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Introduction

Abstract

BACKGROUND: Inflammation plays a major role in the initiation, destabilization and the progression of
atherosclerosis. High Sensitivity C-Reactive Protein (hs-CRP) reflects active systemic inflammation and have
shown to be a strong predictor of future cardiovascular events.

AIM: The purpose of this study was to determine the role of High Sensitivity C-Reactive Protein (hs-CRP)
independent for atherosclerosis severity prediction and to find out which factors largely is affecting hs-CRP level
in dyslipidemia patient.

METHODS: A total of 388 patients (267 dyslipidemia, 121 controls) were enrolled in this study. We investigated
whether plasma hs-CRP is associated with atherosclerosis severity that was quantified by ankle-brachial index
(ABI) and Doppler ultrasound. Related risk factor that influence hs-CRP levels in patients with dyslipidemia
included determination of age, gender, diabetes, smoking, hypertension, total cholesterol, TG, LDL, HDL, and
fasting glucose.

RESULTS: Data showed a significant association between hs-CRP concentration level and the severity of
atherosclerosis (p < 0.01). Univariate analysis showed that fasting plasma glucose, triglyceride, and BMI were
significantly positively correlated with hs-CRP levels. Whereas, HDL cholesterol was negatively correlated with
hs-CRP levels. Multivariate regression analysis using model 1 and 2, showed that in determining hs-CRP levels,
triglyceride and BMI were taking a big role.

CONCLUSION: Hs-CRP correlates with extent of atherosclerosis, and high triglyceride and BMI is closely
associated with high hs-CRP levels in patients with dyslipidemia.

inflammation plays a central role in all phases of
atherosclerosis, from the initial recruitment of
circulating leukocytes to the arterial wall until the

Recent study has provided strong evidence
for the importance of primary or secondary
inflammatory processes in the pathogenesis of
atherosclerosis [1], [2]. C-reactive protein, as a marker
of chronic inflammation have been found in patients
with peripheral arterial disease, this can be interpreted
as a systemic reaction to inflammatory processes in
the vessel wall [3], [4]. The mechanism of

rupture of the plaque.

High Sensitive C-Reactive Protein (hs-CRP)
has long been studied as one of the inflammatory
biomakers with high sensitivity in several diseases,
especially those related to CHD [2], [3]. Hs-CRP level
has been reported being associated with carotid
atherosclerosis in patients with type 2 diabetes
mellitus [5], [6], and has been suggested being a
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useful marker to predict an accelerated atherosclerotic
process. There for we investigate the possible
association between serum hs-CRP  with
atherosclerosis severity. hs-CRP levels were also
shown associated with increased cardiovascular risk
[7], [8], [9], [10]. Several new pharmacological
approaches have been discovered to reduce hs-CRP
levels [11], [12]. We examined about the accumulation
of several atherosclerosis related risk factors
influenced serum hs-CRP levels and tested in patients
with dyslipidemia to assess which factor that took a
big role in influencing hs-CRP levels.

Material and Methods

The study was carried out in a cross-sectional
manner, with purposive sampling. We enrolled 267
sample patients with dylipidemia in line with inclusion
criteria and exclusion criteria in the present study who
visited Sanjiwani Hospital Gianyar on January-June
2018. The control group consisted 121 patients
matched the aged and without dyslipidemia diagnosis.
Traditional risk factors used in multivariable analyses
included: age, gender, diabetes, smoking,
hypertention, total cholesterol, TG, LDL, HDL, and
fasting glucose. We excluded patients with the

following diseases: autoimmune disease, acute
inflammatory disease, malignancy, severe liver
dysfunction, severe renal dysfunction (male:

creatinine Cre = 1.2 mg/dL; female: Cre = 1.0 mg/dL),
severe hypertriglyceridemia (triglyceride [TG] = 400
mg/dL), using steroid and/or immunosuppressive
agents, and pregnant patients. The Faculty of
Medicine Udayana University ethics committee
approved the study protocol (No. 34 / UN14.16 /
2018), and informed consent was obtained from each
patient by showing it and with a full explanation of the
study.

Determination of Atherosclerosis severity.

Vascular Doppler MD2 Hungleight with an
8MHz transducer and a random-zero
sphygmomanometer with the cuff positioned just
proximal to the elbow/malleoli was used to measure of
ankle-brachial index (ABI) and In Doppler Ultrasound
each lesion was visually estimated for percent
diameter stenosis rounded to the nearest 10%. No
atheroscleoris: ABI > 0.9 and stenosis < 10%, Mild to
moderate atherosclerosis: ABI 0.7-0.9 and stenosis
(10% to 60%), severe atherosclerosis ABI < 0.7 and
stenosis (70% to 100%).

Laboratory Analysis

C-reactive protein was measured by an

enzyme immunoassay (Abbott Diagnostics, Abbott
Park, lllinois), the detection limit of the assay was 0.2
mg/liter. For clinical practice, a threshold level of 5.0
mg/liter is recommended. Serum concentration of
trygliceride, glucose and cholesterol ware measure
using an autoanalyzer (Hitachi/Boehringer Mannheim,
Germany)

Statistical Analysis

The Mann — Whitney U-test was used to
compare two groups. The Kruskal-Wallis test was
used to carry out overall group comparisons, and the
Steel — Dwass test was used to carry out between-
group comparisons. Spearman’s rank correlation was
carried out to study the correlation between hs-CRP
levels and clinical parameters. Multivariate regression
method was wused to analyze the factors
independently contributing to serum hs-CRP levels.
All data will analyses performed using SPSS for
Windows, version 20.00 (SPSS Inc., Chicago, lllinois)
with significance (*P < 0.05, **P < 0.01).

Results

A total of 388 subjects were enrolled this
study that devided to controls and patients’ group. The
main clinical and laboratory findings of patients and
control are shown in Table 1. The mean age of
patiens was about 8 years hinger than controls. In the
patient’s groups, there were fewer female, but more
male, smokers, diabetes, hypertension, and high level
of hs- CRP.

Table 1: Baseline Characteristics of Patients and Controls

Controls Patients

Mean + SD 90%-range Mean + SD 90%-range
Age (years) 425+738 32.7-62.7 56.2+9.1 39.4-70
BMI 257+4.0 20.8-33.4 26.8+3.7 21.1-3.33
Smokers (%) 22 - 51 -
Diabetes (%) 6 - 21
Hypertension (%) 33 - 57
Male (%) 56 - 63
Female (%) 44 - 37 -
Total cholesterol (mg/dl) 160 + 23.2 150.2-190.4 240 +43 174-317
LDL 70 £26.7 60.9-100.6 170 £ 38 112-237
Cholesterol (mg/dl)
Triglyceride (mg/dl) 120 +£13.2 100.2-150.4 150 £ 45 105-195
45 +10.6 30.7-60 44.1+12.0 27.0-66.5
Cholesterol (mg/dl)
Fasting plasma glucose 100.6 £ 8.9 90.5-102 120+ 18 102-138
Hs-CRP (ug/ml) 0.87 +1.34 0.00-3.65 146+1.62 0.80-520

Correlations of hs-CRP with atheroclerosis
severity

Plasma concentrations of hs-CRP in controls
grop were higher than patients’ group (Table 2).
There’s a significant hs-CRP level between controls
and those who diagnose with atherosclerosis (p <
0.01). Level of hs-CRP in severe atherosclerosis was
significantly higher than mild/moderate
atherosclerosis, so there’s was association between

3888

https://www.id-press.eu/mjms/index



Swastini et al. Atherosclerosis Prediction with High Sensitivity C-Reactive Protein (hs - CRP) and Related Risk Factor in Patient with Dyslipidemia

hs-CRP concentration level

atherosclerosis.

and the severity of

Table 2: Level of hs-CRP in dyslipidemia patient and control

hs-CRP pug/ml
Group n Mean + SD Median P
Controls 121 1.06  1.63 0.48
No Atherosclerosis 65 1.56 + 1.55 0.75 0.132
Mild/Moderate Atherosclerosis 105 152+1.77 0.56 0.005"
Severe Atherosclerosis 97 1.83 % 1.60 1.31 0.001"

Related risk factor in hs-CRP serum levels

Univariate and multivariate analysis were
used to examine and estimate the influence of clinical
parameters which largely influencing the hs-CRP
serum levels. As shown in Table 3, in a univariate
analysis, fasting plasma glucose, triglyceride, an BMI
were significantly positively correlated with hs-CRP
levels. Whereas, HDL cholesterol was negatively
correlated with hs-CRP levels. Then a multivariate
regression analysis, using fasting plasma glucose,
triglyceride, BMI, and HDL cholesterol as independent
variables (model 1) all of which were significantly
associated with hs-CRP in a univariate analysis, was
carried out to determine the independent factors
contributing to serum hs-CRP levels. As shown in
Table 3, independent factors determining hs-CRP
levels were triglyceride and BMI. Furthermore, a
multivariate regression analysis including age and
sex, as well as fasting plasma glucose, triglyceride,
BMI, HDL cholesterol, as independent variables
(Table 3, model 2), showed that independent factors
for determining hs-CRP levels were sex, triglyceride,
and BMI.

Table 3: Correlation of serum hs-CRP and a variety of clinical
parameters and multivariate regression analysis to determine
the independent factors contributing to hs-CRP levels in all
subjects

hs-CRP Univariate Multivariate Model 1 Multivariate Model 2

Related Risk Factor p p t p t p
Total cholesterol 0.056 ns

LDL cholesterol 0.069 ns

Triglyceride 0,257 <0.0001 2.98 0.0029 3.03 0.0031

HDL cholesterol -0.245 0.001 -1.16 ns -1.31 ns
Fasting plasma glucose 0.160  0.009 1.21 ns 0.89 ns
BMI 0.254 <0.0001  3.00 0.0302 2.40 0.0275
Hypertension 0.060 ns

Diabetes -0.158 ns

Smoking 0.055 ns

Age 0.145 ns 0.03 ns
Genders (male 1, female 2) 2.04 0.0321

Triglyceride, BMI, HDL cholesterol, fasting plasma glucose (model 1); triglyceride, BMI,
HDL cholesterol, fasting plasma glucose, age and gender (model 2); BMI: Body Mass
Index; LDL: Low Density Lipoproteins; HDL: High Density Lipoproteins.

Discussion

Our study clearly shows that there was an
association between hs-CRP concentration and the
severity of atherosclerosis. The value of hs-CRP in
predicting atherosclerosis is noticeable in all ranges of

atherosclerosis severity. Extensive atherosclerosis is
relatively high risk regardless of hs-CRP levels. Some
previous studies have shown a correlation between
hs-CRP and the presence of atherosclerosis [13],
whereas others have not found a correlation [14].
Although our result is consistent with hs-CRP being a
marker of atherosclerosis, our data give no
explanation about underlying process. Various
hypotheses to explain the possible mechanism of
which hs-CRP increasing the atherosclerotic risk have
been proposed [15] It has been thought that the
development of atherosclerosis was led by serum hs-
CRP level [5], [6], [7], [8], [9], [10], [11], [12]. C-
reactive protein previously has been proposed to
correlate with the extent of atherosclerosis [14]. Lower
profile plaques were shown as numerous than
“significant stenoses” in some studies and were
statistically more likely to lead to plaque rupture than
the relatively few lesions of > 70% stenosis [16].
Therefore, an elevated hs-CRP was possibly
representing a more diffuse process of coronary
atherosclerosis with a higher total plague burden. If
so, the predictive value of CRP would be considerably
less after adjustment for extent of disease (total
number of lesions) assessed by coronary
angiography. So that the predictive value of hs-CRP
must be adjusted for measures of all visible
atherosclerotic plaques on angiography to exclude the
possibility of an elevated CRP. On the other hand, if
CRP levels primarily represent plaque properties (i.e.,
inflammation, instability), knowledge of CRP levels
would continue to be useful even in the presence of
angiographic assessment of plaque burden (extent /
severity). Similarly, CRP and coronary calcium score
(assessed by ultrafast computed tomography) may
have independent and additive prognostic value, but
this has not been extensively evaluated.

Hs-CRP proved to be the strongest and most
significant predictor of the risk of future cardiovascular
events [17]. Even though several new
pharmacological approaches have been introduced to
reduce the hs-CRP levels [15]. [18], [11], [3], there are
still many cardiovascular diseases all over the world.
Hs-CRP and the ratio of total cholesterol to HDL
cholesterol were found to be independent predictors
of risk in models in which women were matched for
smoking status and age or in models that included
further adjustments  for body-mass index,
hypertension, diabetes, and parental history of
premature coronary artery disease [11]. In our present
study, we found that independent factors for
determining hs-CRP levels are triglyceride, BMI, and
fasting plasma glucose. Thus, it is important to
undergo a strict management of atherosclerosis
related risk factors, which were triglyceride, fasting
plasma glucose and BMI, to reduce serum hs-CRP
levels in patients with dyslipidemia. Multivariate
regression analysis showed that triglyceride and BMI
were independent risk factors determining hs-CRP
levels (Table 3). These results suggest that high
triglyceride and high BMI are closely associated with
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high serum hs-CRP levels in with

dyslipidemia.

patients

Quantification of atherosclerosis findings was
limited to the visual interpretation of the attending
cardiologist, which is representative of “real world”
practice. Intravascular ultrasound could be expected
to give increased measures of atherosclerotic burden
by identifying “intramural plaques,” although this
would be impractical to apply routinely.

The significant differences between hs-CRP
concentrations in our study, depending on the severity
of atherosclerosis, give some evidence for a possible
function of hs-CRP protein as an epidemiological risk
marker. They support the hypothesis of a causal
relationship between an acute phase reaction and the
pathogenesis of atherosclerosis in coronary arteries
and other parts of the arterial vessel system. High
triglyceride and BMI is closely associated with high
hs-CRP level in patients with dyslipidemia. We should
consider this point in practical medicine, and thus the
data in the present study results would provide
important information from a clinical point of view.

References

1. Hajilooi M, Ghanbili. Other Systemic Responses to
Inflammation. The NewJ. Evaluation of C-Reactive Protein, a
Sensitive Marker. England Journal of Medicine. 1999; 340(6):448-
454, https://doi.org/10.1056/NEJM199902113400607
PMid:9971870

2. Lind L. Circulating markers of inflammation and atherosclerosis.
Atherosclerosis. 2003; 169(2):203-14.
https://doi.org/10.1016/S0021-9150(03)00012-1

3. Zwaka TP, Hombach V, Torzewski J. C-reactive protein-
mediated low density lipoprotein uptake by macrophages:
implications for atherosclerosis. Circulation. 2001; 103(9):1194-7.
https://doi.org/10.1161/01.CIR.103.9.1194 PMid:11238260

4. Emerging Risk Factors Collaboration. C-reactive protein,
fibrinogen, and cardiovascular disease prediction. NEnglJMed.
2012; 367(14):1310-20. https://doi.org/10.1056/NEJM0al107477
PMid:23034020 PMCid:PMC3714101

5. Fonseca FA, Izar MC. High-sensitivity C-reactive protein and
cardiovascular disease across countries and ethnicities. Clinics.
2016; 71(4):235-42. https://doi.org/10.6061/clinics/2016(04)11

6. Pfutzner A, Schondorf T, Hanefeld M, Forst T. High-sensitivity C-
reactive protein predicts cardiovascular risk in diabetic and
nondiabetic patients: effects of insulin-sensitizing treatment with
pioglitazone. Journal of diabetes science and technology. 2010;
4(3):706-16. https://doi.org/10.1177/193229681000400326
PMid:20513338 PMCid:PMC2901049

7. Hasnat MA, Islam AE, Chowdhury AW, Khan HI, Hossain MZ.
High sensitive C-reactive protein (hs-crp) and its correlation with
angiographic severity of patient with coronary artery disease
(CAD). J Dhaka Med Coll. 2010; 19(2):91-7.
https://doi.org/10.3329/jdmc.v19i2.7076

8. Imano H, Noda H, Kitamura A, Sato S, Kiyama M, Sankai T,
Ohira T, Nakamura M, Yamagishi K, Ikeda A, Shimamoto T. Low-
density lipoprotein cholesterol and risk of coronary heart disease
among Japanese men and women: the Circulatory Risk in

Communities Study (CIRCS). Preventive medicine. 2011;
52(5):381-6. https://doi.org/10.1016/j.ypmed.2011.02.019
PMid:21371493

9. Ma'rufi R, Rosita L. Hubungan dislipidemia dan kejadian
penyakit jantung koroner. JKKI. 2014; 6(1):47-53.
https://doi.org/10.20885/JKKI.Vol6.Iss1.Art7

10. Mouridsen MR, Nielsen OW, Carlsen CM, Mattsson N, Ruwald
MH, Binici Z, Sajadieh A. High-sensitivity C-reactive protein and
exercise-induced changes in subjects suspected of coronary artery
disease. J Inflamm Res. 2014; 7:45-55.
https://doi.org/10.2147/JIR.S54360 PMid:24715762
PMCid:PMC3977554

11. Pearson TA, Mensah GA, Alexander RW, Anderson JL,
Cannon Il RO, Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers
GL, Rifai N. Markers of inflammation and cardiovascular disease:
application to clinical and public health practice: a statement for
healthcare professionals from the Centers for Disease Control and
Prevention and the American Heart Association. Circulation. 2003;
107(3):499-511.
https://doi.org/10.1161/01.CIR.0000052939.59093.45
PMid:12551878

12. Emberson J, Bennett D. C-reactive protein concentration and
the vascular benefits of statin therapy: an analysis of patients in the
Heart Protection Study. Lancet. 2011; 377:469-47.
https://doi.org/10.1016/S0140-6736(10)62174-5

13. Muhlestein JB, Horne BD, Carlquist JF, Madsen TE, Bair TL,
Pearson RR, Anderson JL. Cytomegalovirus seropositivity and C-
reactive protein have independent and combined predictive value
for mortality in patients with angiographically demonstrated
coronary artery disease. Circulation. 2000; 102(16):1917-23.
https://doi.org/10.1161/01.CIR.102.16.1917 PMid:11034939

14. Tataru MC, Heinrich J, Junker R, Schulte H, Von Eckardstein
A, Assmann G, Koehler E. C-reactive protein and the severity of
atherosclerosis in myocardial infarction patients with stable angina
pectoris. Eur Heart Journal. 2000; 21(12):1000-8.
https://doi.org/10.1053/euhj.1999.1981 PMid:10901512

15. Kuller L, Tracy P, Shaten J. Relation of C-Reactive protein and
coronary heart disease in the MRFIT nested case control study.
AM.J. Epidemiol. 1997; 144:537-547.
https://doi.org/10.1093/oxfordjournals.aje.a008963 PMid:8797513

16. O'Keefe Jr JH, Conn RD. Lavie Jr CJ, Bateman TM. The new
paradigm for coronary artery disease: altering risk factors,
atherosclerotic plaques, and clinical prognosis. Mayo Clin Proc.
1996; 71:957-965. https://doi.org/10.1016/S0025-6196(11)63769-5

17. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive
protein and other markers of inflammation in the prediction of
cardiovascular disease in women. New England Journal of
Medicine. 2000; 342(12):836-43.
https://doi.org/10.1056/NEJM200003233421202 PMid:10733371

18. Parish S, Offer A, Clarke R, Hopewell JC, Hill MR, Otvos JD,
Armitage J, Collins R. Lipids and lipoproteins and risk of different
vascular events in the MRC/BHF Heart Protection Study.
Circulation. 2012; 125(20):2469-78.
https://doi.org/10.1161/CIRCULATIONAHA.111.073684
PMid:22539783

19. Pearson TA, Mensah GA, Alexander RW, Anderson JL,
Cannon Il RO, Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers
GL, Rifai N. Markers of inflammation and cardiovascular disease:
application to clinical and public health practice: a statement for
healthcare professionals from the Centers for Disease Control and
Prevention and the American Heart Association. circulation. 2003;
107(3):499-511.
https://doi.org/10.1161/01.CIR.0000052939.59093.45
PMid:12551878

20. Zwaka TP, Hombach V, Torzewski J. C-reactive protein-
mediated low density lipoprotein uptake by macrophages:
implications for atherosclerosis. Circulation. 2001; 103(9):1194-7.
https://doi.org/10.1161/01.CIR.103.9.1194 PMid:11238260

3890

https://www.id-press.eu/mjms/index


https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.1016/S0021-9150(03)00012-1
https://doi.org/10.1161/01.CIR.103.9.1194
https://doi.org/10.1056/NEJMoa1107477
https://doi.org/10.6061/clinics/2016(04)11
https://doi.org/10.1177/193229681000400326
https://doi.org/10.3329/jdmc.v19i2.7076
https://doi.org/10.1016/j.ypmed.2011.02.019
https://doi.org/10.20885/JKKI.Vol6.Iss1.Art7
https://doi.org/10.2147/JIR.S54360
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1016/S0140-6736(10)62174-5
https://doi.org/10.1161/01.CIR.102.16.1917
https://doi.org/10.1053/euhj.1999.1981
https://doi.org/10.1093/oxfordjournals.aje.a008963
https://doi.org/10.1016/S0025-6196(11)63769-5
https://doi.org/10.1056/NEJM200003233421202
https://doi.org/10.1161/CIRCULATIONAHA.111.073684
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1161/01.CIR.103.9.1194

