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Association of C-reactive Protein, Smoking and
Metabolic Syndrome Among the Health
Check-up Population

Kuo-Liong Chien,"? Hsiu-Ching Hsu,” Ming-Fong Chen’ and Yuan-Teh Lee’

Background: C-reactive protein (CRP) is considered a global inflammatory burden indicator. It was unknown
which metabolic syndrome risk factor components could predict CRP levels and possible interaction with smoking
in healthy young and elderly Taiwanese.

Materials & Methods: We collected totally 6,406 adult subjects (41.4% women) from January to December 2001
from the health screening program in a tertiary hospital in Taiwan. High CRP was classified as more than 5.31 mg/L,
which was the 90th percentile cutoff value. Components of metabolic syndrome were defined by the modified Adult
Treatment Panel 111 criteria.

Results: There were 13.5% of the study population with age older than 65 years, with 7.2% abstinence and 17.3%
current smokers. The average CRP levels, after adjusting for gender and smoking effects, were 3.43 mg/L in young
and 4.64 mg/L in elderly population (»p < 0.0001). The prevalence rate of metabolic syndrome was 19.4%, higher in
elderly than young age (29.1% vs. 17.9%, p <0.0001). CRP levels were positively related with smoking status. After
adjusting for multiple variables such as gender and smoking status, high CRP levels still strongly associated with
metabolic syndrome.

Conclusions: CRP was significantly associated with smoking and metabolic syndrome. Inflammation, smoking and
atherosclerotic risks were interrelated among healthy population in Taiwan.
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INTRODUCTION

Inflammation is an important component in athero-
sclerosis, and arterial wall responds to injury induced by
cardiovascular risk factors such as smoking, elevated cho-
lesterol and hyperglycemia.! C-reactive protein (CRP) is
considered to be a global inflammatory burden indicator,
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and high CRP is an indicator for further cardiovascular
events.” The CRP level could predict outcome in patients
of acute coronary syndrome, even at low cholesterol lev-
els.’ Recent data demonstrated increased CRP predicted
future cardiovascular events in various populations, such
as healthy men and women.* CRP is useful to identify
individuals eligible for risk factor modification who oth-
erwise would be ignored.

Metabolic syndrome, including high blood pressure,
glucose, triglyceride level, low high-density lipoprotein
cholesterol and obesity, is characterized with multiple
risk clustering and as early atherosclerosis risk due to
metabolic derangement. Metabolic syndrome, clustering
of atherosclerotic risk factors, is common among various
populations,’ and has great impact on cardiovascular
diseases. It is strongly related to smoking and physical
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inactivity.® Furthermore, smoking can stimulate the process
of inflammation, and worsen the severity of atheroscle-
rosis. Tobacco smoking elicits many health injuries and
becomes a public health problem in the non-western
countries. It stimulates the inflammatory response and is
associated with various atherosclerotic risk factors in
general population. Among low coronary heart disease
but high stroke rate countries such as Asian-Pacific
countries,”” the prevalence rates of smoking and meta-
bolic syndrome increased greatly in recent years due to
urbanization and globalization. It is important to under-
stand the relationship of CRP and metabolic syndrome
and possible interaction of smoking on atherosclerotic
risk among Taiwanese population.

In this study, we reported the distributions of CRP
and metabolic syndrome among the health check-up
population and investigated the associations of CRP,
metabolic syndrome, and smoking status. Also, we strat-
ified the participants to explore whether differences
existed between young and elderly populations.

METHODS

Study design and subjects

We collected a total of 6,406 adult subjects (41.4%
women) from January to December 2001 from the health
screening program in a tertiary hospital in Taiwan. The
protocol was approved by the IRB of National Taiwan
University Hospital. All participants were enrolled volun-
tarily. Details of subjects’ medical histories such as
medications, hospitalization and smoking status were
asked in the structural questionnaires. Standardized proce-
dures of physical examination, such as anthropometric
measures and blood pressure, were performed.'”"" Blood
pressure was measured in the rest position by trained
medical assistants. Body mass index (BMI) was calcu-
lated as weight (in kilograms)/square of height (in
meters).

Blood sampling and analytic methods

The procedures of blood sampling and analytic
methods were described in a previous paper.'? In brief,
blood sample was collected from each participant after
they had fasting status at least 12 hours. Serum total cho-
lesterol levels were measured using the CHOD-PAP

method (Boehringer Mannheim, Germany). HDL-C was
measured following precipitation of apolipoprotein
B-containing lipoproteins with phosphotungstic acid and
magnesium ions (Boehringer Mannheim, Germany)."
Triglyceride concentrations were measured by the
GPO-DAOS method (Wako Co., Japan). All of the lipids
mentioned above were measured using a Hitachi 7450
automated analyzer (Hitachi, Japan). LDL-C concentra-
tions were calculated using the Friedewald formula.'* CRP
was measured by automated nephelometric immunoassay
using a Beckman Array instrument (Beckman Array 360
system, Canada). All the measures of both samples were
carried out in the single hospital. The coefficient of vari-
ation was 5%.
Definition of binary variables and metabolic syn-
drome

High CRP was classified as more than 5.31 mg/L,
which was the 90™ percentile cutoff value among the
study population. Smoking status was stratified into
never, abstinence and current categories. The metabolic
syndrome status was defined by criteria as defined in the
Third Adult Treatment Panel of the National Cholesterol
Education Program,"” modified to use BMI data instead
of waist circumference cut-off points. Therefore, any
three of following criteria defined as following: 1) blood
pressure of at least 130/85 mmHg or treated hyperten-
sion; 2) serum triglyceride of at least 150 mg/dL; 3)
HDL cholesterol of <40 mg/dL in men and < 50 mg/dL
in women; 4) fasting glucose of 110 mg/dL or more; 5)
BMI of 27 kg/m2 or greater, which was modified from
WHO expert committee. '
Statistical analysis

We described the prevalence of metabolic syndrome
status and components in gender and age-specific groups.
The age-standardized prevalence rates of the metabolic
syndrome were calculated by direct standardization of
world and European populations. CRP levels were plotted
by box plot of the median, and interquartile ranges were
presented due to non-normal and left-skewed distribu-
tion of CRP levels. We tested the differences of CRP
distribution among groups by nonparametric methods,
such as the Wilcox rank sum test and Kruskal-Wallis test
and checked the associations between continuous vari-
ables by Spearman correlation coefficients. We presented
contingency tables for metabolic syndrome and high CRP
status and used the chi-square test and logistic regression
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for inference and estimation of parameters.

The effects of metabolic syndrome on CRP levels
were stratified and tested by logistic regression models,
adjusting for age and smoking status. We calculated how
closely predicted outcomes agreed with actual outcomes
by calibration ability by testing the Hosmer-Lemeshow
chi-square statistic,'’ dividing the population risk for
high CRP status, and we plotted figures to compare the
difference between predicted and observed prevalence
and checked the goodness of fit test statistics. Small
chi-square test statistics indicated good calibration, and
values exceeding 20 indicated significant lack of calibra-
tion. All statistical analyses were performed using SAS
version 9.1 (SAS Institute, Inc., Cary, NC) and STATA
version 9 (Stata Corp., College Station, Texas).

RESULTS

The prevalence distribution of metabolic syndrome in
age-specific groups had crossover trends (Figure 1).
Women’s rates increased progressively as age increased,
and men’s rates plateaued beginning at 45 years old.
Women had lower rates than men before 55-64 years old,
and had higher metabolic syndrome after 65 years old; both
reached peak in the eldest age group. Table 1 shows the
distribution of atherosclerotic risk factors among the study
population. Women had lower systolic and diastolic blood
pressure, body mass index, triglyceride, LDL cholesterol,
fasting glucose, daily smoking amount, and WBC counts,
and had higher HDL cholesterol levels than men. The CRP

concentrations and age were not significantly different be-
tween genders (Table 1). For binary measures of various
risk factors, women had higher prevalence of hypercho-
lesterolemia high BMI, and lower rates of high LDL,
hypertriglyceridemia and current smoking rates. Women
had lower metabolic syndrome rate than men (14.9% in
women vs. 22.6% in men, p <.0001) (Table 2).

Table 3 shows the CRP distributions of median and
inter-quartile ranges between each atherosclerotic risk
factor or not. We found the median, 25™ and 75" percen-
tile values of CRP were persistently higher in risk factor
group than the counterpart, indicating CRP concentrations
were strongly associated with various atherosclerotic risk
factors, especially the highest CRP values in obesity and
hyperglycemia status.

The average CRP levels, after adjusting for gender
and smoking effects, were 0.343 mg/dL in young and
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Figure 1. Metabolic syndrome prevalence rates by gender and age
groups in the study population.

Table 1. Distribution of various atherosclerotic risk factors and C-reactive protein levels among health examination participants

Women Men

N Mean SD N Mean SD p value
Age 2650 51.3 12.8 3756 51.4 13.5 0.6766
Systolic blood pressure (mmHg) 2556 126.8 19.1 3734 129.8 16.8 <.0001
Diastolic blood pressure (mmHg) 2554 76.4 14.2 3726 80.0 13.5 <.0001
Body mass index (kg/m?) 2648 23.5 3.7 3752 24.7 3.5 <.0001
Triglyceride (mg/dL) 2648 113.7 70.9 3755 142.1 110.4 <.0001
HDL cholesterol (mg/dl) 2492 56.5 14.4 3584 459 12.3 <.0001
LDL cholesterol (mg/dL) 2492 121.7 32.6 3579 126.6 322 <.0001
Fasting glucose (mg/dL) 2648 96.0 24.8 3748 98.5 26.0 <.0001
Total smoking amount in smokers (per day) 103 20.0 43.7 1416 243 30.3 0.0001
C-reactive protein (mg/dL) 2493 0.300 0.444 3582 0.3217 0.6971 0.1444
WBC count 2650 5995 1480 3755 6537 4280 <.0001
Acta Cardiol Sin 2005;21:98—104 100
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Table 2. Distribution of binary measures of risk factors among health examination participants

Women, N = 2648 (%) Men, N =3756 (%) p value
Hypercholesterolemia 12.31 10.20 0.0079
High LDL 12.60 14.47 0.0368
Low HDL 33.75 3242 0.2794
Hypertriglyceridemia 9.71 17.31 <.0001
High BMI 28.17 43.66 <.0001
Smoking, ever 0.57 11.80
Smoking, frequent 3.36 27.11 <.0001
Metabolic syndrome 14.94 22.60 <.0001

Table 3. Median and inter-quartile values of CRP levels (mg/L) among study participants according to the status of each component

of the metabolic syndrome

CRP values (mg/L) Risk Factor (-) Risk Factor (+)

Risk Factor median 25t 75t median 25t 75h p value
Hyperglycemia 2.20 1.07 3.30 2.96 1.62 4.36 <.0001
Hypertension 2.11 0.50 3.17 2.46 1.30 3.77 <.0001
Obesity 2.16 0.50 3.25 2.90 1.71 433 <.0001
Hypertriglyceridemia 2.21 1.08 3.36 2.68 1.45 3.98 <.0001
Low HDL cholesterol 2.19 1.09 3.27 2.49 1.22 3.89 <.0001
Smoking 2.24 1.12 3.37 2.37 1.14 3.81 0.005

Table 4. Age, gender adjusted Spearman correlation coefficients and p values in atherosclerotic risk factors and CRP, WBC, and

LDL-cholesterol levels among 5967 subjects

Systolic blood Diastolic blood Body mass Total Triglyceride HDL Fasting Numbers of
pressure pressure index cholesterol cholesterol glucose metabolic syndrome
C-reactive protein 0.088 0.061 0.156 0.067 0.123 -0.081 0.110 0.161
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
LDL cholesterol 0.054 0.091 0.132 0.880 0.190 0.058 0.108 0.048
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.000

0.464 mg/dL in elderly population (p < 0.0001). Table 3
shows the age- and gender-adjusted Spearman correla-
tion coefficient(s) and respective p values for CRP and
LDL cholesterol with metabolic syndrome risk factors.
We found all CRP correlation coefficients were signifi-
cantly different from zero, and the highest positive
correlation was with BMI, and negative association with
HDL cholesterol (Table 4). Furthermore, the age- and gen-
der-adjusted Spearman correlation coefficients ranged
between smoking amount and CRP varied in different
ages, and they were 0.133 (p = 0.051) in elderly and
0.112 (p < 0.0001) in young group (data not shown). Af-
ter adjusting for multiple variables such as gender and
smoking status, high CRP levels were still strongly asso-

ciated with metabolic syndrome status (Figure 2). The
magnitude of odds ratio [OR] of CRP was higher in
young than elderly generation (OR 1.39, 95% confidence
interval [CI] 1.20-1.62 in young vs. OR 1.28, 95% CI
1.06-1.56 in elderly). The Hosmer-Lemeshow goodness
of fit test was not significant, indicating the model fitting
was acceptable.

DISCUSSION

Among Taiwanese population at risk of atheroscle-
rosis, we clearly demonstrated that CRP was significantly
associated with smoking and metabolic syndrome. There
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Figure 2. Distribution of median CRP levels among study population according to presence of 0, 1, 2, 3, 4, or 5 components of metabolic syndrome,

specified by age status. All p < 0.0001 by the Wilcox rank sum test.

CRP (mgfL}
(3% ]
(=]

Smoking

MS() Mo smoking

MS{+)

existed differential correlation patterns between CRP
and smoking, and it reached significant association only
among young population. Also, we found in elderly pop-
ulation, the magnitude of CRP to predict metabolic
syndrome was smaller than in young population. We
concluded that in elderly population, factors other than
smoking might change CRP levels and age-related pro-
cess could weaken the influence of inflammation on
atherosclerosis.

The relationship of smoking and CRP values was
persistent across age, and more apparent among elder
population (Figure 3). But the association of smoking vs.
metabolic syndrome decreased progressively in elderly
population. In elderly population, factors other than
smoking might change metabolic syndrome status and
age-related process could weaken the influence of in-
flammation on atherosclerosis.
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Figure 3. Median C-reactive protein levels stratified by age, smoking, and metabolic syndrome status.

There were several limitations in this study. First, this
study was a prevalence study, and the associations identi-
fied cannot imply causation. Second, the definition of
metabolic syndrome by body mass index, not by waist
circumstance, can limit the applications in general popula-
tion. Among the Asian population, body mass index was a
poor indicator for body fat percentage,'® although it was
still a valuable indicator for a general obesity index."
Finally, we did not apply composite atherosclerotic risk
scores for the population, and the relative importance of
metabolic syndrome risk factors were unknown in the
study subjects.’
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