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Abstract
Background—Few studies have evaluated the relationship between high-sensitivity C-reactive
protein (hs-CRP) and vascular events in the elderly with chronic kidney disease (CKD).

Methods—The relationship of hs-CRP with vascular events was examined according to CKD
status in 3166 participants of the Intervention Project on Cerebrovascular Diseases and Dementia
in the Community of Ebersberg, Bavaria (INVADE study). CKD was defined as a creatinine
clearance <60mL/min estimated by the Cockcroft-Gault formula. hs-CRP was used as a binary
variable > or < 2.1mg/l (median value). Vascular events were defined as a composite of
myocardial infarction, stroke and vascular death.

Results—After 4 years of follow-up, 204 (6.4%) participants experienced a major cardiovascular
event. High hs-CRP levels and CKD at baseline were associated with a greater risk of vascular
events. Compared to patients with low hs-CRP/non-CKD, the adjusted HR (95% CI) for vascular
events was 1.42 (1.11; 2.21) for low hs-CRP/CKD,1.57 (1.21; 2.34) for high hs-CRP/non-CKD,
and 1.93 (1.45; 2.89) for high hs-CRP/CKD.

Conclusions—These results suggest that high CRP provides prognostic information in patients
with CKD.
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Introduction
Multiple studies have shown CKD to be an independent risk factor for cardiovascular events
and mortality (1-5). This increased risk of cardiovascular disease is evident even with mild
decrements of kidney function (1, 6), and appears to increase incrementally as CKD
advances (2, 7). Despite the higher prevalence of traditional (Framingham) risk factors for
cardiovascular disease in patients with CKD (8-9), the increased risk of cardiovascular
disease in this patient population is only partially explained by the traditional risk factors of
the general population (10). Several non-traditional risk factors have been proposed to play a
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role in the development and progression of accelerated atherosclerosis noted in individuals
with CKD such as chronic inflammation (11).

The association between inflammation and cardiovascular disease is best described in
patients with ESRD (12), where inflammatory markers such as high-sensitivity C-reactive
protein (hs-CRP) and Interleukin-6 (IL-6) are powerful predictors of cardiovascular events
and mortality (13-16). Recent evidence suggests that even patients with early kidney disease
suffer from inflammation (17-19). Yet, results of studies in patients with pre-ESRD CKD
have been conflicted on whether CRP is an independent risk factor for cardiovascular events
and mortality in patients with CKD (20-24). Furthermore, a paucity of studies have
addressed the association of inflammation with cardiovascular disease in elderly patients
with CKD (22, 25).

Using data from the Intervention Project for Cardiovascular Diseases and Dementia in
Ebersberg, Germany Study (INVADE), we tested the hypothesis that elevated serum hs-
CRP levels are associated with increased risk of cardiovascular events in elderly patients
with CKD and kidney disease progression.

Subjects and Methods
Study Population

All the residents of Ebersberg, Germany who were born prior to 1946 and were members of
the health insurance company AOK (Allgemeine Ortskrankenkasse) were eligible for
enrollment in the study (26). A total of 10325 individuals (40% of Ebersberg residents) were
identified in the AOK database and invited to participate. 3905 subjects responded to the
invitation during the recruitment phase (2001-2003) and 3166 subjects were included in the
current analysis. The remaining participants (n=739) were excluded because of incomplete
data or labs. The baseline assessment was conducted by the primary care physicians of the
community (n=65) and included a standardized questionnaire, medical history, physical
examination, evaluation of several risk factors, a 12-lead electrocardiogram, in addition to
overnight fasting venous blood sample for analysis in a central laboratory. Once enrolled,
the subjects were evaluated every 3 months for a total of 4 years. The local institutional
review board approved this study, and all participants provided informed consent prior to
enrolling in the study.

Predictor & Outcomes Definitions
As previously reported (26), hs-CRP was measured by a high-sensitivity assay (hs-CRP; N
High Sensitivity CRP, DADE Behring, Germany). The assay has a lower detection level of
0.175 mg/L and a coefficient of variation of 7.6%; the intra-assay precision ranges from
3.1% for a hs-CRP content of 0.5 mg/L to 4.0% for a CRP content of 15 mg/L; and the
interassay precision was 2.5% and 2.6% respectively. hs-CRP was entered into the model as
a binary variable with values either less than or greater than the median value (2.1mg/L).

The primary study outcome was a major cardiovascular event defined as a composite of
myocardial infarction, stroke, and vascular death. Information about the designated
outcomes was obtained from the general practitioners visits (every 3 months as above),
AOK database, or the municipality. Additional information was obtained from the hospital
records, autopsy records, and death certificates. All fatal and non-fatal events were coded
independently by 2 physicians.

CKD defined as creatinine clearance (Ccr) < 60 mL/min (25, 27). Serum creatinine was
measured using a kinetic alkaline picrate (Jaffe) method (28). Glomerular filtration rate
(GFR) was calculated as Ccr (clearance of creatinine) by the Cockroft-Gault (CG) equation:
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Creatinine clearance (mL/min) = [(140-Age) × (weight) × (0.85 if female)] / [(72) × (serum
creatinine)]. The CG prediction equation has been used in other analyses of the INVADE
study (29-30) and has been validated in older European adults (31-32). In addition, in
previous publications, the four-variable abbreviated Modification of Diet in Renal Disease
(33) had provided similar results and hence is not described further.

Baseline Covariates
The following were obtained from a computerized questionnaire: age, sex, pack years
smoking, and prior history of hypertension, diabetes, ischemic heart disease, peripheral
artery disease, stroke, and use of aspirin or a statin. History of hypertension was defined as
treatment with antihypertensive medications, systolic blood pressure ≥ 140 mmHg, diastolic
blood pressure ≥ 90 mmHg measured according to JNC VII guidelines. A subject was
considered diabetic if they were treated with antidiabetic drugs, if they had an overnight
fasting serum glucose ≥ 7.0 mmol/L, or if they had HbA1C >6.0%. History of ischemic heart
disease was documented by previous myocardial infarction or angina pectoris, previous
bypass surgery, or > 50% angiographic stenosis of ≥ 1 major coronary artery. Stroke was
defined as neurological deficit for > 24 hours as evaluated by a neurologist [30].

Serum samples were analyzed in a central laboratory after an overnight fast, and included:
low density lipoprotein (LDL)- and high density lipoprotein (HDL)-cholesterol and
triglycerides, glycosylated hemoglobin (HbAIc), and homocysteine levels [30].

Statistical Analyses
Baseline characteristics are presented according to CG-GFR quartiles. All values are given
as mean (SD), or as median and interquartile range (IQR), or as counts and percentages. χ2

tests, independent t-tests, Mann–Whitney U-tests, and the Spearman rank correlation were
applied for univariate analysis, as appropriate. Least square means (95% C.I.) were
calculated for hs-CRP and are shown in table 2 by CG-GFR. In order to examine the
relationship between hs-CRP with cardiovascular events across kidney function status we
defined four (4) groups on the basis of serum hs-CRP levels and CKD status as the
interaction between CKD and hs-CRP was significant (P = 0.012): low hs-CRP/non-CKD,
high hs-CRP/non-CKD, low hs-CRP/CKD, and high hs-CRP/CKD. hs-CRP levels below the
median of 2.1 mg/L were considered low, and > 2.1 mg/L were considered high. CKD was
defined as CG-GFR <60 mL/min. Kaplan-Meier survival analysis was used to compute the
cumulative probability of reaching a primary endpoint and curves were compared with the
log-rank test. The hazard of reaching the study outcome (composite of myocardial
infarction, stroke, and vascular death) in study groups compared to group A (reference) was
estimated with the Cox proportional hazard model. To evaluate whether measuring hs-CRP
conveys additional prognostic value to the traditional cardiovascular risk factors, we
calculated the Framingham risk score (FRS), first for all participants then stratifying by
CKD status. We calculated the area under the curve (AUC) with FRS alone then adding in
hs-CRP. All calculations were performed using the JMP 7.0 software (SAS, Cary, NC,
USA). P-values <0.05 were considered to be statistically significant.

Results
Baseline characteristics

Mean hs-CRP and CG-GFR for the participants were 0.40 (SD 0.88) and 77 (SD 21)
respectively. Baseline characteristics for the entire population are shown in Table 1.
Baseline levels of hs-CRP according to CG-GFR quartile are shown in Table 2. After
adjusting for age, sex, pack years smoking, history of hypertension, diabetes, ischemic heart
disease, and stroke, BMI, systolic and diastolic blood pressure, aspirin and statin use, LDL-
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and HDL-cholesterol and triglycerides, HbAIc, baseline CG-GFR, and homocysteine levels,
CRP levels increased from 0.41 mg/L (0.33, 0.52) in the highest CG-GFR quartile to 0.49
mg/L (0.41, 0.61) in the lowest CG-GFR quartile (P value for trend 0.032).

High hs-CRP predicts increased risk of vascular events
Of the 3166 participants, 724 individuals (23%) had CKD at baseline. The mean CG-GFR in
the CKD and non-CKD groups at the initiation of the study was 50± 9 and 83±18 mL/min
respectively. After 4 years follow up, 204 (6.4%) individuals experienced a major
cardiovascular event. Kaplan-Meier survival curves are presented in Figure 1 and illustrate
that the majority of vascular events occurred in subjects with high hs-CRP/CKD. Results of
multivariable Cox proportional hazard analysis are presented in Figure 2. After adjusting for
important traditional and non-traditional cardiovascular risk factors, the group with high hs-
CRP/CKD had the highest risk of a major cardiovascular event; the adjusted hazard ratio
(95% CI) for a major cardiovascular event was 1.93 (1.45, 2.89) for the high hs-CRP/CKD
group as compared to the reference group (low hs-CRP/no CKD).

Using only FRS, the AUC was 0.60 (95% C.I. 0.56, 0.63) for the entire population. After
adding CRP, the AUC increased to 0.68 (95% C.I. 0.67, 0.72).The findings in non CKD
participants were simiilar: using only FRS the AUC was 0.62 (95% C.I. 0.58, 0.66) and after
adding CRP, the AUC increased to 0.67 (95% C.I. 0.63, 0.72).For the CKD participants: the
AUC was 0.58 (95% C.I. 0.53, 0.64) using FRS alone, and increased to 0.70 (95% C.I. 0.64,
0.76) after hs-CRP was added.

Discussion
We report that individuals with increased hs-CRP and CKD at baseline are at the highest
risk of cardiovascular events after 4 years of follow up in an elderly population in Germany.
This association is independent of demographics and other risk factors for cardiovascular
disease, such as smoking, hypertension, diabetes, obesity, and dyslipidemia, in addition to
prior cardiovascular disease, and use of aspirin or statins.

Evidence to the direct involvement of CRP in the atherosclerotic process primarily stems
from in vitro experiments that suggest CRP induces leukocyte activation (34), endothelial
cell dysfunction (35-36), and oxidative stress (37). Our observation that hs-CRP levels are
increased in individuals with lower GFR is consistent with previous reports in the literature
(17, 38). The predictive value of CRP in patients with underlying CKD has been explored in
a few cohorts. Consistent with our results high serum levels of CRP were found to be an
independent risk factor for cardiovascular mortality in participants of the MDRD study (24).
In this analysis, patients with prior history of cardiovascular events were excluded.
However, a study of individuals with CKD in Cardiovascular Health Study (CHS) (22)
found that traditional risk factors conveyed the majority of the risk of cardiovascular
mortality (AUC of 0.73, 95% C.I. 0.70,0.77). Similarly, an examination of Irbesartan
Diabetic Nephropathy Trial (IDNT) (21) found CRP was not predictive of cardiovascular
events in patients with overt type II diabetic nephropathy. In IDNT, adjusting for prior
cardiovascular events alone was sufficient to offset the univariate association between CRP
and cardiovascular events. The higher risk factor profile of the participants in these other
studies may explain the conflicted findings. In our current analysis, the FRS alone yielded
an AUC of 0.58 that increased to 0.7 when hs-CRP was added in the model suggesting that
measuring hs-CRP may be of value in certain groups.

Our study has several limitations. Our analysis was conducted on a population of Ebersberg
Germany, and although our results are consistent with other studies in the US, our results
may not be generalizeable to other populations. Furthermore, the study cohort did not
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include young or black patients with CKD, hence we are unable to comment on the
predictive value of CRP in individuals with either of these demographics. In addition,
although prospective, this is an observational study, and the evaluation of inflammation as a
therapeutic target for patients with CKD requires interventional studies with novel
inflammation-modulating agents.

Notwithstanding these limitations, our results suggest that high hs-CRP levels provide
prognostic information in elderly patients with CKD. The role of inflammation in the
morbidity and mortality of patients with CKD remains incompletely understood, and
prospective studies are needed to evaluate the impact of modulating inflammation on
cardiovascular events and mortality in patients with CKD.
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Figure 1.
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Figure 2.
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