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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 thét can be measured noninvasively is needed to optimize
the home care of patients with HF. Urinary angioténsinogen (WAGT) is an indicator of _the
intrarenal rehin-aﬂgiotensin system activity, which may be augmented in HF. We
hYpothesized that uAGT mighf })e a urinary biomarker in HF.
Methods: We measured uAGT bly an enzyme-linked immunosorbent aséay and uAGT.
normalized by urinary creatinine (uCr)—designaied uAGT/uCr—at admission and discharge
in 45 patients hospitalized for HF. |
Results: We found that both uAGT/uCr [rhedian (interquartile range): 65.5 (17.1-127.7) pg/g
Cr at admission; 12.1 ‘(6.0—37'.0) ug/g Cr at discharge; P<0.01] and N-terminal pro-B-type
natriuret’ié peptide (NT-proBNP) levels [5422 (2280-9907) pg/mL at admission; 903 (510
1729) pé/mL at discharge; P<0.01] significantly 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 slcjuares model
| revealed that the time course changes in uAGT/uCr also correlated with those in NT-proBNP |
levels between admission and reédmission‘ in five patiénts readmitted for HF.
Conclusions: 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 development of a kit for the rapid measurement of uAGT aré

needed to evaluate the clinical utility of uAGT as a biomarker in HF.
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Introduction

Heart failure (HF) is a global health problem, and substantial healthcare resources are needéd
because of a remarkable incregse in the number of such patients (1). Furthermore, re\pleated admissions for
HF have been another major problem for these patients, in view of the rapid increase in the elderly
population (2). Repeated episodes of HF affect the mortality rates and lead to a longer duration of
hospitalization (3)..Meaj1while, 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 providiﬁg carly
intervention for them. However, in home care, it is often difficult to measure N-terminal pro-B-type
natriuretic peptide (NT-proBNP), an established HF marker that is useful in monitoring the fhne course
changes in patients with HF(4) because blood must be collected. Therefore, developing a ’no.ninvasive
bioma?kg:r for which meaéurement does not require blood samples and that can demonstraie the time
course chénges in patients with HF is an unmet clinical need in home care for such patients; with such a
biomarker, the need for readiissions 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 éirculation and leads to congestion in variots tissues
and organs, including the kidneys (5, 6). There is long-standing evidence that the sympathetic,,nefvous
system and the ren_in—angiotens'in system (MS) play an important role in the pathophysiological procésses
of HF and influence the degree of coﬂggstion in HF (6, 7). The intrarenal RAS, which is independently
regulated 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 angiotensinogen (uAGT) hag been
identified as an indicator of the intrarenal RAS activity, which may be. augmented during renal congestion
in patients with HF (9-11). | )

We therefore hypothesized that uA;GT might be a urinary biomarker that can‘be usei"ul to follow

the time course changes in patients with HF. To test this hypothesis, we examined the correlation between

the uAGT and NT-proBNP levels in patients with HF.



Materiﬁ[s and Methods
Study design.and setting
This single-center, prospective exploratory stud,;y was petformed at Kagawa University Hospital,
Kagawa, Japan. The protocol of*this study was approved by the Ethics Committee of Kagawa Upiversity .
Holspital (approval number: H29-071). This study was conducted in accordance with the ethical standards
established in the 1964 Deplaration of Helsinki and its ‘1ater amendments. All subjects provided their

written informed consent to participate.

Study pdrticipan;‘s and inclusion amil exclusion criteria

‘We prospectively registered 45 patients who Tweré hospitalized 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 inclusion criteria
were an age of 18 years or older, measurements of tAGT and urinary creatinine (uCr) at admission and
discharge, and survival and discharge from the hospital. Patients who were provided only comfort cére,

patients on dialysis, patients with cardiogenic shock, and patients after cardiac arrest were excluded.

General management of patiénts 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 angiotensin I-converting .
.enzyfne inhibitors (ACE-I) or angiotensin 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 tes;ts 6f their renal function or gserum electrolytes, such as creatin_ine (Cn) level; estimated
glomerulallr filtration rate {(¢GFR), and serum sodium (Na) level. The eGFR was calculated using the
Modification of Diet in Renal Disease equation medified for Jiapanlese individuals (13). Cardiac function
tests were alsb performed and included measurements of circulatiﬁg ‘NT-proBNP and echocardiography to .
measure the left ventricular ejection fraction (LVEF), eaﬂy diastolic velocity (E/e”), inferior vena cava
{IVC) diameter, and ventricular size. Echocardiography was performed by cardiologists who used Vivid 85
(GE Healthcare, Tokyo, Japan). LVEF at admission and discharge were measured by means of a modified

‘Simpson’s method with transthoracic echocardiography.
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Measurement of uA GT and circulating NT-proBNP amoné patients with heart failure

Patients underwent urine sampling to measure uAGT and blood sampling to measure circulating
NT-prcI)BNP, which were performéd at admiséion and discharge after achieving hemodynamic stabilization
and a clinical improvement.

We measured uAGT using a method described by Nishijima et al. (14). .Spot urine samples were
frozen at.—80°C after centrifugation. According fo a previous‘ study, one freeze-and-thaw cycle did not
change the measured values of the uAGT concentrations (15). uAGT concentrations were rﬁeasured with a
‘ humaﬁ AGT enzyme-linked immunoscrbent assay (ELISA} kit (IBL, Gunma, Japan). uCr was measured |
with assay kits (LabAssay Creatinine; Wako Co., Ltd., Wakayama; Japan) (9). vAGT was normalized by
uCr (this measurement is designated “uAGT/Cr™) \and expressa;d in micrograms per gram of creatinine

(16,17).

Data collection

The following data were collected: including age, sex, vital sign measurements (at admission and
dischargei, clinical status according to New York Heart Association (NYHA) functional class (at admission
and discharge), clinical scenario, cause of HF, past medical history, medication details (medications taken
before admission and medications added between admission and diécharge), laboratory data,
echocardiography data, duration of stay in the inte;nsive care unit or coronary care unit, duration of hospital

stay, and hospital mortality.

Statistical an alysis

Demographic factors and baseline char.acteristics were summarized with descriptive statiétics.
Continuous variables were calculated as the.means + standard deviations or as medians with interquartile
ranges'(IQRs) according to their distﬁbutioh. Categorical variables were calculated as numbers with
percentages. Significant changes in the NYHA ﬁnctional class, blood pressure, renal function, IVC
diameter, ﬁT-proBNP level, and uAGT/uCr between admission and discharge were evaluated in the paired
t test or Wilcoxon signed-l;ank‘test as aiapropriate. The Spearman correlation 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/ACr and
NT-proBNP level, 2 generalized least squares {(GLS) regression was employed with the use of the nlme
package Iof R. In the gls regression, a subject .f'actor 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 1nforrﬁation Criteria. The ‘natural | logarithmic
transformation was uAGT/uCr in ordef to achieve the normality of the residuals of the gls regression.

Statistical analyses were performed with the JMP® 14 software program (SAS Institute Inc.,

Cary, NC, USA) and R software pro;gram version 3.6.1 (hitps://www.r-project.org/). A two-sided P value of

1ess than 0.05 was considered statistically significant for all analyses. Missing data were not replaced or

estimated.



Results
Baseline characteristics ofthe study papﬁlation

The study prospectively included 45 patients (Table 1). All éatients were discharged after
showing a clinical improvement (to NYHA functional class I or IT). 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 participants were typically elderly with various comorbidities, such as
hypertension, diabetes, (_:lironic kidney disease tCKD), and coronary artery disease.

- In our study, the median baseline serum creatinine level wés 0.98 mg/dL (IQR, 0.78-1.27
mg/dL) and that of baseline eGFR was 47.7 mL/min/1.73 m? (IQR, 38.9—58.5 mL/min/1,73 m?). The
media_n NT-proBNP level at’ admission was 5422 pg/mL (IQR, 2280-9907 pg/mL), and in 46.7% of
patients, LVEF was less than 45% according to echocardiography at ad;nission. Patients were treated with
loop diuretics or RAS blockers (ACE-I and ARB); 9 patients who had not used RAS blockers before
admission were prescribed RAS blockers for the first time between admission and discharge. A total of 15
pétients who had not used aldosterone antagonists before admission were prescribed aldosterone
antagonists for the first time between admission and discharge.

The median uAGT/uCr at admission was 65.5 jg/g Cr (IQR, 17.1-127.7 pg/g Cr), which did not
significantly correlate with the serum creatinine 1evels at admission (tho=0.06, P=0.68; Supplemental
Figure 1A), systolic bloed pressﬁre (rho=0.19, P=0.22'; Supplemental Figure 1B), and LVEF (rtho=0.10,
P=0.52; Supplemental Figure 1C). At admission, UAGTACT did not significantly correlate with

NT-proBNP level {(rho=0.042, P=0.78; Supplemental Figure 2A).

Changes in the clinical cl;aracteristicé and laboratory findings between admission and discharge in
patients with heart fuilure
No significant difference in the blood pressure or renal function was observed between
admission and discharge (Table ﬁ). Along with the improvément in the clinical status (NYHA functional
~class: 3 [IQR, 3-4] at admission; 1 [IQR, 1-1] at discharge; P{-0.0l), IVC diameter signiﬁcaﬁtly decfeased
- between admission (18.243.9 mm) and discharge (I0.0ﬂ:I.-S mm; P<0.01), as did the NT-proBNP levels
(from 5422 pg/mL [IQR, 2280-9907 pg/mL] at admission to 903 pg/mL [IQR, 510—1729 pg/mL] at

discharge; P<0.01; Table 2). Of note, we found that uAGT/uCr also significantly decreased between
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admission [65.5 pgfg Cr (IQR, 17.1-127.7 pg/g Cr)] and discharge [12.1 pg/g Cr (IQR, 6.0-37.0 ug)g Cr); ‘
P<0.01] in patients whose clinical status improved (Table 2). At discha.rgé, VAGTACr signiﬁcéntly
correlated with the NT-proBNP level (tho=0.40, P<0.01; Supplemental Figure 2B). On the other hand,
uAGT/Cr did not significantly correlate with the serum creatinine levels at discharge (rho=0.21, P=0.16;
* Supplemental Figure 3A), systolic blood pressure (tho=0.08, P=0.59; Supplemental Figure 3B), and LVEF
(rh0=0.08, P=0.59; Supplemental Figure 3C). Fui-thér, uAGTACr did not significantly correlate with E/e’
at admission (tho=—0.24, P=0.11; Supplemental Figure 4A) and at' discharge (rho=0.02, P=0.88;

Supplemental Figure 4B}.

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

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

In addition, five patients (mear.t‘ age 82.8+4.1 years) were readmitted for HF and:similarly
showed increased uAGT/uCr at readmission, as shown in Figure 1 (broken line). Of these five patients,
three were diagnosed witﬁ HF with a preserved ejection' fraction, and two were diagnosed with HF with a
reduced ejection fraction at readmission. The median duration fr;)m discharge to readmission for these five
patients was 85 (IQR, 20-181) da&s. No increase in serum creatinine of .20.3 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
between 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/ACr

cdrrelated. significantly with those in NT-proBNP levels between admission and readmission (Regression

coefficient between uAGT/uCr and NT-proBNP=0.59; P=0.0052; Figure 2).



Effect of initial prescription of RAS blockers on uAGT/uCr

Inl our study, there was no signif;Icant_difference 1n uAGT/uCr at admission between 18 patients
who had a prescription of RAS blockers before admission (95.8 ug/g Cr; IQR, 15.5-153.5 ug/g Cr) and 27
patients fvho had no prescription of RAS blockers at admission (62.7 pg/g Cr; IQR, 18.6-86.0 pg/g Cr;
P=0.11).

Betwéen admission and discharge, RAS blockers were prescribed for the first time to nine
patients. We analyzed uAGT/uCr between admission and discharge for these patients separately.
uAGT/NCr significantly -decreased between admission and discharge not only in tlhe nine patients who
received new prescriptions of RAS blockers between admission and discharge (P=0.012), but also in the

other 18 patients who did not use RAS blockers between admission and discharge (P<0.01).

Effect of the initial prescriptionvof aldosterone antagonists on uAGT/uCr
‘There was no significant difference in uAGT/uCr at admission between 10 patients who had a
prescription of aldosterone antagonists before admissio;l (38.8 pg/e Cr; IQR, é.7—349.9 pg/g Cr) and 35
who had no prescription of aldoste_réne antagonists at admission (70.9 ug/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 separately analyzed nAGT/uCr between admission and discharge for these patients.
- uAGTAhCr significantly decreased between admission and discharge in 20 patients who did not use

aldosterone antagonists between adinission and discharge (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 érospective 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 tim¢ course
‘changes in uAGTACr anci NT-proBNP levels in patients with HE. Our sfud& indicated that uAGT might be

a urinary biomarker that can be monitored noninvasively for time course changes in patients with HF.

uAGT as a reliable marker for intrarenal RAS

‘Recently, uAGT has been suggested to be a reliable marker for intrarenalt RAS and the angiotensin
11 levels, which are regulated independently of systemié RAS and not evaluated by plasma renin activity or
plasma angiotensin IT (18, 19). In several studieé, the activation of the intrarenal RAS also occurs in-
conditions of tissue and organ congestion (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 endogenous RAS in the proximal- tubule
in rats, independently of 'the systemic RAS (21). These findings support the significance of the relationship
between the functional intrarenal RAS and fluid volume in HF and led us to exgmine the correlation

between the uAGT and NT-proBNP levels in patients with HF.

Mechanism of increased uAGT iﬁ heart failure
HF is a pathophysiologic condition in which excessive fluid accumulation in the systemic
circulation leads to congestion in various tissuesr 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 sympathetic nervous system, have been reported to show
abnormalities with the congestion that accompanies HF (6, 9, 22), A previous study in our institution
showed that the activation of the sympathetic nervous system as a resu1t’ of HF increases the
norepinephrine levelg in plasma and the kidneys; in turn, the incre‘ased kidney norepinephrine stimulates
uAGT expression and subsequently angiotensin II production in cortical tissues (9).
In oﬁr study, wAGT/uCr increased in two of the 45 patients between admission and discharge,

although NT-proBNP levels decreased in all patients; both of those patients had CKD prior to admission
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and déveloped acute kidney injm"y (AKI) defined according to the KDIGO Clinical Practice Guidelines
between admission and discharge (23). As a result, they suffered a deterioration in the renal function
between admission (in one, serurﬁ Cr was 2.20 mg/dL; in the other, 0,98 mg/dLj and discharge (in the first,
2.64 mé/dL; in the other, 1.94I 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 wAGT/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
di{;ference in uAGT/uCr between admission and discharge. It was assumed 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 admission and discharge‘. We analyzed uAGT/uCr separately according to the new
prescription of RAS blockers or aldostefone antagonists between admission and discharge because
inirarenal 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 uAG’I;/uCr.
This implies tﬁat the decrease in uAGT/uCr was affected by the alleviation of HF as well as by the effect

of RAS blockers or aldosterone 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). Although the prerequisite for an idc:al biomarker is that clinical course parallels biomarker
vériability, as with NT-proBNf levels in patients with HF (28), it has not been demonstrated for
biomarkers other than NT-proBNP or BNP. As mentioned previcusly, we found the time <‘:ourse changes in’
BAGT/Cr 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 wAGT in patients with HF, uAGT/uCr at admission or at
time of AKI diagnosis 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 -
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discharge (23). We found that patients with AKI tended to have an increased uAGT,;’uCr level at admission
compared with those without AKI [219.3 pg/g Cr (IQR, 30.7-497.4 ng/g Cr) vs 62.4 ng/g Cr (IQR, 17.1-
103.0 ng/e Cr); P=0.085]. |

As mentioned above, uAGT seems to be affected by changes in the renal function. In our study,
WAGTACT increased in two patients who had CKD prior to admission and developed AKI between
admission and discharge, although the NT-proBNP levels decreased. We separately analyzed the
uAGTf;uCr changes according to the development of AKI between admission and discharge. uAGT/uCr
signiﬁc;antly decreased betwee.n admission and discharge in eight patients with AKI between admission
[219.3 ng/g Cr (IQR,u 30.7-4974 pg/g Cr)] and 'dischafge [46.2 ug/g Cr (IQR, 4.2-285.9 pglg 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 ugfg Cr)] and discharge [12.0 ;.tlg/g Cr (IQR, 6.0-28.7 pg/g Cr), P<0.01]. Furthermore, we confirmed
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 separately analyzed the uAGT/uCr changes according
to the development of WRT betwéen admission and discharge. WAGT/uCr significantly decreased between
admission and discharge in 14 patients with WRF between admission [90.7 pg/g Cr (IQR, 26.1-349.9 ng/g
Cr)] and disgharge [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 ug/g Cr (IQR, 15.1-110.8 ug/g Cr)] and discharge [11‘.1 ug/g Cr
(IQR, 5.7-28.6 pg/g Cr), P<0.01]. However, some patients seem to be affected more by the deterioration
of the renal function than by the alleviation of HF such as two patient_s with CKD and AKI in this study.
Thus, it may be necessary to tarefully interpret the‘uAGT/uCr changes in patients with a deteric.;)ration of
the renal function. In futufe studies, further examination of the effect of changes in the renal function on

uAGT/Cr 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 monitoriné the clinical
status of patients with HF, bléod_ samples and blood sampling techniques are needed. Therefore, a
biomérker for whic;,h measurement does not require blood samples is desirable for evaluating the clinical
status of patients with HF quickly and simply, in order to prevent readmissions. Patient self-monitoring or

- 12



remote 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, several.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
invasive. Although discussion and improvement in measuring uAGT are necessary before it can be put to
practical use at clinical sites, yAGT might be a urinary biomarker for monitoring the time course changes
in pétients 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 inspector's skill, as well as noninvasive. At present, uAGT
measurement seems to be useful for revealing the relative time cc;ui'se changes in individual patients so as
to reduce readmissions. |

As we proceed in this work, we need to apply ELISA and immunochrom'atography fo develop a
kit for the rapid measurement 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

readmissions.

Limitations

This sﬁ]dy is ass?ciated with several limitations. First, there was some potential selection bias
bécaﬁse 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 smal}. Therefore, we
could not perform sufﬁcient multivariate analyseé and could not completely access the effects of severity
of HF and renal function on uAGT/uCr. Third, the detailed dose or effect of medication used for HF
manégcment between admission and discharge, including the diuretic and antihypertensive, was not
sufficiently c;onsidered. Fourth, we studied the NT-prQBNP level, which can be measured in blood samples
collected in normal storage. It is also necessary to consider studying the BNP level, which is less likely t;J

be affected by the renal function.

Conclusions

This study indicated that the time course changes in uAGT/uCr correlated with those in the
13 ‘



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

clinical utility of uAGT as a biomarker in HF,
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Figure legends |

Figure 1. Changes in uAGT/uCr (urinary angiotensinogen [uAGT] normalized by urinary creatinine [uCr])
between admission 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 because of heart

| failure; they exhibited increased uAGT/uCr in comparison with those at discharge.

Figure 2. Correlation between the time course changes in uAGT/uCr (uﬁnaw angiofensinogen [WAGT]
normalized by urinary creatinine' [uCr]) and those in N-temii_nal pro—B-type natriuretic peptide
(NT-proBNP) levels in five patients who were readmitted. The mean values are ex;;ressed as closed circles,
and standard errors are reprgsented by error bars. The generalized least squares model was utilized to

examine the correlation of time course changes in the vAGT/uCr and NT-proBNP level.

Supplemental Figure 1. Correlations among the serum creatinine level (A), systolic blood pressure (SBP)
(B), left ventricular ejection fraction (LVEF) (C), and wAGT/uCr (urinary angiotensinogen [uAGT]

normalized by urinary creatinine [uCr]) at admission.

\ Supplemental Figure 2. Correlations between uAGT/uCr [urinary angiotensinogen (WUAGT) normalized
by urinary creatinine (uCr)] and levels of N-terminal pro-B-type natriuretic peptide (NT-proBNP) at '

admission {A} and discharge (B).
Supplemental Figure 3. Correlations among the serum creatinine level (A), systolic blood pressure (SBP)
(B), left ventricular ejéction fraction (LVEF) (C), and uAGT/uCr {urinary angiotensinogen (uAGT)

normalized by urinary creatiﬁine {uCr)] at discharge.

Supplemental Figure 4. Correlations between uAGT/uCr [urinary angiotensinogen (uAGT) normalized

by urinary creatinine (uCr)] and E/e” at admission (A) and discharge (B).
/
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" Table 1. Baseline clinical and laboratory characteristics of the study population

Variables ' All patients
| | (N=45)
Mean age (years) - 76.9£11.7
No. of men 23 (51.1%)
Mean body mass index (kg/m?) ' 21.8+3.9
No. of patients with NYHA. functional class III or IV ‘ 41 (91.1%)
Mean systolic blood pressure (mmHg) | ‘ 122.3+18.0
Mean heart rate (beats/min) _ ' 86.5+18.0
Medical history
- No. of patients with hypertension ' 28 (62.2%)
No. of patients with diabetes mellitus - 12 (26.7%)
No. of patients with atrial fibrillation 18 (40.0%)
No. of patients with chronic kidney disease 18 (40.0%)
No. of patients with stroke/transient ischemic attack ' - 5(11.1%)
No. of patients with coronary artery disease 18 (40.0%)
Cardiac diseases | :
No. of patients with ischemic cardiomyopathy/coronary artery disease” 10 (22.2%)
No. of patients with nonischemic cardiomyopathy : 12 (26.7%)
No. of patients with valvular disease 7 (15.6%)
No. of patients with arrthythmia - 10 (22.2%)
No. of patients with hypertensive heart disease - 3(6.7%)
No. of patients with other conditions : 3 (6.7%)
Laboratory data ‘
Median hemoglobin (g/dL) 11.3[10.1-12.7]
Median serum creatinine level (mg/dL) . 0.98[0.78-1.27]
Median eGFR (mL/min/1.73 m%) 47.7 [38.9-58.5]
Median serum albumin level (mg/dL) © 3.7[3.3-4.0]
Median serum sodium level (mEq/L) 139 [137-141]
Median NT-proBNP level (pg/mL) , 5422 [2280-9907]
Echocardiography parameters ' ' ‘
~ Mean LVEF (%) ' 48.8+17.9
No. of patients with LVEF <45% ‘ 21 (46.7%)
Mean LV diastolic diameters (mm) _ 48.3£10.3
Mean inferior vena caval diameter (mm) : 18.24+3.9

Medication at admission
No. of patients taking beta-blockers : : 18 (40.0%)



No. of patients taking ACE-I/ARB ‘ 18 (40.0%)

No. of patients taking aldosterone antagonists 10 (22.2%)
No. of patients taking loop diuretics 23 (51.1%)
No. of patients taking sodium—glucose cotransporter-2 inhibitors 2 (4.4%)
No. of patients taking ACE-I/ARB for the first time during hospitalization 9 (20.0%)
Mean duration of ICU or CCU stay (days) | 6.9+8.2
Mean hospital stay (days) ' 26.6+18.1

Data are expressed as mean =+ standard 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 [-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ICU, intensive care ﬁnit;
CCU, coronary care unit, '



Table 2. Changes in NYHA functional class, blood pressure, renal function, IVC diameter, NT-proBNP
level, and uAGT/uCr between admission and discharge in patients with HF

Results ~ Admission ~ Discharge p-value
NYHA functional class - - 3[34] ‘ 1[1-1] <0.01
Mean systolic blood pressure (mmI—ig) , 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] 043
Median ¢GFR (mL/min/1.73 m?) 47.738.9-58.5] 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) 5422 [2280-9907] 903 [510-1729] <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 mean =+ standard deviation or median [interquartile range).

Significant changes in NYHA functional class, blood pressure, renal function, IVC diameter, NT-proBNP
level, and uAGT/uCr between admission and discharge were evaluated in the paired t-test or Wilcoxon
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, urinary
creatinine; uAGT/uCR, uAGT normalized by uCr; HF, heart ifailure.
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