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Cystatin C, N-terminal probrain natriuretic 
peptides and outcomes in acute heart failure 
with acute kidney injury in a 12-month follow-up: 
Insights into the cardiorenal syndrome

Zhong-bao Ruan, Li Zhu, Yi-gang Yin, Ge-cai Chen
Department of Cardiology, Taizhou People’s Hospital, Taizhou 225300, P. R. China

Background: Cystatin C (Cys C) has been implicated as a prognostic marker in cardiovascular disease. Th e aim of this study 
was to evaluate the value of Cys C as a marker of acute kidney injury (AKI) in acute heart failure (AHF), the impact of Cys C 
and N-terminal probrain natriuretic peptides (NT-proBNP) on in-hospital and 12 months mortality were also investigated. 
Materials and Methods: A total of 162 patients with AHF were enrolled. NT-proBNP, Cys C, serum creatinine (Scr), blood urea 
nitrogen (BUN) and parameters of echocardiography were measured for analyze. Th e in-hospital and 12 months mortality was 
analyzed. Results: Th ere was 28 (17%) of all AHF patients with AKI. Compared with no-AKI patients, the levels of Cys C (1.51 ± 0.34 
vs. 1.32 ± 0.29, P = 0.003) and NT-proBNP (8163.87 ± 898.06 vs. 5922.45 ± 576.73, P = 0.001) were higher in AKI patients. Higher 
levels of NT-proBNP (odds ratio (OR) = 1.92, 95% confi dence interval (CI): 2.19-10.98, P = 0.018, OR = 4.31, 95% CI: 2.35-9.82, 
P = 0.002, respectively) and Cys C (OR = 1.48, 95% CI: 1.75-4.16, P = 0.027, OR = 2.72, 95% CI: 1.92-4.28, P = 0.017, respectively) were 
independent association with the in-hospital and 12 months mortality. Cys C was positively correlated with NT-proBNP (r =  0.87, 
P < 0.001). Combining tertiles of Cys C and NT-proBNP improved risk stratification further. Compared with patients without AKIcysC, 
patients with AKIcysC was associated with higher in-hospital (7/28 vs. 10/134, P = 0.002) and 12-month mortality (13/28 vs. 32/134, P = 
0.001). Conclusion: Cys C was not only a promising risk marker in patients hospitalized for AHF, but also an independent predictor 
of 12-month mortality. Combining tertiles of Cys C and NT-proBNP could be used to distinguish the mortality risk identification of 
patients with AHF. AKI was an independent predictor of in-hospital and 12-month mortality.
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Acute heart failure (AHF) is a condition with signifi cant 
morbidity and mortality. Acute kidney injury (AKI) is 
common and one of the most powerful determinants of 
outcome aĞ er hospitalization for AHF. The relationship 
of Cys C and N-terminal probrain natriuretic peptides 
(NT-proBNP) shown in AHF was fewer reported.[6] The 
purpose of this study was to evaluate the association 
between Cys C and NT-proBNP, which is used as a marker 
of cardiac stress in patients with AHF and to assess the 
value of Cys C as a marker of AKI in a Chinese population 
of patients with AHF. Further, we evaluated both the 
frequency of early (within 48 h) AKI in AHF as well as 
its impact on in-hospital outcomes and mortality during 
12-month follow-up.

MATERIALS AND METHODS

The prospective, observational and single center 
study was approved by the ethics committee of 

INTRODUCTION

Studies have found that impaired renal function was 
common in heart failure and oĞ en associated with poor 
prognosis.[1,2] The pathophysiological interaction between 
the heart and the kidney, also termed the cardiorenal 
syndrome (CRS), has risen into focus due to its detrimental 
eff ect on prognosis.[3] The CRS is a clinical manifestation 
of the bidirectional interaction between the heart and 
kidneys. Evaluating renal function is an essential part of 
the assessment of every cardiac patient. The recognition 
of the importance of CRS has brought about the need 
for accurate and timely assessment of renal function in 
patients with cardiovascular disease. It has become clear 
that serum creatinine (Scr) is not an accurate enough 
marker of glomerular fi ltration rate (GFR).[4] Cystatin C 
(Cys C) is a small 13-kDa protein with properties making it 
a candidate for a good marker of GFR. It has been studied 
as a risk marker for prognosis in cardiovascular disease.[5] 
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Taizhou People’s Hospital. Written informed consent 
was obtained from 162 patients with AHF during 
hospitalization from January 2010 to October 2012. 
All patients presenting with symptoms, signs, and 
diagnostic findings of AHF, according to current 
European Society of Cardiology guidelines,[7] and 
requiring hospitalization were eligible. The diagnosis 
of heart failure had to be confirmed during hospital 
stay. Both patients with new onset (i.e., no previous 
history) of heart failure and with acute decompensation 
of CHF were included. Information about baseline 
characteristics (including age, sex, body mass index 
and history of smoking index, medical disease, clinical 
presentation, and medication on admission) was 
collected from the medical records by a special doctor 
and shown in [Table 1]. Smoking index was defined as 
the number of cigarette-years smoked.[8]

Centralized analyze of NT-proBNP was performed 
from blood samples obtained on admission. Diff erences 

in Cys C and creatinine levels between samples on 
admission and at 48 h aĞ er admission were calculated. 
Cys C was measured using the DakoCytomation 
immunoturbidimetric assay. For the defi nition of normal 
renal function, the upper limit of the reference interval 
recommended by the manufacturer (Cys C <1.05 mg/L) 
was used.[9] Plasma concentration of NT-proBNP was 
measured by microparticle enzyme immunoassay 
(NT-proBNP <125 pg/mL in adults ≤75 years of age 
were considered normal).[10] Scr was analyzed using 
commercially available kits. The simplified MDRD 
equation was used to estimate GFR (eGFR) from 
measured Scr values. eGFR (ml/min/1.73 m2) = 186 × Scr 
(mg/dl)-1.154 × age-0.203 (if female, ×0.742).

The performance of Cys C as a diagnostic marker of 
AKI was assessed by receiver operating characteristics 
analysis. AKI was defi ned as a rise in Scr by 0.3 mg/dL or 
more (defi nition of AKI suggested by the AKI Network). [11] 
The incidence of an increase in Cys C levels by 0.1, 0.3, 

Table 1: Characteristics of the study population
Characteristics All (n = 162) AKI group (n = 28) No-AKI group (n = 134) P value
Male/case 87 15 72 0.915

Age/year 51.86±15.41 58.61±15.32 50.43±15.48 0.016

Smoking index 149.62±177.89 155.24±176.22 147.32±178.64 0.767

BMI (kg/m2) 23.82±3.08 23.22±3.15 24.19±3.06 0.132

Medical history

Dilated cardiomyopathy 39 8 31 0.635

Coronary artery disease 75 14 61 0.816

Myocardial infarction 12 2 10 0.782

Hypertension 67 11 56 1.000

Diabetes 47 9 38 0.981

Chronic atrial fi brillation 50 8 42 0.874

Cerebrovascular disease 11 2 9 1.000

Peripheral vascular disease 7 1 6 0.909

Clinical presentation

SBP on admission (mmHg) 148.92±44.98 131.62±41.51 152.78±46.04 0.021

DBP on admission (mmHg) 85.49±25.51 76.38±22.46 87.51±26.14 0.036

BUN (mmol/L) 6.76±3.43 7.83±3.52 6.55±3.41 0.749

Scr (mg/dL) 1.03±0.15 1.08±0.18 1.02±0.16 0.712

eGFR (ml/min/1.73 m2) 77.82±29.74 73.86±31.95 78.97±28.96 0.395

Cys C (μmmol/L) 1.34±0.30 1.51±0.34 1.32±0.29 0.003

NT-proBNP (pg/mL) 6310.21±632.61 8163.87±898.06 5922.45±576.73 0.001

LVEDD (mm) 59.94±11.08 61.78±9.11 59.58±11.48 0.362

LVEF (%) 39.13±11.57 37.47±10.97 39.49±11.73 0.416

Medication on admission

Beta-blocker 101 20 81 0.336

ACEI/ARB 126 22 104 0.900

Spironolactone 16 2 14 0.941

Furosemide 85 16 69 0.990

In-hospital mortality 17 7 10 0.002

Length of stay, days 8.62±2.71 11.87±3.02 7.96±2.65 0.001

Mortality at 12 months 45 13 32 0.001

BMI = Body mass index; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; BUN = Blood urea nitrogen; Scr = Serum creatinine; eGFR = Estimated glomerular fi ltration 
rate; NT-proBNP = N-terminal probrain natriuretic peptides; LVEDD = Left ventricular end diastolic diameter; LVEF = Left ventricular ejection fraction; ACEI = Angiotensin-converting 
enzyme inhibitor; ARB = Angiotensin receptor blocker; Cys C = Cystatin C; AKI = Acute kidney injury
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and 0.5 mg/L was evaluated, and the eff ect on outcomes 
assessed.

All patients were checked with ultrasound echocardiography 
(Philips iE33) by a special doctor, leĞ  ventricular end-
diastolic internal diameter and leĞ  ventricular ejection 
fraction (LVEF) were recorded.

All patients were followed for 12 months and the data were 
reassessed by a special doctor. The in-hospital, 3, 6, 9, and 
12 months mortality was registered and length of hospital 
stay was calculated for patients discharged alive. For the 
endpoint of all-cause mortality or rehospitalized, vital status 
was ascertained at the end of follow-up.

Statistical analysis
Data were read and reassessed by a special doctor, and 
expressed as means ± standard deviation of the mean. 
Unpaired Student’s t-test was used to compare continuous 
variables, and Chi-square test and Fisher’s exact test 
were used to compare categorical variables. Signifi cant 
diff erence in variables between groups was determined 
with the Fisher exact test for categorical variables and the 
t-test for continuous variables. Line correlation analysis 
was performed in correlation analysis, stepwise multiple 
regression and logistic regression model were used in 
performing multivariate analysis. All statistical tests were 
two-sided with a 0.05 level of significance. Statistical 
analyses were performed using SPSS soĞ ware (version 13.0, 
SPSS, Inc., Chicago).

RESULTS

Study population
A total of 162 patients with AHF during hospitalization 
from January 2010 to October 2012 were enrolled, the 
diagnosis of AHF had to be confi rmed during hospital stay. 
Information of all cases about baseline characteristics was 
collected from the medical records. On admission, beta-
blocker medication was used by 62% of patients and 78% 
were taking an angiotensin-converting enzyme inhibitor 
(ACEI) or angiotensin receptor blocker (ARB), and at 
discharge 81% of the patients was on a beta-blocker and 
84% taking an ACEI/ARB. The in-hospital mortality rate 
was 10.49% and by 12 months 45 patients (27.78%) had 
died. For the purpose of this study, aĞ er initial evaluation 
of the prevalence, diagnostic performance (sensitivity and 
specifi city for detecting AKI), and eff ect on outcomes with 
diff erent cut-off s, AKIcysC was defi ned as an increase in Cys 
C levels by >0.3 mg/L[4] between the two measurements 
for further analyses. Diff erences in characteristics between 
patients with and without AKIcysC were then assessed in 
Table 1.

Measured biomarkers and parameters of echocardiography 
compared in diff erent acute heart failure group according 
to New York Heart Association classifi cation
All AHF patients were categorized into one of two groups 
on the basis of New York Heart Association (NYHA) class 
according to acute presentation, NYHA class III group 
(n = 82), NYHA class IV group (n = 80). The levels of Cys 
C, NT-proBNP, LVEF, blood urea nitrogen (BUN) and Scr 
were shown in Table 2. Compared with NYHA class III 
group, there was signifi cantly diff erent of NT-proBNP and 
Cys C in NYHA class IV group (P < 0.05). However, there 
was no diff erence of BUN, Scr, eGFR and LVEF between 
the two groups.

Mortality analysis
17 of 162 (10.49%) AHF patients died during hospitalization. 
By 12-month follow-up, 45 patients (27.78%) had died. 
Compared with survivors during hospitalization and aĞ er 
12-month follow-up, the patients who died were older, the 
values of NT-proBNP, BUN, Scr and Cys C were higher when 
admission. Whereas, LVEF and eGFR values were lower 
[Table 3]. Multivariate logistic regression analysis shows that 
higher levels of NT-proBNP and Cys C were independent 
association with higher mortality for AHF patients during 
hospitalization and 12-month follow-up [Table 4].

Correlation analysis
By the linear correlation analysis, Cys C was found to 
correlate most strongly with NT-proBNP (r = 0.87, P < 0.001). 
NT-proBNP and Cys C were negatively correlated with 
LVEF (r = −0.36, P < 0.001, r = −0.39, P < 0.001, respectively). 
However, there was no are no significant correlation 
between eGFR and LVEF (r = 0.13, P = 0.128). Categorizing 
patients in tertiles of Cys C and NT-proBNP yielded three 
separate risk groups with low, medium, and high 1-year 
mortality, the interaction between NT-proBNP and CsyC 
was further tested by examine mortality in groups with 
higher or lower concentrations of both biomarkers. All-
cause mortality at 12 months was ranged from 3.2% in 
patients in the lowest tertile of both biomarkers to 52.8% 
in patients in the highest [Figure 1].

Table 2: Laboratory fi ndings and parameters of 
echocardiography in different NYHA class group
Characteristics NYHA class III 

(n = 82)
NYHA class IV 

(n = 80)
P value

BUN (mmol/L) 6.72±3.26 7.15±4.05 0.438

Scr (mg/dL) 1.04±0.13 1.06±0.19 0.456

eGFR (ml/min/1.73 m2) 76.29±29.68 79.32±30.42 0.486

NT-proBNP (pg/mL) 4195.36±681.49 9928.62±1012.26 0.001

CysC (μmmol/L) 1.36±0.31 1.48±0.30 0.016

LVEF (%) 42.82±9.62 34.67±10.98 0.001

BUN = Blood urea nitrogen; Scr = Serum creatinine; eGFR = Estimate glomerular 
filtration rate = N-terminal probrain natriuretic peptides; Cys C = Cystatin C; 
LVEF = Left ventricular ejection fraction; NYHA = New York Heart Association
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Acute kidney injury and mortality
A rise of Cys C exceeding 0.3 mg/L within 48 h from 
admission (AKIcysC) was associated with higher in-hospital 
mortality and longer hospital stay [Table 1]. Crude mortality 
rates during hospitalization were 25% for patients with 
AKIcysC and 7.5% in patients with changes in Cys C of 
0.3 mg/L or less. During 12 months of follow-up, 46% of 
patients died in the group with compared to 24% in the 
group without AKIcysC. [Figure 2] shows cumulative all-
cause mortality during follow-up associated with AKIcysC.

DISCUSSION

More and more studies have reported that impaired renal 
function is common in heart failure and associated with 
unfavorable outcomes. Conversely, kidney disease is 
independently associated with increased cardiovascular 
morbidity and mortality. The clinical manifestation of the 
bidirectional interaction between the heart and kidneys 
is called CRS.[12] In the CRS, heart failure leads to kidney 

Table 3: Clinical characteristics between death group and survival group
Characteristics In-hospital mortality 12-month mortality

Death group 
(n = 17)

Survival group 
(n = 145)

P value Death group 
(n = 45)

Survival group 
(n = 117)

P value

Male/case 9 78 0.956 23 64 0.975

Age (year) 61.54±8.32 47.86±10.77 0.001 59.16±7.91 48.49±9.51 0.001

Smoking case 149.29±184.63 150.54±167.28 1.000 168.62±163.71 135.81±179.37 0.329

BMI (kg/m2) 23.56±4.27 24.38±3.01 0.368 23.83±4.12 24.19±2.83 0.512

SBP on admission (mmHg) 124.56±35.18 158.18±49.85 0.007 131.62±41.51 152.78±46.04 0.007

DBP on admission (mmHg) 72.46±18.52 91.28±28.36 0.009 76.38±22.46 87.51±26.14 0.016

BUN (mmol/L) 8.12±3.96 5.61±3.09 0.003 8.36±3.71 5.46±2.94 0.001

Scr (mg/dL) 1.12±0.21 0.98±0.19 0.005 1.11±0.18 0.99±0.17 0.001

eGFR (ml/min/1.73 m2) 67.41±36.82 84.06±27.43 0.036 68.52±33.18 83.97±26.39 0.001

Cys C (μmmol/L) 1.62±0.38 1.21±0.31 0.001 1.54±0.35 1.27±0.28 0.001

NT-proBNP (pg/mL) 8217.64±828.42 5898.31±698.18 0.001 7176.52±800.81 6893.67±598.92 0.014

LVEDD (mm) 59.41±10.86 61.19±11.31 0.483 60.49±10.11 60.27±10.36 0.991

LVEF (%) 39.65±6.28 45.29±4.46 0.001 40.97±5.54 43.92±5.32 0.002

BMI = Body mass index; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; BUN = Blood urea nitrogen; Scr = Serum creatinine; eGFR = Estimated glomerular fi ltration 
rate; NT-proBNP = N-terminal probrain natriuretic peptides; Cys C = Cystatin C; LVEDD = Left ventricular end diastolic diameter; LVEF = Left ventricular ejection fraction

Table 4: Multivariate logistic regression of in-hospital and 12-month mortality
Variable In-hospital mortality 12-month mortality

Coeffi cient SD Wald χ2 OR 95% CI P Coeffi cient SD Wald χ2 OR 95% CI P
Constant term −1.89 0.39 13.63 — — 0.005 −4.16 0.57 59.12 — — 0.003

NT-proBNP 0.65 0.23 8.93 1.92 1.25-2.95 0.018 1.57 0.44 14.82 4.31 2.20–10.98 0.002

Cys C 0.39 0.18 17.27 1.48 1.03-2.10 0.027 1.10 0.22 22.62 2.72 1.75–4.16 0.017

SD = Standard deviation; NT-proBNP = N-terminal probrain natriuretic peptides; Cys C = Cystatin C; OR = Odds ratio; CI = Confi dence intervals

Figure 1: Risk stratification in acute heart failure by combining tertiles of cystatin 
C and N-terminal probrain natriuretic peptides

Figure 2: Cumulative all-cause mortality associated with AKIcysC (red line indicates 
patients with and blue line patients without AKIcysC) AKI = Acute kidney injury, 
Cys C = Cystatin C
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dysfunction and/or vice versa through numerous pathways 
of interaction between the heart and kidney. The CRS has 
received much interest in recent years, which is particularly 
important in the diagnosis, treatment, and prognosis in 
patients with heart failure.[13]

Acute heart failure is characterized by diminished leĞ  
ventricular systolic function and poor cardiac output 
triggering compensatory mechanisms such as the renin-
angiotensin-aldosterone system, the sympathetic system, 
and other local mediators, which interact to maintain the 
fl uid volume.

The imbalance between these compensatory mechanisms, 
unable to maintain adequate cardiac output results in 
volume overload. Furthermore, decreased renal perfusion 
and in addition to nephrotoxic agents and over-diuresis, 
eventually leads to AKI in such patients. Evaluating renal 
function is an essential part of the assessment of every 
cardiac patient. It has become clear that Scr is not an 
accurate enough marker of GFR and should not be used to 
evaluate kidney dysfunction.[14,15] Cys C has been regarded a 
promising novel marker of renal function for long, but only 
recently has the data from diff erent clinical populations and 
seĴ ings been accumulating.[5,16-18]

In this study, it was found that there was 17% of all AHF 
patients with AKI, which was consistent with the report of 
Lassus et al.[4] Compared with no-AKI patients, the levels 
of Cys C and NT-proBNP were signifi cantly higher in the 
AKI patients, but there was no signifi cant diff erence of 
Bun and Scr between the two groups. Respectively, in this 
study, compared with NYHA class III group, there was no 
signifi cant diff erence in the levels of BUN and Scr in NYHA 
class IV group, but there was signifi cant diff erence in Cys C 
between the two group. It was showed that Cys C refl ected 
actual GFR beĴ er than BUN or Scr, Cys C is a diagnostic 
index in the early kidney damage and can estimate cardiac 
function damage early.

N-terminal probrain natriuretic peptides is sensitive to 
refl ect the impaired heart function and recommended as 
diagnostic indicators of heart failure.[19,20] This study shows 
that the level of NT-proBNP in NYHA class III group is 
signifi cantly higher than that of NYHA class IV group, 
which illustrates that NT-proBNP is a strong indicator that 
refl ects the state of cardiac function. By the linear correlation 
analysis, Cys C was found to correlate most strongly 
with NT-proBNP, NT-proBNP and Cys C were negatively 
correlated with LVEF, Cys C increases with severity of heart 
failure as measured by NYHA functional class.[21] Our results 
also show that there are no signifi cant correlation between 
eGFR and LVEF, which is consistent with the results of the 
CHARM study.[22]

In this study, compared with the patients who survived 
during admission and follow-up, there were signifi cantly 
higher levels of NT-proBNP and Cys C in patients who 
died, multivariate logistic regression analysis showed 
that the higher levels of NT-proBNP and Cys C were not 
only stronger impacts on short-term mortality, but also 
independently associated with mortality beyond 12 months, 
which suggested that Cys C and NT-proBNP have been 
independent predictors of mortality in patients with 
AHF even aĞ er adjustment for baseline creatinine/eGFR 
or aĞ er stratification by eGFR.[23] In this study, we found 
that, by combining tertiles of Cys C and NT-proBNP, two 
prognostic biomarkers in AHF, we were able to distinguish 
the identification of patients with very low mortality risk 
or high mortality risk. Worst prognosis, with a more than 
10-fold increase in mortality risk, was observed in patients 
belonging to the highest dual biomarker tertile than that in 
patients with the lowest dual biomarker tertile.

There was a complex interrelation between heart and 
kidney in AHF patients. More and more clinical studies 
show that the mortality of heart failure patients with 
renal insuffi  ciency is 1.81-3.04 times than that in heart 
failure patients without significant renal dysfunction. 
Consequently, the predictable intensity of renal injury on 
patients with heart failure is even more accurate than that 
of LVEF and NYHA class.[21] In our study, AKIcysC was not 
only associated with higher in-hospital mortality and longer 
hospital stay, but also associated with a higher 12-month 
mortality, which indicated that AKI was an independent 
predictor of in-hospital and 12-month mortality.

Study limitations 
Like in most studies on changes in renal function, no direct 
measurements of GFR were available. Urine output was 
not recorded in this study, as measurement of urine output 
usually requires a urinary catheter and is diffi  cult to perform 
in populations outside the intensive or coronary care units.

CONCLUSIONS

Cystatin C was a useful marker of early AKI in patients with 
AHF. It was not only a promising risk marker in patients 
hospitalized for AHF, but also an independent predictor 
of 12-month mortality. By combining tertiles of Cys C and 
NT-proBNP, we could distinguish the mortality risk 
identification of patients with AHF. AKI was an independent 
predictor of in-hospital and 12-month mortality in patients 
hospitalized for AHF.
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