subgroup analyses. Finally, adding the combination of
elevated-CRP levels and hypertension to conventional factors significantly
improved the risk prediction for new-onset stroke.

Conclusion: Our findings indicate that the combined effect of elevated-CRP
levels and hypertension increase the risk of new-onset stroke among the
middle-aged and geriatric Chinese population.

joint effect, C-reactive protein, hypertension, stroke, China Health and Retirement
Longitudinal Study
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Introduction

As per recent statistics, stroke was the second largest cause
of death worldwide and the second most common cause of
global disability-adjusted life years (DALYs) (1, 2). According to
the Heart Disease and Stroke Statistics-—2020, there has been a
decline in stroke age-standardized mortality and DALY over the
past several decades; however, the decrease in age-standardized
incidence has been less steep (2), indicating that the burden of
stroke is likely to remain high. The same report showed that in
China (2), the stroke age-standardized incidence has increased
in China, contrary to its global decline (3). Thus, these statistics
indicate the immediate need for more effective preventive and
control measures.

Previous studies indicate that C-reactive protein (CRP)
is elevated in individuals who are at risk of developing
coronary artery disease or undergoing adverse cerebrovascular
events. This elevation can be noted many years prior to
the detection of vascular disease (4). CRP is an acute-phase
reactant and prototypic downstream marker of inflammation
and is a part of the innate immune response. It is mainly
produced in the liver under the stimulation of IL-6 (5).
Since it is an indicator of systemic inflammation, CRP may
predict the burden of atherosclerosis and has a predictive
and diagnostic role in different types of stroke, such as
ischemic stroke and fatal stroke (4, 6), but the role of
CRP in predicting hemorrhage stroke outcome was even less
clear (7). Hypertension is a well-recognized modifiable risk
factor for stroke (8-10). It affects approximately half the
Chinese population in the 35-75 years age group, as per
the China Patient-Centered Evaluative Assessment of Cardiac
Events (PEACE), and 84.2% of stroke survivors suffer from
hypertension (11, 12). Hypertension accentuates the progression
of atherosclerosis, which is the most common cause of stroke
(13). Elevated-CRP levels and hypertension may be positive
factors in the progression of atherosclerosis. Therefore, we
believe that the co-occurrence of both conditions can increase
the risk of new-onset stroke by accelerating the progression
of atherosclerosis.

Few studies have evaluated the combined effect of elevated-
CRP levels and hypertension on the risk of new-onset stroke in
the general population. Therefore, we conducted a prospective
study in 450 Chinese communities based on the China Health
and Retirement Longitudinal Study (CHARLS) to examine the

Abbreviations: CHARLS, China Health and Retirement Longitudinal Study;
AUC, area under the curve; NRI, net reclassification index; IDI, integrated
discrimination improvement; CRP, C-reactive protein; DALYs, Disability-
adjusted life years; SBP, Systolic blood pressure; DBP, Diastolic blood
pressure; ADL, Activities of Daily Living Scale; API, Annual per-capita

income.
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combined effects of elevated-CRP levels and hypertension on
stroke risk.

Patients and methods

Study design and population

The present study was ancillary to the China Health
and Retirement Longitudinal Study (CHARLS), an ongoing,
nationwide cohort study of the Chinese population aged >45
years, to assess the social, economic, and health status (14).
The sample for CHARLS was obtained from 450 communities
within 150 districts and 28 provinces through multistage
probability sampling (14), and 10,257 households participated
with 17,708 individuals in the baseline survey (15), respectively.
The CHARLS study protocol was approved by the ethics review
committee at Peking University, Beijing, China, and written
informed consent was obtained from all participants.

This study used data from 2011 to 2015, including one
baseline survey (2011-2012) and two follow-up waves (2013,
2015). We excluded individuals aged <45 years, had incomplete
information of CRP concentration and hypertension, a history
of stroke, without a history of stroke information at baseline,
and did not follow up. The final sample consisted of 9,821
individuals (Figure 1). Participants were categorized into four
groups according to CRP levels and hypertension: (a) Group
1: Normotensive individuals with normal CRP levels (CRP <3
mg/L); (b) Group 2: Normotensive individuals with elevated-
CRP levels (CRP >3 mg/L); (c) Group 3: Hypertensive
individuals with normal CRP levels; (d) Group 4: Hypertensive
individuals with elevated-CRP levels.

Note: Group 1 is non-high c-reactive protein (HCRP) and
non-hypertension with 4,462 individuals; Group 2 is HCRP and
non-hypertension with 785 individuals; Group 3 is non-HCRP
and hypertension with 3,592 individuals; Group 4 is HCRP and
hypertension with 982 individuals.

Serum elevated-CRP level assessment

The 2011-2012 national baseline blood data users’ guide
shows that CHARLS has successfully collected and analyzed
venous blood samples from a large population. The elevated-
CRP level was defined as participants as those with a high
sensitivity CRP of >3 mg/L (16). Normal CRP levels were
defined as high sensitivity CRP of <3 mg/L. The high
sensitivity CRP was measured with venous blood samples by
immunoturbidimetric assay in the Clinical Laboratory of Capital
Medical University from frozen plasma or whole blood samples.
The detection limit of high sensitivity CRP was 0.1-20 mg/L, the
within assay of high sensitivity CRP coefficient of variation was
<1.3%, and between assay was <5.7%.
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Total 17,708 individuals

Those under 45 years were excluded (N=484)

Total 17,224 individuals

Those without the information of CRP or

hypertension or stroke history were excluded
(N=7.051)

Total 10,173 individuals

Those with stroke were excluded (N=332)

Total 9.821individuals

y

A

Group 1 (refer) Group 2

Group 4

FIGURE 1
Flowchart of participant selection in CHARLS.

Hypertension assessment

The participants were defined as having hypertension when
their SBP (systolic blood pressure) was >140 mmHg and
DBP (diastolic blood pressure) was >90 mmHg. Alternatively,
participants with a self-reported history of hypertension or
participants who have used antihypertensive drugs were also
considered hypertensive (17). Normotensive participants were
defined as individuals whose SBP was <140 mmHg, DBP was
<90 mmHg, without a self-reported history of hypertension, and
without prior use of any antihypertensive drugs, all the above
standards were satisfied. Trained staff measured the participants’
blood pressure on the left arm in a sitting position after resting
for at least 10 min. The mean value of the two blood pressure
measurements was used for data analysis.

New-onset stroke and onset time of
stroke assessment

A stroke event was defined as a new-onset stroke that
occurred during the follow-up by a self-reported model (18).
The trained staff asked the participant the following survey
questions: (i) Have you been diagnosed with stroke by a doctor?
(ii) When was the condition first diagnosed/known by yourself?
If an affirmative answer is determined by the individual at
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follow-up, then the participant would be classified as having
their first stroke and the self-reported time was noted as the
onset time of stroke. Special conditions were employed to
improve the accuracy of estimation of the onset time of stroke,
as the exact time of stroke development was not available for
all participants. They were considered as follows: First, if the
participants did not develop stroke in any of the follow-up
wave surveys (the time to event was calculated as follows: the
time of the last survey—the time of baseline investigation); the
follow-up time was not available (the approximate estimated
time to event is defined as follows: the integer number years of
the time of the last survey—the time of baseline investigation).
Second, if they developed stroke (the time to event was defined
as: the time of specific wave with stroke information/2—the
time of interval wave/2 + the time of interval wave—the time
of baseline investigation); the follow-up time was not available
(the approximate time to event is defined as the integer number
years of the time of specific wave with stroke information/2—the
time of interval wave/2 + the time of interval wave—the time of
baseline investigation).

Other covariates assessments

Covariates, including age, sex, self-reported education level,
living place, annual per-capita income, self-reported smoking,
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TABLE 1 Characteristics of the study population in four groups in CHARLS.

10.3389/fpubh.2022.919506

Variables (%) All participants Group 18 Group 20 Group 3° Group 4d P-value®
N 9,821 4,462 (45.43) 785 (7.99) 3,592 (36.57) 982 (10.00)

Age (years) 58 (52-65) 56 (50-62) 58 (52-65) 60 (54-67) 62 (56-70) <0.001
Sex (male) 4,572 (46.55) 2,089 (46.82) 409 (52.10) 1,629 (45.35) 445 (45.32) 0.006
Living place (urban) 3,512 (35.76) 1,466 (32.86) 281 (35.80) 1,383 (38.50) 382 (38.90) <0.001
Education

Less than lower secondary 8,821 (89.83) 3,970 (88.97) 710 (90.45) 3,247 (90.40) 894 (91.13) 0.157
Upper secondary and vocational training 857 (8.73) 433 (9.70) 69 (8.79) 284 (7.91) 70 (7.24)

Tertiary 142 (1.45) 59 (0.60) 6 (0.06) 61 (1.70) 16 (1.63)

Annual per-capita income

Poverty 3,213 (37.97) 1,368 (35.68) 249 (37.22) 1,246 (40.21) 350 (40.75) <0.001
Low income 2,877 (34.00) 1,396 (36.41) 223 (33.33) 994 (32.07) 282 (32.83)

High income 2,371 (28.02) 1,070 (27.91) 197 (29.45) 859 (32.07) 227 (26.43)

Basic ADL (score = 0) 8,115 (83.37) 3,803 (86.12) 650 (83.55) 2,914 (81.72) 748 (76.80) <0.001
Instrumental ADL (score = 0) 7,730 (78.93) 3,656 (82.10) 612 (78.16) 2,762 (77.17) 700 (71.65) <0.001
Marital status (married) 8,593 (87.50) 4,065 (91.10) 683 (87.01) 3,038 (84.58) 807 (82.18) <0.001
Smoking 3,823 (38.94) 1,731 (38.79) 357 (45.54) 1,334 (37.15) 401 (40.88) <0.001
Drinking 3,803 (38.75) 1,704 (38.21) 316 (40.31) 1,407 (39.19) 376 (38.33) 0.635
BMI (kg/m?) 23.1 (20.8-25.8) 22.4(20.4-24.7) 22.6 (20.1-25.4) 24.0 (21.5-26.6) 27.8 (22.0-28.1) 0.028
Diabetes 657 (6.74) 172 (3.88) 44 (5.65) 326 (9.16) 115 (11.82) <0.001
Dyslipidemia 993 (10.29) 245 (5.57) 37 (4.80) 530 (15.04) 181 (18.87) <0.001
Heart disease 1,289 (13.17) 387 (8.70) 77 (9.85) 632 (17.64) 193 (19.75) <0.001
Cancer 107 (1.09) 44 (0.99) 18 (2.30) 33(0.92) 12 (1.23) 0.007
Lung disease 1,074 (10.97) 432 (9.72) 114 (14.62) 394 (10.98) 134 (13.69) <0.001
Liver disease 372 (3.81) 160 (3.60) 29 (3.72) 142 (3.98) 41 (4.19) 0.753
Kidney disease 638 (6.52) 282 (6.41) 42 (5.38) 233 (6.52) 78(7.97) 0.163
Asthma 478 (4.88) 176 (3.95) 67 (8.58) 175 (4.89) 60 (6.13) <0.001
Arthritis 3,592 (36.64) 1,574 (35.33) 274 (34.90) 1,343 (37.46) 404 (41.00) 0.004
Digestive disease 2,330 (23.76) 1,179 (26.47) 179 (22.86) 21.54 (21.54) 199 (20.31) <0.001
Memory-related disease 165 (1.68) 55(1.24) 7 (0.90) 75 (2.09) 28 (2.85) <0.001
Psychosis-related disease 137 (1.40) 64 (1.44) 8 (1.02) 56 (1.56) 9(0.92) 0.361

2Group 1 is a non-high c-reactive protein (HCRP) and non-hypertension.

Group 2 is HCRP and non-hypertension.
€Group 3 is non-HCRP and hypertension.
dGroup 4 is HCRP and hypertension.

€Pearson chi-square test or Kruskal-Wallis test or analysis of variance in multiple groups. Values were presented as n (%), median (25th—75th percentile), mean =+ SD.

and drinking status, BMI (body mass index), basic ADL
(Activities of Daily Living Scale), instrumental ADL, and self-
reported history of dyslipidemia, diabetes, high blood sugar,
heart diseases, cancer, chronic lung disease, memory-related
disease, kidney disease, liver disease, arthritis, digestive disease,
asthma, and psychiatric problems were also measured in the
baseline survey. Education level was categorized as: less than
lower secondary, upper secondary and vocational training, and
tertiary level (19). The type of living place was classified as
an urban community and a rural village. Annual per-capita
income (API) was categorized into three: poverty (<2,800%),
low-income (2,800 < API < 10,000%), and high-income (API

> 10,000%¥) (19). Smoking and drinking status were classified
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into ever or never (14). BMI was calculated by dividing the
individual’s weight by their height squared (kg/mz) (20). The
basic ADL included six items: dressing, bathing, eating, getting
out of bed, using the toilet, controlling urination, and defecation,
with a score of 0-6, wherein 0 indicated not having any difficulty
in any of the six items. The basic ADL score was classified
into good (0) or bad (>0) (21). Instrumental ADL includes
five items: performing household chores, preparing hot meals,
shopping, managing assets, and taking medications (21). The
value range of basic ADL is 0-6 [good (0) or bad (>0)], wherein
0 indicated not having any difficulty in any of the five items.
The self-reported history of specific diseases included general
diseases, except for tumors or cancer. The term self-reported
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TABLE 2 The joint association of elevated-CRP levels and hypertension with new-onset stroke in CHARLS.

New-onset stroke Group 1
Cases [1 (%)] 36/4,462(0.81)
Unadjusted 1 (ref)
Model 1* 1 (ref)
Model 2° 1 (ref)
Model 3¢ 1 (ref)

Group 2

11/785 (1.40)
1.83 (0.93-3.60)
2.03 (1.01-4.05)
1.79 (0.87-3.68)
1.86 (0.90-3.85)

Group 3 Group 4

95/3,592 (2.64) 42/982 (4.28)

5.87 (3.76-9.16)

3.43(2.34-5.03 (
3.23(2.11-4.93 5.70 (3.51-9.25)
(
(

)
)
2.98 (1.91-4.65) 5.34 (3.20-8.92)
2.70 (1.71-4.28) 4.80 (2.83-8.12)

Group 1 is normal CRP levels and non-hypertension; Group 2 is elevated-CRP levels and non-hypertension; Group 3 is normal.
CRP levels and hypertension; Group 4 is elevated-CRP levels and hypertension. Values were presented as hazard ratios (95% confidence interval).

#Model 1: adjusted for age, sex, annual per-capita income, living place, and education level.

YModel 2: model 1 with smoking status, drinking status, BMI, basic ADL, and instrumental ADL.
“Model 3: model 2 with dyslipidemia, diabetes/high blood sugar, heart problems, cancer, chronic lung disease, memory-related disease, kidney disease, liver disease, arthritis, digestive

disease, asthma, and psychiatric problems.

history of cancer recorded detailed information about cancer or
tumor (18).

Statistical methods

Median (lower quartile-high quartile), mean and standard
deviation (mean £ SD), and frequency (percentage) were used
for the description of continuous and categorical variables,
respectively. The difference between categorical variables was
evaluated by the Pearson Chi-squared test, and differences
between continuous variables by the Kruskal-Wallis test or
analysis of variance were used for the four groups. Kaplan—
Meier curves and the log-rank test were used to compare
the cumulative risk of events according to elevated-CRP levels
and hypertension. Multivariable Cox proportional hazards
regression was used to estimating hazard ratios (HRs) and
95% confidence intervals (95%CI) between the exposure of
elevated-CRP levels, hypertension, and new-onset of stroke.
The Cox model met the proportional assumption (P =
0.9218). The area under the curve (AUC), net reclassification
index (NRI), and integrated discrimination improvement (IDI)
were used to evaluate the incremental predictive value. The
adjustment for confounding factors included demographic
characteristics, lifestyle factors, and chronic disease variables.
We also performed a series of sensitivity analyses to check
the robustness of findings, including the other definition
of hypertension; individuals develop hypertension during
follow-up; different stage hypertension (22). The subgroup
analyses were performed to evaluate the combined effect of
elevated-CRP levels and hypertension on new-onset stroke,
considering age, sex, living place, and BMI. The statistical
data analysis software package SAS 9.4 (SAS Institute Inc.,
Cary, North Carolina, USA) was used for all the data
analyses. The statistical significance level was set as 0.05
(two-tailed).
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Results

Characteristics of the participants

Baseline characteristics of the study population of different
groups are depicted in Table I. The final sample consisted
of 9,821 participants during the 4-year follow-up and the
prevalence of new-onset stroke was 1.87% (N = 184). Compared
with the coexistence of low CRP and non-hypertension,
the prevalence of high CRP levels along with simultaneous
hypertension was noted to be more common among females
at baseline. Furthermore, individuals with high CRP and
simultaneous hypertension were older, smokers, living in urban
localities, had lower income, poorer basic ADL scores and
instrumental ADL scores, poor marital status, and a higher
BMI. The prevalence of nearly all chronic diseases (except
liver, kidney, and psychosis-related diseases) showed significant
differences among the four groups (all P < 0.05).

Individuals of new-onset stroke risks in
the different model

In the cohort, 4,462 (45.4%) had both normal CRP levels and
non-hypertension, 785 (8.0%) had elevated-CRP levels alone,
3,592 (36.6%) had hypertension alone, and 982 (10.0%) had
both the two conditions. After the 4-year follow-up, the number
of strokes in the four groups were 36 (0.81%), 11 (1.40%), 93
(2.64%), and 42 (4.28%) (Table 2), respectively. The Kaplan-
Meier plot of stroke according to the elevated-CRP levels and
hypertension showed the cumulative incidence rates of new-
onset stroke. The survival distributions of the four groups are
significantly different (Log-rank test P < 0.001); individuals
with elevated-CRP levels and hypertension (group 4) possessed
a higher risk of new-onset stroke compared to those in the
other groups (Figure 2). In the unadjusted model, compared
with those in group 1, individuals in group 3 (HR = 3.43, 95%
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FIGURE 2
Kaplan—Meier survival curves for the stroke in four groups in CHARLS.

CI: 2.34-5.03) and group 4 (HR = 5.87, 95% CI: 3.76-9.16) had
significantly higher risks of new-onset stroke after adjusting for
age, sex, annual per-capita income, living place, and education
level (model 1). The participants in group 2 (HR = 2.03, 95% CI:
1.01-4.05), group 3 (HR = 3.23, 95% CI: 2.11-4.93), and group
4 (HR = 5.70, 95% CI: 3.51-9.25) had a significantly higher risk
of developing stroke. Following further adjustments for smoking
status, drinking status, BMI, basic ADL, and instrumental ADL
(model 2), [group 2 (HR = 1.79, 95% CI: 0.87-3.68), group
3 (HR = 2.98, 95% CI: 1.91-4.65), and group 4 (HR = 5.34,
95% CI: 3.20-8.92)]. After adjustment for various confounders
(model 3), the close associations persisted [group 2 (HR =
1.86, 95% CI: 0.90-3.85), group 3 (HR = 2.70, 95% CI: 1.71-
4.28), group 4 (HR = 4.80, 95% CI: 2.83-8.12)]. There was no
significant association between elevated-CRP levels and non-
hypertension on the risk of new-onset stroke in the unadjusted
model, model 2, and model 3 (Table 2). In addition, compared
to those with normal CRP levels, individuals with elevated-
CRP levels had significantly higher risks of new-onset stroke
in all models (Supplementary Table S2). Furthermore, those
with hypertension had significantly higher risks of new-onset
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stroke in all models, compared to those without hypertension
(Supplementary Table S3).

Sensitivity, subgroup, and the prediction
ability analysis

We conducted a series of sensitivity analyses, there was a
robust combined effect of elevated-CRP levels and hypertension
(Supplementary Tables S4-S8). The
subgroup analyses demonstrated that individuals with elevated-

on new-onset stroke
CRP levels and hypertension have the highest risk of new-onset
stroke after adjusting for demographic characteristics, lifestyle
factors, and chronic diseases; the risk was especially high in
individuals <60 years old (HR = 10.26, 95% CI: 4.55-23.14),
men (HR = 4.90, 95% CI: 2.40-9.99), those who lived in the
urban areas (HR = 5.08, 95% CI: 2.14-12.08), and those with
BMI under 24 kg/m?(HR = 4.71, 95% CI: 2.38-9.31). This joint
effect remains in the specific analysis (Figure 3).

Compared with the conventional model (AUC = 0.7388),
after elevated-CRP levels and hypertension are added to the
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conventional model, the discrimination and risk reclassification
ability can be significantly improved. The value of AUC was
0.7636, the value of NRI was 0.3499 (P < 0.0001), and the value
of IDI was 0.0052 (P = 0.0026) for those with elevated-CRP
levels and hypertension (Supplementary Table S9).

Discussion

In a nationwide prospective cohort study, we found
that the combined elevated-CRP levels and hypertension
conferred a higher risk for future stroke than each component
individually among the middle-aged and geriatric Chinese
population, and the combined effect was independent of
demographic characteristics, lifestyle factors, chronic diseases,
and medication history.

Hypertension is one of the strongest risk factors for stroke
worldwide (23, 24). Recent evidence focuses on the relationship
between elevated-CRP levels and ischemic stroke (25), fatal
stroke (26), non-fatal stroke (27), and transient ischemic attack
(28). However, a few studies on the relationship between CRP
and hemorrhagic stroke indicate that elevated-CRP levels are not
associated with hemorrhagic stroke (7). In addition, there were
inconsistent results in overall stroke (27, 29). Based on these
studies, we conducted our study to assess the combined effect
of elevated-CRP levels and hypertension on the overall risk of
stroke in the middle-aged and geriatric Chinese population.

Our study is one of the studies that support the evidence that
the combined effect of elevated-CRP levels and hypertension can
potentially increase the risk of stroke in the middle-aged and
geriatric Chinese population. Several explanations have been
put forward to explain the possible underlying mechanisms.
Hypertension may promote inflammation of the blood vessels
by increasing mechanical stress on arterial walls (30) and normal
CRP levels could be prevented against hypertension in animal
models and humans (31, 32). There are many mechanisms
by which CRP levels may increase BP by regulating many
molecules released from endothelial cells. The co-occurrence
of both may mutually promote, finally, increasing the risk
of stroke by elevating blood pressure. Previous studies have
shown that the burden due to stroke can be attributed to
modifiable atherosclerotic risk factors. CRP may predict the
burden of atherosclerosis, since it is a systemic marker of
inflammation, and is also aggravated by high blood pressure
(33). The latter is well-known as the pathological finding of
cerebrovascular diseases (34). A study showing elevated-CRP
levels was associated with cerebral micro-bleeding in both lobar
and deep locations (35). The elevated-CRP levels may promote
thrombotic events by inducing monocytes to express tissue
factors for IS (36), additionally, the small arteries seem prone
to hypertension-induced vascular injury (37). Therefore, we
believe that the co-occurrence of CRP levels elevation and
hypertension can accelerate the progression of atherosclerosis
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and cerebral vascular injury than the separation of both
performed. However, further MRI evidence is needed to verify
this in future studies. In addition to this, hypertension can
independently trigger the different stages of atherogenesis,
which rely on oxidative stress, endothelial dysfunction, and
inflammation (33). Therefore, hypertension is a powerful trigger
for vascular inflammation, and CRP provides a synergistic effect,
leading to an increase in the risk of stroke among individuals.

The current study has shown that CRP concentration
is as consistent within individuals as the total cholesterol
concentration and systolic blood pressure over several years
(25). This stable existence of CRP concentration rather than
transient makes it possible to measure accurate value. Previous
studies showed that there were inconsistent results in overall
stroke (27, 29). The subgroup analyses proved that individuals
with elevated-CRP levels and hypertension have the risk
of new cases of stroke in all subgroups. Other groups of
populations have a higher risk of stroke: those who were male,
aged <60 years, lived in the urban, or with BMI under 24
kg/m?. Population-based studies have demonstrated that age-
adjusted stroke incidence rates were higher in men than in
women worldwide (10). It has been reported that exposure
to endogenous estrogen protects premenopausal women from
stroke (38). Furthermore, people <60 years and who lived in
urban areas were more likely to experience psychological distress
as a result of work, poor sleep quality, and specific dietary
factors, which could also be associated with a greater risk of
stroke (39-41). Those overweight or with obesity may have
a protective effect on recurrent stroke events among patients
with stroke (42); it can partly explain the low relative risk of
stroke in individuals with elevated-CRP levels, hypertension,
and obesity. Thus, our study will contribute toward better
prevention of stroke.

Over the past several decades, stroke has become a leading
cause of mortality and disability worldwide and there are
substantial economic costs for post-stroke care, and 13.8%
of participants with hypertension have elevated-CRP levels in
CHARLS (20). However, previous studies were limited to using
elevated-CRP levels as a predictor of IS, not overall stroke.
The association of high CRP and hypertension with stroke sub-
type (hemorrhage and infarction) will be further investigated
in future studies. Our study demonstrates that screening and
monitoring individuals with high CRP levels and hypertension
using easy-access tools can be effective in the prevention of
stroke. Several non-drug and pharmacological blood-pressure-
lowering therapies can reduce CRP levels, unfortunately, the
proportion of patients who regularly take antihypertensive
drugs is 30.1% (12). It may result in limited clinical
applicability. In community screening, clinicians can require
careful monitoring of C-reactive protein and blood pressure to
screen high-risk populations and provide accurate prevention
and control, such as improving their lifestyles, or to comply with
drug therapies.
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FIGURE 3
Subgroup analyses of the association of elevated-CRP levels and hypertension with new-onset stroke in CHARLS. (A) Subgroup analyses
according to age. (B) Subgroup analyses according to sex. (C) Subgroup analyses according to residence. (D) Subgroup analyses according to
BMI.

However, this study had certain limitations. First, the cut-
off value of the CRP concentrations is a key point, but the
elevated-CRP levels did not have a single criterion because
the cut-off value used in this present study is often used
in other studies (4, 43, 44). Hypertension in this study
was defined as a single entity including both treated and
untreated patients. We conducted a sensitivity analysis to
investigate the association of elevated-CRP levels and untreated
hypertension with new-onset stroke after excluding those with
antihypertensive treatment (Supplementary Table S8); there
was a robust combined effect of elevated-CRP levels and
hypertension on stroke. Second, information on stroke is
generally self-reported, which increases the risk of information
bias, but good reliability has been proven between self-reported
stroke and stroke diagnosed by a doctor (45, 46). Moreover,
two sensitivity analysis of different definitions of hypertension
was also performed (Supplementary Tables S4, S8). Third, some
individuals were excluded due to incomplete information on
CRP concentration and hypertension on the baseline. This
may induce a selection bias. Most of these characteristics
were significantly different (P < 0.05) due to the large
sample size, but the differences were not large from a clinical
perspective (Supplementary Table S1). Moreover, we adjusted
for these potential influencing factors in our multivariate
analysis. Fourth, considering that the differences in the AUC
between adding elevated-CRP levels and hypertension to the
conventional model were relatively small. It may result in limited
clinical applicability. Finally, there were some missing values
for various covariates, but the proportion was <5%, which may
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not have prevented the discovery of the associations in the
multivariable analysis.

In conclusion, our study results showed that the combined
effect of elevated-CRP levels and hypertension can increase
the risk of stroke among the middle-aged and geriatric
Chinese and interventions

population, corresponding

may be worthwhile for Therefore,
future studies are needed to evaluate the predictive ability

of elevated-CRP levels and hypertension on new-onset

stroke prevention.

stroke with a longer duration of follow-up; furthermore,
the degree of changes in atherosclerosis due to elevated-
CRP levels and hypertension needs to be assessed to verify
our hypothesis.
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