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Abstract:

Objective Home care is important in patients with heart failure (HF) in order to maintain their quality of
life. A biomarker that can be measured noninvasively is needed to optimize the home care of patients with
HF. Urinary angiotensinogen (uAGT) is an indicator of the intrarenal renin-angiotensin system activity, which
may be augmented in HF. We hypothesized that uAGT might be a urinary biomarker in HF.

Methods We measured uAGT by an enzyme-linked immunosorbent assay and uAGT normalized by urinary
creatinine (uCr)-designated uAGT/uCr-at admission and discharge in 45 patients hospitalized for HE.

Results We found that both uAGT/uCr [median (interquartile range): 65.5 (17.1-127.7) pg/g Cr at admis-
sion; 12.1 (6.0-37.0) pg/g Cr at discharge; p<0.01] and N-terminal pro-B-type natriuretic peptide (NT-
proBNP) levels [5,422 (2,280-9,907) pg/mL at admission; 903 (510-1,729) pg/mL at discharge; p<0.01] sig-
nificantly decreased between admission and discharge along with an improvement in patient’s clinical status
[New York Heart Association scores: 3 (3-4) at admission; 1 (1-1) at discharge; p<0.01]. The generalized
least squares model revealed that the time course changes in uAGT/uCr also correlated with those in NT-
proBNP levels between admission and readmission in five patients readmitted for HF.

Conclusion The results indicated that the time course changes in uAGT/uCr correlated with those in the
NT-proBNP levels in patients with HF who showed a clinical improvement. Further investigation and devel-
opment of a kit for the rapid measurement of uAGT are needed to evaluate the clinical utility of uAGT as a
biomarker in HF.
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crease in the elderly population (2). Repeated episodes of

Introduction

Heart failure (HF) is a global health problem, and sub-
stantial healthcare resources are needed because of a re-
markable increase in the number of such patients (1). Fur-
thermore, repeated admissions for HF have been another
major problem for these patients, in view of the rapid in-

HF affect the mortality rates and lead to a longer duration of
hospitalization (3). Meanwhile, home care is important for
patients with HF to help maintain their quality of life. As a
result, home care must focus on the individual’s changes in
daily life and in providing early intervention for them. How-
ever, in home care, it is often difficult to measure N-
terminal pro-B-type natriuretic peptide (NT-proBNP), an es-
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tablished HF marker that is useful in monitoring the time
course changes in patients with HF (4) because blood must
be collected. Therefore, developing a noninvasive biomarker
for which measurement does not require blood samples and
that can demonstrate the time course changes in patients
with HF is an unmet clinical need in home care for such pa-
tients; with such a biomarker, the need for readmissions may
be reduced or even prevented.

One of the main clinical characteristics of HF is the
change in neurohumoral factors, which causes excessive
fluid accumulation in the systemic circulation and leads to
congestion in various tissues and organs, including the kid-
neys (5, 6). There is long-standing evidence that the sympa-
thetic nervous system and the renin-angiotensin system
(RAS) play an important role in the pathophysiological
processes of HF and influence the degree of congestion in
HF (6, 7). The intrarenal RAS, which is independently regu-
lated from the systemic RAS, also plays a significant role in
regulating the hemodynamics and cardiorenal interaction,
which are often abnormal in HF (8, 9). Urinary angiotensi-
nogen (UAGT) has been identified as an indicator of the in-
trarenal RAS activity, which may be augmented during renal
congestion in patients with HF (9-11).

We therefore hypothesized that uAGT might be a urinary
biomarker that can be useful to follow the time course
changes in patients with HF. To test this hypothesis, we ex-
amined the correlation between the uAGT and NT-proBNP
levels in patients with HF.

Materials and Methods

Study design and setting

This single-center, prospective exploratory study was per-
formed at Kagawa University Hospital, Kagawa, Japan. The
protocol of this study was approved by the Ethics Commit-
tee of Kagawa University Hospital. This study was con-
ducted in accordance with the ethical standards established
in the 1964 Declaration of Helsinki and its later amend-
ments. All subjects provided their written informed consent
to participate.

Study participants and inclusion and exclusion crite-
ria

We prospectively registered 45 patients who were hospi-
talized on an emergency basis for HF in Kagawa University
Hospital from July 2017 to April 2018. HF was diagnosed
according to Framingham criteria (satisfaction of two major
criteria or one major and two minor criteria) (12). The in-
clusion criteria were an age of 18 years or older, measure-
ments of uAGT and urinary creatinine (uCr) at admission
and discharge, and survival and discharge from the hospital.
Patients who were provided only comfort care, patients on
dialysis, patients with cardiogenic shock, and patients after
cardiac arrest were excluded.

General management of patients with heart failure

All patients with HF were given optimal medical therapy
as judged by physicians when the patients were admitted:
diuretics, beta-blockers, aldosterone antagonists, and an-
giotensin I-converting enzyme inhibitors (ACE-I) or an-
giotensin II receptor blockers (ARB). In this study, the use
of RAS blockers was defined as the use of an ACE-I or
ARB. All patients underwent routine blood testing, including
tests of their renal function or serum electrolytes, such as
creatinine (Cr) level, estimated glomerular filtration rate
(eGFR), and serum sodium (Na) level. The eGFR was cal-
culated using the Modification of Diet in Renal Disease
equation modified for Japanese individuals (13). Cardiac
function tests were also performed and included measure-
ments of circulating NT-proBNP and echocardiography to
measure the left ventricular ejection fraction (LVEF), early
diastolic velocity (E/e’), inferior vena cava (IVC) diameter,
and ventricular size. Echocardiography was performed by
cardiologists who used Vivid S5 (GE Healthcare, Tokyo, Ja-
pan). LVEF at admission and discharge were measured by
means of a modified Simpson’s method with transthoracic
echocardiography.

Measurement of uAGT and circulating NT-proBNP
among patients with heart failure

Patients underwent urine sampling to measure uAGT and
blood sampling to measure circulating NT-proBNP, which
were performed at admission and discharge after achieving
hemodynamic stabilization and a clinical improvement.

We measured uAGT using a method described by Nishi-
jima et al. (14). Spot urine samples were frozen at -80°C af-
ter centrifugation. According to a previous study, one freeze-
and-thaw cycle did not change the measured values of the
uAGT concentrations (15). uAGT concentrations were meas-
ured with a human AGT enzyme-linked immunosorbent as-
say (ELISA) kit (IBL, Japan). uCr was measured with assay
kits (LabAssay Creatinine; Wako, Wakayama, Japan) (9).
uAGT was normalized by uCr (this measurement is desig-
nated “uAGT/uCr”) and expressed in micrograms per gram
of creatinine (16, 17).

Data collection

The following data were collected: including age, sex, vi-
tal sign measurements (at admission and discharge), clinical
status according to New York Heart Association (NYHA)
functional class (at admission and discharge), clinical sce-
nario, cause of HF, past medical history, medication details
(medications taken before admission and medications added
between admission and discharge), laboratory data, echocar-
diography data, duration of stay in the intensive care unit or
coronary care unit, duration of hospital stay, and hospital
mortality.

Statistical analysis

Demographic factors and baseline characteristics were
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summarized with descriptive statistics. Continuous variables
were calculated as the means + standard deviations or as
medians with interquartile ranges (IQRs) according to their
distribution. Categorical variables were calculated as num-
bers with percentages. Significant changes in the NYHA
functional class, blood pressure, renal function, IVC diame-
ter, NT-proBNP level, and uAGT/uCr between admission
and discharge were evaluated in the paired ¢ test or Wil-
coxon signed-rank test as appropriate. The Spearman corre-
lation coefficient was used to test the correlations between
two continuous variables.

For the statistical analysis of the correlation of the time
course changes in uAGT/uCr and NT-proBNP level, a gen-
eralized least squares (GLS) regression was employed with
the use of the nlme package of R. In the gls regression, a
subject factor was included as a random effect; time variable
was modeled linearly; and the first order continuous auto-
regressive variance-covariance structure was utilized because
it provided the smallest value of Akaike Information Crite-
ria. The natural logarithmic transformation was uAGT/uCr
in order to achieve the normality of the residuals of the gls
regression.

Statistical analyses were performed with the JMP® 14
software program (SAS Institute, Cary, USA) and R soft-
ware program version 3.6.1 (https://www.r-project.org/). A
two-sided p value of less than 0.05 was considered statisti-
cally significant for all analyses. Missing data were not re-
placed or estimated.

Results

Baseline characteristics of the study population

The study prospectively included 45 patients (Table 1).
All patients were discharged after showing a clinical im-
provement (to NYHA functional class I or II). The mean
hospital stay was 26.6 days. Most patients at admission
were in NYHA functional class IIT or IV. All patients had a
clinical profile of “wet and warm” perfusion. Study partici-
pants were typically elderly with various comorbidities, such
as hypertension, diabetes, chronic kidney disease (CKD),
and coronary artery disease.

In our study, the median baseline serum creatinine level
was 0.98 mg/dL (IQR, 0.78-1.27 mg/dL) and that of base-
line eGFR was 47.7 mL/min/1.73 m’ (IQR, 38.9-58.5 mL/
min/1.73 m®). The median NT-proBNP level at admission
was 5,422 pg/mL (IQR, 2,280-9,907 pg/mL), and in 46.7%
of patients, LVEF was less than 45% according to echocar-
diography at admission. Patients were treated with loop diu-
retics or RAS blockers (ACE-1 and ARB); 9 patients who
had not used RAS blockers before admission were pre-
scribed RAS blockers for the first time between admission
and discharge. A total of 15 patients who had not used al-
dosterone antagonists before admission were prescribed al-
dosterone antagonists for the first time between admission
and discharge.

The median uAGT/uCr at admission was 65.5 ug/g Cr
(IQR, 17.1-127.7 pgl/g Cr), which did not significantly cor-
relate with the serum creatinine levels at admission (rho=
0.06, p=0.68; Supplementary material 1), systolic blood
pressure (rho=0.19, p=0.22; Supplementary material 1), and
LVEF (rho=0.10, p=0.52; Supplementary material 1). At ad-
mission, UAGT/uCr did not significantly correlate with NT-
proBNP level (rho=0.042, p=0.78; Supplementary material
2).

Changes in the clinical characteristics and labora-
tory findings between admission and discharge in
patients with heart failure

No significant difference in the blood pressure or renal
function was observed between admission and discharge
(Table 2). Along with the improvement in the clinical status
[NYHA functional class: 3 (IQR, 3-4) at admission; 1 (IQR,
1-1) at discharge; p<0.01], IVC diameter significantly de-
creased between admission (18.2+3.9 mm) and discharge
(10.0+1.5 mm; p<0.01), as did the NT-proBNP levels [from
5,422 pg/mL (IQR, 2,280-9,907 pg/mL) at admission to 903
pg/mL (IQR, 510-1,729 pg/mL) at discharge; p<0.01; Ta-
ble 2]. Of note, we found that uAGT/uCr also significantly
decreased between admission [65.5 pg/g Cr (IQR, 17.1-
127.7 pg/g Cr)] and discharge [12.1 pg/g Cr (IQR, 6.0-37.0
pg/g Cr); p<0.01] in patients whose clinical status improved
(Table 2). At discharge, uAGT/uCr significantly correlated
with the NT-proBNP level (rho=0.40, p<0.01; Supplemen-
tary material 2). On the other hand, uAGT/uCr did not sig-
nificantly correlate with the serum creatinine levels at dis-
charge (rho=0.21, p=0.16; Supplementary material 3), sys-
tolic blood pressure (rho=0.08, p=0.59; Supplementary ma-
terial 3), and LVEF (rho=0.08, p=0.59; Supplementary mate-
rial 3). Further, uAGT/uCr did not significantly correlate
with E/e’ at admission (rho=-0.24, p=0.11; Supplementary
material 4) and at discharge (rho=0.02, p=0.88; Supplemen-
tary material 4).

Time course changes in the uAGT/uCr and NT-
proBNP level in patients with heart failure

In our study, uAGT/uCr decreased in 43 patients with HF
(Fig. 1); in two patients, uUAGT/uCr increased, although the
NT-proBNP levels decreased between admission and dis-
charge. Both of those two patients suffered a deterioration in
the renal function between admission and discharge (for one
patient, serum Cr was 2.20 mg/dL at admission and 2.64
mg/dL at discharge; for the other, Cr was 0.98 mg/dL at ad-
mission and 1.94 mg/dL at discharge).

In addition, five patients (mean age 82.8+4.1 years) were
readmitted for HF and similarly showed increased uAGT/
uCr at readmission, as shown in Fig. 1 (broken line). Of
these five patients, three were diagnosed with HF with a
preserved ejection fraction, and two were diagnosed with
HF with a reduced ejection fraction at readmission. The me-
dian duration from discharge to readmission for these five
patients was 85 (IQR, 20-181) days. No increase in serum
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Table 1.

Baseline Clinical and Laboratory Characteristics of the Study Population.

Variables

All patients (n=45)

Mean age (years)
No. of men
Mean body mass index (kg/m?)

No. of patients with NYHA functional class III or IV

Mean systolic blood pressure (mmHg)
Mean heart rate (beats/min)
Medical history
No. of patients with hypertension
No. of patients with diabetes mellitus
No. of patients with atrial fibrillation
No. of patients with chronic kidney disease

No. of patients with stroke/transient ischemic attack

No. of patients with coronary artery disease
Cardiac diseases

No. of patients with ischemic cardiomyopathy/coronary artery disease
No. of patients with nonischemic cardiomyopathy

No. of patients with valvular disease
No. of patients with arrhythmia

No. of patients with hypertensive heart disease

No. of patients with other conditions
Laboratory data

Median hemoglobin (g/dL)

Median serum creatinine level (mg/dL)

Median eGFR (mL/min/1.73 m2)

Median serum albumin level (mg/dL)

Median serum sodium level (mEq/L)

Median NT-proBNP level (pg/mL)
Echocardiography parameters

Mean LVEF (%)

No. of patients with LVEF<45%

Mean LV diastolic diameters (mm)

Mean inferior vena caval diameter (mm)
Medication at admission

No. of patients taking beta-blockers

No. of patients taking ACE-I/ARB

No. of patients taking aldosterone antagonists

No. of patients taking loop diuretics

No. of patients taking sodium-glucose cotransporter-2 inhibitors
No. of patients taking ACE-I/ARB for the first time during hospitalization

Mean duration of ICU or CCU stay (days)
Mean hospital stay (days)

76.9+11.7
23 (51.1%)
21.8+3.9
41 (91.1%)
122.3+18.0
86.5x18.0

28 (62.2%)
12 (26.7%)
18 (40.0%)
18 (40.0%)
5(11.1%)
18 (40.0%)

10 (22.2%)
12 (26.7%)
7 (15.6%)
10 (22.2%)
3(6.7%)
3(6.7%)

11.3[10.1-12.7]
0.98 [0.78-1.27]
47.7 [38.9-58.5]
3.7 [3.3-4.0]
139 [137-141]
5,422 [2,280-9,907]

48.8+17.9

21 (46.7%)
48.310.3
18.243.9

18 (40.0%)
18 (40.0%)
10 (22.2%)
23 (51.1%)
2 (4.4%)
9 (20.0%)
6.9+8.2
26.6+18.1

Data are expressed as meanzstandard deviation, number (percentage), or median (interquartile range).

NYHA: New York Heart Association, eGFR: estimated glomerular filtration rate, NT-proBNP: N-terminal pro-

B-type natriuretic peptide, LVEF: left ventricular ejection fraction, LV: left ventricle, ACE-I: angiotensin I-con-

verting enzyme inhibitor, ARB: angiotensin II receptor blocker, ICU: intensive care unit, CCU: coronary care

unit

creatinine of 0.3 mg/dL from discharge to readmission was
observed, and there was no significant change in the serum
creatinine level from discharge [1.10 mg/dL (IQR, 0.91-2.22
mg/dL)] to readmission [1.06 mg/dL (IQR, 0.85-2.24 mg/
dL)] in the five patients (p=0.63). On the other hand, the
UAGT/uCr and NT-proBNP levels tended to increase be-
tween discharge and readmission in all five patients (p=
0.063, p=0.063, respectively). Therefore, we analyzed the
correlation of the time course changes in uAGT/uCr and

NT-proBNP levels between admission and readmission in
those five patients in a GLS model. The time course
changes in uAGT/uCr correlated significantly with those in
NT-proBNP levels between admission and readmission (Re-
gression coefficient between uAGT/uCr and NT-proBNP=
0.59; p=0.0052; Fig. 2).
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Table 2. Changes in NYHA Functional Class, Blood Pressure, Renal Function,
IVC Diameter, NT-proBNP Level, and UAGT/uCr between Admission and Dis-

charge in Patients with HF.

Results Admission Discharge p value
NYHA functional class 3 [3-4] 1[1-1] <0.01
Mean systolic blood pressure (mmHg) 122.3+18.0 119.2+16.1 0.27
Median serum creatinine level (mg/dL) 0.98 [0.78-1.27] 1.01 [0.73-1.29] 0.43
Median eGFR (mL/min/1.73 m2) 47.7 [38.9-58.5] 46.8 [35.8-73.6] 0.43
Mean IVC diameter (mm) 18.2+3.9 10.0+1.5 <0.01
Median NT-proBNP level (pg/mL) 5,422 [2,280-9,907] 903 [510-1,729] <0.01
Median uAGT/uCr (ug/g Cr) 65.5[17.1-127.7] 12.1 [6.0-37.0] <0.01

Data are expressed as meanzstandard deviation or median [interquartile range].

Significant changes in NYHA functional class, blood pressure, renal function, IVC diameter, NT-pro

BNP level, and uAGT/uCr between admission and discharge were evaluated in the paired t-test or Wil-

coxon signed-rank test as appropriate.

NYHA: New York Heart Association, eGFR: estimated glomerular filtration rate, IVC: inferior vena

cava, NT-proBNP: N-terminal pro-B-type natriuretic peptide, uAGT: urinary angiotensinogen, uCr: uri-

nary creatinine, uUAGT/uCR: uAGT normalized by uCr, HF: heart failure
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Figure 1. Changes in uAGT/uCr [urinary angiotensinogen

(uAGT) normalized by urinary creatinine (uCr)] between ad-
mission and discharge in patients with heart failure. The graph
shows uAGT/uCr at admission and discharge in patients with
heart failure. Five patients (broken line) were readmitted be-
cause of heart failure; they exhibited increased uAGT/uCr in
comparison with those at discharge.

Effect of initial prescription of RAS blockers on
UAGT/uCr

In our study, there was no significant difference in uAGT/
uCr at admission between 18 patients who had a prescrip-
tion of RAS blockers before admission (95.8 ug/g Cr; IQR,
15.5-153.5 pg/g Cr) and 27 patients who had no prescription
of RAS blockers at admission (62.7 pg/g Cr; IQR, 18.6-86.0
pg/g Cr; p=0.11).

Between admission and discharge, RAS blockers were
prescribed for the first time to nine patients. We analyzed
uAGT/uCr between admission and discharge for these pa-
tients separately. uAGT/uCr significantly decreased between

admission and discharge not only in the nine patients who
received new prescriptions of RAS blockers between admis-
sion and discharge (p=0.012), but also in the other 18 pa-
tients who did not use RAS blockers between admission and
discharge (p<0.01).

Effect of the initial prescription of aldosterone an-
tagonists on uAGT/uCr

There was no significant difference in uAGT/uCr at ad-
mission between 10 patients who had a prescription of al-
dosterone antagonists before admission (38.8 pg/g Cr; IQR,
8.7-349.9 ng/g Cr) and 35 who had no prescription of al-
dosterone antagonists at admission (70.9 pg/g Cr; IQR,
32.6-126.0 pg/g Cr; p=0.39).

Between admission and discharge, aldosterone antagonists
were prescribed for the first time to 15 patients. We sepa-
rately analyzed uAGT/uCr between admission and discharge
for these patients. uAGT/uCr significantly decreased be-
tween admission and discharge in 20 patients who did not
use aldosterone antagonists between admission and dis-
charge (p<0.01) as well as in the other 15 who received new
prescriptions of aldosterone antagonists between admission
and discharge (p<0.01).

Discussion

Our prospective exploratory study demonstrated that the
time course changes in uAGT/uCr correlated with those in
the NT-proBNP levels in patients with HF who exhibited a
clinical improvement. To the best of our knowledge, this is
the first clinical study on the correlation between the time
course changes in uAGT/uCr and NT-proBNP levels in pa-
tients with HE. Our study indicated that uAGT might be a
urinary biomarker that can be monitored noninvasively for
time course changes in patients with HF.
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Regression coefficient between uAGT/uCr and NT-proBNP=0.59
p=0.0052
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Figure 2. Correlation between the time course changes in uAGT/uCr [urinary angiotensinogen

(uAGT) normalized by urinary creatinine (uCr)] and those in N-terminal pro-B-type natriuretic pep-

tide (NT-proBNP) levels in five patients who were readmitted. The mean values are expressed as
closed circles, and standard errors are represented by error bars. The generalized least squares mod-
el was utilized to examine the correlation of time course changes in the uAGT/uCr and NT-proBNP

level.

UAGT as a reliable marker for intrarenal RAS

Recently, uAGT has been suggested to be a reliable
marker for intrarenal RAS and the angiotensin II levels,
which are regulated independently of systemic RAS and not
evaluated by plasma renin activity or plasma angiotensin
II (18, 19). In several studies, the activation of the intrarenal
RAS also occurs in conditions of tissue and organ conges-
tion (20, 21). Schunkert et al. reported high levels of renal
angiotensinogen, renin, and angiotensin II in rats with severe
congestive HF (20). Quan and Baum found that acute
changes in the extracellular fluid volume regulated the endo-
genous RAS in the proximal tubule in rats, independently of
the systemic RAS (21). These findings support the signifi-
cance of the relationship between the functional intrarenal
RAS and fluid volume in HF and led us to examine the cor-
relation between the uAGT and NT-proBNP levels in pa-
tients with HF.

Mechanism of increased uAGT in heart failure

HF is a pathophysiologic condition in which excessive
fluid accumulation in the systemic circulation leads to con-
gestion in various tissues and organs, including the kidneys.
Patients with HF typically exhibit the signs and symptoms
of congestion at admission. Neurohumoral factors, including
the intrarenal RAS, as well as systemic RAS and the sympa-
thetic nervous system, have been reported to show abnor-
malities with the congestion that accompanies HF (6, 9, 22).
A previous study in our institution showed that the activa-
tion of the sympathetic nervous system as a result of HF in-
creases the norepinephrine levels in plasma and the kidneys;
in turn, the increased kidney norepinephrine stimulates
uAGT expression and subsequently angiotensin II produc-
tion in cortical tissues (9).

In our study, uAGT/uCr increased in two of the 45 pa-
tients between admission and discharge, although NT-
proBNP levels decreased in all patients; both of those pa-

tients had CKD prior to admission and developed acute kid-
ney injury (AKI) defined according to the Kidney Disease:
Improving Global Outcomes (KDIGO) Clinical Practice
Guidelines between admission and discharge (23). As a re-
sult, they suffered a deterioration in the renal function be-
tween admission (in one, serum Cr was 2.20 mg/dL; in the
other, 0.98 mg/dL) and discharge (in the first, 2.64 mg/dL;
in the other, 1.94 mg/dL). These patients were presumed to
be affected more by the deterioration of renal function than
by the alleviation of HF. The relationship between CKD or
AKI and increased uAGT/uCr has been reported in previous
studies. At present, it may be necessary to carefully interpret
the uAGT/uCr changes in such patients (11, 24). As for
LVEF and E/e’, there was no significant difference in
uAGT/uCr between admission and discharge. It was as-
sumed that uAGT/uCr reflected congestion rather than the
degree of LVEF and cardiac function itself.

In some of our patients, various types and doses of RAS
blockers or aldosterone antagonists were added between ad-
mission and discharge. We analyzed uAGT/uCr separately
according to the new prescription of RAS blockers or al-
dosterone antagonists between admission and discharge be-
cause intrarenal RAS activity was attenuated with RAS
blockers (7, 9, 25-27). The patients who received RAS
blockers or aldosterone antagonists and those who did not
receive showed similar decreases in uAGT/uCr. This implies
that the decrease in uAGT/uCr was affected by the allevia-
tion of HF as well as by the effect of RAS blockers or al-
dosterone antagonists.

Correlation between the uAGT and NT-proBNP level

NT-proBNP is an established marker of HF that is useful
for monitoring the changes in patients with HF (4). Al-
though the prerequisite for an ideal biomarker is that clinical
course parallels biomarker variability, as with NT-proBNP
levels in patients with HF (28), it has not been demonstrated
for biomarkers other than NT-proBNP or BNP. As men-
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tioned previously, we found the time course changes in
uAGT/uCr to significantly correlate with those in the NT-
proBNP levels in patients with HF who showed a clinical
improvement.

Association between the renal function and uAGT in
heart failure

In previous clinical studies investigating uAGT in patients
with HF, uAGT/uCr at admission or at time of AKI diagno-
sis was a strong predictor for AKI or progression of
AKI (24, 29). In our study, eight patients developed AKI
defined according to KDIGO Clinical Practice Guidelines
between admission and discharge (23). We found that pa-
tients with AKI tended to have an increased uAGT/uCr level
at admission compared with those without AKI [219.3 ug/g
Cr (IQR, 30.7-497.4 pg/g Cr) vs. 62.4 ng/g Cr (IQR, 17.1-
103.0 pg/g Cr); p=0.085].

As mentioned above, uAGT seems to be affected by
changes in the renal function. In our study, uAGT/uCr in-
creased in two patients who had CKD prior to admission
and developed AKI between admission and discharge, al-
though the NT-proBNP levels decreased. We separately ana-
lyzed the uAGT/uCr changes according to the development
of AKI between admission and discharge. uAGT/uCr sig-
nificantly decreased between admission and discharge in
eight patients with AKI between admission [219.3 pg/g Cr
(IQR, 30.7-497.4 pg/g Cr)] and discharge [46.2 pg/g Cr
(IQR, 4.2-285.9 pg/g Cr), p=0.016] as well as in the other
37 patients without AKI between admission [62.4 pg/g Cr
(IQR, 17.1-103.0 pg/g Cr)] and discharge [12.0 ug/g Cr
(IQR, 6.0-28.7 pg/g Cr), p<0.01]. Furthermore, we con-
firmed the development of a worsening renal function
(WRF) defined as increase in serum creatinine above 0.3
mg/dL (30) in 14 patients in our study. Similarly, we sepa-
rately analyzed the uAGT/uCr changes according to the de-
velopment of WRF between admission and discharge.
uAGT/uCr significantly decreased between admission and
discharge in 14 patients with WRF between admission [90.7
pg/g Cr (IQR, 26.1-349.9 pg/g Cr)] and discharge [22.5 pg/
g Cr (IQR, 9.4-115.4 pg/g Cr), p<0.01] as well as in the
other 31 patients without WRF between admission [54.7 pg/
g Cr (IQR, 15.1-110.8 pg/g Cr)] and discharge [11.1 pg/g
Cr (IQR, 5.7-28.6 pg/g Cr), p<0.01]. However, some pa-
tients seem to be affected more by the deterioration of the
renal function than by the alleviation of HF such as two pa-
tients with CKD and AKI in this study. Thus, it may be nec-
essary to carefully interpret the uAGT/uCr changes in pa-
tients with a deterioration of the renal function. In future
studies, further examination of the effect of changes in the
renal function on uAGT/uCr changes in HF are needed to
evaluate the the clinical utility of uAGT as a biomarker.

Clinical implementation

Although the NT-proBNP level has been established as a
biomarker for monitoring the clinical status of patients with
HF, blood samples and blood sampling techniques are

needed. Therefore, a biomarker for which measurement does
not require blood samples is desirable for evaluating the
clinical status of patients with HF quickly and simply, in or-
der to prevent readmissions. Patient self-monitoring or re-
mote telemonitoring are also used as noninvasive methods to
reduce hospitalizations for HF; however, the success of these
methods depends on the patient’s ability to perform them
and to assess the results (31, 32). In previous studies, sev-
eral devices have been tested as approaches for monitoring
patients with HF (33-35). However, these methods also have
some weaknesses, one of which is that they are relatively in-
vasive. Although discussion and improvement in measuring
uAGT are necessary before it can be put to practical use at
clinical sites, uAGT might be a urinary biomarker for moni-
toring the time course changes in patients with HF not only
at hospitals, but also at clinics or in home care, in which the
measurement is objective and thus independent of the in-
spector’s skill, as well as noninvasive. At present, uAGT
measurement seems to be useful for revealing the relative
time course changes in individual patients so as to reduce
readmissions.

As we proceed in this work, we need to apply ELISA and
immunochromatography to develop a kit for the rapid meas-
urement of uAGT, taking the practical use in home care into
consideration. The uAGT levels should be evaluated in more
detailed studies with a large population of patients with HF
to determine whether monitoring the uAGT level provides
useful information and can thus potentially reduce readmis-
sions.

Limitations

This study is associated with several limitations. First,
there was some potential selection bias because this was an
exploratory research conducted at a single center. Moreover,
uncontrolled confounding factors may have been present.
Second, the sample size in this study was relatively small.
Therefore, we could not perform sufficient multivariate
analyses and could not completely access the effects of se-
verity of HF and renal function on uAGT/uCr. Third, the de-
tailed dose or effect of medication used for HF management
between admission and discharge, including the diuretic and
antihypertensive, was not sufficiently considered. Fourth, we
studied the NT-proBNP level, which can be measured in
blood samples collected in normal storage. It is also neces-
sary to consider studying the BNP level, which is less likely
to be affected by the renal function.

Conclusion

This study indicated that the time course changes in
uAGT/uCr correlated with those in the NT-proBNP levels in
patients with HF who showed a clinical improvement.
uAGT might therefore be a urinary biomarker that is useful
for monitoring the time course changes in patients with HF.
Further investigation and the development of a kit for the
rapid measurement of uAGT are needed to evaluate the
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clinical utility of uAGT as a biomarker in HE.
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