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Abstract

Cardiovascular disease is the leading cause of death in
patients with end-stage renal disease. Besides tradition-
al risk factors, disturbances in mineral and bone metab-
olism and inflammation are thought to be responsible
forthe increased risk of death. In the last years C-reactive
protein (CRP) has gained a lot of attention in the general
population, especially with regard to its link with athero-
sclerosis. Although several studies suggest that CRP
may be useful as a parameter in predicting future cardio-
vascular events in both the general population and in
patients with end-stage renal disease, there is doubt
about the clinical evidence of this assumption. A statisti-
cal association between CRP and cardiovascular disease
was observed in various studies, but the predictive pow-
er of this association is markedly diminished when ad-
justed for other risk factors. The relative contributions of
CRP as a marker, as a causative agent, or as a conse-
quence of atherosclerotic vascular disease are unclear,
both in the general population and in the dialysis popu-
lation. The CRP levels are highly variable and influenced
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by intercurrent events in dialysis patients. In dialysis pa-
tients, it is possible to reduce the CRP levels by statins,
although these agents do not reduce the cardiovascular
mortality in diabetic dialysis patients.
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Introduction

One of the most important advances in medicine was
the identification of the major risk factors for atheroscle-
rotic vascular disease, arising from large prospective stud-
ies, such as the Framingham Heart Study [1] and the Sev-
en Countries Study [2]. The major modifiable risk factors
in an apparently ‘healthy’ population include elevated
blood pressure, dyslipidemia, smoking, and diabetes mel-
litus. In recent years, a number of new candidate risk fac-
tors or markers have been proposed as significant predic-
tors of atherosclerosis and its complications [3]. Espe-
cially C-reactive protein (CRP) as a nontraditional risk
factor has gained a lot of attention in the relation between
inflammation and atherosclerosis.

Cardiovascular disease is the major cause of morbid-
ity and mortality in patients with end-stage renal disease,
leading to death rates of about 50% in dialysis patients
[4]. Whereas the relation between traditional risk factors,
such as hypertension and dyslipidemia, and cardiovascu-
lar mortality is not straightforward, inflammation as
characterized by an increased CRP level is clearly associ-
ated with an increased mortality in this population [5].
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Thus, it would appear rational to use the CRP level as a
predictor for cardiovascular disease and a target for ther-
apy, not only in the ‘healthy’ general population, but es-
pecially in dialysis patients.

There is ample evidence that inflammation is an inte-
gral part of the process of atherosclerosis [6]. A series of
studies performed in the general population found a sig-
nificant positive relationship between CRP concentra-
tion and coronary artery disease [7-9]. Moreover, sev-
eral prospective epidemiological studies performed in the
United States and in Europe have demonstrated that
CRP is a predictor of future coronary events among ap-
parently healthy men and women [10]. Hence, a 70-year-
old test used to detect acute inflammation has become a
potentially important marker for cardiovascular disease.
The question that should be answered 1s: does CRP im-
prove the prediction of atherosclerotic disease above that
of traditional risk factors?

However, before introducing a new risk factor, one has
to consider whether the new risk factor provides a clini-
cally significant prognostic value above and beyond that
provided by traditional risk factors. In addition, the risk
factor should be sensitive and specific for the disease.
Moreover, reduction in the level of the risk factor should
lead to clinical benefit. Based on these premises, the po-
tential benefits and drawbacks of CRP as a potential risk
factor predictor for cardiovascular disease, with special
attention to patients with end-stage renal disease, will be
discussed.

C-Reactive Protein

CRP is a nonglycosylated protein produced by human
hepatocytes in response to infection, inflammation, or
tissue damage. It is composed of five identical noncova-
lently linked subunits that form a symmetrical pentago-
nal structure with a molecular weight of 105,000 Da. CRP
was originally named for its ability to precipitate somatic
C-polysaccharide of pneumococci; however, other meth-
ods are now used to detect it. CRP is present at very low
levels in the normal population. Levels <1 mg/dl are con-
sidered insignificant, levels from 1 to 10 mg/dl are con-
sidered moderately elevated, and levels >10 mg/dl are
markedly elevated. Before quantitative methods for CRP
were developed, CRP was reported as ‘present’ or ‘ab-
sent’. Nowadays, several methods are commercially avail-
able in clinical laboratories for measurement of CRP: the
most commonly used are either immunonephelometric
or immunoturbidimetric assays. These methods are gen-
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erally reproducible, fully automated, and capable of mea-
suring CRP with a detection limit of 3-5 mg/l. Although
this detection limit is adequate for the traditional clinical
utility of CRP in monitoring infections, it renders most
of the current assays useless in assessing and predicting
the risk of coronary and cerebrovascular diseases in ap-
parently healthy populations.

In contrast, most of the original studies mentioned in
this article that examined the clinical utility of CRP in
predicting future myocardial infarction and stroke have
used newly developed high-sensitivity tests for CRP [11].
These ultrasensitive enzyme-linked immunosorbent as-
says are capable of measuring CRP at a concentration of
0.007 mg/l. However, this methodology is primarily for
research and is not ideal for routine use in highly auto-
mated clinical laboratories. Recently, an ultrasensitive
latex-enhanced immunoassay for CRP measurement on
the BN II nephelometer (Dade Behring, Newark, Del.,
USA) has been evaluated and validated clinically [11].
This assay uses monoclonal anti-CRP antibodies, by
which the specific antibodies coat to polystyrene particles
to form a complex with the CRP present in the study
sample. Based on these data it seems to be preferable to
use high-sensitivity CRP measurements, since with this
method inflammation at a low level of CRP can be de-
tected.

Although high-sensitivity CRP measurements may en-
hance our prognostic and therapeutic capabilities, their
value has not been fully established.

Other Markers of Inflammation

In the general population, IL-6 has been shown to be
superior to CRP in predicting outcome [12, 13]. Recently,
it has also been suggested that markers of inflammation
such as IL-6 and fetuin-A might be of more importance
than CRP in predicting the outcome in renal patients [ 14—
17]. What the beneficial effects in terms of prediction of
outcome of IL-6 and other markers of inflammation are
has to be determined in further studies, especially since
the risk ratio of IL-6 is close to that of CRP.

Role of CRP in the Pathogenesis of
Cardiovascular Disease

Numerous studies have shown that CRP is of impor-
tance in the pathogenesis of vascular disease. CRP elicits
a multitude of effects on endothelial biology, favoring a
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proinflammatory and proatherosclerotic phenotype. In vi-
tro experiments revealed that CRP potently downregu-
lates endothelial nitric oxide synthase transcription and
destabilizes endothelial nitric oxide synthase mRNA, re-
sulting in a decreased release of basal and stimulated nitric
oxide, known to be an endothelium-derived relaxing fac-
tor [18]. Furthermore, CRP has been shown to stimulate
endothelin-1 and IL-6 release from endothelial cells, to
upregulate adhesion molecules such as intercellular adhe-
sion molecule-1, vascular cell adhesion molecule-1, and
E-selectin, and to stimulate the release of monocyte che-
motactic protein-1, a chemokine that facilitates leukocyte
transmigration [ 19-21]. By inhibiting the nitric oxide pro-
duction, CRP facilitates endothelial cell apoptosis and
blocks angiogenesis. Furthermore, CRP potently upregu-
lates nuclear factor- B, directly upregulates angiotensin
type 1 receptor in vascular smooth muscle cells in vitro
and in vivo, and stimulates vascular smooth muscle mi-
gration and proliferation, neointimal formation, and reac-
tive oxygen species production [22, 23]. Finally, it has
been suggested that CRP upregulates complement-inhibi-
tory proteins and protects endothelial cells from comple-
ment-mediated cell injury on the one hand, whereas on
the other hand it may activate the complement system and
is involved in foam cell formation, thereby promoting ath-
erosclerotic lesions [24-26]. This suggests that a balance
of proatherogenic and antiatherogenic effects of CRP on
the vessel wall may be important in the development of
atherosclerosis. However, also the presence of atheroscle-
rosis itself may induce an inflammatory process, suggest-
ing that CRP might be a epiphenomenon of disease.

CRP and Cardiovascular Disease in the
General Population

Data from the Framingham risk study showed that the
relative risks of future vascular disease are related to CRP
values, with the highest risk in the highest quintile [27].
In another study, Ridker et al. [28] evaluated the relation-
ships between CRP, metabolic syndrome, and incident
cardiovascular events among more than 14,000 appar-
ently healthy women who were followed up for an 8-year
period for myocardial infarction, stroke, coronary revas-
cularization, or cardiovascular death. Of the cohort, 24%
had the metabolic syndrome (defined as upper-body obe-
sity, hypertriglyceridemia, low high-density lipoprotein
cholesterol levels, hypertension, and abnormal glucose
concentrations) at study entry. The patients were strati-
fied into three groups, having CRP levels <1, between 1
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and 3, and >3 mg/l. Patients in the highest tertile, i.e., a
CRP level >3 mg/l, had a relative risk of 2.1 times that of
those with metabolic syndrome who had the lowest CRP
levels, i.e., <1 mg/l. So, CRP seems to be of statistical
value in predicting atherosclerotic vascular disease among
individuals already defined as having the metabolic syn-
drome. However, is it possible, based on CRP, to dis-
criminate clinically between those with and those without
disease, but what are the optimal reference intervals to
discriminate between disease and no disease?

Harris et al. [29] could demonstrate in a prospective
study of almost 1,300 healthy nondisabled participants
that higher circulating levels of IL-6 and CRP were associ-
ated with mortality in this population-based sample of
healthy older persons. However, also a wide overlap of the
confidence interval in the different quartiles of CRP in
patients with and without any cardiovascular disease was
observed, suggesting that CRP does not discriminate clin-
ically between patients with and without disease. More-
over, participants with high IL-6 levels in the absence of
high CRP levels also had an increased risk of death, where-
as high CRP levels in the absence of high IL-6 levels were
not associated with mortality [29]. The limitation of this
study is that there was no objective evaluation of the pres-
ence or not of cardiovascular disease, but of possible se-
vere disease versus unknown. Out of more than 20,000 US
males, aged between 40 and 84 years, participating in the
Physicians’ Health Study, Ridker et al. [30] prospectively
studied 543 patients and 543 controls [30]. The baseline
CRP levels were higher in men who experienced myocar-
dial infarction or ischemic stroke at a later stage as com-
pared with men without vascular events. The data of the
study showed that the median CRP concentration of men
who did not develop cardiac disease was 1.13 mg/l, while
the median value for persons who developed myocardi-
al infarction was 1.51 mg/l, with a range from 0.55 to
2.11 mg/l. Thirty percent the of men who did not develop
cardiovascular events at a later stage were in the highest
two quartiles, suggesting a high overlap in those develop-
ing myocardial infarction with those who did not. Data
from the National Health and Nutrition Examination Sur-
vey [31] showed that 40% of the women aging between 30
and 39 years had high-sensitivity CRP results >3.5 mg/l
and that this high proportion was similar in healthy wom-
en and in those on hormone replacement therapy. How-
ever, the risk of coronary events in these women was very
low [31]. Finally, the recent study performed by Danesh
et al. [32] compared 2,459 patients who had a nonfatal
myocardial infarction or died of coronary disease during
a 12-year study period with 3,969 controls. The calculated
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areas under the receiver operating characteristic curves
indicated that information on CRP provided little addi-
tional predictive value as compared with that provided by
major established risk factors such as hypertension, cho-
lesterol level, and current cigarette smoking. Although the
authors used a high-sensitivity CRP measurement cutoff
value of of 2 mg/l, in contrast to the 3 mg/l used in many
other studies, they reported that based on their results and
an updated meta-analysis of more than 4,000 patients the
value of CRP measurements in the prediction of the risk
of coronary disease was overestimated and that estab-
lished coronary disease risk factors are generally stronger
predictors than are CRP values.

The CDC/AHA Workshop on Markers of Inflamma-
tion and Cardiovascular Disease [33] examined selection
and use of inflammatory markers to predict cardiovascu-
lar disease based on the evidence reported in the litera-
ture. It was concluded that there was insufficient evidence
to support the use of CRP as a clinical tool to predict fu-
ture cardiovascular events.

To summarize, although related to cardiovascular
events, there is a wide overlap of CRP in patients with
and without any cardiovascular disease. Moreover, it is
not yet fully clear whether CRP has a causal effect or is
an epiphenomenon of disease.

CRP in Patients with End-Stage Renal Disease

The causes of chronic and low-grade inflammation in
end-stage renal disease patients have been extensively
discussed in the literature [34]. The processes, in brief,
are promoted by several factors which may be related or
not to dialysis. In dialysis patients, there is a combination
of an impaired immune response related to the uremic
state and persistent immune/inflammatory responses
(blood-membrane contact, water quality, bioincompati-
ble membranes, vascular access, etc.), resulting in persis-
tent immune system stimulation, low-grade systemic in-
flammation, and altered cytokine balance. This may char-
acterize the uremic state which may translate into an
increased risk of developing vascular disease.

The problem with CRP is that it is a relatively nonspe-
cific acute-phase reactant. Especially in dialysis patients,
who are exposed to various factors such as bioincompati-
ble membranes and nonsterile dialysate and often suffer
from significant comorbidity that may lead to a state of
chronic inflammation, CRP levels may vary widely, both
intra- and interindividually. One needs detailed clinical
information to put the diagnostic value of CRP in perspec-
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tive. To describe CRP as a general marker of cardiovascu-
lar disease might, therefore, be too simplistic. The preva-
lence of silent infections is high in dialysis patients. It was
shown by Kaysen et al. [35] that the CRP level was sig-
nificantly higher in dialysis patients with a low as com-
pared with those having a normal albumin concentration.
Van Tellingen et al. [36] studied prospectively the effect of
acute-phase responses on the chronic inflammatory state
in hemodialysis patients. CRP was measured at the start
of the study and after 12 weeks. In addition to the micro-
biological quality of the dialysate, the occurrence of clinical
events was assessed. There were several clinical events
such as infections, shunt complications, diabetic ulcer,
heart failure, total hip replacement, or subdural hemato-
ma. Twenty-three percent of the patients had an increase
in CRP levels >8 mg/l during the follow-up period. The
appearance of a clinical event during follow-up remained
the only significant predictor of CRP accounting for 22.1%
of its variance. In another study [37], a large variability in
CRP levels was noted, and, furthermore, changes in CRP
levels were related to intermittent or chronic (co)morbidity.
The CRP levels were assessed at monthly intervals in 60
dialysis patients over a 3-month period. Moreover, all pa-
tients were seen weekly in groups, and special emphasis
was placed on intermittent clinical events. The study
showed that in 92% of the patients the CRP level was
>2 mg/l on at least one occasion. In 68% of the patients,
the CRP concentration was >10 mg/l on at least one mea-
surement, and in 96% of these patients a significant clinical
event and/or chronic comorbidity was observed.

Studies on the significance of higher levels of CRP in
end-stage renal disease patients as compared with higher
levels of CRP in high-risk groups are lacking. The above
data suggest that when there is an elevated CRP level in
end-stage renal disease patients, there might be evidence
of an intercurrent clinical event. Moreover, comparing
higher levels of CRP in patients with chronic kidney dis-
ease with those of other nonrenal groups is even more
difficult, since several studies [38, 39] have shown that a
decline in renal function leads to an accumulation of cy-
tokines, such as IL-6, which may be partly responsible for
the increased level of CRP in chronic kidney disease.

Treatment of Increased CRP Levels in the
General Population

Testing of CRP may provide some prognostic informa-
tion; however, it is not known whether CRP levels provide
a target for treatment to enhance survival, like lowering of
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low-density lipoprotein cholesterol. Lifestyle modification
provides the first opportunity to modify the CRP levels,
because obesity, smoking, diabetes, and other factors are
associated with elevated CRP concentrations. There is
strong evidence that the benefits of risk reduction strate-
gies, including aspirin and statins, are markedly enhanced
in patients with elevated CRP levels [40-42]. However,
whether lowering of the CRP concentration reduces the
cardiac risk is not known until now. Furthermore, to know
whether pharmacological treatment of patients with only
an elevated level of CRP is warranted will require further
trials. Several therapeutic interventions, which are known
to reduce cardiovascular mortality, are also able to reduce
the CRP levels. It has been suggested that part of the ther-
apeutic power of statins and aspirin results from their anti-
inflammatory effects. Statins appear to reduce the cardio-
vascular risk irrespective of the lipid-lowering effect [40,
41]. Moreover, statins reduce the CRP concentration in
patients without overt hyperlipidemia [42].

However, at present it is not known whether the de-
cline in CRP levels represents an epiphenomenon, show-
ing a reduced inflammatory status due to reversal of ath-
erosclerosis, or whether a reduction in CRP concentra-
tions per se has an independent therapeutic effect. In an
interesting study published in 2003 [43], it was shown
that statins reduce the CRP levels but not the concentra-
tions of IL-6 which is the main stimulus for CRP.

Bhatt and Topol [44] proposed an algorithm for utiliza-
tion of CRP to allocate medical therapy. In patients who
have had a cardiovascular event (secondary prevention)
and who were already on basic therapy that included statin
and aspirin every 2 weeks, the CRP concentration was de-
termined. If the CRP levels remained elevated >1.5 mg/l,
the next medication in the algorithm, such as an angioten-
sin-converting enzyme inhibitor or clopidrogel or a fibrate
or thiazolidinedione, would be prescribed. If an added
agent had no effect on the CRP level, then it would be dis-
continued. The results of such an algorithm would validate
whether an anti-inflammatory strategy or tailored medical
therapy can reduce the incidence of death, myocardial in-
farction, and stroke. However, clinical data on the effec-
tiveness of such an algorithm are not yet available.

Treatment of Increased CRP Levels in Patients
with End-Stage Renal Disease

It was shown by several authors [45, 46] that the CRP
concentration was significantly reduced in patients with
end-stage renal disease using statins as compared with

Predictive Value of C-Reactive Protein in
ESRD

placebo [45, 46]. However, until recently, results of ran-
domized controlled trials toward the effect of statins on
mortality in dialysis patients were lacking. The study per-
formed by the German Diabetes and Dialysis Study In-
vestigators [47] was the first to examine the use of statins
in type 2 diabetics with kidney failure or end-stage renal
failure as well as to study the cardiovascular outcomes in
dialysis patients overall. The study included 1,255 diabet-
ics at 178 dialysis centers throughout Germany. A large
proportion of the patients suffered from hypertension,
congestive heart failure, and peripheral arterial and car-
diac diseases. Twenty to thirty percent of the patients had
suffered a prior heart attack or had undergone revascu-
larization and heart surgery. The patients were random-
ized to atorvastatin 20 mg or placebo. The composite end
points were cardiovascular death, nonfatal myocardial
infarction, or stroke. The mean low-density lipoprotein
cholesterol level was 126 mg/dl in the study population.

In the atorvastatin-treated patients, the low-density li-
poprotein cholesterol concentration was reduced by 41%.
Overall, there were no significant differences in outcomes
between placebo- and atorvastatin-treated patients. How-
ever, the relative risk of fatal stroke among those receiv-
ing atorvastatin was significantly higher as compared
with the placebo group. So, statins seem to reduce the
CRP levels in dialysis patients, but they do not reduce the
cardiovascular mortality.

Conclusions

Evidence supports a statistical association between
CRP levels and cardiovascular disease, but the predictive
power of this association is markedly diminished when
adjusted for other risk factors. The relative contributions
of CRP as a marker, a causative agent, or a consequence
of atherosclerotic vascular disease are unclear, both in the
general ‘healthy’ population and in the dialysis popula-
tion. The CRP levels are highly variable and influenced
by intercurrent events in dialysis patients. In dialysis pa-
tients, it is possible to reduce the CRP levels by statins
without an apparent reduction in cardiovascular mortal-
ity. In conclusion, more studies are necessary to prove the
concept of the clinical utility of CRP as a risk factor pre-
dictor and target for therapeutic interventions in dialysis
patients.
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