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Background: High sensitivity C-reactive protein, a marker 
of inflammation, has been proposed to stratify coronary 
artery disease risk and is lowered by HMG-CoA reductase 
(statin) therapy. However, the reproducibility of persistently 
elevated hs-CRP levels and association with other markers 
of inflammation in patients with stable CAD on aggressive 
statin therapy is unknown.
Objectives: To determine the reproducibility of hs-CRP levels 
measured within 2 weeks in patients with documented CAD 
with stable symptoms and to identify associations with other 
markers of inflammation.
methods: Levels of hs-CRP were measured twice within 14 
days (7 ± 4) in 23 patients (22 males and 1 female, average 
age 66 ± 10 years) with stable CAD and hs-CRP ≥ 2.0 mg/L 
but ≤ 10 mg/L at visit 1. All patients had received statins for 
cholesterol management (low density lipoprotein-cholesterol 
84 ± 25 mg/dl) with no dose change for > 3 months. None 
had a history or evidence of malignancy, chronic infection 
or inflammation, or recent trauma. There was no change in 
medications between visits 1 and 2, and no patient reported 
a change in symptoms or general health during this interval. 
White blood cell count and pro- and anti-inflammatory 
cytokines were measured at both visits. 
results: hs-CRP levels tended to be lower at visit 2 (median 
2.4 mg/L, range 0.8–11 mg/L) than at visit 1 (median 3.3 mg/L, 
range 2.0–9.7; P = 0.1793). However, between the two visits 
hs-CRP levels decreased by more than 1.0 mg/L in 10 patients 
and increased by more than 1.0 mg/L in 4 patients. Changes 
in hs-CRP levels were unrelated to changes in levels of white 
blood cells (P = 0.4353). Of the cytokines tested, only the anti-
inflammatory cytokine interleukin-1 receptor antagonist and the 
pro-inflammatory cytokine interleukin-8 were above lower limits 
of detection, but there were no correlations between changes in 
these values and changes in hs-CRP (both P  > 0.5). 
conclusions: In stable CAD patients on aggressive statin 
therapy, hs-CRP levels may fluctuate over brief periods in the 
absence of changes in health, cardiac symptom status and 
medications, and without corroboration with other measures 
of inflammation. Accordingly, elevated hs-CRP levels should 
be interpreted with caution in this setting.
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aBstract: KeY wOrds:

c -reactive protein measured by high sensitivity assays is 
widely accepted as an independent marker of cardiovas-

cular risk in otherwise healthy populations, based on multiple 
observational studies and randomized clinical trials [1-12]. 
The American Heart Association/Centers of Disease Control 
Task Force considers hs-CRP values ≤ 1 mg/L as low risk, 
1–3 mg/L as intermediate risk, and ≥ 3 mg/L as high risk for 
future cardiovascular events and death in apparently healthy 
populations [13]. The use of hs-CRP for risk stratification 
in patients with established coronary artery disease was not 
recommended in the AHA/CDC guidelines but is supported 
by clinical trials, including a large trial that was conducted 
in patients with stable symptoms [14]. Although HMG-CoA 
reductase inhibitors (statins) have been shown to reduce 
the risk of recurrent cardiovascular events in CAD patients, 
persistent elevation of hs-CRP despite statin therapy may 
indicate continued high risk [15-20]. 

Concern has been raised by several groups that levels of 
hs-CRP may fluctuate over time, which may limit its clinical 
usefulness in individual patients as compared to large cohorts 
[21,22]. Studies raising these concerns, however, were per-
formed in the absence of statin therapy. The purpose of our 
study was twofold: to determine the reproducibility of hs-CRP 
levels measured within 2 weeks in patients with documented 
CAD and stable symptoms, and to identify associations with 
other markers of inflammation.

Patients and methOds

Patients with documented CAD who were on medical man-
agement and who reported no cardiac symptoms (Canadian 

AHA/CDC = American Heart Association/Centers of Disease Control

Hs-CRP = high sensitivity C-reactive protein
CAD = coronary artery disease
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visit 1 visit 2 P value

Systolic blood pressure (mmHg) 131 ± 16 131 ± 15 0.972

Diastolic blood pressure (mmHg) 74 ± 8 75 ± 9 0.85

Heart rate (beats/min) 65 ± 10 60 ± 9 0.014

Hemoglobin (g/dl) 14.4 ± 1.3

White blood cells (/µl) 9517 ± 1473 6409 ± 1580 0.3180

Platelets (/µ/l) 227,400 ± 61,904 230,260 ± 55,245 0.8735

Creatinine (mg/dl) 1.22 ± 0.23

Bilirubin (mg/dl) 0.88 ± 0.25

Aspartate aminotransferase (U/L) 27.5 ± 7.4

Alanine aminotransferase (U/L) 25.1 ± 6.7

Cholesterol (mg/dl) 147 ± 29

LDL-C (mg/dl) 84 ± 25

HDL-C (mg/dl) 48 ± 12

Trigycerides (mg/dl) 125 ± 80

Cardiovascular Society Functional Class I) consented to 
undergo testing for hs-CRP. Those found to have hs-CRP 
levels ≥ 2 and ≤ 10 mg/L returned for repeat testing within 
2 weeks. All patients received statins with no dose change for 
> 3 months. None had a history or evidence of malignancy, 
chronic infection or inflammation, or recent trauma. There 
was no change in medications between visits 1 and 2, and no 
patient reported a change in cardiac status or general health 
during this interval. Vital signs and complete blood count were 
measured on both visits. Levels of hs-CRP were measured 
twice within 14 days (7 ± 4 days) using a high sensitivity (0.1 

mg/L), solid-phase chemiluminescent immunometric assay. 
A multiplex assay was performed to quantify the following 
cytokines: tumor necrosis factor-alpha, interferon-gamma, 
interleukin-1 alpha, interleukin-1 beta, IL-1 receptor antago-
nist, interleukin-2, interleukin-6, and interleukin-8. The pro-
tocol was approved by the Institutional Review Board of the 
U.S. National Heart Lung and Blood Institute.

Statistical analysis was done using the paired t-test for all 
variables, except for hs-CRP, which was analyzed with the 
Wilcoxon non-parametric t-test. 

results

Of the 63 patients (58 men and 5 women, age 66 ± 10 years 
old) who participated in the screening protocol, 23 were 
found to have hs-CRP levels (22 men and 1 woman, age 66 
± 10). The levels were ≥ 2 and ≤ 10 mg/L at visit 1, and the 
patients were told to return for a repeat measurement within 
14 days (7 ± 4 days). 

One patient had diabetes mellitus type 2 (well controlled), 
and 12 patients were smoking. Nineteen had high blood pres-
sure, but it was well controlled [Table 1]. The patient group 
comprised 17 Caucasians, 4 African-Americans and 2 Asians. 
Average body mass index was 29 ± 4 kg/m2 (range 20–40 kg/
m2). Hs-CRP levels at visit 1 were 3.3 mg/L (median value, 
range 0.8–11 mg/L) and were not correlated with BMI (P 
= -0.084), white blood cells (P = 0.081), total cholesterol (P 
= -0.07), high density lipoprotein-cholesterol (P = -0.119), 
and triglycerides (P = -0.166). LDL-cholesterol was inversely 
correlated with hs-CRP (P = -0.022) [Table 1]. 

Hs-CRP levels tended to be lower at visit 2 (median 2.4 
mg/L, range 0.8–11) compared with visit 1 (median 3.3 mg/L, 
range 2.04–9.65; P = 0.1793). Between the visits hs-CRP level 
decreased by more than 1 mg/L in 10 patients and increased 
by more than 1 mg/L in 4 patients. More than that, of the 15 
patients whose hs-CRP decreased between the two visits, 5 
patients changed their risk status from “high risk” (> 3 mg/L) 
to “intermediate risk” (1–3 mg/L), and 6 patients changed 

BMI = body mass index
LDL = low density lipoprotein

their risk status from “intermediate risk” to “low risk” (< 1 
mg/L). Among the eight patients whose hs-CRP increased, 
two changed their risk status from “intermediate risk” to 
“high risk” [Figure 1].  

No correlation was found between the change in hs-
CRP and the change in WBC  between visits (r = 0.1962, 
P = 0.4353). Among the pro-inflammatory cytokines only 
IL-8  was above the lower limit of detectability at visits 1 
and 2 (22.9 ± 5.9 vs. 21.4 ± 4.7 pg/ml, P = 0.18). Among the 
anti-inflammatory cytokines that were measured only IL-1 
receptor antagonist was detectable and there was no difference 
between the two visits (1284.4 ± 629.1 vs. 1302.1 ± 1413.3 pg/
ml, P = 0.95). There was no correlation between the change 
in hs-CRP and the change in IL-8 (r = -0.1266, P = 0.5648) or 
between the change in hs-CRP and the change in IL-1ra (r = 
-0.06017, P = 0.7851). 

We correlated the changes in hs-CRP levels (between visit 
1 and 2) with the changes in BMI (r = 0.0438, P = 0.8502), 
systolic blood pressure (r = -0.3765, P = 0.1245), diastolic 
blood pressure (r = -0.3765, P = 0.1018), heart rate (r = 
0.1275, P = 0.5922), hemoglobin (r = 0.2304, P = 0.3285), 
platelets (r = 0.2384, P = 0.3408), creatinine (r = 0.1039, P = 
0.7019), creatine phosphokinase (r = 0.4681, P = 0.0914), bili-
rubin (r = -0.0480, P = 0.8649), aspartate aminotransferase 
(r = 0.2606, P = 0.3682) and alanine aminotransferase (r = 
0.3484, P = 0.2222).

WBC = white blood cells
IL-8 = interleukin-8
IL-1ra = interleukin-1 receptor antagonist

table 1. Clinical, hematological and biochemical parameters of study patients

LDL-C = low density lipoprotein-cholesterol, HDL-C = high density lipoprotein-cholesterol
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(40.3%) changed risk category between the first and the sec-
ond measurement. The within-patient variance of CRP was 
1.79 mg/L (95% confidence interval 1.60–2.00) and the vari-
ability of CRP was consistent over different times and across 
clinical groups, independent of body mass index, smoking, 
medication, and clinical events [23]. These findings reveal 
considerable, apparently spontaneous fluctuations of CRP 
values in patients with stable ischemic heart disease. Previous 
small studies have noted significant variability in hs-CRP 
values over 4 to 6 month sampling periods in mostly healthy 
volunteers, with intra-individual variability of 42–63% [24].

hs-crP and anxietY

We noticed among our patients that whenever they experienced 
a difficult time (such as death in the family) their hs-CRP levels 
increased. In the ATTICA study (a study conducted in the area of 
Attica in Greece), 453 men (age 19–89) and 300 women (18–84 
years old) were enrolled to a prospective study where various 
inflammatory markers and coagulation factors were evaluated 
in relation to the anxious state (assessed by the Spielberger State 
Anxiety Inventory) after several adjustments made for potential 
confounders. The STAI score was positively correlated with 
CRP, tumor necrosis factor, IL-6, homocysteine and fibrinogen 
levels in men, and positively correlated with CRP, white blood 
cell counts, IL-6, homocysteine and fibrinogen levels in women 
[25]. Links between psychological factors and heart disease have 
been hypothesized for centuries, but during recent decades epi-
demiological evidence suggests that a relationship exists between 
emotional states, such as anxiety and depression, and the devel-
opment of cardiovascular disease [25]. However, these studies 
provided little evidence regarding the relationship between 
anxiety and the pathogenesis of coronary heart disease. 

cOnclusiOns 

Even in the absence of changes in health or medications, 
CRP levels may fluctuate over brief periods in CAD patients. 
Consequently, repeat measurements of CRP are needed to 
estimate the inflammatory status of these patients.
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the variaBilitY OF hs-crP rePetitive measurements

We found that hs-CRP levels in patients with stable CAD 
on statin therapy were not consistent and may change sig-
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Figure 1. High sensitivity C-reactive protein levels on visit 1 and visit 2

12

10

8

6

4

2

0
Visit 1 Visit 2

mg/L



Original articles

 605

IMAJ • VOL 11 • OctOber 2009

statement for healthcare professionals from the Centers for Disease Control and 
Prevention and the American Heart Association. Circulation 2003; 107: 499-511.
Sabatine MS, Morrow DA, Jablonski KA, et al. Prognostic significance of the 14. 
Centers for Disease Control/American Heart Association high-sensitivity 
C-reactive protein cut points for cardiovascular and other outcomes in 
patients with stable coronary artery disease. Circulation 2007; 115: 1528-36.
Morrow DA, de Lemos JA, Sabatine SM, et al. Clinical relevance of C-reactive 15. 
protein during follow-up of patients with acute coronary syndromes in the 
Aggrastat-to-Zocor trial. Circulation 2006; 114: 281-8.
Ridker16.  PM, Rifai N, Pfeffer MA, et al. Inflammation, pravastatin, and the 
risk of coronary events after myocardial infarction in patients with average 
cholesterol levels: Cholesterol and Recurrent Events (CARE) Investigators. 
Circulation 1998; 98: 839-44.
Ridker PM, Rifai N, Clearfield M, et al. Measurement of C-reactive protein 17. 
for the targeting of statin therapy in the primary prevention of acute coronary 
events. N Engl J Med 2001; 344: 1959-65.
Nissen SE, Tuzcu EM, Schoenhagen P, et al. Statin therapy, LDL cholesterol, 18. 
C-reactive protein, and coronary artery disease. N Engl J Med 2005; 352: 29-38.
Ridker PM, Cannon CP, Morrow D, et al. C-reactive protein levels and 19. 
outcomes after statin therapy. N Engl J Med 2005; 352: 20-8.
Ridker PM, Morrow DA, Rose LM, Rifai N, Cannon CP, Braunwald E. 20. 
Relative efficacy of atorvastatin 80 mg and pravastatin < 70 mg/dl and 
C-reactive protein < 2 mg/l: an analysis of the PROVE-IT TIMI-22 trial.  
J Am Coll Cardiol 2005; 45: 1644-8.
Sakkinen PA, Macy EM, Callas PW, et al. Analytical and biologic variability 21. 
in measures of hemostasis, fibrinolysis, and inflammation: assessment and 
implications for epidemiology. Am J Epidemiol 1999; 149: 261-7
Kushner I, Sehgal AR. Is high-sensitivity C-reactive protein an effective 22. 
screening test for cardiovascular risk? Arch Intern Med 2002; 162: 867-9.
Bogaty P, Brophy JM, Boyer L, et al. Fluctuating inflammatory markers in 23. 
patients with stable ischemic heart disease. Arch Intern Med 2005; 165: 221-6.
de Maat MP, de Bart AC, Hennis BC, et al. Interindividual and intraindividual 24. 
variability in plasma fibrinogen, TPA antigen, PAI activity, and CRP in 
healthy, young volunteers and patients with angina pectoris. Arterioscler 
Thromb Vasc Biol 1996; 16: 1156-62.
Pitsavos C, Panagiotakos DB, Papageorgiou C, Tsetseku E, Soldatos C, 25. 
Stefanadis C. Anxiety in relation to inflammation and coagulation markers, 
among healthy adults: The ATTICA Study. Atherosclerosis 2006; 185: 320-6.

Ridker PM, Glynn RJ, Hennekens CH. C-reactive protein adds to the 2. 
predictive value of total and HDL cholesterol in determining risk of first 
myocardial infarction. Circulation 1998; 97: 2007-11.

Ridker PM, Buring JE, Shih J, Matias M, Hennekens CH. Prospective study 3. 
of C-reactive protein and the risk of future cardiovascular events among 
apparently healthy women. Circulation 1998; 98: 731-3.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and 4. 
other markers of inflammation in the prediction of cardiovascular disease in 
women. N Engl J Med 2000; 342: 836-43.

Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison of C-reactive 5. 
protein and low-density lipoprotein cholesterol levels in the prediction of 
first cardiovascular events. N Engl J Med 2002; 347: 1557-65.

Danesh P, Whincup P, Walker M, et al. Low grade inflammation and coronary 6. 
heart disease: prospective study and updated meta-analyses. BMJ 2000; 321: 
199-204.

Pradham AD, Manson JE, Rossouw JE, et al. Inflammatory biomarkers, 7. 
hormone replacement therapy, and incident coronary heart disease: 
prospective analysis from the Women's Health Initiative observational study. 
JAMA 2002; 288: 980-7.

Curb JD, Abbott RD, Rodriguez B, et al. C-reactive protein and the future risk 8. 
of thromboembolic stroke in healthy men. Circulation 2003; 107: 2016-20.

Pai JK, Pischon T, Ma J, et al. Inflammatory markers and the risk of coronary 9. 
heart disease in men and women. N Engl J Med 2004; 351: 2599-610.

Koenig W, Sund M, Frolich M, et al. C-reactive protein, a sensitive marker 10. 
of inflammation, predicts future risk of coronary heart disease in initially 
healthy middle-aged men: results from the MONICA (Monitoring Trends 
and Determinants in Cardiovascular Disease) Augsburg Cohort Study, 1984 
to 1992. Circulation 1999; 99: 237-42.

Koenig W, Lowel H, Baumert J, Meisner C. C-reactive protein modulates 11. 
risk prediction based on the Framingham Score: implications for future 
risk assessment: results from a large cohort study in southern Germany. 
Circulation 2004; 109: 1349-53.

Ballantyne CM, Hoogeveen RC, Bang H, et al. Lipoprotein associated 12. 
phospholipase A2, high sensitivity C-reactive protein, and risk for incident 
coronary heart disease in middle-aged men and women in the Atherosclerosis 
Risk in Communities (ARIC) study. Circulation 2004; 109: 837-42.

Pearson13.  TA, Mensah GA, Alexander RW, et al. Markers of inflammation and 
cardiovascular disease: application to clinical and public health practice. A 

The immune system protects against infection and disease, 
but there are numerous examples where it has switched 
sides, as in autoimmune diseases and in cancer. Cells 
become cancerous when they acquire genetic mutations 
that enable them to evade the regular controls on growth. In 
addition, stomach (Helicobacter pylori) and liver (hepatitis 
viruses B and C) cancers have been associated with 
infection-induced inflammation, which involves immune 
cells, such as macrophages, and inflammation signaling 

molecules that can promote tumorigenesis. Research on the 
mechanisms of inflammation-induced carcinogenesis has 
focused mainly on the innate branch of the immune system, 
primarily the NF-B intracellular signaling pathway. Colorectal 

cancer has been linked to inflammation of the colon (colitis), 
which can be caused by bacterial infections. Wu et al. found 
that the human bacterium enterotoxigenic Bacteroides 
fragilis (ETBF), which induces colitis, can promote colon 
cancer in a mouse model of the disease. They observed that 
ETBF activated the transcription factor Stat3 and promoted 
the generation of interleukin-17 (IL-17)-producing T helper 
cells (TH-17 cells). Blocking IL-17 with neutralizing antibodies 
inhibited ETBF-induced colon cancer in these mice. Thus, 
colorectal cancer in humans may be caused by bacterial 
infection and mediated by a T cell immune response. 
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Bacteroides fragilis, which induces colitis, can promote colon cancer in a mouse model 

“learn from the mistakes of others. You can’t live long enough to make them all yourself”
Eleanor Roosevelt (1884-1962), First Lady of the United States from 1933 to 1945. She supported the New Deal  

policies of her husband, Franklin D. Roosevelt, and assumed a role as an advocate for civil rights




