
 © 2016 S. Karger AG, Basel
1664–3828/16/0064–0269$39.50/0 

 Original Paper 

 Cardiorenal Med 2016;6:269–278 

 Impact of Cardiorenal Anemia Syndrome
on Short- and Long-Term Clinical Outcomes in 
Patients Hospitalized with Heart Failure 

 Chan Joon Kim    a     Ik-Jun Choi    b     Hun-Jun Park    c     Tae Hoon Kim    c     
Pum-Joon Kim    c     Kiyuk Chang    c     Sang Hong Baek    c     Wook Sung Chung    c     
Ki-Bae Seung    c   

  a    Division of Cardiology, Department of Internal Medicine, Daejon St. Mary’s Hospital, 
College of Medicine, The Catholic University of Korea,  Daejon ,  b    Division of Cardiology, 
Department of Internal Medicine, Inchon St. Mary’s Hospital, College of Medicine, 
The Catholic University of Korea,  Inchon , and  c    Division of Cardiology, Department of 
Internal Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University
of Korea,  Seoul , Republic of Korea

 

 Key Words 
 Anemia · Renal failure · Heart failure · Prognosis 

 Abstract 
  Background:  Dysfunctional interplay between the heart and kidneys may lead to the devel-
opment of anemia. The aim of this study was to evaluate the impact of cardiorenal anemia 
syndrome (CRAS) on short- and long-term outcomes among patients hospitalized with heart 
failure (HF).  Methods:  We enrolled 303 patients hospitalized with HF. We divided the patients 
into two groups: a CRAS group (n = 64) and a non-CRAS group (n = 239). We defined CRAS 
as HF accompanied by (1) an estimated glomerular filtration rate <60 ml/min/1.73 m 2  calcu-
lated by the Modification of Diet in Renal Disease at admission and (2) a hemoglobin level 
<12 g/dl for females and <13 g/dl for males at admission. The primary outcome was a com-
posite of cardiac death, non-fatal myocardial infarction and rehospitalization for HF.  Results:  
During a median follow-up period of 25.6 months (range 0.1–35.3 months), the patients with 
CRAS had a significantly increased risk for the primary outcome (27.5 vs. 10.7%, p < 0.001) 
compared with the patients in the non-CRAS group. Using Cox proportional hazard analyses, 
the hazard ratio (HR) for the presence of CRAS was found to be 1.874 (95% confidence inter-
val [CI] 1.011–3.475, p = 0.046); HRs were also computed for the presence of diabetes mel-
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litus (HR = 2.241, 95% CI 1.221–4.112, p = 0.009), New York Heart Association class III or IV 
HF (HR = 2.948, 95% CI 1.206–7.205, p = 0.018) and the use of intravenous loop diuretics
(HR = 2.286, 95% CI 0.926–5.641, p = 0.073).  Conclusions:  Renal dysfunction and anemia are 
a fatal combination and are associated with poor prognosis in patients with HF. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 Heart failure (HF) is a systemic disease that involves organs and tissues in addition to the 
heart and vasculature  [1] . Between 25 and 50% of patients with HF are affected by kidney 
disease to at least some extent  [2, 3] . Anemia has also frequently been observed as a comor-
bidity of HF, but its clinical significance has largely been neglected, except when it has been 
deemed life-threatening  [4, 5] . Both renal dysfunction and anemia have been studied exten-
sively in HF, and they are known risk factors for increased morbidity and mortality in patients 
with HF  [6, 7] .

  Cardiorenal anemia syndrome (CRAS), which occurs in approximately 20% of all patients 
hospitalized for HF, can be considered a pathological triangle in which the primary failing 
organ, either the heart or kidney, leads to dysfunction of the other, and the dysfunctional 
interplay between these organs may lead to the development of anemia  [8] . Anemia, renal 
insufficiency and HF exacerbate each other in what has been described as a ‘vicious cycle of 
deterioration’ that leads to poor outcomes, including faster progression to end-stage renal 
disease and further progression of chronic HF  [9, 10] .

  Although both renal dysfunction and anemia have been extensively studied in HF, only a 
few studies have thoroughly examined their reciprocal relationship in HF  [11, 12] . The aim 
of this study was to evaluate the impact of CRAS on short- and long-term outcomes of patients 
hospitalized with HF.

  Methods 

 Study Population 
 We enrolled 303 consecutive patients with HF (New York Heart Association [NYHA] class II–IV) admitted 

to Seoul St. Mary’s Hospital of The Catholic University of Korea between July 2005 and October 2007. We 
divided the patients into two groups: a CRAS group (n = 64) and a non-CRAS group (n = 239). CRAS was 
defined as established HF combined with (1) an estimated glomerular filtration rate (eGFR) <60 ml/min/
1.73 m 2  calculated by the Modification of Diet in Renal Disease at admission and (2) a hemoglobin (Hb) level 
of <13 g/dl for males and <12 g/dl for females at admission  [12] . In this study, we excluded patients who had 
active bleeding in the gastrointestinal tract or other solid organs, acute or chronic infections or inflammatory 
diseases, and malignancies, including hematologic malignancies and those affecting solid organs. Patients 
who received renal replacement therapy, such as hemodialysis, peritoneal dialysis and renal transplantation, 
were also excluded from this study.

  Clinical data were obtained from a comprehensive review of subjects’ medical records using established 
criteria for hypertension, diabetes mellitus, hyperlipidemia and myocardial infarction.

  Clinical Outcomes 
 Patients were followed up for a median of 25.6 months (range 0.1–35.3 months) and were monitored on 

a regular basis. The clinical outcome of interest in our study was a composite of cardiac death, non-fatal 
myocardial infarction and rehospitalization for HF, which was defined according to the Framingham criteria  [1] .

  Statistical Analysis 
 Continuous variables are presented as means ± standard deviations and categorical variables as 

numbers and percentages. Group comparisons were performed using Student’s t test or Mann-Whitney
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 Table 1.  Baseline patient characteristics according to the presence of CRAS

All
(n = 303)

CRAS
(n = 61)

Non-CRAS
(n = 242)

p value

Demographics
Age, years 68.3 ± 13.8 75.7 ± 11.8 66.4 ± 13.6 <0.001
Male 147 (48.5%) 24 (39.3%) 123 (50.2%) 0.109
Body mass index 23.7 ± 3.2 13.4 ± 3.4 23.8 ± 3.1 0.396

Comorbidity
Hypertension 176 (59.3%) 40 (69.0%) 136 (56.9%) 0.094
Diabetes mellitus 97 (32.7%) 29 (50.0%) 68 (28.5%) 0.002
Hyperlipidemia 78 (25.4%) 11 (18.0%) 67 (27.6%) 0.247
Current smoking 80 (27.0%) 8 (13.8%) 72 (30.3%) 0.011
Atrial fibrillation 61 (20.1%) 7 (11.5%) 54 (22.3%) 0.059
Prior myocardial infarction 36 (11.9%) 10 (25.6%) 26 (12.6%) 0.035
Cerebrovascular accident 25 (8.3%) 9 (15.5%) 16 (6.7%) 0.030

Cause of HF 0.354
Ischemic 156 (51.5%) 26 (42.6%) 130 (53.7%)
Valvular 21 (6.9%) 5 (8.1%) 16 (6.6%)
Arrhythmia 37 (12.2%) 5 (8.1%) 32 (13.2%)
Dilated cardiomyopathy 89 (29.4%) 25 (40.9%) 64 (26.4%)

NYHA functional class 0.003
II 130 (42.9%) 18 (29.5%) 112 (46.3%)
III 151 (49.8%) 34 (55.7%) 117 (48.3%)
IV 22 (7.3%) 9 (14.8%) 13 (5.4%)

Laboratory findings
Hb, g/dl 12.7 ± 2.1 10.4 ± 1.3 13.3 ± 1.9 <0.001
Hct, % 36.9 ± 5.7 31.4 ± 3.8 38.3 ± 5.2 <0.001
Mean corpuscular volume, fl 90.7 ± 6.6 89.6 ± 8.1 90.9 ± 6.1 0.215
Creatinine, mg/dl 1.12 ± 0.57 1.80 ± 0.85 0.96 ± 0.28 <0.001
eGFR, ml/min/1.73 m2 70.6 ± 26.0 38.8 ± 13.1 78.7 ± 21.9 <0.001
Albuminuria 58 (20.9%) 19 (35.8%) 39 (17.4%) 0.003
Total cholesterol, mg/dl 173.2 ± 45.1 162.7 ± 48.3 178.1 ± 44.1 0.175
Triglycerides, mg/dl 123.1 ± 86.3 120.2 ± 108.3 127.3 ± 78.2 0.725
HDL-C, mg/dl 41.4 ± 14.3 42.1 ± 13.4 40.0 ± 14.2 0.674
hsCRP, mg/dl 2.56 ± 4.69 3.31 ± 5.32 2.35 ± 4.61 0.243
NT-proBNP, pg/ml 5,167.5 ± 8,137.7 13,236.8 ± 12,425.3 3,133.5 ± 4,887.7 <0.001a

Echocardiography
LVEF, % 48.9 ± 14.6 46.0 ± 13.8 49.7 ± 14.7 0.081
LVEDD, mm 53.8 ± 8.8 53.4 ± 8.7 53.8 ± 8.9 0.785
LVESD, mm 37.7 ± 11.2 38.2 ± 11.9 37.6 ± 11.1 0.751
Left atrial dimension, mm 42.9 ± 10.9 44.1 ± 8.2 42.6 ± 11.5 0.362

Intravenous loop diuretics 170 (56.1%) 53 (86.8%) 117 (48.3%) <0.001

Discharge medicati on
ACEI/ARB 183 (62.0%) 34 (58.6%) 149 (62.9%) 0.550
Beta-blocker 151 (51.4%) 36 (62.1%) 115 (48.7%) 0.069
Calcium channel blocker 67 (22.9%) 15 (25.9%) 52 (22.1%) 0.544
Diuretic 184 (60.7%) 52 (85.2%) 132 (54.5%) <0.001

 Figures are mean ± standard deviation or n (%).
ACEI/ARB = Angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; HDL-C = high-

density lipoprotein cholesterol; hsCRP = highly sensitive C-reactive protein; LVEDD = left ventricular 
end-diastolic dimension; LVESD = left ventricular end-systolic dimension.

a Statistical significance test was done by Mann-Whitney U test. Normality test was performed by 
Shapiro-Wilk test.
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U test as appropriate, and the χ 2  test was used for frequency variables. Analysis of variance was used in 
comparing eGFR and Hb according to NYHA class and Hb according to eGFR. We divided all patients into two 
groups according to the presence of CRAS and then compared the incidences of specific clinical outcomes 
between these groups using Kaplan-Meier survival curves. Using Cox proportional hazards univariate and 
multivariate analyses, we calculated the odds ratios for the associations between prespecified risk factors, 
including CRAS, and the primary clinical outcome. Covariates found to be statistically significant in the 
univariate analysis (p < 0.1) were considered candidate variables for the multivariate models. Statistical 
analyses were performed with SPSS version 15.0 (SPSS Inc., Chicago, Ill., USA). For all analyses, a p value 
<0.05 was considered statistically significant.

  Results 

 Baseline Characteristics 
  Table 1  shows the baseline characteristics of the 303 patients with HF who were enrolled 

in this study (mean age 68.3 ± 13.8 years, males 147 [48.5%]) according to the presence of 
CRAS. The patients with CRAS were older and more frequently diabetic, had HF of a more 
advanced NYHA class, had higher plasma levels of N-terminal pro-brain natriuretic peptide 
(NT-proBNP), had more frequent albuminuria and were more likely to be prescribed intra-
venous and oral diuretics compared with the non-CRAS group. The patients with CRAS have 
significantly lower Hb and hematocrit (Hct), but there was no significant different in mean 
corpuscular volume.  Figure 1  shows the interplay between renal dysfunction and anemia in 
the patients with HF who were enrolled in this study. Hb levels and eGFRs were positively 
correlated in HF patients ( fig. 1 c), and both of these measures gradually decreased as the 
NYHA functional class increased ( fig. 1 a, b).

  Predictors of CRAS 
 In the univariate and multivariate logistic regression analyses, age  ≥ 65 years, presence 

of diabetes mellitus, NT-proBNP levels  ≥ 3rd tertile and use of intravenous diuretics were 

 Table 2. Independent predictors of CRAS in patients with HF based on univariate and multivariate logistic 
regression analyses

Univariate  Multivariate

OR 95% CI p value  OR 95% CI p value

Age ≥65 years 3.368 1.671 – 6.788 0.001 1.559 0.618 – 3.932 0.347
Male gender 0.628 0.654 – 1.112 0.110
Body mass index ≥25 0.755 0.389 – 1.466 0.407
Hypertension 1.683 0.912 – 3.105 0.096
Diabetes mellitus 2.515 1.399 – 4.520 0.002 1.951 0.891 – 4.272 0.095
Current smoking 0.369 0.166 – 0.818 0.014 0.320 0.107 – 0.957 0.042
NYHA III or IV 2.058 1.123 – 3.771 0.019 2.434 0.702 – 8.441 0.161
NT-proBNP ≥3rd tertile 13.554 6.240 – 29.437 <0.001 7.453 2.813 – 19.746 <0.001
Albuminuria 2.651 1.371 – 5.124 0.004 1.398 0.572 – 3.418 0.462
LVEF ≤35% 1.148 0.575 – 2.293 0.696
Intravenous loop diuretics 4.815 2.271 – 10.208 <0.001 4.923 1.615 – 15.003 0.005
ACEI/ARB 0.756 0.413 – 1.385 0.366
Beta-blocker 1.846 1.007 – 3.384 0.070
Calcium channel blocker 1.285 0.653 – 2.529 0.467

ACEI/ARB = Angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; OR = odds ratio.
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independent predictors of the presence of CRAS. However, hypertension, NYHA class III or IV 
HF, left ventricular ejection fraction (LVEF) <35% and use of angiotensin-converting enzyme 
inhibitors/angiotensin receptor blockers, beta-blockers or calcium channel blockers were 
not associated with the development of CRAS ( table 2 ).

  Clinical Outcomes in CRAS 
 During a median follow-up period of 25.6 months (range 0.1–35.3 months), the primary 

composite outcome occurred in 44 (14.5%) patients as follows: cardiac death in 13 (4.3%) 
patients, non-fatal myocardial infarction in 22 (7.3%) patients and rehospitalization for HF 
in 27 (8.9%) patients. The patients with CRAS had a significantly increased risk for the primary 
composite outcome (34.4 vs. 11.2%, p < 0.001) as well as for renal replacement therapy (6.5 
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  Fig. 1.  Interplay between renal 
dysfunction and anemia in pa-
tients with HF. Hb levels and
eGFRs were positively correlat-
ed in HF patients ( c ), and both 
of these measures gradually de-
creased as the NYHA functional 
class increased ( a ,  b ). NS = Not 
significant. 
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vs. 0.8%, p = 0.001) compared with the patients in the non-CRAS group ( table 3 ). A landmark 
analysis at 6 months showed that the patients with CRAS had poor prognoses at both the 
short- and long-term clinical follow-ups ( fig. 2 ). Using univariate and multivariate Cox hazard 
regression analyses, the hazard ratio (HR) for the presence of CRAS was found to be 2.326 
(95% confidence interval [CI] 1.102–4.909, p = 0.027); HRs were also computed for the 
presence of diabetes mellitus (HR = 2.513, 95% CI 1.331–4.747, p = 0.005), NYHA class III or 
IV HF (HR = 2.883, 95% CI 1.207–6.887, p = 0.017) and the use of intravenous loop diuretics 
(HR = 1.608, 95% CI 0.669–3.862, p = 0.288) ( table 4 ).

  Discussion 

 The major finding of the present study was that the development of CRAS was associated 
with older age, the presence of diabetes mellitus, higher NT-proBNP levels and the use of intra-
venous diuretics. The presence of CRAS, together with diabetes mellitus, NYHA functional class 
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 Table 3. Clinical outcomes in CRAS

All 
(n = 303)

CRAS 
(n = 61)

Non-CRAS 
(n = 242)

p value

Cardiac death 13 (4.3%) 7 (10.1%) 6 (2.6%) 0.017
Non-fatal myocardial infarction 22 (7.3%) 8 (13.1%) 16 (6.6%) 0.093
Rehospitalization for HF 27 (8.9%) 16 (26.2%) 18 (7.4%) <0.001
Renal replacement therapy 6 (2.0%) 4 (6.5%) 2 (0.8%) 0.001
Primary composite outcome 44 (14.5%) 21 (34.4%) 27 (11.2%) <0.001

  Fig. 2.  Landmark analysis of the cumulative incidence of clinical outcomes (cardiac death, non-fatal myocar-
dial infarction and rehospitalization for HF) in patients with and without CRAS. 
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III or IV HF and the use of intravenous loop diuretics, is a predictor of poor short- and long-
term clinical outcomes in patients with HF. These findings suggest that renal dysfunction and 
anemia are a fatal combination in HF and lead to poor prognoses in patients with HF.

  Predictors of CRAS 
 The development of CRAS is multifactorial and can be caused by dysfunctional interplay 

between the heart and kidneys, which can lead to the development of anemia. Indeed, it is 
well known that heart disease has several negative effects on kidney function and vice versa. 
Anemia is also a frequent comorbidity that has a medically significant impact in patients 
already suffering from both chronic kidney disease and chronic HF; its prevalence in patients 
with cardiorenal syndrome has been observed to be between 39 and 45%.

  Although the pathophysiology of CRAS is at least partially understood, limited data are 
available to provide guidance on the diagnosis of CRAS and the risk factors associated with 
CRAS in patients with HF. A recent observational study showed that the prevalence of CRAS 
was 18.7% and that advanced age, lower body mass index, presence of diabetes mellitus, 
ischemic etiology, lower LVEF and lack of treatment with renin-angiotensin system inhibitors 
were independently associated with CRAS  [12] . In this study, the incidence of CRAS was 
20.1%, and the independent risk factors for CRAS were age  ≥ 65 years, presence of diabetes 
mellitus, NT-proBNP levels in the upper tertile and use of intravenous loop diuretics; how-
ever, the presence of CRAS was not related to body mass index, LVEF or use of angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers. These findings suggest that the 
severity of volume overloading and subsequent achievement of euvolemia using intrave-
nous loop diuretics may affect the development of CRAS. Indeed, the efficacy of loop diuretics 
declines with repeated exposure  [13]  and high doses of loop diuretics may have harm-
ful effects, including activation of the renin-angiotensin system and the sympathetic ner-
vous system, electrolyte disturbances and worsening of cardiac and renal function  [14–17] . 

 Table 4. Independent predictors of primary composite outcome in patients with CRAS based on Cox pro-
portional hazard analysis

Univariate Multivariate

HR 95% CI p value HR 95% CI p value

Age ≥65 years 1.840 0.957 – 3.536 0.067 1.286 0.635 – 2.606 0.484
Male gender 0.637 0.355 – 1.142 0.130
Hypertension 1.378 0.756 – 2.520 0.297
Diabetes mellitus 2.782 1.565 – 4.946 <0.001 2.513 1.331 – 4.747 0.005
Current smoking 0.570 0.266 – 1.219 0.147
NYHA III or IV 4.658 2.172 – 9.991 <0.001 2.883 1.207 – 6.887 0.017
NT-proBNP ≥3rd tertile 2.830 1.395 – 5.742 0.004 0.963 0.294 – 3.161 0.951
Albuminuria 2.644 1.452 – 4.814 0.001 1.674 0.876 – 3.199 0.119
LVEF <35% 1.860 0.980 – 3.533 0.058
Intravenous loop diuretics 3.262 1.577 – 6.748 0.001 3.978 1.323 – 11.963 0.014
Discharge medication

ACEI/ARB 1.657 0.872 – 3.151 0.123
Beta-blocker 0.893 0.498 – 1.602 0.705
Calcium channel blocker 0.833 0.400 – 1.733 0.624
Diuretic 2.703 1.363 – 5.361 0.004 1.368 0.433 – 4.323 0.593

Presence of CRAS 3.625 2.047 – 6.421 <0.001 2.326 1.102 – 4.909 0.027

ACEI/ARB = Angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.
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Therefore, intravenous loop diuretics should be used with caution despite their essential role 
in the current treatment of patients with acute decompensated HF  [18] .

  Clinical Outcomes in CRAS 
 Both renal dysfunction and anemia have been studied extensively in HF; they are known 

risk factors for increased morbidity and mortality. In a study of elderly congestive HF patients 
in the Medicare population  [19] , the 2-year survival rate was 74% among patients with 
congestive HF, 65% among those with congestive HF and anemia, 62% among those with 
congestive HF and renal dysfunction, and 54% among those with all three conditions. Data 
from the Studies of Left Ventricular Dysfunction (SOLVD) trial  [20]  suggest that anemia and 
renal dysfunction act synergistically to multiply mortality risk. Go et al.  [11]  observed that 
lower HB levels and decreased renal function independently increased the risks of death and 
hospitalization in HF, and the relative risk of death associated with lower Hb levels was notably 
higher in the presence of better kidney function. Our data show that the presence of CRAS 
contributed to poor short- and long-term prognoses in patients with HF. During a median 
follow-up period of 25.6 months, the patients with CRAS had a two-fold increase in the adjusted 
risk of the primary outcome compared with the patients without CRAS. The available data and 
our findings suggest that renal dysfunction and anemia represent a continuum of disease 
progression in HF and that the development of these comorbidities should be viewed as a 
critical step in the progression of the disease toward death rather than solely as comorbidities.

  Administration of loop diuretics to patients with HF has been shown to activate the renin-
angiotensin-aldosterone system and the sympathetic nervous system, both of which are 
known to play a fundamental role in the progression of HF  [14, 15] . In addition, the use of loop 
diuretics may also lead to electrolyte imbalances that may exacerbate cardiac arrhythmias 
and increase the risk of sudden cardiac death  [16, 17] . Clinically, several observational data 
have suggested that diuretics use may be associated with worse outcomes in patients with HF 
 [21, 22] . Most recently, analyses of the data from the Evaluation Study of Congestive Heart 
Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) study demonstrated a 
nearly linear relationship between loop diuretic dose and mortality over a 6-month follow-up 
period in patients hospitalized with advanced HF  [22] . Consistent with these findings, our 
data also showed that the use of intravenous loop diuretics was an independent risk factor 
for the primary outcome as well as for the presence of CRAS. Indeed, substantial questions 
remain regarding how to best use diuretics to treat volume overload in patients with HF, 
given that diuretics are an essential component of current treatment strategies for patients 
with acute decompensated HF  [23] . Non-pharmacological approaches, such as ultrafiltration, 
may be an effective alternative therapy in high-risk patients with CRAS  [24] . Therefore, it is 
important to recognize and diagnose CRAS when it is present and to identify effective 
management strategies in HF patients with CRAS.

  Study Limitations 
 First, this study was not a prospective randomized trial, and despite covariate adjust-

ments, other measured and unmeasured factors may have influenced the outcomes. Second, 
in the present study, Hb concentrations on admission were examined, and these levels may 
not accurately reflect Hb levels after discharge or changes in Hb levels over time. We also did 
not attempt to identify the etiology or assess the treatment or maintenance of anemia during 
the follow-up period. Third, no data were available on the infusion strategies (bolus vs. 
continuous) or doses (low vs. high) of intravenous loop diuretics administered during hospi-
talization. However, a recent prospective, randomized study in patients with acute decom-
pensated HF found no significant difference in the change in renal function or in clinical 
outcomes between infusion strategies and doses  [23] .

D
ow

nl
oa

de
d 

by
: 

21
8.

76
.1

28
.8

4 
- 

4/
25

/2
01

7 
9:

57
:1

2 
A

M



277Cardiorenal Med 2016;6:269–278

 DOI: 10.1159/000443339 

 Kim et al.: Impact of Cardiorenal Anemia Syndrome on Short- and Long-Term Clinical 
Outcomes in Patients Hospitalized with Heart Failure 

www.karger.com/crm
© 2016 S. Karger AG, Basel

  Conclusions 

 The development of CRAS was associated with older age, presence of diabetes mellitus, 
higher NT-proBNP levels and use of intravenous diuretics. The presence of CRAS, together 
with diabetes mellitus, NYHA functional class III or IV HF and use of intravenous loop diuretics, 
was associated with poor short- and long-term clinical outcomes in patients with HF. These 
findings suggest that renal dysfunction and anemia are a fatal combination and contribute to 
poor prognosis in patients with HF. 
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