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Relationship Between Urinary Angiotensinogen
and Mortality in Patients with Heart Failure with
Reduced Ejection Fraction

ABSTRACT

Background: Activation of the renin—angiotensin—aldosterone system has an important
role in the pathophysiology of heart failure with reduced ejection fraction. While the
effects of systemic renin—angiotensin—aldosterone system activation on heart failure
with reduced ejection fraction are well known, the impact of the local renin—angiotens
in—aldosterone system on heart failure with reduced ejection fraction is not fully under-
stood because of limited clinical research. This study aimed to investigate the effect of
urinary angiotensinogen level, an accepted indicator of local renin—angiotensin—aldoste
rone system activation, on all-cause mortality in patients with heart failure with reduced
ejection fraction.

Methods: This retrospective, single-center study included 60 patients with baseline uri-
nary angiotensinogen data and survival/mortality data at 4 years. Urinary angiotensino-
gen values were standardized to the urinary creatinine value measured from the same
urine sample. The median urinary angiotensinogen/urinary creatinine value among all
patients (114 pg/g) was used as a cutoff to divide the patients into 2 groups. Mortality
data were obtained from the national registry systems or by telephone.

Results: Comparison of all-cause mortality in the 2 groups showed that 22 deaths (71%)
occurred in the group with a urinary angiotensinogen/urinary creatinine ratio above the
median and 10 deaths (35.5%) occurred in the group of patients with urinary angiotensi
nogen/urinary creatinine equal to or below the median value (P =.005).

Conclusion: Our study suggests that urinary angiotensinogen can be used as a new bio-
marker in the prognosis and follow-up of heart failure patients.

Keywords: Heart failure with reduced ejection fraction, local renin—angiotensin—aldoste
rone system, urinary angiotensinogen

INTRODUCTION

Heart failure (HF) is a clinical syndrome with cardinal symptoms of dyspnea, ankle
edema, or fatigue and accompanied by signs such as elevated jugular venous
pressure, rales, and peripheral edema. It occurs as a result of structural/functional
impairment that causes increased intracardiac pressures and/or decreased car-
diac output at rest or during exercise. Determining the underlying etiology of HF
is important in terms of treatment planning. Although usually of myocardial ori-
gin, HF may also develop in association with arrhythmias, valve pathologies, and
endocardial or pericardial disease.” While better management of cardiovascu-
lar disease in developed countries is lowering the age-adjusted incidence of HF,
the overall prevalence of HF is increasing due to population aging.?* Studies have
shown that the prevalence of HF in adults is approximately 1%-2%.%4 The HF prev-
alenceis around 1% before 55 years of age andincreases to over 10% after 70 years
of age.>¢ Although many drugs have been introduced to treat HF over the years
and have improved the prognosis, mortality remains high. Studiesreport a mortal-
ity rate of about 60% within 5 years of being diagnosed with HF.”®

Typical symptoms and/or findings of HF in the presence of low ejection fraction
(EF =40%) on echocardiography is diagnosed as HF with reduced ejection frac-
tion (HFrEF)." Activation of the renin—angiotensin—aldosterone system (RAAS) is
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considered an important neurohumoral mechanism in HFrEF.
Renin—angiotensin—aldosterone system blockade has been
shown to reduce mortality and morbidity in patients with
HFrEF.? In addition, independent of the systemic RAAS, acti-
vation of the local RAAS also plays a role in the pathophysi-
ology of chronic kidney disease (CKD) and HF.® Systemic
angiotensinogen (AGT)issynthesized by theliverandreleased
into the systemic circulation. Angiotensinogen, which is
abundant in the plasma, is converted to angiotensin (AT)-I
by renin. Because of its high molecular weight, plasma AGT
cannot pass through the glomerular membrane. Therefore,
urinary AGT (UAGT) is synthesized by the kidneys and is con-
sidered anindicator of directintrarenal RAAS activation.™

In our previous study of patients with HFrEF, we found that
UAGT values were higher among patientsin New York Heart
Association (NYHA) functional class IlI-IV than those in
NYHA class I-Il.™ Similarly, we determined that UAGT lev-
els were significantly higher in patients with a history of 2
or more hospital admissions.” The present study aimed to
investigate the effect of UAGT level on 4-year all-cause
mortality in HFrEF patients whose UAGT levels were previ-
ously evaluated.

METHODS

This single-center retrospective study initially included 63
patients aged 18-89 years who were being followed up in the
cardiology department for HF between May 2017 and August
2017, had EF =40% on transthoracic echocardiography, and
had UAGT values measured during the same period. The
patients’ demographic characteristics (age and sex), clini-
cal history, biochemical examination results, transthoracic
echocardiography measurements, and cardiac rhythm (sinus
rhythm, atrial fibrillation, and pacemaker rhythm) during
the same period were recorded from the data archive sys-
tem. The medicines used by the patients were determined
from the national health data system. Current medications
were recorded for surviving patients and last used medica-
tions were recorded for deceased patients. The study was
approved by the Local Clinical Research Ethics Committee
(2022/17).

Patients <18 or 290 years of age and those with a history
of end-stage CKD, active infection, chronic obstructive

HIGHLIGHTS

e There are few clinical and biochemical markers to pre-
dict prognosisin patients with heart failure with reduced
ejection fraction.

e Although there is strong evidence linking activation
of the plasma renin—angiotensin—aldosterone sys-
tem with poor prognosis, local renin—angiotensin—al
dosterone system activation has not been adequately
studied.

e Urinary angiotensinogen elevation is an indicator of
local renin—angiotensin—aldosterone system activation
that can be used to detect patients with high mortality
risk.
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pulmonary disease, liver failure, and malignancy were
excluded from the study. In addition, patients with a history
of coronary intervention, pulmonary edema, or cardiogenic
shock within 3 months before the study period were not
included in the study. Three of the initial 63 patients were
excluded because they could not be contacted.

All patients’ echocardiographic parameters had been
recorded with a GE Vivid E9 echocardiography device in
accordance with American Heart Association recommen-
dations and were obtained from the data archive system.™
Systolic and diastolic blood pressure values were noted from
the patients' records. Body mass index (BMI) was calculated
using the formula of weight (kg)/height (m?) measured at the
initial examination.

The results of blood and urine analyses performed between
May 2017 and August 2017 were recorded from the hospital
records system. Urinary AGT measurements had been per-
formed using the sandwich enzyme-linked immunosorbent
assay method (YHB20.60901646, YH Biosearch Laboratory,
Shanghai, China). Urinary AGT values were standardized to
the urinary creatinine (UCre) value measured from the same
urine sample (UAGT/UCre). After recording the measured
UAGT/UCre results, the median value was calculated. Those
with UAGT/UCre values equal to or below the median value
were classified as group 1, and those with UCre values above
the median value were classified as group 2.

All-cause mortality among the patients in the study was
evaluated by 2 cardiologists. The hospital database and the
national death notification system were searched, and the
date of death was recorded for nonsurvivors. Patients who
did nothave available data were contacted using their regis-
tered phone numbers to determine their survival status.

Statistical analyses were performed using MedCalc
Statistical Software version 17.9.7® (MedCalc Software by,
Ostende, Belgium). The Kolmogorov-Smirnov test was used
to determine whether continuous variables showed normal
distribution. Normally distributed variables were evaluated
using parametric tests. Continuous variables were expressed
as mean * SD, and categorical variables were expressed as
median and range. For comparisons of 2 groups, an inde-
pendent-samples t-test was used for normally distributed
continuous variables, and Mann—Whitney U-test was used
for nonnormally distributed continuous variables. The chi-
square test was used to compare categorical variables. A
Kaplan—Meier curve was used to evaluate 4-year all-cause
mortality in patients with UAGT/UCre ratios above the
median value and equal to or below the median value. Results
were evaluated within a 95% Cl and P < .05 was accepted as
statistically significant.

RESULTS

The study included a total of 60 patients who met the
inclusion criteria and whose survival/mortality status could
be ascertained. The median UAGT/UCre value was 144.01
ug/g. Patient group 1 included 29 patients whose UAGT/
UCre ratio was equal to or lower than 144 ug/g, and group
2 included 31 patients whose UAGT/UCre ratio was higher
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than 144 pg/g. The 2 groups were similar in terms of age,
sex, history, medications used, and vital signs. Analysis of
biochemical parameters showed that group 2 had signifi-
cantly lower hemoglobin (P=.032) and higher high-sensi-
tivity C-reactive protein (Hs-CRP) (P <.001) and N-terminal
pro-brain natriuretic peptide (NT-proBNP) (P <.001) levels.
The baseline characteristics of both groups are shown in
Table 1.
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Comparison of transthoracic echocardiographic parameters
revealed no significant difference in EF, posterior wall thick-
ness, left ventricular end-diastolic, end-systolic, or left atrial
diameters (Table 2).

When 4-year all-cause mortality was examined, there were
significantly more nonsurvivorsin group 2 (n=22, 71%) thanin
group 1(n=10. 35.5%) (Table 3). The 4-year survival analysis

Table 1. Baseline Characteristics of the Patient Groups Based on UAGT/UCre Ratio

Group 1 Group 2
(UAGT/UCre =144.01pug/g) (n=29) (UAGT/UCre >144.01ug/g) (n=31) P

Age (years) 61.20 £11.95 6793 +11.22 .052
Gender (female/male) 6/23 9/22 .324
Risk factors and blood pressures

Coronary artery disease (n, %) 21,72.4% 20, 65.5% .352

DM (n, %) 9,31.0% 15, 48.4% 136

HT (n, %) 20, 69.0% 17,54.8% 194

BMI (kg/m?) 26.64 +3.56 27 +3.31 .785

SBP (mm Hg) 123 £23 118 =21 463

DBP (mm Hg) 74 £12 71+15 .484
Heartrhythm

Sinus rhythm (n, %) 25,86.2 20, 64.5

Atrial fibrillation (n, %) 2,69 9,290

Pacemaker rhythm (n, %) 2,69 2,65
History of device

ICD (n, %) 12,413 14,451 .803

CRT (n, %) 2,69 2,6.5 1.000
Medication

ACE-i/ARB (n, %) 27,931 29,93.5 1.000

Beta-blocker (n, %) 28,96.5 30,96.7 1.000

MRA (n, %) 27,931 27,870 .672

SGLT-2inhibitors (n, %) 9,31.0 15,48.4 194

Ivabradine (n, %) 9, 31.0 9,29.0 1.000
Biochemical and hematological parameters

Fasting blood glucose (mg/dL) 134.68 + 64.34 134.38 £ 51.82 .783

Creatinine (mg/dL), median (range) 1.00 (0.60-1.80) 0.98 (0.55-21) 962

Serum sodium (mEq/L) 139.68 + 4.37 13793 +3.78 144

Serum potassium (mEq/L) 4.67 +0.52 4.55+0.63 .435

AST (U/L) 24.20 £10.08 2692 +2194 .591

ALT (U/L) 22.40£15.96 15.98 +9.41 .090

WBC (10%/pL) 8.88+213 8.08 310 133

Hg (g/L) 1318 £210 12.4 £1.71 .032

hs-CRP (mg/dL) 5.66 £5.64 20.21+21.38 <.001

NT-proBNP (pg/mL), median (range) 568.5 (67-7071) 4147 (518-19971) <.001

Fasting total cholesterol (mg/dL) 173.31+58.80 16117 + 47.78 .524

Fasting LDL cholesterol (mg/dL) 100.44 + 46.95 92.42 +34.43 726

Fasting triglycerides (mg/dL) 166.72 +128.69 159.71+£105.16 475

P-value of less than .05 was statistically significant. ACE-I, angiotensin-converting enzyme inhibitor; ALT, alanin aminotransferase; ARB,
angiotensin-ll receptor blocker; AST, aspartate aminotransferase; BMI, body mass index; CRT, cardiac resynchronization therapy; DBP, diastolic
blood pressure; DM, diabetes mellitus; Hg, hemoglobin; hs-CRP, high-sensitivity C-reactive protein; HT, hypertension; ICD, implantable cardioverter
defibrillator; LDL, low-density lipoprotein; MRA, mineralocorticoid receptor antagonist; SBP, systolic blood pressure; SGLT-2, sodium glucose
cotransporter-2; UAGT, urinary AGT; UCre, urinary creatinine; WBC, white blood cell count.
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Table 2. Echocardiographic Parametersin the Groups

Group 1 Group 2
(UAGT/UCre = (UAGT/UCre >
144.01pg/g) (n=29) 144.01pg/g) (n=31) P

Ejection 28.75+5.45 29.38 +7.81 .625
fraction (%)

LVEDd (cm) 59+0.66 6.01+0.97 .843
LVESd (cm) 4.73+0.68 492+09 .561
PWd (cm) 1.05+ 017 097 £017 172
LAd (cm) 4.51+0.76 4.62 +1.01 774

LAd, left atrial diameter; LVEDd, left ventricular end-diastolic
diameter; LVESd, left ventricular end-systolic diameter; PWd,
posterior wall thickness; UAGT, urinary AGT; UCre, urinary creatinine.

Table 3. Differencesin All-Cause Mortality Between the
Patient Groups

Group 1 Group 2
(UAGT/UCre = (UAGT/UCre >
144.01pg/g) (n=29) 144.01pg/g) (n=31) P
Survived (%) 19, 65.5 9,29 .005
Mortality (%) 10, 35.5 22,71

P-value of less than .05 was statistically significant. UAGT, urinary
AGT; UCre, urinary creatinine.

of the study groups also demonstrated higher all-cause mor-
tality in group 2 (log-rank P=.006) (Figure 1).

DISCUSSION

The prevalence of HF is increasing with population aging,
and it remains an important cause of mortality despite ther-
apeutic advances. Therefore, quantitative parameters are
needed to predict clinical prognosis and mortality in these
patients. This study investigated the effect of intrarenal
RAAS activity on mortality in HFrEF patients and showed
that all-cause mortality at 4-year follow-up was higher in
the group with a UAGT/UCre ratio above the median value.

The RAAS plays an important role in regulating the func-
tions of various organs, especially the heart and kidney,
through its active end product, AT-Il (Figure 2). Components
of the RAAS have been identified in various tissues, includ-
ing the heart, blood vessels, and kidneys. Renin—angiotens
in—aldosterone system overactivity in the heart and kid-
neys plays a role in the pathogenesis of cardiovascular and
kidney diseases. Reduced renal perfusion in HF results in
increased RAAS activity.”” Both in the circulation and tissues,
AGT is cleaved by renin to form AT-I. This is then converted
to AT-Il by angiotensin-converting enzyme (ACE) found in

Anatol J Cardiol 2023; 27(7): 417-422
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Figure 1. Kaplan—Meier curves of patient groups for all-

cause mortality.

the plasma and pulmonary vessels. Angiotensin-Il formed in
both the circulation and tissues regulates the function of the
brain, heart, lungs, kidneys, adrenal gland, and blood vessels.
Angiotensin-Il stimulates aldosterone synthesis in the adre-
nal glands. The main role of AT-Il in healthy individuals is to
regulate arterial blood pressure, renal hemodynamics, and
fluid-electrolyte homeostasis.”™"

Renin—angiotensin—aldosterone system plays a key role
in the pathogenesis of HF.™" This compensatory system
is activated in chronic HF and was shown to be associated
with cardiac remodeling and poor prognosis.” The systemic
RAAS, sympathetic nervous system, and neurohumoral fac-
tors, as well as the intrarenal RAAS, are reported to play a
role in the pathophysiology of HF.”"? Renin—angiotensin—al
dosterone system blockade is also known to reduce mor-
tality in patients with HF. However, the effects of RAAS
activity on the heart at the tissue level have not been fully
determined.

Studies have indicated that UAGT, which cannot be evalu-
ated through plasma renin activity or plasma AT-ll, is a reli-
able marker for intrarenal RAAS activity.?22 Systemic AGT is
produced by the liver butis too large to pass through the glo-
merular basement membrane. Therefore, UAGT is regarded
as amarker of locally produced AGT released from the proxi-
mal tubular cells. Kobori et al** showed that UAGT was a

Renin ACE

Angiotensinogen —l—° Angiotensin I —l—‘

sodium retention
vasoconstriction

Angiotensin I — Increased | aldosterone level

proliferation
oxidative stres

Figure 2. Therenin—angiotensin—aldosterone system. ACE, angiotensin-converting enzyme.
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specific marker of intrarenal RAAS activity in hypertensive
rats, independent of plasma AGT.

Inthe Olmsted County cohortstudy conducted between 2000
and 2010, 1- and 5-year mortality rates for all HF patients
after diagnosis were 20% and 53%, respectively.” A study
combining the Framingham Heart Study and Cardiovascular
Health Study cohorts reported a mortality rate of 67% within
5 years of diagnosis.? In addition to high mortality and mor-
bidity, HF imposes a substantial economic burden. Urbich
et al® conducted a systematic review of HF-related medical
costs in the United States in 2014-2020 and determined that
the total annual median medical cost for HF care was $24
383 per patient and that HF increased hospitalization costs.
Determining new prognostic factors in HF is important in
terms of reducing morbidity, mortality, and costs. The main
factors determining the prognosis in HF are low EF, the pres-
ence of arrhythmia, low systolic blood pressure, low functional
capacity, neurohormonal imbalance, and kidney failure.

Various biomarkers have been used to determine HF prog-
nosis in recent studies. The most important and commonly
used of these biomarkers is NT-proBNP. One study showed
that NT-proBNP level was a strong predictor in determining
HF prognosis as well asin diagnosis.? Other than NT-proBNP,
various biomarkers are being evaluated as prognostic pre-
dictorsin HF.

Yokoyama et al”’ showed in their study that changesin UAGT/
UCre were correlated with change in NT-proBNP level in HF
patients. Seethalakshmi et al*® compared the UAGT lev-
els of healthy subjects with no history of HF or hyperten-
sion and patients hospitalized for acute decompensated HF
and found that UAGT levels were approximately 10 times
higher in patients with acute decompensated HF com-
pared to healthy subjects (P < .05). In another study, UAGT/
UCre and NT-proBNP values were measured at hospital
admission and discharge in patients hospitalized for HF and
the authors reported a significant decrease in UAGT/UCre
and NT-proBNP values at discharge in parallel with clinical
improvement (P <.01).%*

Like NT-proBNP, Hs-CRP is also an important biomarker
in predicting the prognosis of HF patients. Lourengo et al*
demonstrated that high CRP values at discharge were
associated with a 2-fold increase in the risk of death and
rehospitalization in noninfected patients with acute HF,
independent of other well-established predictors of progno-
sis. Similarly, a relationship between high CRP and poor prog-
nosis has also been demonstrated in chronic HF.>'*2 However,
CRP is not specific to HF and may be elevated in many con-
ditions, from infections to severe atherosclerosis. Anemia
is a common comorbidity in patients with HF.>* It has been
shown that the presence of anemia in HF is associated with
more severe disease, readmission for HF, and lower survival.
Unfortunately, high NT-proBNP and Hs-CRP levels and the
presence of anemia are not sufficient biomarkers to pre-
dict the prognosis of HF patients. In our previous study, we
found that NT-proBNP, Hs-CRP, and UAGT levels were inde-
pendently and significantly higher in patients with a history
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of recurrent hospitalization for HF within the last year." In
the present study, we determined that HFrEF patients with
a UAGT/UCre ratio higher than the median value had sig-
nificantly higher Hs-CRP (P <.001) and NT-proBNP (P <.001)
levels, consistent with our previous study. Similarly, we dem-
onstrated that patients with a UAGT/UCre ratio higher than
the median value had significantly lower hemoglobin levels.
These results suggest that UAGT/UCre ratio may be as valu-
able as other important parameters in predicting the prog-
nosis of patients with HFrEF.

Study Limitations

The mostimportant limitation of our study is that it was con-
ducted retrospectively, and as a result we were not able to
determine the causes of death in more detail. While some
of the patients continued to be followed in our institution, a
substantial number were lost to follow-up. For this reason,
we could only collect information about survival/mortality
status and date of death. Another limitation is that renin
activity, which has been emphasized in other studies, was
not measured. The small number of patients included in the
study is also an important limitation. In addition, as stated
in the methodology, information about medications used by
the patients was obtained from the national health data sys-
tem. Therefore, we could not ascertain whether the patients
used their cardiac drugs regularly or evaluate the effect of
the drugs on the difference in mortality between the groups.

CONCLUSION

We determined that all-cause mortality was higher in HFrEF
patients whose UAGT/UCre ratio was above the median
value of 144 pg/g. Comprehensive randomized clinical stud-
ies are needed to further evaluate the use of UAGT to predict
the prognosis of patients with HF.
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