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Abstract

Increased levels of the inflammatory biomarker high-sensitivity C-reactive protein (hs-CRP) are associated with increased risk
of cardiovascular disease. However, ideal cardiovascular health indicates lower risk of cardiovascular disease. This study
aimed to investigate the effect of ideal cardiovascular health behaviors and health factors on hs-CRP levels among a
hypertensive population. From 2006 to 2007, a cross-sectional study was conducted to survey 41,476 hypertensive subjects
among the employees of Kailuan Corporation. Data from unified questionnaires and blood biochemical examinations were
collected. The effects of ideal cardiovascular health behaviors and health factors on hs-CRP levels were evaluated through
multivariate logistic regression analysis. A negative correlation was observed between hs-CRP levels and the number of
ideal cardiovascular health metrics. The mean hs-CRP levels of subjects with zero to one, two, three, and four to six ideal
cardiovascular health metrics were 1.11, 0.96, 0.90, and 0.80 mg/L, respectively (P,0.01). Multivariate logistic regression
analysis revealed that after adjustment for sex, age, triglyceride, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, and other risk factors, the risks for subjects with two, three, and four to six ideal health metrics with
serum hs-CRP .3 mg/L were lower than those with zero to one ideal health metrics, with corresponding odd ratios of 0.86
(95%CI: 0.79–0.93, P,0.01), 0.76 (95%CI: 0.69–0.83, P,0.01), and 0.68 (95%CI: 0.64–0.75, P,0.01), respectively. This finding
suggests that ideal cardiovascular health behaviors and health factors were related to decreased hs-CRP levels in a
hypertensive population.

Clinical Trial Registration: Unique identifier: ChiCTR-TNC-11001489.

Citation: Xue H, Wang J, Hou J, Zhu H, Gao J, et al. (2013) Association of Ideal Cardiovascular Metrics and Serum High-Sensitivity C-Reactive Protein in
Hypertensive Population. PLoS ONE 8(12): e81597. doi:10.1371/journal.pone.0081597

Editor: Nick Ashton, The University of Manchester, United Kingdom

Received May 23, 2013; Accepted October 15, 2013; Published December 11, 2013

Copyright: � 2013 Xue et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: The authors have no support or funding to report.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: drwusl@163.com (SW); cyundai@medmail.com.cn (YC); wyt301@yeah.net (YW)

. These authors contributed equally to this work.

Introduction

Cardiovascular disease (CVD) is the leading cause of death in

China. Hypertension is the most important risk factor for CVD.

According to recent epidemiological data, the rising prevalence of

hypertension in China has reached approximately 200 million

people, which means that one fifth of adults currently suffer from

hypertension in China [1]. Numerous studies have confirmed that

hypertension is closely connected to lifestyle, which is directly

correlated with the risk of CVD. In 2010, the American Heart

Association defined and quantified ideal cardiovascular health

behaviors and health factors, and set a health strategic goal of ‘‘By

2020, to reduce 20% of the deaths from cardiac cerebrovascular

diseases by improving Americans’cardiovascular health behavior

factors’’ [2]. Studies showed that high-sensitivity C-reactive

protein (hs-CRP) acts as an inflammatory marker, is associated

with increasing cardiovascular risks, and plays an important role in

hypertension and atherosclerosis [3,4]. Furthermore, adverse

cardiovascular health metrics and clinical factors, such as obesity

[5], unhealthy diet [6], lack of physical activity [7], smoking,

dyslipidemia, diabetes, and hypertension, are associated with

higher hs-CRP levels [8,9]. However, no scientific report currently

exists regarding the association between the number of ideal

cardiovascular health behaviors and factors and chronic inflam-

matory levels among hypertensive populations. Thus, this study

aimed to investigate the effect of ideal cardiovascular health

behaviors and health factors on hs-CRP levels among a

hypertensive population in the Kailuan study.

Materials and Methods

Subjects
From July 2006 to October 2007, a total of 101,510 working

and retired employees of the Kailuan Corporation underwent the

first-time physical examinations at the Kailuan General Hospital

and its 10 affiliated hospitals: Kailuan Lindsey Hospital, Kailuan

Zhaogezhuang Hospital, Kailuan Tang Village Hospital, Kailuan

Fangezhuang Hospital, Kailuan Lujiatuo Hospital, Kailuan
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Jinggezhuang Hospital, Kailuan Linnancang Hospital, Kailuan

Qianjiaying Hospital, Kailuan Majiagou Hospital, and Kailuan

Hospital Branch.

Blood pressure at the subject’s left upper arm in the sitting

position was measured by professional doctors with a standardized

mercury sphygmomanometer after at least 5 min rest. Two

readings each of systolic blood pressure (SBP) and diastolic blood

pressure (DBP) were taken at a 5-min interval. The average of the

two readings was used for data analysis. Hypertension was defined

according to the 7th edition report of the USA Joint National

Committee on Prevention, Detection, Evaluation and Treatment

of Hypertension [10]: as SBP $140 mmHg and/or DBP

$90 mmHg on average of two measurements or by current

antihypertensive treatment. A total of 44,653 hypertensive patients

were recruited into this study. Patients with the following criteria

were excluded: (1) incomplete data related to the study; (2) serum

hs-CRP.10 mg/L (Previous study has shown that hs-CRP level of

.10 mg/L often represents acute inflammations. So, subjects with

hs-CRP level of .10 mg/L were excluded in our study) [11]; (3)

infectious diseases, cancer, hematological diseases, severe liver

disease, cardiac or renal failures, or autoimmune diseases; (4)

secondary arterial hypertension; (5) immunomodulator use in the

past 3 months; and (6) recent surgical and traumatic history. From

the above, a total of 3,076 (6.9%) subjects were excluded from this

study. A sum of 41,577 subjects was finally recruited as the study

population. The cross-section study was conducted according to

the guidelines of Helsinki Declaration and approved by the Ethics

Committee of the Kailuan General Hospital. All participants

signed informed consent forms. All participants were of Han

nationality.

Data Collection
A detailed medical history was obtained from all subjects by

questionnaire assessment as previously described [12–13], includ-

ing family history of hypertension, diabetes mellitus, coronary

heart disease and stroke. The following conventional cardiovas-

cular risk factors were also recorded: alcohol intake, smoking

status, salt intake data, physical activity, and body mass index

(BMI). BMI was calculated by using the formula of weight (kg)/

height (m2).

Biochemical Variables Determination
Blood samples were collected in tubes containing EDTA after

an overnight fast, and were centrifuged at 3000 g for 10 min

(centrifuge radius of 17 cm) at room temperature to isolate plasma.

The supernatant serum was measured within 4 hours. Fasting

blood glucose (FBG) was measured by hexokinase/glucose-6-

phosphate dehydrogenase method. High-density lipoprotein cho-

lesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),

total cholesterol and triglyceride were measured enzymatically

(inter-assay coefficient of variation ,10%; Mind Bioengineering

Co. Ltd, Shanghai, China). All biochemical variables were

measured by using an automatic biochemical analyzer (Hitachi

747; Hitachi, Tokyo, Japan) at the central laboratory of the

Kailuan General Hospital.

Determination of Plasma hs-CRP Levels
The plasma hs-CRP concentrations were determined using a

commercial, high-sensitivity particle-enhanced immunonephelo-

metry assay (Cias Latex CRP-H, Kanto Chemical Co. Inc, Tokyo,

Japan) with the detection limit of 0.1 mg/L. The intra-assay and

inter-assay variability of hs-CRP were 6.53% and 4.78%,

respectively.

Ideal Health Cardiovascular Health Behaviors and Health
Factors

The exercise definition was slightly different from the AHA

definition (the ideal value defined by the AHA is $30 minutes

each time, $5 times each week). Ideal cardiovascular health

behaviors were defined as follows: (1) no-smoking; (2) body mass

index (BMI) ,25 kg/m2; (3) physical exercise: $30 minutes each

time, $3 times each week; and (4) salt intake: low-salt diet (salt

intake is less than 6 g/d). Ideal cardiovascular health factorswere

defined as follows: (1) untreated total serum cholesterol ,200 mg/

dl, (2) untreated blood pressure: systolic pressure ,120 mmHg

and diastolic pressure ,80 mmHg, and (3) untreated fasting blood

glucose ,6.1 mmol/L.

Statistical Analysis
All statistical analysis was conducted by using SPSS 13.0.

Continuous variables were described by means 6 standard

deviations and the comparisons between two groups were tested

by t-tests or non-parametric tests based on distributional

properties. Categorical variables were described by percentages

and the comparison between two groups was conducted via chi-

square (x2) test. Hs-CRP level were presented as median (with

interquartile range), because it was not normally distributed. Hs-

CRP level of 3 mg/L was chosen as the threshold value. And, the

hs-CRP.3 mg/L and hs-CRP#3 mg/L were used as a dichot-

omous variable to analyze the effects of ideal cardiovascular health

behaviors and health factors on plasma hs-CRP levels by using

binary logistic regression. Two-sided P-values,0.05 was consid-

ered to be statistically significant.

Results

Characteristics of Hypertensive Patients
According to our previous study, patients were divided into two

groups, namely, hs-CRP.3 mg/L group and hs-CRP#3 mg/L

group [10]. Compared with the hs-CRP.3 mg/L group, the hs-

CRP#3 mg/L group was generally younger and had significantly

lower proportions of females to males, smoking history, and intake

of lipid-lowering drugs, and higher proportions of ideal body mass

index (BMI), ideal total cholesterol levels, ideal physical activity,

and ideal fasting blood glucose (all P,0.01) (Table 1).

Comparison of Serum hs-CRP Levels among Different
Groups of Ideal Cardiovascular Health Metrics

Participants were divided into four groups according to the

number of ideal cardiovascular health behaviors and health

factors. Subjects with zero or one ideal health behaviors and

health factors were classified as metrics 0 to 1, subjects with two

ideal health behaviors and health factors were classified as metrics

2, subjects with three ideal health behaviors and health factors

were classified as metrics 3, and subjects with four, five, or six ideal

health behaviors and health factors were classified as metrics 4 to

6. The median hs-CRP levels the four groups as following: 1.11

(0.46–2.90) mg/L (0–1 metrics), 0.96 (0.40–2.20) mg/L (2 met-

rics), 0.90 (0.35–2.12) mg/L (3 metrics), and 0.80 (0.30–2.01) mg/

L (4–6 metrics), respectively (P,0.01), which were negatively

correlated to the number of ideal cardiovascular health metrics.

Similar correlation was observed by gender, with the median hs-

CRP levels 1.08 (0.42–2.70) mg/L (0–1 metrics), 0.90 (0.37–

2.07) mg/L (2 metrics), 0.87 (0.33–2.01) mg/L (3 metrics) and

0.79 (0.30–1.95) mg/L (4–6 metrics) in male, and 2.30 (0.89–

5.40) mg/L (0–1 metrics), 1.20 (0.50–2.90) mg/L (2 metrics), 1.25
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(0.51–2.90) mg/L (3 metrics) and 0.99 (0.34–2.37) mg/L (4–6

metrics) in female (all P,0.01), respectively (Fig. 1A–1C).

Effect of Ideal Cardiovascular Health Behaviors and
Health Factors on Serum hs-CRP Levels

In logistic model, hs-CRP levels (#3 mg/L = 0 and .3 mg/

L = 1) as a dichotomous variable were defined as dependent

variables. The numbers of ideal cardiovascular health behaviors

and health factors were defined as independent variables (metrics 0

to 1, metrics 2, metrics 3, and metrics 4 to 6; metrics 0 to 1 was set

as the control). Multivariate logistic regression analysis confirmed

the aforementioned negative correlation that the risk of serum hs-

CRP level of .3 mg/L remarkably declined with the increase in

the number of ideal health metrics and health factors. After

adjustment for gender, age, triglycerides, low-density lipoprotein

cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-

C), and other risk factors, the risks for subjects with two, three, and

four to six ideal health metrics with serum hs-CRP .3 mg/L were

lower than those in the control group (0–1 metrics), with

corresponding odd ratios of 0.86 (95%CI: 0.79–0.93, P,0.01) (2

metrics), 0.76 (95%CI: 0.69–0.83, P,0.01) (3 metrics), and 0.68

(95%CI: 0.64–0.75, P,0.01 (4–6 metrics), respectively (Table 2).

Discussion

This study was the first to investigate the relations between ideal

cardiovascular health behaviors and health factors and hs-CRP

levels among hypertensive population. In this cross-sectional study,

we found that the number of cardiovascular health behaviors and

health factors was negatively associated with hs-CRP levels in

hypertensive patients.

Previous population-based cross-sectional study confirmed that

CRP levels gradually increase with increasing number of

metabolic syndrome components (defined by the updated

NCEP-ATPIII for Asian-Americans) [14]. This result was

Table 1. The baseline Characteristics of the hypertensive population.

hs-CRP#3 mg/L hs-CRP.3 mg/L F/x2 Value P Value

Gender Female (%) 4634 (13.8) 1508 (19.3) 151.41 ,0.01

Age (Year) 54.7611.3 58.6611.1 227.04 ,0.01

Non-smoking n (%) 19794 (59.0) 13767 (41.0) 53.25 ,0.01

Ideal BMI n (%) 10027 (29.8) 1994 (25.5) 58.12 ,0.01

Ideal diet n (%) 3109 (9.3) 593 (8.4) 7.55 ,0.01

Ideal physical activity n (%) 6372 (19) 1242 (17.6) 7.20 ,0.01

Ideal TC n (%) 17566 (52.2) 3626 (46.3) 88.69 ,0.01

Ideal blood glucose n (%) 26028 (77.4) 5253 (67.1) 262.20 ,0.01

LDL-C (mmol/L) 2.5060.84 2.2061.32 19.37 ,0.01

HDL-C (mmol/L) 1.5760.41 1.5660.43 1.57 .0.1

TG (mmol/L) 1.8761.49 1.9361.48 23.25 ,0.01

SBP (mmHg) 147.8617.7 149.4618.4 26.76 ,0.01

DBP (mmHg) 92.7610.3 92.1610.8 4.56 .0.1

Lipid-lowering drugs n (%) 518 (1.5) 166 (2.1) 24.07 ,0.01

Drinking n (%) 19715 (58.7) 4582 (64.4) 78.88 ,0.01

Note: Continuous variables were presented as mean 6 standard deviation (SD), and dichotomous variables as numbers and percentages. BMI: Body Mass Index; FBG:
Fasting Blood Glucose; TC: Total Cholesterol; TG: Triacylglycerols; HDL-C: High Density Lipoprotein Cholesterol; LDL-C: Low Density Lipoprotein Cholesterol; SBP: Systolic
blood pressure; DBP: Diastolic blood pressure.
doi:10.1371/journal.pone.0081597.t001

Figure 1. Serum hs-CRP indifferent groups of Ideal Cardiovascular Health Metrics in the hypertensive population, different genders
hypertensive population. The hs-CRP levels are presented as box (median, 25th percentile, 75th percentile) and whisker (2.5th and 97.5th
percentiles) plots.
doi:10.1371/journal.pone.0081597.g001
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consistent with our finding that the number of ideal cardiovascular

health metrics was negatively correlated with hs-CRP levels in

hypertension. In addition, a large number of epidemiological and

clinical studies have confirmed the negative correlation between

the number of ideal health metrics and cardiovascular events [15–

18]. Moreover, lifestyle intervention (such as exercise and healthy

diet) or pharmacological treatments (such as intake of lipid-

lowering agents) may be related to decreased hs-CRP levels [8].

These results show that more ideal cardiovascular health behaviors

and factors associated with lower hs-CRP levels may translate into

the prevention of CVD.

Hypertension is the most significant risk factor for CVD. Over

50% of cardiovascular mortality events are associated with

hypertension [1]. Hs-CRP, as an inflammatory marker, is not

only associated with increased risk of CVD, but also plays an

important role in the incidence and progression of hypertension

[19]. Every 1 mmHg increase in systolic blood pressure can result

in a 3% increase in the risk of having hs-CRP levels $2 mg/L in

the Inuit population [20]. The study on different genders of

hypertensive patients demonstrated that the risk of CRP level

being .3 mg/L is 1.4 times higher among females and 1.6 times

higher among males than those in non-hypertensive patients [21].

The hs-CRP levels further increase if the hypertensive patients

have morbidities, such as diabetes or metabolic syndrome [22].

The number of ideal cardiovascular health behaviors and health

factors was also closely correlated with hs-CRP levels in a non-

hypertensive population. The BMI increase of 0–0.6, 0.6–1.7, 1.7–

2.8, and $2.8 kg/m2 every five years corresponded to risk

increases of 2.27, 4.24, 5.88, and 11.8 times, respectively. The risk

of hs-CRP of .3 mg/L increases with smoking frequency [23].

Weight loss, physical exercise, smoking cessation, and other

lifestyle interventions could significantly reduce CRP levels and the

risk of hs-CRP of .3 mg/L. Meanwhile, serum hs-CRP levels

were closely related to blood glucose and lipids. The increase in

CRP levels was also associated with elevated LDL-C and

decreased HDL-C levels [8], as well as elevated fasting blood

glucose levels [14].

The application of Dietary Approaches to Stop Hypertension

can significantly reduce serum hs-CRP levels in patients with type2

diabetes [24]. The findings of our study were consistent with those

of previous studies, in which the number of ideal cardiovascular

health behaviors and health factors is negatively correlated with

the serum hs-CRP levels in hypertensive populations. These results

suggest that the cardiovascular protective effects of ideal cardio-

vascular health behaviors and factors could result from the

reductions in serum hs-CRP levels through complex mechanisms,

such as reductions in BMI, total cholesterol, and fasting blood

glucose. The pathogenic mechanisms of the inverse relationship

between ideal cardiovascular health factors and hs-CRP remain

unclear. Previous studies showed that hyperglycemia and hyper-

lipidemia can cause endothelial dysfunction by affecting nitric

oxide synthesis or degradation, which may increase hs-CRP levels

[25]. In addition, smoking may induce systemic inflammation

through an oxidative stress pathway. Physical activity may reduce

systemic inflammation via increased insulin sensitivity. Previous

research suggested that adipose tissues stimulate the secretion of

interleukin-6, which is involved in the production of CRP in

hepatocytes [26,27]. All these findings may partly explain the

negative association between ideal cardiovascular health factors

and hs-CRP.

Strengths/Limitations
The strength of this study was its large sample size and high

participation rates during a two-year period. However, this study

also had several limitations. First, salt intake was used to replace

vegetable intake, and this modification was made based on the

effect of salted food intake on CVDs in China and the

recommendation on cardiovascular health standards by Chinese

authorities. Second, the main source of research participants was

the Kailuan Mine Corporation, with more males than females

enrolled in the study cohort. The representativeness of the study

was limited by the higher proportion of male subjects. Application

of these results to other areas should be made with caution.

Finally, as a cross-sectional survey, this study could not establish

the causative correlation between ideal cardiovascular health

behaviors and health factors and the change in serum hs-CRP

levels among the subjects.

Conclusions
Our findings indicate that increasing numbers of ideal

cardiovascular health behaviors and health factors were associated

with decreased hs-CRP levels. Thus, advocating ideal cardiovas-

cular health behaviors may reduce hs-CRP levels and translate

into the prevention of CVD.
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Table 2. Impact of Ideal Cardiovascular Health Behaviors and Health Factors on hsCPR Levels.

No. of Metrics Model 1* Model 2* Model 3*

OR 95%CI P OR 95%CI P OR 95%CI P

0–1 1.00 1.00 1.00

2 0.69 0.64–0.74 0.001 0.62 0.58–0.67 0.001 0.86 0.79–0.93 0.001

3 0.66 0.61–0.71 0.001 0.63 0.58–0.68 0.001 0.76 0.69–0.83 0.001

4–6 0.64 0.60–0.68 0.001 0.59 0.56–0.63 0.001 0.68 0.64–0.75 0.001

*Model 1: Single-factor analysis; Model 2: Adjustment for gender and age; Model 3: Further adjustment for TG, LDL-C, HDL-C, and administration history of lipid-lowering
drugs based on Model 2.
doi:10.1371/journal.pone.0081597.t002
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