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lence and prognostic relevance of GD and/or TD among 
patients with AHF, especially regarding isolated TD (i.e., 
TD without GD). Therefore, this study evaluated the prev-
alence, coexistence, and prognostic relevance of TD and 
GD among Japanese patients with AHF.

Methods
This retrospective study collected data from the Juntendo 
University Database for Acute Heart Failure, which 
includes all patients with AHF who were hospitalized in 
the intensive care unit or coronary care unit of Juntendo 
University Hospital between January 2015 and December 
2019. Consecutive patients with AHF had been registered 
if they were ≥18 years old and had a confirmed diagnosis 
of AHF made by experienced cardiologists according to 

A cute heart failure (AHF) is a major health problem 
that continues to have a high mortality rate despite 
improving treatment options.1 Renal dysfunction 

is a major comorbidity that is prevalent among patients 
with AHF and is strongly associated with poor clinical 
outcomes.2,3 Thus, understanding the complicated and 
bidirectional association between these conditions is cru-
cial to improving treatment outcomes in this high-risk 
population.4

Renal dysfunction includes glomerular dysfunction (GD) 
and tubular dysfunction (TD), although less attention is 
paid to TD in clinical practice. However, recent biomarker 
studies have clearly shown that TD is prevalent among 
patients with chronic heart failure and is associated with 
adverse events, independent of the presence of GD.5–7 Nev-
ertheless, there is limited information regarding the preva-
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Background:  Renal dysfunction includes glomerular dysfunction (GD) and tubular dysfunction (TD); however, there is limited infor-
mation regarding the prevalence, coexistence, and prognostic relevance of TD and GD among patients with acute heart failure (AHF).

Methods and Results:  This study reviewed 489 patients with AHF who had undergone testing at the time of their admission to 
identify GD (estimated glomerular filtration rate <60 mL/min/1.73 m2) and TD (urinary β-2-microglobulin ≥300 µg/gCr). Patients were 
grouped according to the presence/absence of GD and TD as having neither condition (n=116), isolated TD (n=101), isolated GD 
(n=83), or coexisting GD plus TD (n=189). During a median follow up of 466 days (interquartile range: 170–871 days), 107 deaths 
were observed. Kaplan-Meier curve analysis revealed that, relative to the absence of a GD and TD group, higher mortality rates were 
observed in the groups with isolated TD, isolated GD, and coexisting GD plus TD (log-rank P<0.001). Similarly, the adjusted Cox 
regression analyses revealed that significantly higher risks of mortality were associated with isolated TD, isolated GD, and coexisting 
GD plus TD. Moreover, isolated GD and isolated TD were both independently associated with increased risks of all-cause mortality.

Conclusions:  As a significant proportion of patients with AHF had isolated TD and an increased risk of mortality, patients with AHF 
should be screened for TD even if they do not have GD.
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proBNP) concentration was <300 pg/mL, as the primary 
diagnosis in these cases might not be heart failure.9,10 The 
present study also excluded patients who were receiving 
maintenance hemodialysis. The retrospective study protocol 
was approved by the institutional review board of Juntendo 
University Hospital, which waived the requirement for 

the Framingham criteria.8 Patients were not registered, 
regardless of whether they had AHF, acute coronary syn-
drome, primary pulmonary hypertension, or pericardial 
disease. The present study excluded cases in which the 
B-type natriuretic peptide (BNP) concentration at admis-
sion was <100 pg/mL or the N-terminal pro-BNP (NT-

Table 1.  Baseline Characteristics of the Groups According to the Presence of Glomerular and/or Tubular Dysfunction

Variables Neither  
(n=116)

Isolated TD  
(n=101)

Isolated GD  
(n=83)

Coexisting  
(n=189) P value

Age (years) 67±13 73±15 79±10 79±10 <0.001

Male sex (%) 79 (68.1) 53 (52.5) 47 (56.6) 117 (61.9) 　0.102

SBP (mmHg) 129±27　　 140±27　　 124±25　　 138±27　　 <0.001

DBP (mmHg) 81±21 86±21 70±18 77±21 <0.001

Heart rate (beats/min) 96±29 97±26 90±29 88±25 　0.014

LVEF (%) 41  
[28–57]

49  
[35–64]

52  
[36–64]

55  
[37–65]

<0.001

NYHA class III/IV at admission (%) 70 (60.3) 65 (65.0) 52 (64.2) 108 (57.8) 　0.623

Cardiac implantable electronic device (%) 　0.387 

    Pacemaker 13 (11.2) 12 (11.9) 10 (12.0) 20 (10.6)

    ICD 2 (1.7) 0 (0)　　　 0 (0)　　　 2 (1.1)

    CRT-D/CRT-P 6 (5.2) 1 (1.0) 2 (2.4) 2 (1.1)

Medical history (%)

    Heart failure 45 (38.8) 33 (32.7) 44 (53.0) 88 (46.6) 　0.022

    Hypertension 48 (42.1) 61 (61.0) 49 (60.5) 108 (58.4)　　 　0.012

    Diabetes 32 (27.6) 28 (27.7) 28 (33.7) 70 (37.0) 　0.244

    COPD 9 (8.0) 3 (3.0)   9 (11.5) 16 (8.9)　　 　0.178

    CAD 15 (13.3) 22 (22.0) 27 (34.6) 66 (36.3) <0.001

Prescription at admission (%)

    Loop diuretics 38 (33.9) 30 (30.9) 44 (57.1) 89 (52.0) <0.001

    ACE-I/ARB 35 (31.0) 43 (43.0) 40 (50.0) 84 (46.4) 　0.028

    β-blocker 38 (32.8) 34 (33.7) 33 (39.8) 91 (48.1) 　0.024

    MRA 23 (19.8) 17 (16.8) 25 (30.1) 32 (16.9) 　0.069

    SGLT2i 5 (4.3) 2 (2.0) 2 (2.4) 2 (1.1) 　0.323

Prescription at discharge (%)

    Loop diuretics 100 (87.7)　　 84 (84.0) 66 (89.2) 136 (79.5)　　 　0.157

    ACE-I/ARB 82 (71.9) 77 (77.0) 46 (62.2) 107 (62.6)　　 　0.046

    β-blocker 94 (82.5) 84 (84.0) 47 (63.5) 118 (69.0)　　 　0.001

    MRA 23 (19.8) 17 (16.8) 25 (30.1) 32 (16.9) 　0.069

    SGLT2i 6 (5.2) 2 (2.0) 3 (3.7) 4 (2.2) 　0.426

Laboratory data at admission

    Hemoglobin (mg/dL) 13.5±2.3　　 12.3±2.6　　 11.6±2.6　　 10.9±2.0　　 <0.001

    Creatinine (mg/dL) 0.8  
[0.7–1.0]

0.8  
[0.7–1.0]

1.3  
[1.1–1.6]

1.5  
[1.1–2.2]

<0.001

    Blood urea nitrogen (mg/dL) 18  
[15–21]

18  
[14–24]

31  
[22–46]

30  
[24–45]

<0.001

    Sodium (mEq/L) 140±4　　　　 140±4　　　　 139±5　　　　 140±4　　　　 　0.276

    NT-proBNP (pg/dL) 2,789  
[1,436–5,833]

3,851  
[2,209–5,583]

5,297  
[3,006–12,519]

7,987  
[3,793–19,648]

<0.001

    β-2-microglobulin (μg/gCr) 119  
[61–169]

1,199  
[507–2,489]

58  
[16–126]

5,340  
[1,598–18,002]

<0.001

    Cystatin C (mg/dL) 1.01  
[0.93–1.13]

1.05  
[0.92–1.19]

1.72  
[1.38–2.03]

1.93  
[1.58–2.49]

<0.001

GWTG-HF risk score 40  
[35–45]

39  
[35–44]

46  
[41–51]

43  
[38–49]

<0.001

ACE-I/ARB, angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers; CAD, coronary artery disease; COPD, chronic obstruc-
tive pulmonary disease; CRT-D, cardiac resynchronization therapy-defibrillator; CRT-P, cardiac resynchronization therapy-pacemaker; DBP, 
diastolic blood pressure; GD, glomerular dysfunction; GWTG-HF, Get With The Guidelines®-Heart Failure; ICD, implantable cardioverter-
defibrillator; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic 
peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; SGLT2i, sodium-glucose cotransporter 2 inhibitor; TD, tubular 
dysfunction.
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plus TD.
Normally distributed continuous variables were expressed 

as mean ± standard deviation and non-normally distributed 
variables were expressed as median (interquartile range). 
Categorical variables were expressed as number (percent-
age). Continuous variables were compared between groups 
using one-way analysis of variance or the Kruskal-Wallis 
test, as appropriate. Categorical variables were compared 
between groups using the chi-squared test or Fisher’s exact 
test, as appropriate. The fractional polynomials method 
was used to identify optimal transformations.15

Survival outcomes were evaluated using the Kaplan-
Meier method and log-rank test. All-cause mortality was 
evaluated according to the Get With the Guidelines®-
Heart Failure (GWTG-HF) risk score and log-transformed 
BNP (log BNP) concentration at admission. The GWTG-
HF risk score consists of age, systolic blood pressure, heart 
rate, blood urea nitrogen, sodium, chronic obstructive 
pulmonary disease, and race,16 and adjustment for the 
GWTG-HF risk score has been well validated among 
Japanese patients with heart failure.17,18 Adding the log 
BNP concentration to the GWTG-HF risk score has also 
been shown to improve the performance of prognostic 
models.19 Multiple imputation to account for missing 
covariate data was performed using 20 datasets that were 
created via a chained equations procedure.20 Parameter 
estimates were obtained for each dataset and subsequently 
combined to produce an integrated result using the method 
described by Barnard and Rubin.21 Differences were con-
sidered statistically significant at 2-tailed P values of <0.05. 
All analyses were performed using R software (version 
3.6.3; R Foundation for Statistical Computing, Vienna, 
Austria; http://www.R-project.org).

informed consent based on the retrospective observational 
study design. This study was conducted in accordance with 
the principles of the Declaration of Helsinki.

All patients were followed from the date of the index 
admission until June 2020. The primary outcome of interest 
was all-cause mortality, which was evaluated based on infor-
mation from clinical visits or recorded deaths. For those 
who died, the cause of death was categorized into cardio-
vascular and non-cardiovascular death according to the 
classification used in the RELAX-AHF (Efficacy and 
Safety of Relaxin for the Treatment of Acute Heart Failure) 
study.11 In addition, we collected baseline data regarding 
the patients’ clinical characteristics, medical history, drug 
prescription(s) at admission and discharge, and events. All 
patients who are admitted to our intensive care or coronary 
care units because of AHF are expected to undergo a 
routine risk assessment within 24 h using cardiovascular and 
renal biomarkers, which include urinary β-2 microglobulin 
(B2MG), urinary creatinine, and serum cystatin C concen-
trations. All tests were performed immediately after blood 
and spot urine sample collection. We used a urinary B2MG 
concentration, which was adjusted for the urinary creatinine 
concentration of >300 mg/gCr to diagnose TD, as this 
value predicts the prognosis among patients with chronic 
heart failure.12,13 The Chronic Kidney Disease Epidemiology 
Collaboration formula with serum creatinine and cystatin 
C was used to identify GD (estimated glomerular filtration 
rate [eGFR]: <60 mL/min/1.73 m2), as it provides better 
accuracy and precision than the Modification of Diet in 
Renal Disease formula, among patients with heart failure.14 
The results for TD and/or GD were used to classify the 
patients as having neither condition, isolated TD (TD but 
not GD), isolated GD (GD but not TD), or coexisting GD 

Figure.    Kaplan-Meier curves for overall survival according to the presence of tubular and/or glomerular dysfunction (TD/GD). 
There were significant differences between the 4 groups (log-rank P<0.001), and the group with isolated TD had poorer outcomes 
than the group with neither condition.

http://www.R-project.org
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insights regarding the relationships of GD and TD with 
clinical outcomes among patients with AHF. In this cohort, 
isolated TD (20.6% of patients with AHF) identified at 
admission was independently associated with mortality, 
regardless of the presence of GD, and may provide addi-
tional prognostic information in this setting. This result 
highlights the importance of considering both GD and TD 
when patients with AHF are admitted to hospital.

Previous studies have revealed conflicting results regard-
ing the prognostic relevance of TD among patients with 
AHF. For example, a study of 260 patients with AHF 
revealed that the urinary neutrophil gelatinase-associated 
lipocalin (NGAL) concentration at admission was inde-
pendently associated with a poor prognosis after adjust-
ment for other prognostic factors, including the eGFR.22 
However, a prospective study evaluated the plasma NGAL 
concentration at admission for 927 patients with AHF and 
revealed that plasma NGAL was not superior to serum 
creatinine for predicting in-hospital adverse events.23 
Another study of 1,588 patients with AHF revealed that 
plasma kidney injury molecule-1 adjusted for serum cre-
atinine was associated with rehospitalization for heart fail-
ure but not mortality.24 Given the results of those and 
other studies,25–27 it is unclear whether other tubular mark-
ers have clinical and prognostic relevance, although cre-
atinine is an inexpensive and readily measurable tubular 
function biomarker that is already used in our clinical 
practice. Nevertheless, our results suggest that identifying 
TD using a urine sample, which is readily available to be 
conducted in clinical practice, can help improve the prog-
nostic value of routine glomerular function evaluations.

The present study revealed that isolated TD was relatively 
common and had prognostic relevance among patients 
with AHF. A previous study of 315 patients with chronic 
heart failure revealed isolated TD in 39 patients (12.4%),13 
although it was not clear whether isolated TD was associ-
ated with mortality. To the best of our knowledge, ours is 
the first study to demonstrate that approximately 20% of 
patients with AHF had isolated TD, and this subgroup 
had a high mortality rate even after adjusting for other 
prognostic factors. The relatively high prevalence of iso-
lated TD in our population may be related to the differ-
ences between acute and chronic heart failure. Renal 
tubular epithelial cells have a regenerative ability after they 
are exposed to ischemia,28 which suggests that some tubu-
lar epithelial cells are injured during the acute phase of 
heart failure and may regenerate during the chronic phase. 
Therefore, our results suggest that it is important to con-
sider tubular function among patients with AHF or chronic 
heart failure, even if they have preserved glomerular function.

The present study was not designed to clarify the patho-
physiological differences between patients with GD and/or 

Results
A total of 744 patients were potentially eligible during the 
study period, although 255 patients were excluded (4 
patients were receiving dialysis and 251 patients had missing 
data regarding cystatin C, B2MG, or urinary creatinine 
concentrations). Thus, the study included 489 patients 
(60.5% male) with a mean age of 75±13 years. The adjusted 
B2MG concentration range was 0.5–154,606.7 mg/gCr 
and the eGFR range was 5.0–141.5 mL/min/1.73 m2. Based 
on the results for GD and/or TD, the patients were catego-
rized as having neither condition (n=116), isolated TD 
(n=101), isolated GD (n=83), or coexisting GD plus TD 
(n=189). The clinical characteristics of the 4 groups are 
shown in Table 1. The presence of TD was associated with 
older age, higher systolic blood pressure, hypertension, 
coronary artery disease, prescription of angiotensin-
converting enzyme inhibitors/angiotensin-receptor blockers 
at admission, lower hemoglobin concentration, and higher 
concentrations of C-reactive protein and NT-proBNP. The 
presence of GD was associated with older age, heart failure, 
hypertension, chronic obstructive pulmonary disease, 
coronary artery disease, prescriptions of angiotensin-
converting enzyme inhibitors/angiotensin-receptor blockers 
and mineralocorticoid receptor antagonists at admission, 
lower hemoglobin concentration, and higher concentrations 
of creatinine, blood urea nitrogen, C-reactive protein, and 
NT-proBNP.

During a median follow up of 466 days (interquartile 
range: 170–871 days), 107 deaths were observed (68 were 
cardiovascular deaths, and 39 were non-cardiovascular 
deaths). In more detail, in-hospital death occurred in 30 
patients and major adverse renal events, including the need 
for continuous hemodiafiltration or hemodialysis, occurred 
in 22 patients. In addition, we observed heart failure re-
hospitalization in 76 patients during the follow-up period. 
The Kaplan-Meier curve analysis revealed that isolated 
GD and isolated TD were both associated with poorer 
survival rates, and the group with coexisting GD plus TD 
had the poorest prognosis (Figure). Similar associations 
were observed in the multivariable Cox regression analyses 
that were adjusted for GWTG-HF risk score and log NT-
proBNP concentration (Table 2). Relative to the group 
with neither condition, poor survival was independently 
associated with isolated GD (hazard ratio: 2.45, 95% con-
fidence interval: 1.48–4.06; P<0.001) and isolated TD (hazard 
ratio: 1.76, 95% confidence interval: 1.12–2.76; P=0.014).

Discussion
This retrospective single-center study evaluated 489 patients 
who were hospitalized because of AHF and provided novel 

Table 2.  Unadjusted and Adjusted Cox Regression Analyses of All-Cause Death

Groups
Unadjusted Adjusted for GWTG-HF risk  

score + log NT-proBNP

HR 95% CI P value HR 95% CI P value

Neither Reference Reference

Isolated TD 2.43 1.04–5.70 　0.040 2.43 1.04–5.70 　0.041

Isolated GD 4.83 2.12–10.9 <0.001 3.31 1.42–7.74 　0.006

Coexisting 6.80 3.24–14.3 <0.001 5.07   2.35–10.95 <0.001

CI, confidence interval; HR, hazard ratio. Other abbreviations as in Table 1.
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TD. However, previous studies have suggested that TD 
might precede GD in patients with heart failure, and we 
observed that patients with isolated TD were generally 
younger and less likely to have a history of heart failure. In 
patients with AHF, the proximal tubular cells may be the 
first to be damaged by the acute reduction in kidney perfu-
sion, as this segment is the most exposed to ischemia.28 
Patients with early GD and diabetes mellitus are conven-
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vious study has indicated that urinary B2MG is a useful 
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ferent between TD in patients with diabetes and heart 
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function. Further research is needed to test this hypothesis 
among patients with acute and chronic heart failure.

Although there is no approved therapy specific for 
patients with AHF complicated with tubular injury, there 
are several interventions that may be effective. As venous 
congestion has been shown to be associated with tubular 
injury,32 optimizing volume status and systemic perfusion 
might be particularly important. A previous study has shown 
that TD precedes GD, and angiotensin-converting enzyme 
inhibitors improved tubular function in such patients.33 
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has been shown to be associated with better prognosis in 
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improvement of TD.34,35 However, these hypotheses need 
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Conclusions
Among hospitalized patients with AHF, isolated GD and 
isolated TD were both independently associated with all-
cause mortality. Furthermore, isolated TD was observed 
in a substantial proportion of patients with AHF and was 
associated with greater mortality in this group. Therefore, 
we believe it is important to screen patients with AHF for 
TD even if they do not have GD.
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