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Abstract

High-sensitivity C-reactive protein (hsCRP), a marker of inflammation, can promote atherosclerosis and predict
cardiovascular events. However, no data are currently available about the combined effects of hsCRP and hypertension
on cardiovascular risk. This study sought to elucidate this matter. A total of 7325 consecutive patients with angina-like chest
pain undergoing coronary angiography were evaluated, and 4291 patients with stable, newly diagnosed coronary artery
disease (CAD) were enrolled. They were subdivided into three groups according to baseline hsCRP levels (<1, 1-3, and >3

mg/L) and further stratified by hypertension status. The severity of CAD was assessed by the Gensini score and number of
diseased vessels. All participants were followed for the occurrence of cardiovascular events. The coronary severity and
cardiovascular outcomes were compared among these groups. We observed 530 (12.35%) incident cardiovascular events
over 14,210 person-years. Elevated hsCRP was associated with more severe coronary lesions (p < 0.05) and an elevated but
nonsignificant increased risk of cardiovascular events (p >0.05). When hypertension was included as a stratifying factor,
both patients with high hsCRP and normal blood pressure and hypertensive patients with any level of hsCRP had more
severe coronary lesions compared with the reference group with low hsCRP and normotension. However, compared with the
reference group, the cardiovascular event risk was only significantly elevated in patients with high hsCRP and hypertension
(p <0.05). The combination of elevated hsCRP and hypertension greatly increased the cardiovascular risk in patients with
stable, newly diagnosed CAD, supporting that hsCRP could be treated as a marker for stratification in high-risk patients.
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Introduction been studied, high-sensitivity C-reactive protein (hsCRP)

has emerged as a leading biomarker for predicting cardio-

Inflammation plays an important role in the initiation and
progression of atherosclerosis [1, 2]. Along with the recent
publications of several large-scale clinical trials results [3—
6], the contribution of inflammation to cardiovascular risk
has again sparked great interest in the cardiovascular field.
Among the numerous inflammatory biomarkers that have
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vascular risk [2, 7]. Meanwhile, it has gained the most
attention for its use in screening and risk reclassification [8].

However, in the epidemiological studies examining the
correlation between hsCRP and adverse cardiovascular
outcomes, the data in various populations or different
clinical settings has been inconsistent [7, 9—13]. Moreover,
whether the measurement of hsCRP concentrations con-
sistently provides clinically meaningful elevated predictive
values regarding risk and reclassification beyond conven-
tional risk factors also remains disputed [8]. A clear con-
sensus regarding the optimal clinical use of hsCRP is
lacking, despite the publication of guidelines on the use of
hsCRP in cardiovascular risk prediction by several leading
professional organizations [8]. Thus, it is worth further
exploring how to make better and more appropriate use of
hsCRP for cardiovascular disease (CVD) risk prediction in
clinical practice.
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To date, some studies have been conducted to determine
the association between hsCRP and cardiovascular events
with the consideration of the effects of diabetes mellitus
[7, 10], cholesterol [3, 14, 15], and so on. Nevertheless, to
the best of our knowledge, excepting a report of the asso-
ciation between hsCRP and stroke stratified by hypertension
status among men [13], there have been no studies to detect
the combined effect of elevated hsCRP and hypertension on
cardiovascular risk. Therefore, we carried out this pro-
spective study in a large cohort of stable, newly diagnosed
CAD patients aiming to clarify whether there is a positive
synergistic effect between hsCRP and hypertension on
coronary severity and cardiovascular outcomes.

Methods

The data that support the findings of this study are available
from the corresponding author on reasonable request.

Study design and population

This study complied with the Declaration of Helsinki and
Title 45, US Code of Federal Regulations, Part 46, Pro-
tection of Human Subjects, Revised November 13, 2001,
effective December 13, 2001, and it was approved by the
hospital’s ethics review board (Fu Wai Hospital & National
Center for Cardiovascular Diseases, Beijing, China). Each
participant provided written, informed consent before
enrollment.

From March 2011 to September 2016, 7369 consecutive
Chinese patients undergoing coronary angiography because
of angina-like chest pain or a positive treadmill exercise test
or significant stenosis indicated by coronary computed
tomography angiography were considered for inclusion in
this study. On admission, 44 patients declined to participate.
Furthermore, based on elevated myocardial enzyme levels
(cardiac troponin I [cTnl], creatine kinase [CK], and crea-
tine kinase isoenzyme [CK-MB]), typical ECG changes,
positive findings by coronary angiography, and medical
history, 802 non-CAD patients and 2018 CAD patients who
had acute coronary syndrome, previous percutaneous cor-
onary intervention, coronary artery bypass grafting, or
myocardial infarction were excluded. Next, 184 patients
were excluded on the basis of the exclusion criteria as
described in our previous study [16, 17]: missing detailed
laboratory data; unstable hemodynamic status; uncontrolled
decompensated heart failure; infectious or systematic
inflammatory disease; severe liver or renal dysfunction; and
thyroid dysfunction or malignant disease. During the study
period, 30 patients were lost to follow-up. Therefore, a total
of 4291 subjects with stable, newly diagnosed CAD were
included in the final analysis. Patients were divided into
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Fig. 1 Flowchart illustrating the study population. CAD coronary
artery disease, ACS acute coronary syndrome, PCI percutaneous
coronary intervention, CABG coronary artery bypass grafting, HSCRP
high-sensitivity C-reactive protein

three groups according to the Centers for Disease Control
(CDC) and the American Heart Association (AHA)
recommended hsCRP cutoff points (<1, 1-3, >3 mg/L;
Fig. 1) [18] and hsCRP tertiles. Then, they were further
stratified by the presence or absence of hypertension. The
enrolled CAD patients were assigned to take optimal
medical treatment or combined percutaneous coronary
intervention/coronary artery bypass grafting and medical
treatment.

Measurements, biochemical analysis, and clinical
assessment

At the baseline, information on demographic factors, per-
sonal health habits, medication use, and medical history was
collected from each participant through a personal inter-
view. Anthropometric measurements were taken, and blood
pressure (BP, first and fifth Korotkoff sounds) was mea-
sured three times consecutively in the first 3 days using a
standard mercury sphygmomanometer by trained physi-
cians, as stated in our previous study [17]. An appropriately
sized cuff was selected after measuring each participant’s
arm circumference. Subjects needed to sit for 5 min with
their arm resting on the desk before the first measurement.
There was a 30-s rest between BP measurements. The
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average of the 2nd and 3rd BP measurements of the 3 days
was used in the final analysis.

Blood samples for the measurement of hsCRP and other
biomarkers were collected from each patient into ethylene
diamine tetraacetic acid (EDTA)-containing tubes in the
morning after at least 12 h of fasting. After centrifugation at
3000 rpm for 15 min at 4 °C, all plasma samples were stored
in our laboratory at —80 °C and were not thawed until use.
The concentrations of hsCRP were determined twice using
immunoturbidimetry (Beckmann Assay 360, Bera, Calif.,
USA), and the mean value was used in the final analysis.
Lipid profiles of total cholesterol (TC), triglycerides, low-
density lipoprotein cholesterol (LDL-C), high-density lipo-
protein cholesterol (HDL-C), etc. were measured using an
automatic biochemistry analyzer (Hitachi 7150, Tokyo,
Japan) and enzymatic assay. The other relevant biomarkers
were analyzed by standard commercial kits.

The traditional risk factors were defined as follows.
Hypertension was defined as repeated BP measurements
>140/90 mmHg or self-reported hypertension and currently
taking anti-hypertensive drugs. Diabetes Mellitus (DM) was
defined as a fasting plasma glucose level >7 mmol/L (126
mg/dL), or a 2-h plasma glucose level on the oral glucose
tolerance test 211.0 mmol/L (200 mg/dL), or a glycosylated
hemoglobin level 26.5%, or currently using hypoglycemic
medications. Body mass index was calculated as weight
(kg) divided by height (m) squared. Smoking was defined as
subjects who had smoked regularly within the previous
12 months. Statin use was defined as taking moderate-
intensity or high-intensity statins at least 3 months prior to
admission.

Evaluation of CAD severity

All subjects received coronary angiography at baseline, and
angiographic data were collected from catheter laboratory
records by three interventional cardiologists. The coronary
severity was evaluated by calculating the number of total
vessels with lesions and the Gensini score (GS) according to
our previous study [17]. The GS was calculated by
assigning a severity score to each coronary lesion according
to the degree of luminal narrowing and the importance of
the location, and the total score equaled the sum of the
severity score times the location score for all diseased
segments [19].

Follow-up

After the initial appointment, all patients were actively
followed-up at 6-month intervals through telephone com-
munications and/or face-to-face interviews after discharge
by well-trained cardiologists or nurses who were blinded to
the aim of this study. The follow-up time interval was

counted from the time of enrollment until the last traceable
hospital inpatient or outpatient record or telephone inter-
view before March 2018. The composite endpoint events
included all-cause death (death mainly caused by CVDs),
nonfatal myocardial infarction, stroke, unplanned revascu-
larization and hospitalized unstable angina. Meanwhile, to
better clarify the association between hsCRP and cardio-
vascular outcomes, the former 3 more reliable endpoint
events (hard endpoint events) were analyzed separately in
this study. All available relevant data from any reported
possible event were collected. Death of a participant was
reported by the relatives, the general practitioner, or the
specialist medical professional of the participant. Three
experienced cardiologists who were masked to the study
data classified the events independently.

Statistical analysis

Data are expressed as the means + standard deviation (SD)
or medians and interquartile ranges for continuous variables
and as proportions for categorical variables. Differences
between groups were analyzed by analysis of variance or a
nonparametric test for continuous measures and the chi-
squared or Fisher exact test for categorical variables. Linear
regression was used to estimate the independent predictors
of coronary severity as measured by GS. The collinearity
between each risk factor in the multivariate analyses was
assessed by correlation coefficients and the tolerance/var-
iance inflation factor. The event-free survival rates among
subgroups according to hsCRP levels and/or hypertension
status were estimated by the Kaplan—-Meier method and
compared by the log-rank test. Multivariate Cox propor-
tional hazard models were used to calculate hazard ratios
(HRs) for CVD events of subjects with average (1-3 mg/L)
or high (>3 mg/L) hsCRP levels compared with those with
low hsCRP levels (<1 mg/L) and for those of hypertensive
patients compared with patients with normal BP. HRs for
CVD events were also computed for patients with average
or high hsCRP levels, with or without the presence of
hypertension, compared with participants with low hsCRP
and normal BP. The analyses were initially adjusted for age
and sex in models 1 and 3; further adjustments were sub-
sequently made for current smoking, diabetes mellitus, GS,
left ventricular ejection fraction, triglyceride, LDL-C, statin
use and antihypertensive drug use in model 4. Model 2
included all the adjusted variables in model 4 plus hsCRP
categories and hypertension.

All statistical analyses were performed with SPSS ver-
sion 22.0 software (SPSS Inc., Chicago, IL). In the chi-
squared test, for comparisons between any two of the three
groups according to hsCRP levels, two tailed p values
<0.017 were considered statistically significant, while for
comparisons between any two of the six groups according
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to both hsCRP and hypertension status, two tailed p values
<0.003 were considered statistically significant. A two-
sided p value of 0.05 was considered significant for all
other tests.

Role of the funding source

The funding organizations did not participate in the design
of the study; the collection, analysis, and interpretation of
the data; or the decision to approve publication of the fin-
ished manuscript.

Results
Baseline characteristics

According to the CDC/AHA recommended hsCRP cutoff
points, the study population comprised 1520 (35.4%)
patients with low hsCRP (<1 mg/L), 1709 (39.8%) with
average hsCRP (1-3mg/L), and 1062 (24.7%) with high
hsCRP (>3 mg/L) concentrations (Fig. 1). The baseline
characteristics stratified according to hsCRP levels are
shown in Table 1. Higher baseline hsCRP levels were sig-
nificantly associated with traditional cardiovascular risk
factors such as hypertension, DM, current smoking, and
higher body mass index (all p <0.05). The fasting plasma
glucose, glycosylated hemoglobin, TC, LDL-C, triglycer-
ide, creatinine, fibrinogen, ESR (all p <0.001), and lipo-
protein (a) (p =0.021) levels were positively associated
with the hsCRP levels. Lower baseline hsCRP levels were
associated with higher left ventricular ejection fraction and
HDL-C levels and were observed in patients taking statins
(all p<0.001). The baseline characteristics stratified
according to hsCRP tertiles (<0.95, 0.95-2.29, and >2.30
mg/L) were similar to the above results.

HsCRP and coronary severity

The coronary severity was assessed in three categories
according to hsCRP levels. As shown in Fig. 2a, b, the
high hsCRP group had significantly higher log-
transformed GS and more patients with multivessel dis-
ease than any other group (all p < 0.05), while the average
hsCRP group only had higher log-transformed GS com-
pared with the low hsCRP group (p <0.01). Furthermore,
after adjusting for sex, age, hypertension, DM, current
smoking, family history of CAD, HDL-C, LDL-C,
lipoprotein (a) and creatinine (the collinearity had been
excluded between each of them), only baseline hsCRP
>3 mg/L was independently associated with GS compared
with hsCRP <1 mg/L (p = 0.023). When the subjects were
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categorized according to hsCRP tertiles, tertiles 2 and 3
had significantly higher log-transformed GS and more
patients with multivessel disease than tertile 1 (both p <
0.01). HsCRP tertile 3 had significantly more multivessel
lesions compared with tertile 2 (p <0.05), while the
increase in GS did not reach statistical significance (p >
0.05; Supplemental Fig. 1A, B). However, in the further
multivariate regression analysis, the association between
hsCRP tertile 3 and GS was attenuated (p = 0.070).

The results for the groups evaluated according to both
baseline hsCRP and hypertension status are shown in
Fig. 2c, d [HsCRP <1/—hypertension (HTN) as reference,
HsCRP 1-3/—HTN, HsCRP >3/—HTN, HsCRP <1/4+-HTN,
HsCRP 1-3/4+HTN, and HsCRP >3/+HTN]. Compared
with the reference group (HsSCRP<1/—HTN group), all the
other groups had significantly higher log-transformed GS
(p <0.05, respectively). Meanwhile, with the exception of
the HsCRP 1-3/—HTN group (p>0.05), all the other
groups (p<0.01) had significantly more patients with
multivessel disease than the reference group. After adjusting
for sex, age, DM, current smoking, family history of CAD,
HDL-C, LDL-C, lipoprotein (a) and creatinine, the HsSCRP
>3/—HTN, HsCRP <1/+HTN, HsCRP 1-3/4+HTN, and
HsCRP >3/4+HTN groups still had positive associations
with GS compared with the reference group (all p <0.05).
Similarly, compared with the reference group (HsCRP ter-
tile 1/-HTN), the HsCRP tertile 3/-HTN, HsCRP tertile 1/
+HTN, HsCRP tertile 2/+HTN and HsCRP tertile 3/+HTN
groups had higher log-transformed GS and more multi-
vessel lesions (all p<0.01; Supplemental Fig. 1C, D).
Moreover, these associations persisted after adjusting for
the covariates (all p <0.05).

HsCRP and CVD events

During 14,210 person-years of follow-up, 530 composite
endpoint events were recorded [60 died, 49 suffered non-
fatal myocardial infarction, 109 had strokes, 192 underwent
unplanned revascularization procedures (the median time
was 14.07 months; the interquartile range was
7.70-31.58 months), and 120 were hospitalized for unstable
angina], representing 37.3 events per 1000 person-years. Of
importance, nearly half (n =218, 41.1%) of them were hard
endpoint events (all-cause death, nonfatal myocardial
infarction and stroke). The patients who suffered acute
coronary syndrome and underwent revascularization pro-
cedures were assigned only once in the analysis. The inci-
dences of the corresponding composite endpoint events per
1000 person-years in the low, average, and high hsCRP
groups were 33.5 (95% CI 24.0-41.9), 38.1 (95% CI
28.9-47.1), and 43.4 (95% CI 31.2-55.7), respectively.
Meanwhile, the corresponding occurrence of hard endpoint
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Table 1 Characteristics of the study participants according to hsCRP levels at baseline
Variable HsCRP levels (mg/L) p value
Overall (n =4291) <1 (n=1520) 1-3 (n=1709) >3 (n=1062)
Age (years) 57.66£9.99 57.64 £9.60 57.50+9.84 57.94 £10.75 0.527
Male (%) 71.7 72.5 71.2 71.4 0.691
Hypertension (%) 63.2 58.7 64.9 66.9 <0.001
DM (%) 354 30.5 36.7 40.1 <0.001
Current smokers (%) 43.0 39.9 43.0 474 0.001
Revascularization (%) 62.3 60.1 63.9 62.8 0.095
BMI (kg/m?) 25.85+3.16 25.15+£2.94 26.09+3.10 26.46 +3.39 <0.001
SBP (mmHg) 127+17 127+ 16 127+17 127+18 0.638
DBP (mmHg) 78 =11 78+ 11 78+ 11 78+ 11 0.329
LVEF (%) 64.6+6.7 65.3+6.3 64.5+6.8 63.9+7.1 <0.001
FPG (mmol/L) 581x1.72 5.59+1.50 5.88+1.75 5.99+1.95 <0.001
HbAlc (%) 6.34+1.13 6.17 £1.00 6.37+1.12 6.52+1.27 <0.001
TC (mmol/L) 4.19+1.14 3.99+1.04 429+1.13 432+1.26 <0.001
HDL-C (mmol/L) 1.06 £0.29 1.10+£0.30 1.05+0.28 1.00+£0.27 <0.001
LDL-C (mmol/L) 2.54£0.95 2.40+£0.92 2.60+£0.96 2.67+0.97 <0.001
TG (mmol/L) 1.51 (1.12-2.12) 1.37 (1.02-1.97) 1.59 (1.18-2.23) 1.61 (1.18-2.17) <0.001
Lp(a) (mg/L) 149.99 134.44 149.75 174.68 0.021
(66.64-359.33) (61.65-351.50) (64.40-353.31) (80.77-395.33)
Creatinine (umol/L) 76.92+15.77 75.89 +15.23 77.32+16.01 77.76 £16.01 0.005
Fibrinogen (g/L) 3.24+0.78 2.85+0.54 3.17+0.58 3.92+0.89 <0.001
ESR (mm/h) 7 (3-14) 5 (2-8) 7 (3-13) 13 (7-23) <0.001
Medications
Baseline aspirin (%) 16.5 16.7 17.1 15.0 0.493
Baseline statins (%) 9.7 12.5 8.6 74 <0.001
Statins at follow-up (%) 94.4 94.6 94.9 93.5 0.276
Baseline ACEl/ 78.0 79.6 78.0 75.4 0.139
ARB (%)
Baseline p-blockers (%) 55.0 54.9 54.9 55.4 0.981
Baseline CCB (%) 80.5 82.8 79.4 78.8 0.074
Baseline diuretics (%) 2.5 1.8 2.7 3.1 0.213

Continuous values are summarized as mean + SD, median (interquartile range) and categorical variables as percentage

HsCRP high-sensitivity C-reactive protein, DM diabetes mellitus, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood
pressure, LVEF left ventricular ejection fraction, FPG fasting plasma glucose, HbAIc glycosylated hemoglobin, TC total cholesterol, HDL-C high-
density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, TG triglyceride, Lp(a) lipoprotein(a), ESR erythrocyte sedimentation
rate, ACEI angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers, CCB calcium channel blockers

events per 1000 person-years in the three subgroups
according to hsCRP levels from low to high were 12.2 (95%
CI 6.7-17.7), 15.0 (95% CI 9.2-20.8), and 21.1 (95% CI
12.5-29.7), respectively. Kaplan-Meier analysis with the
log-rank test (Fig. 3a) showed that participants with hsCRP
>3 mg/L had significantly lower cumulative event-free
survival rates for all endpoint events compared with those
with hsCRP <1 mg/L. (p =0.016), whereas there was no
significant difference between the average and low hsCRP
groups or between the high and average hsCRP groups
(both p>0.05). In addition, patients with hsCRP >3 mg/L

had the lowest cumulative event-free survival rate for hard
endpoint events among the three groups (p <0.05 for all
comparisons), while there was no significant difference
between the average and low hsCRP groups (p>0.05;
Fig. 3b). As shown in Fig. 3c, d, patients with hypertension
had worse cardiovascular outcomes than those with normal
BP (both p <0.05). When the participants were categorized
according to both hsCRP and hypertension status (Fig. 3e,
f), the HSCRP <1/+HTN, HsCRP 1-3/4+HTN, and HsCRP
>3/+HTN groups had significantly lower cumulative event-
free survival rates for all endpoint events compared with the

SPRINGER NATURE



1788

H.-H. Liu et al.

A * B
2 0_ I *k * = . ]
. ] 11 @ Single-vessel disease
o q 100+ Double-vessel disease
8 < @ Multi-vessel disease
g g
£ £
] O 504
- g
0 S
|
[E
> N N P
HsCRP (mg/L) HsCRP (mglL)

o
w)

2.0 *x
g T ~ 1001
S 1.5 =
(4 c
= o
c il
‘7 1.0 %‘ 501
S >3
805- 2
o o
-
0.0- T
> > é
Qb " N \?’\ 7"} N
£ & & ocs & & &£ £

S F e

Fig. 2 Coronary severity according to hsCRP levels (mg/L) or both
hsCRP levels and HTN status. a Log-transformed Gensini score
according to hsCRP levels; b Coronary lesion vessels according to
hsCRP levels; ¢ Log-transformed Gensini score according to both

reference group (HsCRP<1/—HTN group; all p<0.05).
Meanwhile, for the hard endpoint events, the HsCRP >3/
—HTN, HsCRP 1-3/+HTN, and HsCRP>3/4 HTN groups
had significantly lower cumulative event-free survival rates
compared with the reference group (HsCRP <1/—HTN
group; all p <0.05). When subjects were grouped based on
hsCRP tertiles, the results were exactly the same as above.
The tertile 3 group had a significantly lower cumulative
event-free survival rate for all endpoint events compared
with tertile 1 (p =0.011) and the lowest cumulative event-
free survival rate for hard endpoint events (all p <0.05,
Supplemental Fig. 2A, B). Furthermore, compared with the
HsCRP tertile 1/-HTN group (reference), the three groups
with hypertension had a significantly higher incidences of
all endpoint events, while the HsCRP tertile 3/-HTN, tertile
2/+ HTN and tertile 3/4+ HTN groups had significantly
higher incidences of hard endpoint events (all p <0.05,
Supplemental Fig. 2C, D).

The adjusted HRs and 95% confidence interval (CI) of
hsCRP concentrations and hypertension for CVD endpoint
events are shown in Table 2. A baseline hsCRP >3 mg/L had
a 1.30x higher risk of all CVD events occurring in the crude
model compared with the reference group (hsCRP <1 mg/L).
Additional adjustment for age and sex only slightly attenuated
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hsCRP levels and HTN status; d Coronary lesion vessels according to
both hsCRP levels and HTN status. HsCRP high-sensitivity C-reactive
protein, HTN hypertension. *Reference group; *p <0.03; **p <0.01

this association, while further adjustment for more con-
founding factors made this association disappear. Similarly, a
baseline hsCRP >3 mg/LL had a 1.71x higher risk of hard
endpoint events occurrence in the crude model compared with
the reference group, whereas this association disappeared after
adjusting for multiple confounding factors. In addition, an
average level of hsCRP (1-3 mg/L) did not increase either all
or separate hard CVD events risk significantly compared with
the reference group in any adjusted model. However, the
association between hypertension and cardiovascular out-
comes, including both all endpoint events and hard endpoint
events, persisted in all three models (all p <0.05). Further-
more, the results for the hsCRP categories stratified by
hypertension status are shown in Table 3. After adjusting for
potential confounding factors in Cox models, compared with
the reference group (HSCRP <1/—HTN group), average or
high hsCRP concentrations alone, isolated hypertension, or
the average hsCRP plus hypertension was not associated with
an elevated risk for either all or separate hard endpoint events
(p>0.05, all). Only high hsCRP (>3 mg/L) combined with
hypertension significantly increased the risk for developing
CVD events compared with the reference group, with an
adjusted HR of 1.51 (95% CI, 1.09-2.11) for all composite
endpoint events and 1.89 (95% CI, 1.10-3.27) for hard
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endpoint events. In further analysis according to hsCRP tertiles,
we observed similar results (Supplemental Tables 1 and 2).

Discussion

In this prospective study with a large cohort of stable, newly
diagnosed CAD patients who received coronary angio-
graphy, we found that clinically elevated hsCRP or hyper-
tension alone was associated with more severe coronary
lesions. Cox regression analysis indicated that high hsCRP
levels were related to an elevated but nonsignificant
increased risk for cardiovascular outcomes, while hyper-
tension was significantly correlated with the CVD
events risk. Nevertheless, when patients were categorized
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according to both hsCRP levels and hypertension status,
only patients with hypertension plus elevated hsCRP levels
had a 1.51-fold higher risk for all endpoint events and a
1.89-fold increased risk for hard endpoint events compared
with subjects with normal BP and low hsCRP levels.

For decades, there has been a broad consensus that
inflammation plays a critical role in all stages of the
atherosclerotic process, from the onset of initial lesions to
plaque progression and complications occurrence [1, 2].
Along with the publications of the results of several large-
scale clinical trials in recent 3 years [5, 6, 20], the role of
inflammation in cardiovascular risk has become a hot topic
again. There are numerous diverse markers for systemic
inflammation, but among them, hsCRP is a sensitive and
nonspecific marker with good biological stability [21].
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Table 2 Cox regression analysis
of baseline hsCRP categories
and hypertension status for

Hazards ratio (95% CI)

predicting cardiovascular
outcomes

Unadjusted model Model 1 Model 2
All endpoint events
HsCRP levels (Events/Subjects)
<1 mg/L* (162/1520) 1.00 1.00 1.00

1-3 mg/L (218/1709)
>3 mg/L (150/1062)
Hypertension

Hard endpoint events

HsCRP levels (Events/Subjects)

<1 mg/L* (59/1520)
1-3 mg/L (86/1709)
>3 mg/L (73/1062)
Hypertension

1.17 (0.95-1.43)
1.30 (1.04-1.62)°
1.46 (1.21-1.76)°

1.00

1.23 (0.88-1.71)
171 (1.21-2.41)°
1.65 (1.22-2.23)¢

1.16 (0.95-1.43)
1.29 (1.03-1.61)°
1.39 (1.15-1.68)°

1.00

1.22 (0.88-1.70)
1.68 (1.19-2.36)°
1.50 (1.11-2.04)°

1.02(0.82-1.25)
1.14(0.90-1.43)
1.31 (1.08-1.60)°

1.00

1.00 (0.71-1.42)
1.40 (0.98-2.00)
1.47 (1.06-2.02)°

Model 1, age-adjusted and sex-adjusted. Model 2 included age, sex, current smoking, diabetes mellitus,
hypertension, hsCRP categories, Gensini score, left ventricular ejection fraction, triglyceride, low-density
lipoprotein cholesterol, statin use (Yes or No) and antihypertensive drugs use (Yes or No). HsCRP high-

sensitivity C-reactive protein
Reference group

°»<0.05

‘p<0.01

Table 3 Cox regression models
in predicting cardiovascular
outcomes according to both
hsCRP levels (mg/L) and

Category (n, Events/Subjects)

Hazards ratio (95% CI)

Unadjusted model

Model 3

Model 4

hypertension status at baseline All endpoint events

HsCRP <I/-HTN® (54/627)

1.00

HsCRP 1-3/-HTN (62/599)
HsCRP >3/-HTN (38/351)
HsCRP <1/+HTN (108/893)
HsCRP 1-3/+HTN (156/1110)
HsCRP >3/4+-HTN (112/711)

Hard endpoint events

HsCRP<1/-HTN® (18/627)
HsCRP 1-3/—HTN (18/599)
HsCRP>3/—HTN (21/351)
HsCRP<1/+HTN (41/893)
HsCRP 1-3/4-HTN (68/1110)
HsCRP >3/4+-HTN (52/711)

1.19 (0.83-1.71)
1.23 (0.81-1.86)
1.46 (1.05-2.02)°
1.63 (1.19-2.22)°
1.86 (1.35-2.58)°

1.00
1.01 (0.52-1.94)
2.00 (1.06-3.79)°
1.65 (0.95-2.86)
2.05 (1.22-3.45)°
2.52 (1.47-4.30)°

1.00

1.19 (0.82-1.71)
1.22 (0.80-1.85)
1.39 (0.99-1.92)
1.56 (1.14-2.12)¢
1.78 (1.29-2.47)°

1.00

1.01 (0.53-1.94)
1.95 (1.03-3.70)°
1.49 (0.86-2.60)
1.87 (1.11-3.15)°
2.28 (1.33-3.91)°

1.00

1.05 (0.73-1.53)
1.05 (0.69-1.61)
1.30 (0.93-1.81)
1.30 (0.95-1.79)
1.51 (1.09-2.11)°

1.00

0.80 (0.40-1.59)
1.61 (0.84-3.08)
1.41 (0.81-2.46)
1.51 (0.89-2.57)
1.89 (1.10-3.27)°

Model 3, age-adjusted and sex-adjusted. Model 4, additionally adjusted for current smoking, diabetes
mellitus, Gensini score, left ventricular ejection fraction, triglyceride, low-density lipoprotein cholesterol,
statin use (Yes or No) and antihypertensive drugs use (Yes or No). HsCRP high-sensitivity C-reactive

protein, HTN hypertension
Reference group

» <0.05

‘p <0.01

Many studies have demonstrated a significant and inde-
pendent association between elevated hsCRP levels
and cardiovascular events in multiple clinical settings
[7, 12, 13, 22, 23]. Furthermore, the Canakinumab
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anti-inflammatory Thrombosis Outcomes Study (CANTOS)
randomized controlled trial provided collateral evidence for
the correlation between improvement of hsCRP levels and
risk reduction for cardiovascular outcomes [5, 6]. Therefore,
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a patient’s initial hsCRP level may prove to be a simple and
readily available biomarker that could help the emergency
care staff identify CVD patients who may be at a high risk
of cardiovascular events and could benefit from inflamma-
tion modulation therapy to reduce cardiovascular risk [24].
However, some other studies found that this association did
not always exist. Ridker et al. [9] conducted a nested
case—control study with 391 participants in the Cholesterol
and Recurrent Events (CARE) trial who subsequently
developed recurrent nonfatal myocardial infarction or a fatal
coronary event and an equal number of age-matched and
sex-matched participants who remained free of these events
during the 5-year follow-up. They found that although a
significant association of elevated C-reactive protein and
serum amyloid A with CVD events was observed among
those randomly assigned to the placebo, this risk was atte-
nuated and no longer significant among those randomized to
pravastatin. Another study of 1246 patients with angio-
graphically diagnosed CAD with a median of 2.9 years of
follow-up also showed that hsCRP lost its predictive ability
for cardiovascular events in participants receiving statin
therapy [11]. Additionally, Biasucci et al. [10] performed a
study on patients with unstable angina and found that
hsCRP was not associated with the 1-year follow-up events,
including myocardial infarction and death, in diabetic
patients. Moreover, there have been conflicting data
regarding the consistent increased value of hsCRP beyond
that of conventional risk factors for the prediction of car-
diovascular events. Some studies showed modest
improvement in predictive ability [25, 26], but others found
little or no increased value of adding hsCRP to the risk
prediction model consisting of traditional risk factors [27—
29], since the association of hsCRP with CVD may be
partly attributed to its strong correlation with traditional risk
factors [8]. As a result, although several leading organiza-
tions have published related guidelines on the use of hsCRP
in CVD risk prediction, there is a lack of consensus
regarding the appropriate clinical application of hsCRP [8].

Considering the possible impacts of traditional risk fac-
tors, many efforts have been made in the exploration of the
best use of hsCRP to predict CVD events in clinical work
[3,7, 10, 14, 15]. However, no studies have been performed
to determine the combined effects of elevated hsCRP and
hypertension on CVD prognosis, with the exception of a
recent study by Jimenez et al. [13] examining the associa-
tion between hsCRP and stroke by hypertension status.
Given the predictive role of elevated hsCRP for incident
hypertension [30] and the largest contribution of inflam-
matory markers and BP to the inverse association between
physical activity and cardiovascular events in a previous
report [31], we speculated that the combination of hsCRP
and hypertension may provide more stable and greater
predictive value for CVD risk than either one alone. Indeed,

in this study, our data showed that the cardiovascular events
risk was greatly and significantly elevated in patients with
both high hsCRP and hypertension compared with the
reference group with low hsCRP and normal BP, while
patients with either elevated hsCRP or hypertension alone
did not have a significantly increased risk for CVD events.
Moreover, compared with the reference group, the risk of
elevated hsCRP plus hypertension for all-cause death,
nonfatal myocardial infarction and stroke was more clearly
increased than for all end point events (all-cause death,
nonfatal myocardial infarction, stroke, unplanned revascu-
larization and hospitalization for unstable angina). Impor-
tantly, our study may provide novel information regarding
the interactions of inflammation and hypertension in the
prediction of cardiovascular outcomes in patients with
stable CAD.

Although our data suggested a potential association
between hsCRP and hypertension in predicting CVD out-
comes, the exact underlying mechanisms are not fully
understood. According to previous reports [13, 32], hsCRP,
as the most representative inflammatory marker, may induce
atherogenesis by activating the inflammatory cascade and
interacting with endothelial and smooth muscle cells,
leading to foam cell formation, endothelial dysfunction, and
plaque destabilization. At the same time, hypertension, as a
significant metabolic disease carrying a powerful risk for
CVD, can damage endothelial function through hemody-
namic changes, resulting in endothelial dysfunction,
increased circulating inflammatory markers and oxidative
stress, and upregulated adhesion molecule expression
[17, 33]. Their similar and overlapping effects are the key
initiators for atherosclerosis, thrombosis, and the corre-
sponding complications [1, 33]. Thus, it is obvious that
there is a close association between inflammation and
hypertension, which may contribute to the significant and
potent influence of elevated hsCRP plus hypertension on
cardiovascular events. In addition, previous studies indi-
cated that elevated hsCRP concentrations may exacerbate
the underlying proatherothrombotic environment of hyper-
tension [13], which may also partially explain the combined
effects of hsCRP and hypertension. To further clarify the
specific mechanisms, more experiments are needed in the
future.

Several limitations of this study deserve consideration.
First, inherent in the nature of any observational and pro-
spective study, our findings are subject to confounding
factors, and the baseline levels of risk factors may also
change during follow-up. However, the data in our study
were adjusted for a range of confounding factors to inves-
tigate the combined effect of elevated hsCRP and hyper-
tension on cardiovascular risk. Second, our findings are
based on one measurement of serum hsCRP, which may
not accurately reflect the status of a study participant.
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Nevertheless, hsCRP levels appear to remain stable over
time without the presence of acute infection, with within-
person variability over time similar to that of LDL-C and
systolic BP [2, 21]. Third, not all patients underwent cor-
onary computed tomography angiography; therefore, we
were not able to analyze the association of hsCRP and
hypertension with the calcified plaque burden, which is also
a good marker of CAD severity. Finally, the follow-up time
and sample size in this study needed to be longer and larger
to better examine the prognostic value of hsCRP alone or
in addition to hypertension with regard to the long-term
outcomes.

In conclusion, the present study for the first time
demonstrated that the combination of elevated hsCRP levels
and hypertension offers more predictive power for cardio-
vascular outcomes than simply using either one alone in
patients with stable, newly diagnosed CAD. This finding
may provide clinicians with new insight into the optimal
clinical use of hsCRP in cardiovascular risk prediction and
stratification because the ability to identify those with an
elevated risk for subsequent events allows for the targeting
of individuals who need increased monitoring and/or
treatment.
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