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Inflammation plays an important role in the atheroscle-
rotic process 1, and C-reactive protein (CRP) as an index of
low-grade inflammation has been established as an inde-
pendent predictor of cardiovascular events both in healthy
individuals 2 and in patients with acute coronary syndro-
mes (ACS) 3.

In stable individuals, values of CRP exceeding 0.3 mg/
dL are associated with a high risk of cardiovascular events 4.
Therefore, a highly sensitive method, such as nephelome-
try, is necessary to discriminate among such low values of
CRP. During ACS, an augmentation of inflammatory activity
takes place, and the distribution of CRP values shifts up-
ward 5. Therefore, turbidimetry, although typically less sen-
sitive than nephelometry, has the potential to be useful in
such a patient population.

To evaluate the performance of the turbidimetric me-
thod of CRP as an index of low-grade inflammation in sub-
jects with ACS, we correlated measurements by turbidime-
try with measurements by nephelometry, both performed
on the same plasma samples from patients with unstable
angina or non-ST elevation acute myocardial infarction.

Methods

Patients admitted to the coronary care unit of our hos-
pital because of unstable angina or non-ST elevation acute
myocardial infarction between December 2000 and January
2002 were evaluated as study candidates. Inclusion criteria
were defined as onset of chest discomfort in the prior 48
hours in patients with ECG changes consisting of transient
ST-segment depression (≥0.5mm) or T wave inversion
(≥1.0mm), and/or positive troponin I (>1.0ng/dL). Infarction
at admission was defined by a positive troponin test.
Patients with infarction and ST-segment elevation or left
bundle-branch block were not included.

Objective - To evaluate the performance of the turbi-
dimetric method of C-reactive protein (CRP) as a measure
of low-grade inflammation in patients admitted with non-
ST elevation acute coronary syndromes (ACS).

Methods – Serum samples obtained at hospital arri-
val from 68 patients (66±11 years, 40 men), admitted with
unstable angina or non-ST elevation acute myocardial
infarction were used to measure CRP by the methods of ne-
phelometry and turbidimetry.

Results - The medians of C-reactive protein by the
turbidimetric and nephelometric methods were 0.5 mg/dL
and 0.47 mg/dL, respectively. A strong linear association
existed between the 2 methods, according to the regres-
sion coefficient (β=0.75; 95% C.I.=0.70-0.80) and corre-
lation coefficient (r=0.96; P<0.001). The mean difference
between the nephelometric and turbidimetric CRP was
0.02 ± 0.91 mg/dL, and 100% agreement between the
methods in the detection of high CRP was observed.

Conclusion -  In patients with non-ST elevation ACS,
CRP values obtained by turbidimetry show a strong linear
association with the method of nephelometry and perfect
agreement in the detection of high CRP.
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Blood samples obtained at hospital arrival (in the emer-
gency room) were used to simultaneously measure CRP
levels by commercially available turbidimetric and nephelo-
metric methods. The turbidimetric method (Biotéctica Indús-
tria e Comércio, Varginha, MG, Brazil) assesses agglutination
of latex particles coated with antibody against CRP by
quantifying the absorbed light 6 (detection limit >0.4mg/dL).
The nephelometric method (Dade Behring Inc., Newark, DE,
USA) measures the agglutination of particles by quantifying
the scattered light (detection limit > 0.0175mg/dL) 7.

Linear associations between the 2 methods of CRP
were expressed by regression coefficient (β) and correlation
coefficient (r). For this analysis, the independent variable
was CRP by nephelometry, and the dependent variable was
turbidimetric CRP. Because CRP values were not normally
distributed in both methods (Shapiro-Wilk test: P<
0.0001), the nonparametric Spearman correlation coefficient
was used. An analysis of the limits of agreement between
turbidimetry and nephelometry was also performed as des-
cribed by Bland and Altman 8. For this analysis, the diffe-
rence between the 2 measurements was plotted against their
mean. Then, the bias (mean difference between the 2 me-
thods) and the limits of agreement (2 SD of the difference)
were determined. In addition, using the threshold of 1 mg/dL
for high CRP 4, agreement between the methods was asses-
sed. To correct for the influence of extreme values in the
regression and correlation analysis, a secondary analysis
was performed after excluding outliers 9. Such values were
defined as at least one of the following: studentized residual
≥ 2, leverage > 2 p/n, influence on regression coefficient
> 2/√n, influence on regression line > 2/√p/n (p: number of
parameters = 2 and n: number of observations = 64). Accor-
dingly, 4 patients were excluded in this secondary analysis.

As secondary end points, risk predictors (TIMI-Risk
score, positive troponin, ST-segment depression on admis-
sion, ischemia on 48-hour Holter during the acute phase,
triple-vessel disease) and the incidence of in-hospital
(death, infarction, urgent revascularization) and after dis-
charge (death, infarction, admission with unstable angina)

recurring events were compared between patients with high
or low values of turbidimetric CRP, by Pearson’s chi-square
test or Fisher’s exact test for categorical variables and Wil-
coxon’s Rank-Sum test or the Student t test for continuous
variables. For statistical analysis, the software package
SPSS version 9.0 was used.

Results

CRP was measured in 68 consecutive patients, 34 with
acute myocardial infarction and 34 with unstable angina.
Mean age was 66 ± 11 years, 40 were males, 5 were smokers,
24 had diabetes, and 29 used aspirin on a daily basis. Twen-
ty-seven subjects presented with ST-segment depression
on admission, 5 had ejection fraction < 45% on echocardio-
graphy, and 16 of the 43 patients who underwent angiogra-
phy had triple-vessel disease.

Mean time between the onset of clinical symptoms and
the collection of the blood sample was 7.8 ± 7.8 hours. Mea-
surements of CRP by the turbidimetric method ranged from
0 mg/dL to 15 mg/dL, with a median of 0.5 mg/dL, and by the
nephelometric method from 0.03 mg/dL to 22 mg/dL, with a
median of 0.47 mg/dL. A strong linear association existed
between the 2 methods, according to the regression coeffi-
cient (β=0.75; 95% C.I.= 0.70-0.80) and correlation coeffi-
cient (r=0.96; P<0.001). The strength of the correlation remai-
ned after exclusion of the 4 outliers (β=1.08; 95% C.I.=1.0-
1.2; r=0.96; P<0.001) (fig. 1). The mean difference between
the nephelometric and turbidimetric CRP was 0.02 ± 0.91 mg/
dL and limits of agreement were – 1.8 mg/dL and + 1.8 mg/dL.
After exclusion of outliers, the mean difference was 0.10 ±
0.37 mg/dL and limits of agreement were – 0.6 mg/dL and +
0.8 mg/dL (fig. 2). Based on a threshold value of
1 mg/dL, 100% agreement existed between the 2 methods in
the definition of elevated CRP.

According to both methods of CRP, 19 patients had
high CRP (> 1 mg/dL) and 49 had low CRP. Comparison of
clinical characteristics and outcomes between these 2
groups are depicted in table I. Patients with high CRP had a

Fig. 2 - Bland-Altman plot of CRP by the turbidimetry and nephelometry. The X axis
indicates the arithmetic mean between the values of CRP by turbidimetry and nephe-
lometry in each patient; the Y axis indicates the difference between the values of CRP
by turbidimetry and nephelometry in each patient.
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Fig. 1 - Simple linear regression analysis taking CRP by nephelometry as the inde-
pendent variable and CRP by turbidimetry as the dependent variable. The dashed
line indicates the line of identity; the solid line indicates the regression.
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trend towards longer duration of Holter ischemia in compa-
rison with low CRP patients. Likewise, transient ST-segment
depression on admission tended to be more common in pa-
tients with high CRP, and a trend towards more patients
with triple-vessel disease in the high CRP group was obser-
ved. No clear difference was noticeable between the groups
in the prevalence of positive troponin at admission or in
TIMI-Risk score. Both in-hospital coronary events and
events after discharge were similar between patients with
high and low CRP.

Discussion

The present report shows that, in patients with non-ST
elevation ACS, CRP levels assessed by the nephelometric
and the turbidimetric methods have a strong linear associa-
tion, represented by a high correlation coefficient and a sig-
nificant regression coefficient. Although the limits of agree-
ment show that values of the 2 methods are not identical, the
ability of turbidimetry in detecting high levels of CRP was
identical to that of nephelometry. The nephelometric me-
thod is validated by several prospective studies as a marker
of cardiovascular risk in patients with ACS 3,10-13. On the
other hand, only 1 study reported the turbidimetric method
as a predictor of cardiovascular events in ACS 14.

The twenty-fifth percentile of CRP is 0.05 mg/dL in
healthy men 15 and 0.15 mg/dL in healthy women 2, and
those in the second quartile already have higher cardiovas-
cular risk than subjects in the first quartile. Therefore, a
highly sensitive method is necessary to discriminate
among such low values. On the other hand, the level of
inflammation found in patients with ACS is higher than that
in healthy people. For example, the median of high-sensiti-
vity CRP in our study was 0.47 mg/dL in comparison with
0.15 mg/dL in the healthy population of The Physician’s
Health Study 15. Thus, in patients with ACS, the cutoff value

that identifies cardiovascular risk is higher than the thre-
shold used in healthy people. According to the recent Ame-
rican Heart Association and Centers for Disease Control
and Prevention statement for healthcare professionals 4, the
best cutoff value for patients with ACS is 1 mg/dL, which is
within the typical detection limit of turbidimetric methods
(≥ 0.4 mg/dL). This is the basis for the utilization of turbi-
dimetry in the assessment of cardiovascular risk in ACS
patients.

A strong correlation between turbidimetric and nephe-
lometric values of CRP was demonstrated by Roberts et al 16

in a population of blood donors and Hamwi et al 17 in a non-
selected population referred to do the test for different rea-
sons. Roberts et al 16 demonstrated linearity (systematic
error < 10%) for values above 0.02 mg/dL and precision
(coefficient of variability < 10%) for values above 0.06 mg/
dL with 9 different turbidimetric methods. Hamwi et al 17 des-
cribed coefficient of variability < 5% above 0.07 mg/dL with
4 different turbidimetric methods. Mueller at al 14, although
they did not compare the 2 methods, reported in a popula-
tion of 1042 patients with ACS that CRP level determined on
hospital admission by turbidimetry was an independent
predictor of short- and long-term mortality. Our study did
not primarily evaluate cardiovascular events, but extended
the correlation findings of Roberts et al 16 and Hamwi et al 17

to a population with non-ST elevation ACS, also showing
perfect agreement in the detection of high CRP. Although
risk predictors were more prevalent in those with high CRP,
cardiovascular events were not predicted by CRP, possibly
due to our small sample size, which makes clinical events a
secondary analysis of this report.

High-sensitivity methods of CRP initially used ELI-
SA methodology, as performed in the initial population
studies 15,18,19. This methodology is primarily for research
and is not ideal for routine use. Therefore, the nephelome-
tric method was validated for this purpose and is now
commercially available. More recently, several turbidime-
tric CRP assays have been developed and are commercially
available. The applicability of turbidimetry to measure CRP
in the assessment of low-grade inflammation makes this risk
predictor easily available for patients admitted with ACS
and facilitates the widespread use of CRP, considering that
a nephelometer is not always available. On the other hand,
only 1 prospective study 14  validates 1 mg/dL as a threshold
of risk with turbidimetry, and our limits of agreement analy-
sis showed that values of the 2 methods are not identical.
Concurrently, previous studies that compared the nephelo-
metric and turbidimetric methods showed a good correla-
tion, but suggested that better standardization of cutoffs is
necessary, because differences existed in CRP values bet-
ween the methods. Therefore, further studies are necessary
to establish whether equal cutoff points are to be used for
both methods in ACS patients.

In conclusion, in patients with non-ST elevation ACS,
measurements of CRP performed with a turbidimetric
method have a strong linear association with the nephelo-
metric method and perfect agreement in the detection of
high CRP.

Table I - Clinical characteristics and outcome of patients with and
without elevated turbidimetric C-reactive protein

CRP CRP P
> 1 mg/dl ≤ 1 mg/dl

Number 19 49
Age 66 ± 13 64 ± 12 0.59
Males 11 (58%) 29 (59%) 0.92
TIMI-Risk (mean) 3.2 ± 1.6 3.0 ± 1.7 0.73
TIMI-Risk > 4 4 (21%) 11 (22%) 0.90
Triple-Vessel Disease 7/12† (58%) 9/31† (29%) 0.07
ST Depression 11 (58%) 19 (39%) 0.15
Positive Troponin 11 (58%) 23 (47%) 0.42
LV EF < 45% 2 (13%) 2 (5%) 0.35
Diabetes 8 (42%) 16 (33%) 0.46
Ischemia on Holter (minutes) 45 ± 131 16 ± 83 0.11
In-hospital Coronary Events 2 (11%) 8 (16%) 0.70
Follow-up Time (months) 6,9 ± 3,7 7,2 ± 3,7 0.84
Coronary Events after Discharge 3/16* (19%) 9/44* (21%) 1.0

† Numerator: patients with coronary lesions > 50%; denominator: patients
who underwent coronariography. * Numerator: patients with events; deno-
minator: patients with follow-up. LVEF: left ventricular ejection fraction
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