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Abstract

Background: C-type natriuretic peptide (CNP) is a protective hormone that is synthesized in the
kidney and endothelium and possesses anti-remodeling properties. Urinary and plasma CNP levels
are elevated in pathophysiological conditions, however, their regulation and prognostic value in
heart failure (HF) is unclear.

Objectives: We sought to characterize urinary and plasma CNP in acute decompensated HF
(ADHF), to define their relationship with clinical variables and to determine whether urinary and
plasma CNP together, add prognostic value.

Methods: Urinary and plasma CNP were measured in 109 healthy subjects and 208 ADHF
patients and the 95th percentile of CNP values from healthy subjects established normal
contemporary cutoffs. ADHF patients were stratified based on urinary and plasma CNP levels
for clinical characterization and the assessment of risk for adverse outcomes.

Results: In both cohorts, there was no significant correlation between urinary and plasma CNP.
Urinary and plasma CNP were significantly elevated in ADHF patients and both increased with
disease severity and positively correlated with plasma NT-proBNP. 23% of ADHF patients had
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elevations in both urinary and plasma CNP, while 24% had normal CNP levels. During a median
follow-up of 3 years, patients with elevated urinary and plasma CNP had significantly higher risk
of rehospitalization/death (HR = 1.79, £=0.03) and rehospitalization (HR = 2.16, A= 0.01)
after adjusting for age, sex, LVEF, renal function and plasma NT-proBNP. The c-statistic and
integrated discrimination analyses further supported that the addition of urinary and plasma CNP
to established risk models improved the prediction of adverse outcomes in ADHF patients.

Conclusions: Urinary and plasma CNP are differentially regulated in ADHF, and elevations in
both, provided independent prognostic value for predicting adverse outcomes.

C-type natriuretic peptide; Urinary; Plasma; Acute decompensated heart failure; Prognosis;
Rehospitalization

INTRODUCTION

C-type natriuretic peptide (CNP) is a hormone belonging to the family of protective
cardiorenal hormones that include atrial natriuretic peptide (ANP) and b-type natriuretic
peptide (BNP). While ANP and BNP are cardiac-derived hormones, CNP is predominantly
produced in the kidney (1,2) and endothelium (3). Indeed, CNP is synthesized in response
to a number of stimuli, such as hypoxia, proinflammatory and profibrotic cytokines, and
shear stress (4-6), which commonly lead to organ injury, remodeling, and dysfunction.
Studies have reported that CNP plays a key compensatory role in maintaining cardiovascular
(CV) and renal homeostasis through its salutary actions including the inhibition of fibrosis
(7,8), suppression of cardiac hypertrophy (9,10), inhibition of mesangial cell proliferation
(11), regulation of vascular tone (12,13), and venodilatation (14). In accordance with these
findings are human studies demonstrating that CNP levels are elevated in patients with
pathophysiological stress such as that induced by renal diseases, diabetes, and heart failure
(HF) (15-19).

A classical feature of HF is the elevation of plasma ANP and BNP, which is thought to be

a compensatory response (20,21) as both peptides serve as circulating markers of structure,
function, and prognosis in HF. Unlike plasma ANP and BNP, the understanding of CNP

and its clinical value in HF remain far less established. Beyond plasma CNP levels, which
have been reported to be elevated in HF (16-18), CNP is markedly present in the urine

(1). An emerging concept is that the elevation of urinary CNP is a marker of renal injury

and structural abnormalities (2,15,19,22). As renal impairment contributes to HF progression
and is associated with adverse outcomes (23,24), the evaluation of urinary CNP, together
with plasma CNP levels, may provide important pathophysiological insights and aid in risk
assessment, which to date, has yet to be investigated.

Thus, the goal of our current study was to advance the understanding of urinary and plasma
CNP in human acute decompensated HF (ADHF). We first determined proof-of-principle
contemporary normal values of urinary and plasma CNP levels in a healthy cohort, as

no such values exist and then examined their relationships to clinical variables under
physiological conditions. Additionally, we also sought to define the relationship of urinary
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and plasma CNP to clinical variables, in comparison to plasma NT-proBNP, in a cohort
of ADHF patients. We then determined their clinical phenotype based on whether they
had normal or elevated levels of urinary and plasma CNP. We hypothesized that urinary
and plasma CNP in ADHF would: 1) be elevated compared to healthy subjects; 2) not
be significantly correlated with one another; and 3) together, add prognostic value to
established risk models for adverse outcomes.

Study populations

This study was approved by the institutional review board at the Mayo Clinic. Healthy
subjects were identified, screened, and recruited from the Mayo Clinic Biobank as
previously reported (25). Healthy subjects were consented if they met the criteria of

being a non-smoker, had no history of CV or systemic diseases, were not taking any

CV medications, and were willing to provide a blood and urine sample. ADHF patients
hospitalized at Mayo Clinic Hospital (St. Mary’s Campus, Rochester, MN) were identified,
enrolled, and followed from an ongoing registry of admissions between August 2009 and
September 2017. ADHF patients were consented if they had a clinical diagnosis of HF
consistent with the Framingham criteria (26) and were willing to provide a blood and
urine sample. A baseline history assessment including comorbidities and medications at
admission, a physical examination, and transthoracic echocardiography were conducted as
part of routine clinical care. A total of 109 healthy and 208 ADHF non-consecutively
enrolled participants who met our criteria and had sufficient urine and plasma sample
available for CNP measurements were evaluated in the current study.

Urinary and Plasma Samples

For healthy subjects, urine and blood samples were collected on enroliment. For ADHF
patients, 24-hour urine and blood samples were obtained within 72 hours of admission.
Blood samples were drawn into EDTA tubes, immediately placed on ice, then centrifuged at
4°C and 2500 rpm for 10 minutes. Plasma samples were aliquoted and stored at —80°C until
analysis. Urine samples were collected into containers that were stored on ice and contained
acetic acid (30 mL of 1:1 acetic acid; 17.4M). After collection, the total urine volume was
recorded, and samples were aliquoted and stored at —80°C until analysis. Plasma creatinine
and urinary creatinine and protein were measured by the central clinical laboratory and
renal laboratory, respectively, at Mayo Clinic following standard laboratory procedures.
Plasma NT-proBNP was measured with the Elecsys NT-proBNP electrochemiluminescence
immunoassay (Roche Diagnostics) in the central clinical laboratory at Mayo Clinic. In
healthy subjects, the 95" percentile of plasma NT-proBNP was 203 pg/mL. All urinary
components were normalized to urinary creatinine to reduce dilutional variation associated
with volume difference (27). Plasma creatinine levels were 0.83 [interquartile range (IQR):
0.75-0.96] mg/dL in healthy subjects and 1.3 (IQR: 1.0-1.6) mg/dL in ADHF patients.
Urinary creatinine levels were 70 (IQR: 32-130) mg/dL in healthy subjects and 43 (IQR:
28-75) mg/dL in ADHF patients. Estimated glomerular filtration rate (eGFR) was calculated
using the chronic kidney disease epidemiology collaboration (CKD-EPI) equation.
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Analysis of Urinary and Plasma CNP

Urinary and plasma CNP was measured using a non-equilibrium radioimmunoassay (RIA)
kit (Phoenix Pharmaceutical, Burlingame, CA, Catalog #: RK-012-03) with an antibody
that detects human CNP. Stored urine and plasma samples were thawed on the day of the
assay. 100 ul of urine sample, plasma sample or standards were incubated with 100 pl of
the CNP antibody at 4 °C for 18 hours. 100 pl of 125]-labeled CNP (supplied with the kit)
was added to all tubes and incubated at 4 °C for another 18 hours. Normal rabbit serum
(100 pl) and goat anti-rabbit serum (100 ul) were then added to all samples to separate the
free and bound fractions, and samples were centrifuged, the free fraction was aspirated, and
the bound fraction was counted on a gamma counter. The range of the standard curve used
in the assay was 1 to 128 pg, with the lowest detection of 1 pg and 4-PL sigmoidal curve
was used to extrapolate the unknown concentrations. Inter- and intra-assay coefficient of
variation were 9.6% and 6.4%, respectively. There was no detectable cross-reactivity with
ANP, urodilatin and BNP below 600 pg/mL (Supplemental Table 1). The cross-reactivity
with BNP at 600 pg/mL was 1.3%. This was verified by addition of synthetic ANP, BNP
and urodilatin (Phoenix Pharmaceutical, Burlingame, CA) to assay buffer at concentrations
ranging from 0 to 600 pg/mL and then measured in the CNP RIA. The fractional CNP
excretion was calculated with the formula: (urinary CNP x plasma creatinine) / (plasma CNP
X urinary creatinine).

Statistical analysis

Descriptive variables were presented as mean + SD for those following a normal
distribution and as median (IQR) for those that did not follow an approximate normal
distribution. Comparisons between healthy subjects and ADHF patients were conducted
using appropriate linear or logistic regression methods to allow adjustment for age, sex,
and body mass index (BMI). Urinary CNP, plasma CNP, and plasma NT-proBNP were
right-skewed distributed in both healthy subjects and ADHF patients, and thus were log-
transformed to normalize the distributions. Pearson’s correlation coefficients were used to
determine the correlation between urinary CNP and plasma CNP after log transformation.
Multivariable regression models were constructed to determine independent characteristics
associated with the log transformed plasma CNP and urinary CNP levels, incorporating
variables with univariable association significant at £<0.10.

Urinary and plasma CNP concentrations in healthy subjects were referred to set thresholds
for the stratification of ADHF patients as previously reported (25). Specifically, patients
were classified as having elevated CNP levels if their levels were greater than or equal

to the 95th percentile threshold. All-cause rehospitalization and all-cause mortality were
ascertained from institutional records, including local primary care data. Patients were
otherwise censored at the time of last known clinical follow-up. Event free survival curves
were generated using the Kaplan-Meier method based on time to event outcomes and
comparisons between groups were performed with log-rank test. Cox proportional hazards
regression methods were used to study the association between time to event outcomes

and CNP levels while accounting for other important covariates. Results of these analyses
were presented with hazard ratio (HR) and corresponding 95% confidence limit. C-statistic
and integrated discrimination index (IDI) were calculated to quantify discriminatory ability
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and to evaluate the improvement in prediction accuracy of the combination of urinary and
plasma CNP over known risk factors and plasma NT-proBNP, for outcomes. IDI confidence
intervals and comparison P-values were derived based on 1000 bootstrap samples, each
having sample size of 208. A sensitivity analysis was performed using the Get With The
Guidelines-HF (GTWG-HF) risk score (28) in place of known risk factors. SAS version

9.4 and JMP (Cary, NC) were used for analyses and two-sided £<0.05 was considered
statistically significant.

Study Populations

Baseline clinical characteristics are shown in Table 1. Compared to healthy subjects, ADHF
patients were older, more male, had higher BMI, and lower eGFR (#<0.001 for all). ADHF
patients had comorbidities, were taking CV medications, and the median length of hospital
stay (LOHS) was 6 (IQR: 4-10) days. 45% of patients were New York Heart Association
(NYHA) class 3 and had a mean left ventricular ejection fraction (LVEF) of 3717 %.
Plasma NT-proBNP levels were significantly elevated in ADHF patients compared to
healthy subjects. The urinary protein levels between healthy subjects [0.07 (IQR: 0.05-0.09)
mg/mg Cr] and ADHF patients [0.05 (IQR: 0.03-0.12) mg/mg Cr] were not significantly
different (~£=0.10).

Urinary and Plasma CNP Levels

Urinary and plasma CNP levels were significantly elevated in ADHF patients compared

to healthy subjects (Table 1). Importantly, there was no significant correlation between
urinary and plasma CNP in healthy subjects (Figure 1A) or ADHF patients (Figure 1B). The
accuracy of urinary and plasma CNP in diagnosing ADHF was evaluated by area under the
curve (AUC) and positive predictive value (PPV). In ADHF patients, the AUC for elevated
urinary CNP was 0.92 (95%CI: 0.89-0.95) with a PPV of 93% (95%ClI: 89-96%), while the
AUC for elevated plasma CNP was 0.69 (95%CI: 0.64-0.75) with a PPV of 93% (95%Cl:
86-97%). Furthermore, the fractional CNP excretion in ADHF patients [0.04 (IQR: 0.02—
0.07)] was 4 times higher than in healthy subjects [0.01 (IQR: 0.01-0.02)].

Clinical Associations of CNP in Healthy Subjects and ADHF Patients

Univariable and multivariable regression analysis are shown in healthy (Supplemental Table
2, 3) and ADHF cohorts (Table 2, Supplemental Table 4). In healthy subjects, both urinary
and plasma CNP were not associated with age, sex, and BMI, while in contrast, plasma
NT-proBNP was affected by age and sex after multivariable adjustment. Meanwhile, urinary
CNP and plasma NT-proBNP were positively and negatively, respectively, associated with
eGFR. In ADHF patients, multivariable analysis revealed that plasma CNP positively
correlated with LOHS, while urinary CNP positively correlated with female sex and LVEF.
When ADHF patients were separated by LVEF < 40% (reduced EF) and LVEF > 40%
(preserved EF) (Supplemental Figure 1), ADHF patients with preserved EF had significantly
higher urinary CNP and lower plasma NT-proBNP compared to ADHF patients with
reduced EF, while no differences were observed with plasma CNP. Moreover, there were no
significant associations between CV medications or comorbidities with urinary and plasma
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CNP levels. Despite the significant positive correlation of urinary and plasma CNP with
plasma NT-proBNP, the clinical associations of urinary and plasma CNP were markedly
different from those of plasma NT-proBNP in ADHF patients.

95th Percentile Values of Urinary and Plasma CNP in Healthy Subjects

The 95th percentile for urinary CNP and plasma CNP in healthy subjects was 33.1 ng/g Cr
and 24.7 pg/mL, respectively.

Characterization of ADHF Patients with Normal and Elevated Urinary and Plasma CNP

levels

In ADHF, 24% had normal urinary and plasma CNP, 9% had normal urinary CNP and
elevated plasma CNP, 44% had elevated urinary CNP and normal plasma CNP, and 23% had
elevated urinary and plasma CNP (Supplemental Figure 2). Clinical characteristics among
the 4 subgroups are shown in Table 3. LVEF, eGFR, LOHS, the presence of atrial fibrillation
(AF), and plasma NT-proBNP levels were found to be different among subgroups (P<0.05
for all). The subgroup with elevated levels of both urinary and plasma CNP was associated
with more disease severity as these patients had the highest level of plasma NT-proBNP,
lowest eGFR, longest LOHS, and highest proportion of AF. The subgroup with elevated
levels of urinary CNP, but normal plasma CNP, had the highest LVEF. The subgroup with
elevated plasma and normal urinary CNP had similar clinical characteristics as the subgroup
with normal levels of both plasma and urinary CNP (£ >0.05 for all, multiple comparisons),
except for plasma NT-proBNP levels.

Clinical Outcomes

During a median (IQR) follow-up of 3.0 (1.0, 4.9) years, the composite clinical outcome
of all-cause rehospitalization/death occurred in 176 ADHF patients. There were 114 deaths
and 131 rehospitalizations. The rates of events at 3 years were 42% for death, 70% for
rehospitalization, and 77% for rehospitalization/death.

Kaplan Meier analysis revealed persistent divergence of event free survival rates out to 3
years, particularly in those ADHF patients with elevated urinary and plasma CNP (Figure 2).
Cox regression analysis illustrated in Table 4 revealed that compared to patients with normal
urinary and plasma CNP levels (reference group), only patients with an elevation in both
urinary and plasma CNP showed a significantly higher risk of rehospitalization/death and
rehospitalization even after adjusting for age, sex, eGFR, urinary protein/creatinine ratio,
LVEF and plasma NT-proBNP. The risk of death alone was not different significantly among
four subgroups in all adjusted models.

The added predictive value of urinary and plasma CNP over established risk factors in
relation to rehospitalization/death and rehospitalization were further assessed by calculating
the C-statistic and IDI as illustrated in Table 5. In a sensitivity analysis, the GWTG-HF risk
model (28) was used in place of established risk factors (Supplemental Table 5). In both
analyses, the addition of urinary and plasma CNP showed a moderate increase in C-statistic
for both outcomes. Significant increases in the IDI and relative I1DI provide further evidence
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of the additive value of urinary and plasma CNP to established risk models in predicting the
risk of rehospitalization/death and rehospitalization in ADHF patients.

DISCUSSION

Here we reported, to our knowledge, the largest study that simultaneously investigated
urinary and plasma CNP in humans. Specifically, we found urinary and plasma CNP was not
significantly correlated which supports, in part, their levels may offer distinct biological
insights in both healthy and ADHF populations. In ADHF, both urinary and plasma

CNP increased with disease severity and positively correlated with plasma NT-proBNP.
Importantly, the elevations in both urinary and plasma CNP, predicted rehospitalization/
death and rehospitalization, and had additive predictive value for both endpoints on top of
established risk factors in patients with ADHF.

The protective and therapeutic potential of CNP in HF and HF-related CV diseases is
growing in recognition (9,10,12,13,29-31). Nonetheless, far less is known regarding the
biology and clinical utility of CNP in humans compared to that of ANP and BNP, and in
particular, the majority of studies have focused on the plasma CNP (16,18,32,33) which is
predominantly of endothelial cell origin. Herein, we extended to also include urinary CNP,
as the kidney is a rich source of CNP production and elevations in urinary CNP has been
reported to serve as a compensatory marker for renal injury and structural abnormalities
(1,2,15,19,22). To underscore the importance of CNP in HF, we first characterized urinary
and plasma CNP in a cohort of healthy subjects, where we observed no significant
correlation between urinary and plasma CNP. Moreover, physiologic levels of urinary and
plasma CNP were found to be unaffected by age, sex, and BMI, while only urinary CNP
showed a modest and positive association with eGFR. This observed correlation may reflect,
in part, the clearance of CNP via glomerular filtration, in addition to, its secretion from the
post-glomerular circulation and thus supports a contribution of plasma CNP to urinary CNP
under healthy conditions.

Herein, we observed marked elevations of urinary and plasma CNP in ADHF patients,
which are consistent with previous studies in cohorts with cardiorenal disease or injury
(15,17,18,32). Furthermore, fractional CNP excretion in ADHF patients was higher than
that found in healthy subjects. Notably, the diagnostic accuracy of urinary CNP for ADHF
was superior to that of plasma CNP and there was no significant correlation between
urinary and plasma CNP as well as between eGFR and urinary CNP. Together, this data
highlights the potential importance of CNP in the ADHF, while providing evidence that
urinary and plasma CNP are from different sites of origin and that each provide distinct
information related to ADHF pathophysiology. This is in contrast to NT-proBNP where
previous studies have demonstrated a significant positive correlation between plasma and
urinary NT-proBNP, as well as a significant inverse correlation between eGFR and both
plasma and urinary NT-proBNP in acute HF (34). Given the presence of the natriuretic
peptide clearance receptor and the CNP degrading enzyme neprilysin within the kidney,
which is reported to elevated in congestive HF (35), it is reasonable to conclude that the
local compensatory activation and secretion of CNP within kidney is the major source that
contributes to urinary CNP in ADHF patients.

JACC Heart Fail. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ma et al.

Page 8

ADHF is a heterogeneous syndrome, and the differential regulation of urinary and plasma
CNP observed within our ADHF cohort is also reflective of this heterogeneity. Using
defined cutoff values based on the healthy cohort, we observed that 24% of ADHF patients
had normal levels of urinary and plasma CNP, and approximately half of the patients had an
elevation in either urinary or plasma CNP. Notably, the remaining 23% of ADHF patients
had elevated levels of both urinary and plasma CNP, and these patients had the highest level
of plasma NT-proBNP, highest prevalence of AF, lowest eGFR, and longest LOHS, which
altogether may serve as an indication of a more severe HF phenotype. While significant
correlations between urinary and plasma CNP with plasma NT-proBNP in ADHF patients
was observed in multivariable analysis, patients with elevations in both urinary and plasma
CNP also had the highest risk for rehospitalization/death and rehospitalization over the 3-
year follow-up even after adjusting for established risk factors including plasma NT-proBNP.
The improvement in C-statistic and risk reclassification analyses further supports the added
prognostic utility of incorporating urinary and plasma CNP in established risk models in
ADHF.

Previous studies have reported the significant elevations of plasma CNP and its prognostic
value in heart failure (16). Herein, we further corroborate these findings and importantly
demonstrate for the first time, the vital prognostic value of urinary CNP together

with plasma CNP in ADHF. The mechanism(s) for the increase in CNP in ADHF
pathophysiology remains to be elucidated, however it is tempting to speculate that
congestion, a hallmark feature in ADHF (36), plays a key role in CNP activation and
subsequent elevations of CNP in the plasma and urine. Indeed, congestion induces
neurohumoral activation and hypoxia, the release of pro-inflammatory and pro-fibrotic
cytokines such as tumor necrosis factor-a., transforming growth factor-p and interleukin-1
and elevates renal interstitial pressure, all of which are known stimuli for CNP production
and secretion (4-6). Thus, our data reporting the elevation in urinary and plasma CNP in
ADHF could be interpreted as a protective compensatory response to counteract maladaptive
effects related to congestion in the kidney and endothelium, as CNP has been reported

to increase microvascular arterial vasodilation, promote venodilatation, and inhibit pro-
inflammatory and pro-fibrotic processes (5-8,12-14). As ADHF is a challenging syndrome,
the use of a multi-marker strategy that provides some insights into dysfunction in the
multiple organ systems that contribute ADHF pathophysiology, is potentially advantageous
in risk assessment. While there was significant interaction of urinary and plasma CNP with
plasma NT-proBNP, the combination of these differentially expressed hormones provided

a more accurate assessment of prognosis in ADHF patients. This finding supports the
possibility of distinct pathological insults in different organ systems, where elevated urinary
CNP, plasma CNP, and plasma NT-proBNP are compensatory markers of renal, endothelial,
and cardiac injury and/or dysfunction, respectively. This observation is also consistent

with previously reported interactions between the CNP and BNP systems in both human
and experimental studies, in which elevations of one, leads to the increase of the other,
presumably to optimize the reparative response (18,37). Together, these findings underscore
an important cross-talk between the kidney, endothelium, and heart under stress induced by
ADHF and further studies are needed to better define the unique role of CNP in ADHF.
Moreover, additional studies are warranted to measure urinary, plasma, and tissue CNP in
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experimental and clinical settings to assess whether ADHF patients with elevated urinary
and plasma CNP would benefit from novel therapies to improve clinical outcomes.

Study Limitations

Our study was observational and thus cause and effect cannot be determined. While our
study is the largest to simultaneously investigate urinary and plasma CNP in healthy subjects
and ADHF patients, the sample sizes of each cohort is relatively small as well as lacked
ethnic diversity, thus limiting generalizability. Our contemporary normal thresholds used to
determine elevated status of urinary or plasma CNP was based upon a small number of
healthy subjects and a larger cohort should be utilized to confirm these normal thresholds.
Our inclusion criteria were broad to reflect the heterogeneous spectrum of HF and additional
larger studies are needed to determine if our findings are similar or different in patients

with HF with reduced or preserved EF. Lastly, due to sample size limitations we could not
evaluate the interactions between clinical variables and urinary or plasma CNP with clinical
outcomes.

CONCLUSION

Concentrations of urinary and plasma CNP are differentially regulated in ADHF patients
and the combination of elevated urinary and plasma CNP predicted the future risk of
rehospitalization/death and rehospitalization, even in the context of established risk factors
including plasma NT-proBNP. Our findings provide novel pathophysiological insights and
highlights the prognostic value of urinary and plasma CNP in ADHF patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVES
Competency in Medical Knowledge:

CNP is a renal and endothelium-derived hormone that has anti-remodeling properties.
The levels of urinary and plasma CNP are differentially regulated in ADHF patients,
and elevations in both, may help identify ADHF patients at high risk for unfavorable
outcomes.

Translational Outlook:

Given the growing recognition of the protective role for CNP in ADHF and other
cardiorenal disease states, measuring and developing urinary and plasma CNP as a
clinical tool deserves further exploration. Additionally, this study lays the foundation

for mechanistic studies to further understand the regulation of urinary and plasma CNP
under pathophysiological conditions such as ADHF, and to investigate if optimizing CNP
activation with novel therapies can improve outcomes.
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Urinary and plasma CNP in healthy subjects (A) and ADHF patients (B). CNP = C-type

natriuretic peptide; ADHF = acute decompensated heart failure
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Central Illustration. Renal- and Endothelium-Derived CNP and its Prognostic Value in ADHF

Patients.

Urinary and plasma CNP levels are elevated in ADHF patients and elevations in both have
prognostic value for adverse outcome.
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Characteristics

Healthy Subjects (n=109)

ADHF Patients (n=208)

Adjusted P Value

Age, years 56 + 12 69 =13 <0.001
Sex, female (%) 70% 32% <0.001
BMI, kg/m? 27+5 32+8% <0.001
LVEF, % - 37+177
eGFR, mL/min/1.73m? 85+13 58 + 24 <0.001
Length of hospital stay, days 6 (4, 10)
Comorbidities (at admission)

Hypertension, n (%) 150 (72%)

Diabetes, n (%) 79 (38%)

Atrial fibrillation, n (%) 125 (60%)

Ischemic heart disease, n (%)  --- 130 (63%)

Myocardial infarction, n (%)  --- 47 (23%)

Hyperlipidemia, n (%) 136 (66%)

Stroke, n (%) 10 (5%)
Medications (at admission)

ACEi or ARB, n (%) 134 (64%)

Beta-blocker, n (%) 135 (65%)

Loop diuretic, n (%) 203 (97%)

Statin, n (%) 124 (59%)
Plasma Variables

NT-proBNP, pg/mL 56 (29, 85) 2791 (1286, 7029) <0.001

CNP, pg/mL 11.8 (9.5, 15.0) 18.2 (10.7, 30.3) <0.001
Urinary Variable

CNP, ng/g Cr 15.8 (12.1, 20.2) 43.1(27.9,74.7) <0.001

Values are presented as mean * SD, n (%), or median (interquartile range).

*
n=154

fn:198.
Pvalues have been adjusted for age, sex, and BMI.

BMI = body mass index; LVEF = left ventricular ejection fraction; eGFR = estimated glomerular filtration rate; ACEi = angiotensin-converting
enzyme inhibitor; ARB = angiotensin Il receptor blocker; NT-proBNP = N-terminal pro-B type natriuretic peptide; CNP = C-type natriuretic
peptide; Cr = creatinine.
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