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Summary
Background and objectives Measurement of C-reactive protein (CRP) levels remains uncommon in North
America, although it is now routine in many countries. Using Dialysis Outcomes and Practice Patterns
Study data, our primary aim was to evaluate the value of CRP for predicting mortality when measured
along with other common inflammatory biomarkers.

Design, setting, participants, & measurements We studied 5061 prevalent hemodialysis patients from 2005 to
2008 in 140 facilities routinely measuring CRP in 10 countries. The association of CRP with mortality was
evaluated using Cox regression. Prediction of 1-year mortality was assessed in logistic regression models
with differing adjustment variables.

Results Median baseline CRP was lower in Japan (1.0 mg/L) than other countries (6.0 mg/L). CRP was pos-
itively, monotonically associated with mortality. No threshold below which mortality rate leveled off was
identified. In prediction models, CRP performance was comparable with albumin and exceeded ferritin and
white blood cell (WBC) count based on measures of model discrimination (c-statistics, net reclassification
improvement [NRI]) and global model fit (generalized R2). The primary analysis included age, gender, dia-
betes, catheter use, and the four inflammatory markers (omitting one at a time). Specifying NRI �5% as
appropriate reclassification of predicted mortality risk, NRI for CRP was 12.8% compared with 10.3% for
albumin, 0.8% for ferritin, and �0.1% for WBC.

Conclusions These findings demonstrate the value of measuring CRP in addition to standard inflamma-
tory biomarkers to improve mortality prediction in hemodialysis patients. Future studies are indicated
to identify interventions that lower CRP and to identify whether they improve clinical outcomes.
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Introduction
Mortality rates among hemodialysis (HD) patients

remain exceptionally high, at levels six to eight

times those of the general population (1). Effective

means to identify patients at greatest risk, as well

as interventions to improve outcomes, are urgently

needed.

C-reactive protein (CRP) is an inflammatory bio-

marker associated with infection, cardiovascular

events, and mortality in dialysis patients (2–8). De-

spite increasingly routine CRP measurement in dial-

ysis units in Japan and Europe (9), controversy over

what might be gained by this practice has impeded its

adoption in the United States and Canada (10,11).

Furthermore, previous studies have had few patients

with low CRP levels, calling into question the inter-

pretation of modest elevations in CRP. For this rea-

son, determining a clinically meaningful CRP “cutoff

point” is a research priority identified by the National

Kidney Foundation’s Kidney Disease Outcomes and

Quality Initiative (KDOQI) (12).

The Dialysis Outcomes and Practice Patterns Study
(DOPPS) is an international prospective cohort study
of adult HD patients and practices. Using data from
this sample with several thousand patients, the pri-
mary aim of this study was to test the hypothesis that
CRP improves the prediction of mortality when mea-
sured in conjunction with standard inflammatory bio-
markers. An additional aim was to more completely
characterize the association of CRP with mortality,
especially at low CRP levels.

Materials and Methods
Data Source and Study Patients

Data were from phase 3 (2005 to 2008) of the
DOPPS, involving prevalent HD patients �18 years
old from 300 randomly selected facilities in 12 coun-
tries (Australia, Belgium, Canada, France, Germany,
Italy, Japan, New Zealand, Spain, Sweden, the United
Kingdom, and the United States). Study approval was
obtained by a central institutional review board. Ad-
ditional study approval and patient consent were ob-
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tained as required by national and local ethics committee
regulations.

Demographics, comorbidities, and laboratory values
measured during the course of routine clinical care were
recorded (13,14).

To reduce selection bias for patients with suspected
acute infections, analyses were restricted to patients in
facilities that measure CRP routinely (at least quarterly on
�75% of patients) and on maintenance HD �90 days with
recorded baseline CRP values (5061 patients from 140 fa-
cilities in 10 countries; no facilities in Canada or the United
States measured CRP routinely). All analyses were re-
stricted to baseline CRP values, which were highly
skewed. Extreme values were capped at the 99th percentile
(172 mg/L).

Statistical Methods
CRP was categorized into groups using typical clinical

thresholds with similar numbers of patients. CRP catego-
ries were treated as a set of indicator variables to estimate
hazard (rate) ratios for the nonreference categories. To
assess the association between CRP and overall and cause-
specific mortality, we used Cox regression, stratified by
country and accounting for facility clustering. Baseline
covariates included in the Cox model are listed in Figure 3.
Time-at-risk started at study entry for each patient. Ana-
lyzed deaths occurred during study follow-up or within 7
days after study departure. The proportional hazards as-
sumption was confirmed for CRP and the majority of the
covariates. For a few covariates that violated the assump-
tion, we either stratified the model by these covariates or
added interactions between them and time, as appropriate.

To examine the predictive characteristics of CRP, we
used generalized estimation equations (GEE) with logit
link functions to construct a prediction model for 1-year
mortality. These models were used because the tests of
prediction model performance were more easily applied to
logistic than Cox regression, and because the censoring
mechanism did not seem to be informative (confirmed by
the similarity between the GEE and Cox model estimates).
GEE was selected to deal with within-facility correlation of
the outcome. In these regression analyses, CRP values
were transformed by taking the natural logarithm of mea-
sured CRP � 0.1 mg/L.

We evaluated demographics, comorbidities, laboratory
values, and other patient characteristics for inclusion in the
prediction model. To achieve a parsimonious model for the
purpose of mortality prediction without overfitting (15),
we restricted to predictors that are routinely and relatively
easily assessed and that had significant statistical associa-
tions with mortality. After examining their functional
forms, white blood cell (WBC) count was modeled as a
step-function (WBC �8 � 103 versus �8 � 103 cells/dl),
while albumin, ln (CRP � 0.1), and ferritin were modeled
as continuous variables.

We assessed the markers’ discrimination capacity using
the c-statistic or the area under the receiver operating
characteristic (ROC) curve. The c-statistic measures the
model’s ability to discriminate people who will have died
by 1 year from those who will not. Higher values denote
better discrimination. In addition, we assessed global model

fit using the generalized R2 statistic and the quasi-likelihood
information criterion (QICu) (16). We first assessed the effects
of adding single markers (not sequentially) to a limited risk
prediction model without other inflammatory markers. Next,
we tested the effect of removing single markers from the full
model with all four markers.

Since the c-statistic may not be sensitive to differences in
risk prediction (17), risk reclassification plotting was used
to quantify the number of patients whose outcome predic-
tion was improved by addition of each inflammatory
marker to the prediction model. As a summary statistic, we
used net reclassification improvement (NRI) (18). The NRI
is the difference in proportion of patients whose predicted
risk is reclassified up or down among patients who died
within 1 year compared with patients who survived 1 year.
It is calculated by counting how many patients are more
accurately reclassified in terms of risk for 1-year mortality
with the addition of each biomarker. Because treatment
recommendations based on predicted risk are unavailable
for this population, we chose to study 2%, 5%, and 10% as
a minimum significant change in risk.

For missing data, we used the Sequential Regression
Multiple Imputation Method implemented by IVEware
(19). All analyses used SAS 9.2.

Results
CRP Measurement and Distribution of CRP Levels

Routine measurement of CRP (quarterly or more often in
�75% of patients) ranged from 0% of facilities in Canada
and the United States to 90% of facilities in Sweden (Figure 1).
In facilities that measured CRP routinely, median CRP
levels were notably lower in Japan (1.0 mg/L; interquartile
range [IQR], 0.5 to 3.1) than in Europe and Australia-New
Zealand (ANZ; 6.0 mg/L; IQR 3.0 to 14.0; Figure 2). In
general, CRP was positively associated with male gender,
age, body mass index (BMI), catheter use, and all comorbid
conditions except diagnosis of hypertension (Table 1; see
footnote regarding missing data). CRP was positively as-
sociated with ferritin and WBC count, and inversely asso-
ciated with albumin.

Association of CRP with Mortality
CRP was positively and monotonically associated with

mortality (Figure 3), even when adjusting for comorbidities
and laboratory values. The interaction between being from
Japan and CRP was nonsignificant (P � 0.62). Further-
more, plotting Japan and Europe/ANZ separately with the
same CRP categories resulted in similar curves (not
shown). When considering cause-specific death (Figure 4),
the positive association with CRP was strongest for infec-
tion-related death, and evident for cardiovascular death at
levels �10 mg/L.

Model for Prediction of 1-Year Mortality
After evaluating 30 patient variables for the logistic

model of 1-year mortality, including 13 comorbidities, four
covariates besides the prerequisite four inflammatory
markers were selected, as listed in Table 2. After adjust-
ment for other inflammatory markers, the 95% confidence
interval (CI) of the OR for ferritin crossed 1.0. The associ-
ation of WBC count with mortality was substantially at-
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tenuated but still significant after adjustment, whereas al-
bumin and CRP remained strongly and independently
associated with mortality. An interaction with CRP and
albumin was nonsignificant (NS) in the models for Table 2
(P � 0.99).

Prediction Model: Overall Model Fit and Discrimination
Effects on measures of model fit that resulted from inclu-

sion or removal of each inflammatory marker in predictive
models were assessed. Adding CRP to a limited model,
which did not include other markers of inflammation, im-

Figure 1. | Percent of facilities by country that routinely measured C-reactive protein (CRP) (2005 to 2006), routinely defined as at least
quarterly on >75% of patients. Other than Canada and US, 67% of facilities measured CRP routinely. SWE, Sweden; FRA, France; BEL, Belgium;
JPN, Japan; GER, Germany; SPA, Spain; ITA, Italy; UK, United Kingdom; ANZ, Australia-New Zealand; CAN, Canada; US, United States.

Figure 2. | Distribution of C-reactive protein (CRP) by country, restricted to patients on dialysis >90 days in facilities that routinely
measure CRP (n � 4586). The top and bottom of the boxes indicate the 25th and 75th percentiles of the distribution. The horizontal line
within the box indicates the median (50th percentile), and the diamond indicates the mean. Vertical lines extend to the 5th and 95th
percentiles. The line extending to the 95th percentile was truncated at 30 mg/L. Outside of Japan, the 95th percentile ranged from 37 mg/L
in Italy to 75 mg/L in Australia-New Zealand. JPN, Japan; GER, Germany; ITA, Italy; SPA, Spain; FRA, France; BEL, Belgium; UK, United
Kingdom; SWE, Sweden; ANZ, Australia-New Zealand.
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Table 1. Median CRP (mg/L) and interquartile range by region (Europe/ANZ versus Japan) and patient characteristics

Patient Characteristicsa,b

Europe/ANZ
(n � 3194)

Japan
(n � 1392)

Percent CRP Median (IQR) Percent CRP Median (IQR)

Overall 100% 6.0 (3.0 to 14.0) 100% 1.0 (0.5 to 3.1)
Sex

female 40.3% 5.6 (3.0 to 12.1) 40.2% 1.0 (0.4 to 3.0)
male 59.7% 7.0 (3.1 to 15.0) 59.8% 1.3 (0.7 to 4.0)

Age (years)
18 to 54 23.9% 5.0 (3.0 to 11.0) 21.0% 1.0 (0.5 to 2.5)
54 to 64 19.7% 6.0 (3.0 to 13.0) 31.7% 1.1 (0.5 to 3.0)
65 to 74 27.8% 6.6 (3.1 to 14.8) 27.2% 1.1 (0.5 to 3.1)
� 75 28.7% 7.0 (4.0 to 16.0) 20.0% 1.4 (0.6 to 4.1)

Time on ESRD
�1 year 29.5% 5.4 (3.0 to 12.0) 19.0% 1.0 (0.5 to 3.0)
�1 year 70.5% 6.7 (3.1 to 14.0) 81.0% 1.1 (0.5 to 3.3)

BMI (kg/m2)
�20 13.1% 6.0 (3.0 to 15.2) 40.0% 1.0 (0.4 to 3.4)
20 to 29.9 71.0% 6.0 (3.0 to 13.0) 58.8% 1.1 (0.6 to 3.0)
� 30 15.9% 7.4 (4.0 to 15.0) 1.2% 4.1 (1.6 to 7.0)

Baseline vascular access
fistula 70.9% 5.9 (3.0 to 13.0) 91.1% 1.0 (0.5 to 3.0)
graft 7.8% 7.0 (3.0 to 12.0) 6.9% 1.7 (0.7 to 4.0)
catheter 21.2% 8.0 (4.0 to 18.2) 2.0% 1.6 (0.7 to 3.4)

Coronary heart disease
no 49.1% 5.3 (3.0 to 12.0) 56.8% 1.0 (0.5 to 3.0)
yes 50.9% 7.0 (3.5 to 16.1) 43.2% 1.5 (0.6 to 4.0)

Cancer (other than skin)
no 84.5% 6.0 (3.0 to 13.4) 88.9% 1.0 (0.5 to 3.0)
yes 15.5% 7.0 (3.1 to 15.7) 11.1% 2.0 (0.6 to 6.5)

Other cardiovascular disease
no 56.8% 5.5 (3.0 to 12.5) 67.3% 1.0 (0.5 to 3.0)
yes 43.2% 7.0 (3.5 to 16.3) 32.7% 1.5 (0.6 to 4.0)

Cerebrovascular disease
no 80.9% 6.0 (3.0 to 13.0) 85.4% 1.0 (0.5 to 3.0)
yes 19.1% 8.0 (3.3 to 17.0) 14.6% 1.7 (0.6 to 4.0)

Congestive heart failure
no 55.7% 5.8 (3.0 to 12.0) 72.8% 1.0 (0.5 to 3.0)
yes 44.3% 7.0 (3.3 to 17.0) 27.2% 1.8 (0.7 to 4.1)

Diabetes
no 65.0% 6.0 (3.0 to 13.0) 62.4% 1.0 (0.5 to 3.0)
yes 35.0% 7.0 (3.1 to 15.0) 37.6% 1.2 (0.6 to 3.6)

Hypertension
no 17.9% 6.4 (4.0 to 14.0) 23.2% 1.0 (0.5 to 3.6)
yes 82.1% 6.0 (3.0 to 14.0) 76.8% 1.0 (0.5 to 3.0)

Neurologic disease
no 88.2% 6.0 (3.0 to 13.0) 89.9% 1.0 (0.5 to 3.0)
yes 11.8% 7.3 (3.0 to 18.2) 10.1% 2.2 (0.8 to 6.1)

Psychiatric disorder
no 87.8% 6.0 (3.0 to 13.0) 96.0% 1.0 (0.5 to 3.1)
yes 12.2% 7.0 (3.0 to 18.0) 4.0% 1.6 (0.5 to 5.4)

Peripheral vascular disease
no 66.5% 5.6 (3.0 to 12.0) 79.9% 1.0 (0.5 to 3.0)
yes 33.5% 8.0 (4.0 to 18.0) 20.1% 2.0 (1.0 to 5.4)

Albumin (g/dl)
�3.5 26.4% 10.0 (5.0 to 28.0) 16.7% 2.3 (1.0 to 10.0)
3.5 to 3.9 41.5% 6.5 (3.0 to 13.0) 45.9% 1.2 (0.6 to 3.2)
�4.0 32.2% 5.0 (2.4 to 10.0) 37.4% 1.0 (0.3 to 2.0)

Ferritin (ng/ml)
�500 64.3% 5.1 (3.0 to 11.5) 92.8% 1.0 (0.5 to 3.0)
500 to 799 21.3% 7.0 (3.3 to 17.6) 4.4% 2.0 (1.0 to 5.3)
� 800 14.4% 10.0 (4.2 to 26.0) 2.9% 2.3 (1.0 to 8.9)
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proved the c-statistic from 0.681 to 0.731, approximately the
same magnitude as adding albumin (0.715), whereas ferritin
and WBC had much smaller effects (0.693 and 0.697, respec-
tively). The full model (c-statistic � 0.747) consisted of the
limited model plus all four of the inflammatory markers, and
we omitted one marker at a time (nonsequentially). Removal
of either WBC or ferritin made little difference (c-statistic �

0.745 for both), whereas omission of either CRP or albumin
yielded similar reductions in the c-statistic (0.731 and 0.735,
respectively). Similar relative effects of adding and removing
each marker were observed on measures of overall model fit,

the generalized R2 and QICu. Overall, these findings suggest
both albumin and CRP were important in improving model
fit and discrimination. Sensitivity analyses using models with
up to 30 variables (including residual renal function and
dialysis vintage), or models parsimoniously selected by back-
ward and score-based methods, yielded similar predictive
capacity for CRP and other inflammatory markers.

Prediction Model: Risk Reclassification
Risk reclassification is represented graphically in

Figure 5. CRP and albumin reclassified the outcome cor-

Figure 3. | Hazard ratio (HR) for mortality by baseline C-reactive protein (CRP) among 5054 patients (1105 deaths) from 10 countries with
vintage (total time on dialysis) >90 days. *Adjusted for age, gender, ln (vintage), stratified by country, and accounting for facility clustering.
**Additionally adjusted for body mass index, smoking, residual kidney function, 13 summary comorbid conditions, baseline laboratory
values (albumin, calcium, creatinine, ferritin, hemoglobin, phosphate, BUN, total cholesterol, uric acid, and WBC), and catheter use. HRs
are plotted at the median of each category. †30.0 � Median of the 15� mg/dl category. CI, confidence interval; BUN, blood urea nitrogen;
WBC, white blood cell.

Table 1. (Continued)

Patient Characteristicsa,b

Europe/ANZ
(n � 3194)

Japan
(n � 1392)

Percent CRP Median (IQR) Percent CRP Median (IQR)

WBC count (�103 cells/dl)
�8.0 69.3% 5.0 (3.0 to 11.2) 85.8% 1.0 (0.5 to 3.0)
8.0 to 10.9 24.3% 8.0 (4.0 to 18.6) 12.6% 3.0 (1.0 to 10.5)
�11.0 6.4% 15.6 (6.0 to 40.0) 1.6% 5.0 (2.1 to 15.2)

ANZ, Australia-New Zealand; CRP, C-reactive protein; IQR, interquartile range; WBC, white blood cell; BMI, body mass index.
aAmong patients with non-missing CRP values. Missing values �10% except for the following: BMI in Europe/ANZ (10.6%),
albumin in Europe/ANZ (11.3%), and ferritin in Japan (24.5%).
bNonparametric tests on the median scores tested the associations between patient characteristics and CRP within each region. P � 0.01 for all
except in Europe/ANZ, cancer (0.08), hypertension (0.26), neurologic disease (0.13), psychiatric disorder (0.39); in Japan, time on ESRD (0.08),
baseline vascular access (0.19), diabetes (0.02), hypertension (0.40), psychiatric disorder (0.41), and ferritin (0.04).
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rectly in many more patients than ferritin and WBC. The
NRI can summarize this graphical information at different
thresholds (Table 3). Using a threshold of �5%, NRI was
12.8% for CRP, 10.3% for albumin, 0.8% for ferritin, and
�0.1% for WBC. Alternative thresholds produced compa-
rable results (Table 3).

Discussion
The Practice of CRP Measurement

Uncertainty surrounding the usefulness of routine CRP
measurement is highlighted by the wide variation in prac-

tice across DOPPS countries (9). Whether the practice of
measuring CRP improves outcomes has not been rigor-
ously evaluated, but this has not impeded its rapid spread
across many industrialized countries outside of North
America (Figure 1). While CRP had historically been mea-
sured on the basis of clinical triggers, the shift to routine
measurement suggests a significant change in practice.

Regional Differences in CRP Levels
Our finding of a large difference in median CRP between

the Japanese (1.0 mg/L) HD patients and those of other
DOPPS countries (6.0 mg/L) agrees with findings in gen-
eral populations. A three- to tenfold difference in CRP
levels between patients of European versus Japanese or
Chinese ancestry was demonstrated previously (20–23).
Although differences in liver production are thought to
account for underlying variation in serum CRP levels, the
specific biologic basis underlying differences by race and
ethnicity is unclear (20).

Association of CRP Levels with Mortality
The present study adds to earlier studies in dialysis

patients that demonstrated a positive association between
CRP and mortality (2–4). Our data, illustrated in Figure 3,
do not identify a specific inflection point below which the
hazard ratio levels off. Although prior studies have re-
ported increased mortality above various CRP thresholds
(2.6 (3), 7.4 (4), and 8.15 mg/L (5) in studies of 91, 280, and
224 patients, respectively), all were limited by having few
patients with normal or near-normal CRP levels. For ex-
ample, the study evaluating a CRP cut point of 2.6 mg/L
had only 23 patients in the �2.6-mg/L quartile. In contrast,

Figure 4. | Hazard ratio for cause-specific mortality by baseline C-reactive protein (CRP) among 5054 patients (939 deaths) with vintage
>90 days and recorded cause of death. Deaths with missing cause of death (n � 166) were treated as censoring events. Stratified by country
and accounting for facility clustering. Adjusted for age, gender, ln (vintage), body mass index, smoking, residual kidney function, 13 summary
comorbid conditions, baseline laboratory values (albumin, calcium, creatinine, ferritin, hemoglobin, phosphate, BUN, total cholesterol, uric
acid, and WBC), and catheter use. HRs for each cause of death calculated in separate models with alternative causes of death as censoring
events. HRs are plotted at the median of each category. †Median of the 15� mg/dl category. BUN, blood urea nitrogen; WBC, white blood cell.

Table 2. Final “full” prediction model: Included predictors are
listed in the left column

Variablea Odds Ratio of 1-Year
Mortality (95% CI)

P
Value

Age (per 10 Years) 1.47 (1.33 to 1.62) �0.01
Male versus female 1.64 (1.33 to 2.01) �0.01
Diabetes vs. no 1.17 (0.98 to 1.41) 0.09
Catheter vs. all other 1.53 (1.18 to 1.99) 0.01
Albumin (per 1 g/dl) 0.49 (0.39 to 0.62) �0.01
Ln (CRP � 0.1) �mg/L� 1.32 (1.20 to 1.45) �0.01
Ferritin (per 250 ng/ml) 1.04 (0.99 to 1.11) 0.14
WBC �8�103 cells/dl

vs. less
1.29 (1.02 to 1.64) 0.04

CRP, C-reactive protein; WBC, white blood cell count; CI,
confidence interval.
aVariables excluded during the selection process included
residual kidney function, body mass index, Japanese origin,
creatinine, smoking status, phosphorus, hemoglobin, calcium,
predialysis blood urea nitrogen, total cholesterol, and uric acid.
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our study has 1787 patients with CRP �3 mg/L. Thus, the
call by the KDOQI guidelines for research to identify “the
optimal cut-off point at which CRP predicts outcome” in
chronic kidney disease patients (12) can be answered for
the first time in this study, by demonstrating that the lower
the CRP in HD patients the better. This finding is consis-
tent with the positive and monotonic association of CRP
levels and cardiovascular risk in the general population
(24). However, because HD patients have much higher
CRP levels, on average, than the general population, this
finding identifies a substantial majority of HD patients as
having increased mortality relative to those with very low
CRP levels. While one may speculate that there could be

different mortality risk by CRP level in Japan versus else-
where, our data suggest simply a monotonic relationship
of CRP with mortality across all studied countries. Our
finding of a positive association of CRP �10 mg/L with
cardiovascular death (Figure 4) agrees with previous re-
ports of a strong relationship between CRP levels and
cardiovascular mortality, at levels above 5 mg/L (3,4). For
infectious deaths, we found the association of CRP to be
strong across all CRP ranges.

CRP and Risk Prediction
Improvement in prediction resulting from addition of

novel biomarkers such as CRP to a prediction model has

Figure 5. | Predicted 1-year risk of mortality from models with and without (A) C-reactive protein (CRP), (B) albumin, (C) ferritin, and (D)
White blood cells (WBC) count. Models are adjusted for indicated variables, the other three inflammatory markers, and age, gender, diabetes,
and catheter use. Dotted lines indicate � 5% from the line of unity (The line of unity indicating no additional predictive risk value associated
with addition of the variable to the model). The Net Reclassification Improvement (NRI) summarizes the number of patients who were
correctly moved across the 5% threshold after the addition of each inflammatory marker (up for patients who died; down for patients who
survived), minus those who were reclassified incorrectly (down for patients who died; up for patients who survived). Graphs are truncated
at 30% predicted risk.
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been studied in the general population using the Framing-
ham Risk Index (25–27). The ROC curve is used to evaluate
diagnostic test performance against a gold standard, but it
is often insensitive when evaluating the effect of a variable
on risk prediction (17). Given this limitation, we also ap-
plied risk reclassification to quantify the extent to which
risk classification is improved with the addition of the
marker of interest (17,18,25,27).

Since albumin is an established strong predictor of mor-
tality in HD patients (28,29), we used the effect of albumin
in all analyses as the standard of comparison for CRP and
other markers. By each approach used to compare risk
prediction, we found that albumin and CRP improve pre-
diction of 1-year mortality to a similar degree. In contrast,
WBC count and ferritin had minimal effect while control-
ling for the other three markers (Figure 5). These findings
were robust to a variety of assumptions.

Clinical Implications
Having demonstrated that CRP levels are useful to in-

form prognosis for HD patients, the clinical implications
merit discussion. Although most evidence does not sup-
port a causal relationship between CRP and mortality (30),
CRP has gained acceptance as a marker to characterize risk
(e.g., for secondary cardiovascular prevention) (24). A
marker that improves risk reclassification can be especially
useful in clinical contexts where treatment recommenda-
tions vary according to predicted risk. For example, in the
general population, the LDL target for cholesterol-lower-
ing therapy varies according to Framingham risk category.
Although treatment recommendations in current dialysis
practice are not based on predicted risk, risk reclassifica-
tion is probably useful nonetheless because it informs
prognosis, and this may influence patient counseling and
treatment choices (e.g., intensity of treatment, additional
diagnostic testing) in some cases. Furthermore, risk reclas-
sification may gain utility for recommendations based on
evidence-based treatment algorithms in the future.

Although our study addressed prognosis, it did not
address treatment in response to CRP levels. Increasingly
routine measurement supports the impression that many
physicians incorporate CRP levels into clinical decisions.
An otherwise unexplained acute elevation in CRP typically
prompts a search for infection and antibiotic treatment, if

found. Alternatively, elevated CRP levels may provide the
impetus to detect and address diverse inflammatory stim-
uli including tunneled catheters (31,32), failed allografts
(33), water impurities (34), more subtle infections, includ-
ing periodontitis (35), and those involving a diabetic foot
or obsolete vascular accesses (36). Recent unpublished data
from the DOPPS show that many clinicians report ordering
chest radiographs, blood cultures, or electrocardiograms
“usually or always” in response to elevated CRP in asymp-
tomatic patients. In the absence of an identifiable cause for
CRP elevation, uncertainty exists about options to treat
inflammation directly in HD patients (as in the general
population) (24,37–45). For example, statins lower CRP in
dialysis and nondialysis populations but have not been
shown to improve survival in dialysis patients (37–42).
Identification of effective responses to elevated CRP levels
(both diagnostic evaluations to identify an inflammatory
source and treatments that improve outcomes) warrants
further study. Of note, CRP assays have now become in-
expensive in many health systems (46).

Additional Considerations
Assay methods were not recorded in the DOPPS. Al-

though it is unclear whether high-sensitivity CRP (hsCRP)
or conventional CRP assays were used by the local labo-
ratories contributing data, several studies have found good
concordance between hsCRP and conventional CRP assays
(47,48). In addition, because our findings suggest that CRP
predicts risk at very low levels, the data in this range are
carrying useful information despite the lower sensitivity of
conventional CRP assays at �3 mg/L. If anything, the
association with hsCRP would be stronger because we
would have more precise CRP values between 0.1 and 3.0
mg/L.

The international breadth of our sample raises the like-
lihood that our findings are generalizable to other settings.
Levels of CRP in the United States appear to be comparable
to those in Europe/ANZ, based on a cohort of incident US
dialysis patients with a median of 3.8 mg/L (IQR 1.6 to 9.5)
(49). However, because the United states and Canada have
different racial and ethnic composition than the countries
studied, the applicability of these findings to North Amer-
ica merits further study.

Conclusions
We studied CRP in a large international HD patient

sample in facilities with routine CRP measurement and
made several new observations. First, CRP levels were
notably lower in Japan than other regions. Second, we have
demonstrated, more clearly than prior studies, that the
lower the CRP level, the lower the mortality risk. No
threshold level below which the risk levels off was appar-
ent. Third, when measured in conjunction with other in-
flammatory markers (albumin, WBC, ferritin), CRP im-
proves prediction of 1-year mortality—and to an extent
comparable to albumin. While many dialysis providers
worldwide already measure CRP, its role in guiding indi-
vidual patient decision making and treatment needs fur-
ther study.

Table 3. Net reclassification improvement of 1-year mortality
risk for inflammatory markers at different thresholds of risk
reclassification

NRI by Risk Reclassification
Threshold

2% 5% 10%

Albumin 14.8% 10.3% 6.3%
Ln (CRP) 20.1% 12.8% 2.4%
Ferritin 1.6% 0.8% �0.1%
WBC �8�103

cells/dl
8.5% �0.1% �0.1%

NRI, net reclassification improvement; CRP, C-reactive
protein; WBC, white blood cell count.

Clin J Am Soc Nephrol 6: 2452–2461, October, 2011 CRP and Hemodialysis Mortality, Bazeley et al. 2459



Acknowledgments

Jonathan Bazeley was supported by grant number UL1RR024986

from the National Center for Research Resources and grant number

5T32DK007378 from the National Institute of Digestive and Diabetes

and Kidney Diseases.

The DOPPS is administered by Arbor Research Collaborative

for Health and is supported by scientific research grants from

Amgen (since 1996), Kyowa Hakko Kirin (since 1999, in Japan),

Genzyme (since 2009), and Abbott (since 2009), without restric-

tions on publications.

Disclosures

None.

References
1. U.S. Renal Data System: USRDS 2010 Annual Data Report:

Atlas of Chronic Kidney Disease and End-Stage Renal Disease
in the United States. National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases,
Bethesda, MD, 2010

2. Owen WF, Lowrie EG: C-reactive protein as an outcome pre-
dictor for maintenance hemodialysis patients. Kidney Int 54:
627–636, 1998

3. Yeun JY, Levine RA, Mantadilok V, Kaysen GA: C-reactive
protein predicts all-cause and cardiovascular mortality in he-
modialysis patients. Am J Kidney Dis 35: 469–476, 2000

4. Zimmermann J, Herrlinger S, Pruy A, Metzger T, Wanner C:
Inflammation enhances cardiovascular risk and mortality in
hemodialysis patients. Kidney Int 55: 648–658, 1999

5. deFilippi C, Wasserman S, Rosanio S, Tiblier E, Sperger H,
Tocchi M, Christenson R, Uretsky B, Smiley M, Gold J, Mu-
niz H, Badalamenti J, Herzog C, Henrich W: Cardiac tro-
ponin T and C-reactive protein for predicting prognosis, coro-
nary atherosclerosis, and cardiomyopathy in patients
undergoing long-term hemodialysis. J Am Med Assoc 290:
353–359, 2003

6. Snaedal S, Heimburger O, Qureshi AR, Danielsson A, Wik-
strom B, Fellstrom B, Fehrman-Ekholm I, Carrero JJ, Alves-
trand A, Stenvinkel P, Barany P: Comorbidity and acute clini-
cal events as determinants of C-reactive protein variation in
hemodialysis patients: Implications for patient survival. Am J
Kidney Dis 53: 1024–1033, 2009

7. Nascimento MM, Pecoits-Filho R, Qureshi AR, Hayashi SY,
Manfro RC, Pachaly MA, Renner L, Stenvinkel P, Lindholm B,
Riella MC: The prognostic impact of fluctuating levels of C-
reactive protein in Brazilian haemodialysis patients: A pro-
spective study. Nephrol Dial Transplant 19: 2803–2809,
2004

8. Chauveau P, Level C, Lasseur C, Bonarek H, Peuchant E,
Montaudon D, Vendrely B, Combe C: C-reactive protein and
procalcitonin as markers of mortality in hemodialysis pa-
tients: A 2-year prospective study. J Ren Nutr 13: 137–143,
2003

9. Kawaguchi T, Tong L, Robinson BM, Sen A, Fukuhara S, Ku-
rokawa K, Canaud B, Lameire N, Port F, Pisoni R: C-reactive
protein and mortality in hemodialysis patients: The Dialysis
Outcomes and Practice Patterns Study (DOPPS). Nephron
Clin Pract 117: c167–c178, 2011

10. Caravaca F, Martin MV, Barroso S, Ruiz B, Hernandez-Gal-
lego R: Do inflammatory markers add predictive information
of death beyond that provided by age and comorbidity in
chronic renal failure patients? Nephrol Dial Transplant 21:
1575–1581, 2006

11. Kato A, Takita T, Furuhashi M, Maruyama Y, Hishida A:
Comparison of serum albumin, C-reactive protein and carotid
atherosclerosis as predictors of 10-year mortality in hemodial-
ysis patients. Hemodial Int 14: 226–232, 2010

12. National Kidney Foundation, K/DOQI Workgroup, clinical
practice guidelines for cardiovascular disease in dialysis pa-
tients. Am J Kidney Dis 45: S1–S153, 2005

13. Pisoni RL, Gillespie BW, Dickinson DM, Chen K, Kutner MH,

Wolfe RA: The Dialysis Outcomes and Practice Patterns
Study (DOPPS): Design, data elements, and methodology.
Am J Kidney Dis 44: 7–15, 2004

14. Young EW, Goodkin DA, Mapes DL, Port FK, Keen ML, Chen
K, Maroni BL, Wolfe RA, Held PJ: The Dialysis Outcomes
and Practice Patterns Study (DOPPS): An international hemo-
dialysis study. Kidney Int 57: S74–S81, 2000

15. Miller A: Subset Selection in Regression: Monographs on Sta-
tistics and Applied Probability 95, Boca Raton, Chapman &
Hall/CRC, 2002

16. Pan W: Akaike’s information criterion in generalized estimat-
ing equations. Biometrics 57: 120–125, 2001

17. Cook NR: Use and misuse of the receiver operating charac-
teristic curve in risk prediction. Circulation 115: 928–935,
2007

18. Pencina MJ, D’Agostino RB Sr, D’Agostino RB Jr. Vasan RS:
Evaluating the added predictive ability of a new marker:
From area under the ROC curve to reclassification and be-
yond. Stat Med 27: 157–172; discussion 207–112, 2008

19. Raghunathan TE, Lepkowski JM, Van Hoewyk J, Solenberger,
P, eds.: A Multivariate Technique for Multiply Imputing Miss-
ing Values Using a Sequence of Regression Models, Survey
Methodol 27: 85–95, 2001

20. Casas JP, Shah T, Hingorani AD, Danesh J, Pepys MB: C-re-
active protein and coronary heart disease: A critical review.
J Intern Med 264: 295–314, 2008

21. Kelley-Hedgepeth A, Lloyd-Jones DM, Colvin A, Matthews
KA, Johnston J, Sowers MR, Sternfeld B, Pasternak RC, Chae
CU: Ethnic differences in C-reactive protein concentrations.
Clin Chem 54: 1027–1037, 2008

22. Saijo Y, Yoshioka E, Fukui T, Kawaharada M, Kishi R: Rela-
tionship of socioeconomic status to C-reactive protein and
arterial stiffness in urban Japanese civil servants. Soc Sci Med
67: 971–981, 2008

23. Imhof A, Frohlich M, Loewel H, Helbecque N, Woodward
M, Amouyel P, Lowe GD, Koenig W: Distributions of C-reac-
tive protein measured by high-sensitivity assays in apparently
healthy men and women from different populations in Eu-
rope. Clin Chem 49: 669–672, 2003

24. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Can-
non RO 3rd, Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers
GL, Rifai N, Smith SC Jr, Taubert K, Tracy RP, Vinicor F:
Markers of inflammation and cardiovascular disease: Applica-
tion to clinical and public health practice: A statement for
healthcare professionals from the Centers for Disease Control
and Prevention and the American Heart Association. Circula-
tion 107: 499–511, 2003

25. Cook NR, Buring JE, Ridker PM: The effect of including C-re-
active protein in cardiovascular risk prediction models for
women. Ann Intern Med 145: 21–29, 2006

26. Ridker PM, Paynter NP, Rifai N, Gaziano JM, Cook NR: C-re-
active protein and parental history improve global cardiovas-
cular risk prediction: The Reynolds Risk Score for men. Cir-
culation 118: 2243–2251, 2008

27. Cook NR, Ridker PM: Advances in measuring the effect of
individual predictors of cardiovascular risk: The role of re-
classification measures. Ann Intern Med 150: 795–802, 2009

28. Lowrie EG, Lew NL: Commonly measured laboratory vari-
ables in hemodialysis patients: Relationships among them
and to death risk. Semin Nephrol 12: 276–283, 1992

29. Lowrie E, Huang WH, Lew NL, Liu Y: The relative contribu-
tion of measured variables to death risk among hemodialysis
patients. In: Death on Hemodialysis, edited by Friedman EA,
Boston, Kluwer Academic, 1994, pp 121–141

30. Elliott P, Chambers JC, Zhang W, Clarke R, Hopewell JC,
Peden JF, Erdmann J, Braund P, Engert JC, Bennett D, Coin L,
Ashby D, Tzoulaki I, Brown IJ, Mt-Isa S, McCarthy MI, Pel-
tonen L, Freimer NB, Farrall M, Ruokonen A, Hamsten A,
Lim N, Froguel P, Waterworth DM, Vollenweider P, Waeber
G, Jarvelin MR, Mooser V, Scott J, Hall AS, Schunkert H,
Anand SS, Collins R, Samani NJ, Watkins H, Kooner JS: Ge-
netic loci associated with C-reactive protein levels and risk of
coronary heart disease. J Amer Med Assoc 302: 37–48, 2009

31. Leavey SF, Strawderman RL, Young EW, Saran R, Roys E, Ag-
odoa LY, Wolfe RA, Port FK: Cross-sectional and longitudinal

2460 Clinical Journal of the American Society of Nephrology



predictors of serum albumin in hemodialysis patients. Kidney
Int 58: 2119–2128, 2000

32. Goldstein SL, Ikizler TA, Zappitelli M, Silverstein DM, Ayus
JC: Non-infected hemodialysis catheters are associated with
increased inflammation compared to arteriovenous fistulas.
Kidney Int 76: 1063–1069, 2009

33. Ayus JC, Achinger SG, Lee S, Sayegh MH, Go AS: Transplant
nephrectomy improves survival following a failed renal allo-
graft. J Am Soc Nephrol 21: 374–380, 2009

34. Rahmati MA, Homel P, Hoenich NA, Levin R, Kaysen GA,
Levin NW: The role of improved water quality on inflamma-
tory markers in patients undergoing regular dialysis. Int J Artif
Organs 27: 723–727, 2004

35. Kshirsagar AV, Craig RG, Moss KL, Beck JD, Offenbacher S,
Kotanko P, Klemmer PJ, Yoshino M, Levin NW, Yip JK, Al-
mas K, Lupovici EM, Usvyat LA, Falk RJ: Periodontal disease
adversely affects the survival of patients with end-stage renal
disease. Kidney Int 75: 746–751, 2009

36. Kaysen GA: Biochemistry and biomarkers of inflamed pa-
tients: Why look, what to assess. Clin J Am Soc Nephrol
4[Suppl 1]: S56–S63, 2009

37. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr,
Kastelein JJ, Koenig W, Libby P, Lorenzatti AJ, MacFadyen
JG, Nordestgaard BG, Shepherd J, Willerson JT, Glynn RJ:
Rosuvastatin to prevent vascular events in men and women
with elevated C-reactive protein. N Engl J Med 359: 2195–
2207, 2008

38. Buckley DI, Fu R, Freeman M, Rogers K, Helfand M: C-reac-
tive protein as a risk factor for coronary heart disease: A sys-
tematic review and meta-analyses for the U.S. Preventive Ser-
vices Task Force. Ann Intern Med 151: 483–495, 2009

39. Wanner C, Krane V, Marz W, Olschewski M, Mann JF, Ruf
G, Ritz E: Atorvastatin in patients with type 2 diabetes melli-
tus undergoing hemodialysis. N Engl J Med 353: 238–248,
2005

40. Krane V, Winkler K, Drechsler C, Lilienthal J, Marz W, Wan-
ner C: Effect of atorvastatin on inflammation and outcome in
patients with type 2 diabetes mellitus on hemodialysis. Kid-
ney Int 74: 1461–1467, 2008

41. Fellstrom BC, Jardine AG, Schmieder RE, Holdaas H, Bannis-
ter K, Beutler J, Chae DW, Chevaile A, Cobbe SM, Gronha-
gen-Riska C, De Lima JJ, Lins R, Mayer G, McMahon AW,
Parving HH, Remuzzi G, Samuelsson O, Sonkodi S, Sci D,
Suleymanlar G, Tsakiris D, Tesar V, Todorov V, Wiecek A,

Wuthrich RP, Gottlow M, Johnsson E, Zannad F: Rosuvastatin
and cardiovascular events in patients undergoing hemodialy-
sis. N Engl J Med 360: 1395–1407, 2009

42. Ridker PM, Cannon CP, Morrow D, Rifai N, Rose LM, Mc-
Cabe CH, Pfeffer MA, Braunwald E: C-reactive protein levels
and outcomes after statin therapy. N Engl J Med 352: 20–28,
2005

43. Shantouf R, Budoff MJ, Ahmadi N, Tiano J, Flores F, Kalantar-
Zadeh K: Effects of sevelamer and calcium-based phosphate
binders on lipid and inflammatory markers in hemodialysis
patients. Am J Nephrol 28: 275–279, 2008

44. Goicoechea M, Vinuesa SG, Verdalles U, Ruiz-Caro C, Am-
puero J, Rincon A, Arroyo D, Luno J: Effect of allopurinol in
chronic kidney disease progression and cardiovascular risk.
Clin J Am Soc Nephrol 5, 1388–1393, 2010

45. Locatelli F, Martin-Malo A, Hannedouche T, Loureiro A, Pa-
padimitriou M, Wizemann V, Jacobson SH, Czekalski S,
Ronco C, Vanholder R: Effect of membrane permeability on
survival of hemodialysis patients. J Am Soc Nephrol 20: 645–
654, 2009

46. Takemura Y, Ishida H, Saitoh H, Kure H, Kakoi H, Ebisawa
K, Kure M: Economic consequence of immediate testing for
C-reactive protein and leukocyte count in new outpatients
with acute infection. Clin Chim Acta 360: 114–121, 2005

47. Grootendorst DC, de Jager DJ, Brandenburg VM, Boeschoten
EW, Krediet RT, Dekker FW: Excellent agreement between
C-reactive protein measurement methods in end-stage renal
disease patients–no additional power for mortality prediction
with high-sensitivity CRP. Nephrol Dial Transplant 22: 3277–
3284, 2007

48. Kanaan N, Goffin E, Maisin D, Struyven J, Jadoul M: CRP
measurement: Does the assay matter in hemodialysis pa-
tients? Clin Nephrol 70: 503–507, 2008

49. Parekh RS, Plantinga LC, Kao WH, Meoni LA, Jaar BG, Fink
NE, Powe NR, Coresh J, Klag MJ: The association of sudden
cardiac death with inflammation and other traditional risk
factors. Kidney Int 74: 1335–1342, 2008

Received: January 25, 2011. Accepted: July 2, 2011

Published online ahead of print. Publication date available at

www.cjasn.org.

Clin J Am Soc Nephrol 6: 2452–2461, October, 2011 CRP and Hemodialysis Mortality, Bazeley et al. 2461


