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Copyright © 2014 Florian Lüders et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Purpose. Glomerular filtration rate <60 mL/min/1.73 m2 is associated with increased all-cause mortality. Multiple studies have
shown that serum cystatin C is more accurate than serum creatinine for detection of mild to moderate chronic kidney dysfunction.
We examined the predictive value of the preinterventional cystatin C for all-cause mortality after contrast media exposition.
Methods. The prognostic value of preinterventional cystatin C for all-cause mortality was retrospectively analysed in the prospective
single-centre “Dialysis-versus-Diuresis” Trial (January 2001–July 2004). Associations during up to 1316 days of followup for all-cause
mortality were assessed. The study population consisted of 373 patients (aged 35–89, mean 67 years, 16.4% female). Results. During
followup, 65 deaths occurred. Multivariate cox regression confirmed the preinterventional CyC level to be an independent predictor
of all-cause mortality (odds ratio 2.061, 95% confidence interval 1.054–4.031, 𝑃 = 0.035). Hazard rate ratio for all-cause mortality was
increased in the third cystatin C quartile (>1.4 mg/L) compared with the lowest quartile (<1.1 mg/L), 4.12, 95% confidence interval
1.747–9.694 (𝑃 = 0.001), in the fourth cystatin C quartile (>1.6 mg/L) compared with the lowest quartile, 5.38, 95% confidence
interval 2.329–12.427 (𝑃 < 0.001). Conclusions. Cystatin C is significantly associated with all-cause mortality after coronarography,
regardless of the age, gender, and glomerular filtration rate.

1. Introduction
Chronic kidney disease (CKD) is an important public health
problem worldwide with a prevalence of 13% in the Western world [1, 2]. Chronic decreased glomerular filtration
rate (GFR) less than 60 mL/min per 1.73 m2 is associated
with an increased risk of developing cardiovascular disease
(CVD) [2–6] and strongly associated with increased all-cause
mortality [4]. Even mild to moderate renal impairment is
associated with an increased risk of mortality [3, 4].
Cystatin C (CyC) and serum creatinine (SCr) are used
as marker of renal function. A series of studies in the
recent years have shown that serum CyC is superior to SCr
for detection of mild to moderate renal impairment [7–9].
Comparably, CyC was also found to have a higher predictive
value than SCr and GFR, based on Modification of Diet
in Renal Disease equation for death so far only in selected
cohorts such as elderly persons (>65 years) [10–13].

However, the role of preinterventional CyC in predicting
all-cause mortality after contrast media (CM) exposition is
not revealed. Our aim was to examine if the preinterventional
cystatin C predicts all-cause mortality after coronarography.

2. Patients and Methods
2.1. Study Design and Methods. Our report is a retrospective
analysis of the cohort of the three hundred and seventy-three
patients of the Dialysis-versus-Diuresis (DVD) trial by Reinecke et al. [14] to answer the question if the preinterventional
CyC level has a predictive value according to the all-cause
mortality of patients after contrast media (CM) exposition.
The DVD trial of Reinecke et al. was a randomized
controlled, single-centre study from January 2001 to July 2007,
to demonstrate the preventive value of a single haemodialysis,
of hydration plus N-acetylcysteine and of hydration only
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Table 1: Baseline characteristics depending on preinterventional CyC quartiles.

(mg/dL)
Patients in group, 𝑛 (% of total)
CyC, mean ± s.d., (mg/dL)
Women, 𝑛 (%)
Age, mean ± s.d., (years)

Total

CyC

CyC

CyC

CyC

<1.06

1.07–1.26

1.27–1.58

>1.59

373 (100.0)

97 (26.0)

90 (24.1)

94 (25.2)

92 (25.2)

1.39 ± 0.5

0.9 ± 0.14

1.17 ± 0.06

1.41 ± 0.09

2.09 ± 0.44

𝑃

61 (16.4)

11 (11.3)

12 (13.3)

17 (18.1)

21 (22.8)

0.144

67.4 ± 10.1

62.3 ± 11.0

67.8 ± 9.7

69.4 ± 9.9

70.2 ± 7.9

<0.001

Adipositas, 𝑛 (%)

91 (24.4)

16 (16.5)

27 (30.0)

26 (27.7)

22 (23.9)

0.147

History of smoking, 𝑛 (%)

206 (55.2)

52 (53.6)

54 (60.0)

55 (58.5)

45 (48.9)

0.659

Diabetes, 𝑛 (%)

109 (29.2)

15 (15.5)

27 (30.0)

33 (35.1)

34 (37.0)

0.004

Hypertension, 𝑛 (%)

280 (75.1)

68 (70.1)

74 (82.2)

70 (78.7)

68 (73.9)

0.220

Hyperlipidemia, 𝑛 (%)

240 (64.3)

62 (63.9)

63 (70.0)

61 (64.9)

54 (58.7)

0.618

Cardiovascular disease in family, 𝑛 (%)

142 (38.1)

42 (43.3)

30 (33.3)

37 (39.4)

33 (35.9)

0.549

Coronary heart disease, total, 𝑛 (%)

287 (76.9)

71 (73.2)

77 (85.6)

75 (79.8)

64 (69.6)

0.001

51 (13.7)

15 (15.5)

18 (20.0)

10 (10.6)

8 (8.7)

1-vessel disease
2-vessel disease

90 (24.1)

34 (35.1)

19 (21.1)

21 (22.3)

16 (17.4)

3-vessel disease

146 (39.1)

22 (22.7)

40 (44.4)

44 (46.8)

40 (43.5)

66 (17.7)

9 (9.3)

15 (16.7)

24 (25.5)

18 (19.6)

0.030

297 (76.9)

75 (77.3)

79 (87.8)

77 (81.9)

66 (71.7)

0.050

Peripheral arterial occlusive disease, 𝑛 (%)
Coronary heart disease and peripheral arterial
occlusive disease, (%)
Ejection fraction ≤35%, 𝑛 (%)
Previous myocardial infarction, 𝑛 (%)

19 (5.1)

3 (3.1)

4 (4.4)

10 (10.6)

2 (2.2)

0.037

164 (44.0)

40 (41.2)

40 (44.4)

49 (52.1)

35 (38.0)

0.245

Haemoglobin, mean ± s.d., (mg/dL)

13.6 ± 1.7

14.3 ± 1.5

13.9 ± 1.5

13.5 ± 1.7

12.8 ± 1.7

<0.001

Baseline creatinine, mean ± s.d., (mg/dL)

1.35 ± 0.4

1.07 ± 0.1

1.2 ± 0.2

1.35 ± 0.3

1.77 ± 0.5

<0.001

Baseline GFR, mean ± s.d., (mL/min/1.73 m2 )

58.5 ± 16.5

73.5 ± 11.9

63.7 ± 10.7

55.2 ± 11.9

41.0 ± 11.2

<0.001
<0.001

Chronic kidney disease, total, 𝑛 (%)
Stage 1

8 (2.1)

8 (8.3)

0 (0.0)

0 (0.0)

0 (0.0)

Stage 2

176 (47.2)

79 (81.4)

62 (68.9)

30 (31.9)

5 (5.4)

Stage 3

175 (46.9)

10 (10.3)

27 (30.0)

64 (68.1)

74 (80.4)

Stage 4

14 (3.8)

0 (0.0)

1 (1.1)

0 (0.0)

13 (14.1)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

189 ± 79

186 ± 80

197 ± 89

193 ± 71

181 ± 75

Stage 5
Amount of contrast media, mean ± s.d.,
(mg/dL)

0.521

Comparison of CyC quartiles. Differences were analysed by ANOVA-𝐹-test for continuous variables and by chi-square test for dichotomous or categorical
variables.
GFR: glomerular filtration rate; s.d.: standard deviation. The stages of CKD (chronic kidney disease) are mainly based on estimated GFR [MDRD formula]: stage
1 (≥90 mL/min/1.73 m2 ), stage 2 (60–89 mL/min/1.73 m2 ), stage 3 (30–59 mL/min/1.73 m2 ), stage 4 (15–29 mL/min/1.73 m2 ), and stage 5 (<15 mL/min/1.73 m2
or dialysis). 𝑛: number of patients affected.

according to the frequency of contrast medium-induced
acute kidney injury (CI-AKI).
2.2. Patients. The inclusion criteria of the DVD trial were
an elective left heart catheterization between January 1, 2001
and July 6, 2004 and a SCr level between ≥1.3 mg/dL and
≤3.5 mg/dL, initially measured by the Jaffé-method.
Patients were excluded if they had an acute or recently
suffered myocardial infarction (within 30 days), an advanced
chronic heart failure (New York Heart Association class IV),
a previous CM exposition within 7 days, or a monoclonal
gammopathy.

2.3. Measurement of Cystatin C Level, Determination of the
Preinterventional Renal Function. The baseline (preinterventional) serum CyC level was measured by means of a particleenhanced immunonephelometric assay (N Latex Cystatin
C, Siemens Healthcare Diagnostics GmbH, Eschborn, Germany) with a nephelometer (BNII, Dade Behring).
The baseline (preinterventional) SCr concentration was
measured by the Jaffé-method.
The GFR was estimated based on the preinterventional
SCr with the simplified Modification of Diet in Renal Disease
equation [15].

Advances in Nephrology

3
Table 2: Baseline characteristics and all-cause mortality.

Patients in group, 𝑛 (% of total)
Baseline cystatin C, mean ± s.d., (mg/dL)
Baseline creatinine, mean ± s.d., (mg/dL)
Baseline GFR, [MDRD]
Mean ± s.d., (mL/min/1.73 m2 )
Chronic kidney disease, total, 𝑛 (%)
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Women, 𝑛 (%)
Age, mean ± s.d., (years)
Haemoglobin, mean ± s.d., (mg/dL)
Adipositas, 𝑛 (%)
History of smoking, 𝑛 (%)
Diabetes mellitus, 𝑛 (%)
Hypertension, 𝑛 (%)
Hyperlipidemia, 𝑛 (%)
Cardiovascular disease in family, 𝑛 (%)
Coronary heart disease, total, 𝑛 (%)
1-vessel disease
2-vessel disease
3-vessel disease
Peripheral arterial occlusive disease, 𝑛 (%)
Coronary heart disease and peripheral arterial occlusive disease, 𝑛 (%)
Ejection fraction ≤35%, 𝑛 (%)
Previous myocardial infarction, 𝑛 (%)
Amount of contrast media, mean ± s.d., (mg/dL)

Total

Died

Alive

𝑃

373 (100.0)
1.39 ± 0.5
1.35 ± 0.4

65 (17.4)
1.63 ± 0.6
1.5 ± 0.4

308 (82.6)
1.34 ± 0.47
1.31 ± 0.4

<0.001
0.001

58.5 ± 16.5

50.8 ± 13.8

60.1 ± 16.6

<0.001
0.004

8 (2.1)
176 (47.2)
175 (46.9)
14 (3.8)
0 (0.0)
61 (16.4)
67.4 ± 10.1
13.6 ± 1.7
91 (24.4)
206 (55.2)
109 (29.2)
280 (75.1)
240 (64.3)
142 (38.1)
287 (76.9)
51 (13.7)
90 (24.1)
146 (39.1)
66 (17.7)
297 (79.2)
19 (5.1)
164 (44.0)
189 ± 79

0 (0.0)
19 (29.2)
43 (66.2)
3 (4.6)
0 (0.0)
10 (15.4)
69.8 ± 9.9
13.1 ± 2.1
18 (27.7)
37 (56.9)
24 (36.9)
40 (61.5)
26 (40.0)
19 (30.7)
50 (76.9)
3 (4.6)
17 (26.2)
30 (46.2)
13 (20.0)
51 (78.5)
8 (12.3)
29 (44.6)
191 ± 78

8 (2.6)
157 (51.0)
132 (42.9)
11 (3.6)
0 (0.0)
51 (16.6)
66.8 ± 10.1
13.7 ± 1.6
73 (23.7)
169 (54.9)
85 (27.6)
240 (77.9)
214 (69.5)
123 (39.6)
237 (77.0)
48 (15.6)
73 (23.7)
116 (37.7)
53 (17.2)
246 (79.9)
11 (3.6)
135 (43.8)
189 ± 79

0.816
0.030
0.008
0.496
0.765
0.133
0.003
<0.001
0.099
0.119

0.594
0.865
0.004
0.908
0.831

Comparison of groups died during followup or not. Differences were analysed by ANOVA-𝐹-test for continuous variables and by chi-square test for
dichotomous or categorical variables.
GFR: glomerular filtration rate; s.d.: standard deviation. The stages of CKD (chronic kidney disease) are mainly based on estimated GFR [MDRD formula]: stage
1 (≥90 mL/min/1.73 m2 ), stage 2 (60–89 mL/min/1.73 m2 ), stage 3 (30–59 mL/min/1.73 m2 ), stage 4 (15–29 mL/min/1.73 m2 ), and stage 5 (<15 mL/min/1.73 m2
or dialysis). 𝑛: number of patients affected.

2.4. Angiography. All patients underwent a heart angiography by using the isoosmolar, nonionic CM (Ultravist
370TM, Schering AG, Berlin, Germany). The intervention
was performed by using arterial access from the femoral or
brachial arteries. The number of diseased coronary arteries as
well as the left ventricular ejection fraction were categorized
by the classification of the American Heart Association and
the American College of Cardiology [16].
2.5. Long Term Followup. An assessment for adverse events
was sent once to all patients. If the patients assessment did not
return (121 cases), a followup was made by telephone with the
patient, a referring physician.
2.6. Statistical Analysis. We used for dichotomous or categorical variables the chi-square test and for continuous variables

the ANOVA-𝐹-test. Each test was performed two-sided and
was considered to be significant with 𝑃 values less than 0.05.
Significant parameters in the univariate analyses, depending on the all-cause mortality, were chosen as covariates
in the multivariate cox regression model. One univariate
cox regression model was made to determine the predictive
values of the CyC quartiles for the all-cause mortality.
All statistical analyses were performed with SPSS 20.0 for
Windows.

3. Results
For the DVD trial by Reinecke et al., a total of 8,653 patients
were screened between January 2001 and July 2007, for
inclusion. A total of 462 patients fulfilled inclusion criteria.
A total of 424 were included in the trial [14]. During
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the trial 12 patients dropped out, because the SCr levels
within the planed followup were missing. Finally, for this
retrospective report, 39 patients also dropped out because
of missing preinterventional CyC levels. Consecutively, this
retrospective analysis includes all 373 participants, whom
preinterventional serum SCr and CyC levels were measured.
For analyses regarding the role of CyC for evaluating the
risk of all-cause mortality the patients were divided into four
groups: CyC quartiles 1–4.
Indications for invasive imaging of these patients were
characterization of structural heart disease in patients with
dilatative or ischaemic cardiomyopathy, valvular defects,
tachyarrhythmias, or congenital heart disease.
3.1. Baseline Characteristics. In our cohort a total of 365
(97.9%) patients had a glomerular filtration rate (GFR) less
than 60 mL/min per 1.73 m2 (CKD stage ≥ 2). The mean
age was 67.4 years (±10.1 s.d.) and a total of 297 (76.9%)
patients suffered from a known CVD (287 (76.9%) patients
from coronary heart disease (CHD) and 66 (17.7%) patients
from peripheral arterial occlusive disease (PAD)). A total of
109 (29.2%) patients suffered from diabetes mellitus.
With regard to the CyC subgroups, patients with higher
CyC levels were older (𝑃 < 0.001), had higher baseline
SCr levels (𝑃 < 0.001), lower GFR (𝑃 < 0.001), lower
haemoglobin levels (𝑃 < 0.001), and suffered more frequently
from diabetes mellitus (𝑃 = 0.004). There were no significant
differences concerning adipositas (𝑃 = 0.147), hyperlipidemia (𝑃 = 0.618), and between genders (𝑃 = 0.144).
Baseline characteristics according to CyC quartiles are shown
in Table 1.
3.2. Preinterventional Cystatin C as a Predictor of All-Cause
Mortality after Contrast Media Exposition. The median duration of long-term followup was 553 days (range 63 to 1316
days).
A total of 65 (17.4%) patients died during followup. The
preinterventional serum CyC concentration was significantly
associated with all-cause mortality in the followup.
The hazard rate ratio for all-cause mortality was increased
in the third CyC quartile (>1.4 mg/L) compared with the
lowest quartile (<1.1 mg/L) 4.12, 95% confidence interval
1.747–9.694 (𝑃 = 0.001), and in the fourth CyC quartile
(>1.6 mg/L) compared with the lowest quartile 5.38, 95%
confidence interval 2.329–12.427 (𝑃 < 0.001) (Table 3).
All factors, which were found to be significant (𝑃 < 0.05)
associated with all-cause mortality in univariate analyses
(Table 2), were entered into a multivariate cox regression
model (Table 4). These were baseline CyC, baseline SCr,
baseline GFR, age, hyperlipidemia, hypertension, ejection
fraction ≤35%, and the haemoglobin level. Even after adjustment of these covariates, the baseline CyC turned out to be a
significant independent predictor of all-cause mortality (odds
ratio 2.061, 95% confidence interval 1.054–4.031, 𝑃 = 0.035,
Table 4). Hyperlipidemia, hypertension, and ejection fraction
≤35% also turned out to be independent predictors for allcause mortality (Table 4). The cox regression model of longterm survival of the patients after contrast media exposure

Advances in Nephrology
Table 3: Univariate cox regression of CyC quartiles and all-cause
mortality.
(mg/dL)
CyC <1.06
CyC 1.07–1.26
CyC 1.27–1.58
CyC >1.59

Odds ratio
1,909
4,115
5,380

95% CI
0.739
1,747
2,329

4,929
9,694
12,427

𝑃
<0.001
0.181
0.001
<0.001

Univariate analysis by cox regression: preinterventional CyC quartiles and
all-cause mortality; CI: confidence interval.

Table 4: Multivariate analysis by binary logistic regression of allcause mortality.

Baseline Cystatin C
Baseline Creatinine
Baseline GFR
Age
Hyperlipidemia
Hypertension
Ejection fraction ≤35%
Haemoglobin

Odds ratio
2.061
0.731
0.977
1.022
0.510
0.562
3.863
0.917

95% CI
1.054
4.031
0.212
2.524
0.942
1.013
0.994
1.052
0.303
0.857
0.331
0.955
1.779
8.388
0.777
1.081

𝑃
0.035
0.621
0.206
0.130
0.011
0.033
0.001
0.303

Multivariate analysis by cox regression of all-cause mortality; CI: confidence
interval.

depending on the preinterventional CyC quartiles is shown
in Figure 1. The frequency of all-cause mortality depending
on the CyC quartiles is shown in Figure 2 and demonstrates
a stepwise and significant association.

4. Discussion
This study aimed to investigate whether the preinterventional
cystatin C concentration in blood predicts an elevated risk of
all-cause mortality. We found that the preinterventional CyC
level in the blood flow is an independent predictor for allcause mortality after CM exposition, with a higher predictive
value than SCr and GFR, based on Modification of Diet in
Renal Disease equation.
CyC is used as marker of renal function and also superior
to SCr for detection of mild to moderate chronic kidney
dysfunction [7–9]. CyC is produced at a constant rate by all
nucleated cells [17], is not significantly binded to protein in
the blood [18]. CyC is completely filtered by the glomeruli and
undergoes complete tubular reabsorption and catabolism,
without any secretion [19]. Hence it is not related to the
muscle mass [20]. However, it seems that some factors like
inflammation, thyroid dysfunction, and corticosteroids alter
serum CyC levels independent of GFR [21].
The study population was divided into four groups
according to their CyC concentrations. The risk of death was
found to increase with increasing CyC level in the study
group: mortality was the highest in the highest quartile of
CyC concentrations (28%, with 7%, 12%, and 22% in the first,
second, and third quartile, resp.).
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All-cause mortality depending on the
preinterventional cystatin C quartiles
1.0

Cumulative survival

0.9
0.8
0.7
P < 0.001

0.6
0.5
0.4
0

200
Quartile 1
Quartile 2

400

600
800
Time (days)

1000

1200

Quartile 3
Quartile 4

Deaths during followup (% of total)

Figure 1: A cox regression model of long-term survival of the
patients after contrast media exposure depending on the preinterventional cystatin C quartiles.

30
P < 0.001

25
20
15
10
5
0

<1.06

1.07–1.26
1.27–1.58
CyC quartiles (mg/dL)

>1.59

Figure 2: All-cause mortality depending on the preinterventional
cystatin C quartiles. The figure demonstrates a stepwise and significant association between cystatin C and mortality.

In our study most patients had a mild or moderate renal
impairment. In this area SCr tends to overestimate the GFR
[22]. Consequently it is not surprising that in our cohort the
SCr and the GFR, based on Modification of Diet in Renal
Disease equation, appeared after adjustment to the other
non- and biomarker baseline variables not to be independent
predictors of all-cause mortality. This is in line with Shlipak
et al., who reported 2006 that SCr was not associated with
increased mortality. Their cohort had mainly a mild to
moderate renal impairment [23]. In another study Shlipak
et al. found that CyC had a much stronger association with
mortality risk than SCr or creatinine-based estimates of GFR

[11]. Stevens and Levey even suggested that CyC is linked to
mortality risk independently of kidney function in the elderly
[24]. Similar assumptions have been anticipated by Shlipak et
al. [10, 11].
So we can assume that CyC has a higher predictive value
than SCr and the GFR for mortality in mild to moderate
chronic kidney dysfunction.
We do not find any significant difference between men
and women, whether related to the CyC levels or all-cause
mortality. This is in line with previous CyC studies like
Dharnidharka et al., 2002 [25].
Although we found across the CyC quartiles an association with older age, increasing frequency of diabetes mellitus,
and decreasing haemoglobin levels in both men and women,
which is in accordance with the well-known fact that renal
function declines with age and higher frequency of diabetes
[26, 27].
Contrary to former studies, we could not witness a
significant association between CyC levels and adipositas,
hyperlipidemia, and hypertension [28]. We found a significant independent association between hyperlipidemia,
hypertension, ejection fraction ≤35%, and all-cause mortality.
In this study we found no significant association between
PAD or CHD and a higher risk of all-cause mortality.
Our study is limited by its retrospective, single-center
design. Other important limitations are the fact that we
cannot be certain whether the strong association of CyC with
the all-cause mortality based due solely to its correlation
with renal function. We cannot exclude the possibility of
confounding due to potential associations between CyC with
diseases that are independent of its correlation with renal
function.
Shlipak et al. reported that CyC is an independent
predictor of all-cause mortality in adults who were 65 years
of age or older. We could expand these findings and conclude
that CyC is a promising predictor of outcome in clinical
patients after coronarography. CyC remained an independent
predictor of death, regardless of the age, gender, and GFR.

Abbrevations
CyC:
SCr:
GFR:
CKD:
CM:
CI-AKI:
CVD:

Cystatin C
Serum creatinine
Glomerular filtration rate
Chronic kidney disease
Contrast media
Contrast medium-induced acute kidney injury
Cardiovascular disease.
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