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Abstract

Objectives: To assess the safety of carvedilol among heart failure (HF) patients with a cocaine-
use disorder (CUD).

Background: Although carvedilol is recommended among certain patients with heart failure
(HF), the safety and efficacy of carvedilol among HF patients with a CUD is unknown.

Methods: This was a single center study of patients with HF hospitalization. Cocaine use was
self-reported or defined as having a positive urine toxicology. Patients were stratified by carvedilol
prescription. Subgroup analyses were performed by strata of ejection fraction (EF) (<40%,
41-49%, =50%). Major adverse cardiovascular events (MACE) was defined as CV mortality and
30-day HF readmission.

Results: From a cohort of 2,578 patients hospitalized with HF in 2011, 503 patients with a CUD
were identified, among whom 404 (80%) were prescribed carvedilol and 99 (20%) were not. Both
groups had similar characteristics; however, those prescribed carvedilol had a lower LVEF, heart
rate, admission and discharge NT-proBNP and more coronary artery disease. Over a median
follow-up of 19 months, there were 169 MACE events. MACE was similar between the carvedilol
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and the non-carvedilol groups (32 vs. 38%, p=0.16), among those with a preserved EF (30 vs.
33%, p=0.48) and was lower among those with a reduced EF on carvedilol (34 vs. 58%, p=0.02).
In a multivariate model, carvedilol use was associated with lower MACE among HF patients with
a CUD (HR=0.67, C1=0.481-0.863).

Conclusions: Our findings suggest that carvedilol is safe among HF patients with a CUD and
may be effective among those with a reduced EF.
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Introduction

Methods

Data from the National Survey on Drug Use and Health have shown that that over 5 million
people in the United States have a Cocaine-use disorder (CUD), making it one of the most
commonly abused substances in the United States. (1) Cocaine, via effects on
norepinephrine and dopamine blockade, may have a myriad of adverse cardiovascular
effects, principally from augmented sympathetic stimulation. (2) In the late 1970’s,
propranolol, a selective beta-blocker, was suggested as a treatment for cocaine toxicity. (3-5)
However, animal models of cocaine exposure suggested reduced survival and this approach
was subsequently abandoned. This reduced survival with beta-blockers (BB) was thought to
be related to the unopposed alpha-adrenergic activity seen with administration of a selective
beta-antagonist. (6-8) Use of non-cardioselective beta-blockers that also offer alpha-
adrenergic blocking activity, such as labetalol and carvedilol were previously
contraindicated in the management of myocardial infarction and NSTE-ACS (9); currently,
they may be used but remain a class 11B indication among individuals with a history of
cocaine use presenting with non-ST elevation acute coronary syndrome (NSTE-ACS) and
unstable angina. (10) The use of beta-blockers is strongly recommended among patients
with heart failure (HF) with a reduced ejection fraction. (11) However, current HF
guidelines, citing a lack of data, note that the safety and efficacy of beta-blockers among
individuals with recent or active cocaine use is unclear. (11, 12) However, there are
pharmacological differences between beta-blockers approved for heart failure and non-
cardioselective beta-blockers may be safe among patients with a CUD. Therefore, the aim of
this study was to address this knowledge gap on the use of non-cardioselective beta-
blockers, specifically carvedilol, among individuals with HF with a CUD. We leveraged a
large single center HF registry from a tertiary care center with a high background prevalence
of a CUD to test our hypothesis.

After obtaining Institutional Board Review (IRB) approval, we created a prospective
observational registry of all patients admitted to a US tertiary care hospital (Bronx-Lebanon
Hospital Center of Icahn School of Medicine at Mount Sinai, Bronx, New York) in 2011
with HF. Full details of the entire cohort have previously been reported. (13-15) The use of
cocaine, diagnoses of HF, as well as other clinically relevant variables, were ascertained
through manual review of each of the individual electronic health records (EHR).
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Data on traditional HF risk factors (including hypertension, dyslipidemia, diabetes mellitus,
coronary artery disease (CAD), body mass index (BMI), prior or active cigarette smoking,
and prior or active cocaine use, mode of cocaine use) as well as education, employment
history, left ventricular ejection fraction (LVEF), electrocardiogram (ECG) variables, history
of sleep apnea and medication use were collected from the index HF hospitalization by EHR
review. LVEF was used to categorize HF as HF with reduced ejection fraction (HFrEF,
LVEF < 40%), HF with mid-range ejection fraction (HFmrEF, LVEF 41-49%), and HF with
preserved ejection fraction (HFpEF, LVEF = 50%) in keeping with international guidelines
(11, 12). In addition, data were collected on laboratory parameters such as serum creatinine
and NT-proBNP on admission and at discharge, in addition to clinical parameters including
systolic blood pressure (SBP), diastolic blood pressure (DBP) and non-invasive derivation of
pulmonary artery systolic pressure (PASP) from echocardiography. Based on standardized
criteria, cocaine use was self-reported or defined as having a positive urine toxicology. (16—
19) Based on self-report, the frequency of cocaine use was stratified into active users (those
using it at least once a week), monthly users (not exceeding once a month) and occasional
users (those reporting use infrequently/once a year). (20) Monthly or occasional users were
classified as prior users. The mode of administration was classified as intranasal, smoking or
intravenous. (21) The types of cocaine were described as either crack, pure cocaine or a
combination of cocaine mixed with a non-cocaine drug. (1, 22). Based on local hospital
practices, carvedilol was the only beta-blocker administered to individuals with HF with
CUD.

The follow-up period began on the date of discharge from the first HF hospitalization in
2011. Our primary outcome was the occurrence of major adverse cardiovascular events
(MACE), which was a composite of CV mortality and 30-day heart failure readmission.
Death was determined through Social Security death index (SSDI) and cause of death was
confirmed by physician-adjudicated individual EHR review.

Statistical Analysis

Continuous variables are presented as mean and SD or median (IQR), as appropriate based
on normality, and categorical variables are presented as percentages. Continuous data were
compared with the use of unpaired Student t tests or Wilcoxon rank-sum tests, as
appropriate. Categorical data were compared using the chi-square or the Fisher exact test.
Survival curves were plotted using Kaplan-Meier curves. Univariate and adjusted
multivariate regression analyses using Cox proportional hazard regression were performed to
determine the association between covariates and the occurrence of MACE. Statistical
significance was defined using a two-tailed p-value <0.05. Statistical analyses were
performed using SPSS software version 24,
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Demographics and Baseline Characteristics:

There were 2,578 patients hospitalized with acute decompensated HF over a single academic
year. From these, 503 (20.0%) individuals were defined as either active (n=348, 69%) or
with a prior CUD (n=155, 31%) (monthly or occasionally). Among those with a CUD, 404
(80%) were prescribed carvedilol while 99 (20%) were not on any beta-blocker. Baseline
demographics are shown in Table 1. Compared to individuals not on carvedilol, those who
were on carvedilol had a lower EF (40+12 vs. 44+12%, p = 0.003), heart rate (7521 vs.
83121 bpm, p < 0.001) and NT-proBNP on admission (median 4121 pg/mL, IQR 2421-7857
vs. median 4489, IQR 2674-8208, p = 0.041) as well as NT-proBNP at discharge (median
2364, IQR 1107-5052 vs. median 2711, IQR 1227-5476, p=0.033). CAD was more
prevalent among those on carvedilol compared to those not on carvedilol (39 vs. 26%, p =
0.046); otherwise, there were no significant differences between groups with respect to age,
race, cardiovascular risk factors, pulmonary artery systolic pressure (PASP), blood pressure,
ECG parameters, renal function, body mass index (BMI), prevalence of sleep apnea, New
York Heart Association (NYHA) heart failure class, education, unemployment or other
medications. The study cohort was also stratified based on frequency of cocaine use (weekly,
monthly or occasionally), mode of administration (intranasal, smoking or intravenous) as
well as type of cocaine (crack, cocaine alone or a combination of cocaine with a non-cocaine
drug) (Table 2). There were no significant differences noted between carvedilol cohorts.

Stratification based on category of HF

Outcomes

Among the 503 individuals with HF with a CUD, 230 (46%) were categorized as HFrEF, 94
(19%) as HFmrEF, and 179 (36%) as HFpEF. Carvedilol was prescribed for 211 (92%) of
HFrEF cohort, 72 (77%) of HFmrEF cohort, and 121 (68%) of HFpEF cohort.

Over a median follow-up of 19 months, there were 169 MACE events. Factors associated
with MACE on univariate analysis included a history of CAD, lower EF, increased PASP,
increased NT-proBNP, lower prescription of carvedilol and ACE I/ARB, in addition to
socioeconomic parameters such as low education level and unemployment (Table 4). In a
multivariable model, the following parameters remained independent predictors of MACE
among cocaine users with HF: history of CAD, lower EF, elevated PASP, higher NT-
proBNP, lower education level, unemployment and lower use of ACE I/ARB and beta
blockers (Table 5).

Entire Cohort: The MACE event rate among all with a CUD with HF on carvedilol did not
differ significantly when compared to those not on carvedilol (32 vs. 38%, p = 0.16; Figure
1A).

Reduced EF: Among 230 individuals with reduced EF, there were significant differences
in the rate of MACE among those on carvedilol compared to those not on carvedilol (34 vs.
58%, p=0.02) (Table 3, Figure 1B, Central Illustration).
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Preserved EF: Of the 179 individuals with preserved EF, 121 were on carvedilol and 58
were not. There was no significant difference in outcomes between these two groups (30 vs.
33%, p=0.68) (Table 3, Figure 1C, Central Illustration).

Mid-Range EF: Out of 94 individuals with mid-range EF, 72 were on carvedilol while 22
were not. There were no significant differences in outcomes between these two groups (32%
vs. 36%, p=0.48) (Table 3, Figure 1D, Central Illustration).

Discussion

In this study, we leveraged a large single-center HF registry, in a population with a relatively
high prevalence of a CUD (20% of all patients hospitalized with HF), to present data on the
safety and efficacy of carvedilol use among HF patients with a CUD. We found that CV
mortality and 30-day HF readmission were similar between CUD patients with all types of
HF prescribed and not prescribed carvedilol. However, when stratified by category of HF,
carvedilol use was associated with a lower rate of CV mortality and 30-day HF readmission
among patients with HFrEF. Additionally, carvedilol use in this cohort was also associated
with a lower NT-proBNP level on both admission and discharge. To our knowledge, this is
the first large cohort registry study evaluating the safety of carvedilol among HF patients
with a CUD.

Several prior randomized controlled trials have demonstrated the utility of beta-blockers,
carvedilol, metoprolol succinate or bisoprolol, to improve symptoms, reduce hospitalization
and enhance survival among patients with HF with a reduced EF. (23-25) Current HF
guidelines recommend administration of one of these beta-blockers in individuals with
current or prior HF and a left ventricular EF < 40%. (11) Citing a lack of data, current
guidelines do not provide suggestions on the safety and efficacy of beta-blockers in chronic
HF among patients with a CUD. (11) There are limited prior data on the use of carvedilol
among patients with HF with a CUD and no prior data evaluating the effect of carvedilol on
clinical outcomes among those with a CUD with HF. In a single case series of 4 patients
with HF and ongoing cocaine use, carvedilol use, compared to pre-carvedilol, was
associated with an improvement in NYHA functional class and LVEF over a 2-year follow
up. (26) Similarly, Lopez et al, demonstrated an improved exercise tolerance and LVEF with
carvedilol in 72 patients with HFrEF and active cocaine use. (27) Our study extends these
prior findings and tested the effect of carvedilol on clinical events among patients with HF
with a CUD. We found that the use of carvedilol was not associated with an increase in
clinical events in either HF with preserved EF or HF with a reduced EF. Further, clinical
events were reduced among cocaine users with HFrEF who were prescribed carvedilol.
There are also data from other models of acute cardiac events suggesting a safer profile for
non-selective beta-blockers like carvedilol in the presence of cocaine. Specifically, Boehrer
et al (28) compared the effect of labetalol (a non-selective beta blocker with effects on both
a- and pB-adrenergic receptors similar to carvedilol) vs. saline after cocaine administration
and noted no pathophysiological changes in the coronary artery in those subjects who
received labetalol, findings also noted in both canine and porcine models showing a neutral
effect with labetalol (29-31). The alpha-adrenergic receptor blocking activity of carvedilol
may allow cocaine users with HFrEF to safely derive similar benefits of beta-blockade as
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non-cocaine users, without the potential deleterious effects of unopposed alpha-adrenergic
activity seen with co-administration of a selective beta-antagonist and cocaine.

There is reasonable scientific plausibility to support why carvedilol may be helpful among
patients with HF and a CUD. Principally, there is significant overlap between several of the
adverse pathophysiological changes seen with cocaine use and the pathophysiological
changes that drive HF in broad groups. (32) Mechanistically, the adverse CV effects of
cocaine are due to an increase in catecholamines leading to impaired handling of
intracellular calcium, elevated reactive oxygen species and myocyte apoptosis with sequelae
including elevated LV wall stress, LV dilatation, myocardial fibrosis and enhanced
arrhythmogenesis. (33) Beta-blockers such as carvedilol block several of these adverse
pathophysiological changes among broad groups of patients with HF and, likely, among
patients with HF and a CUD. Carvedilol is a lipophilic, non-cardioselective B- and a1-
adrenergic receptor blocker and the use of carvedilol leads to a reduction in catecholamines,
increased intracellular calcium, reduced reactive oxygen species, a decrease in myocyte
apoptosis and arrhythmogenesis. (34) Our study demonstrated a lower heart rate among
those on carvedilol compared to those not on it and this favorable reduction in heart rate is
likely related to down-regulation of catecholamine release with a resultant decrease in
myocardial oxygen demand. (35, 36) In addition, carvedilol has also been demonstrated to
inhibit pathological left ventricular remodeling and fibrosis and reduce LV wall stress (37) —
findings observed after exposure to cocaine. (38) Natriuretic peptides including atrial
natriuretic peptide (ANP) and NT-proBNP are elevated with increasing wall stress (40) and
are elevated in animal models of cocaine toxicity. (40) Our study also demonstrated lower
levels of NT-proBNP both on admission as well as at discharge among those individuals on
carvedilol suggesting that part of the protective effect of carvedilol in patients with HF and a
CUD may be mediated in part via a reduction in wall stress. While not the focus of the study,
there is also reasonable data on a dose-dependent efficacy for carvedilol during cocaine-
withdrawal. For example, in a study by Sofuoglu et al, compared to 50 mg daily of
carvedilol, 25 mg daily of carvedilol was associated with lower rate of positive urine
toxicology during their 17-week trial. (39) This dose-dependent lower rate of a positive
urine toxicology for cocaine while on carvedilol, was postulated to be due to lower doses of
carvedilol preferentially blocking B-receptors and at higher doses blocking both a-1 and p-
receptors. Their study suggested not using more than 25 mg carvedilol to avoid increases in
cocaine and opioid use.

Our study has limitations which merit discussion. In our study, all patients on beta blockers
were prescribed carvedilol and this prescription was based on institutional practice on the
use of beta-blockers in the presence of documented cocaine use. Therefore, this study did
not evaluate other beta-blockers. (41, 42) The accuracy of self-reporting data may be
suboptimal. However, published reports have shown a strong association between self-
reported and corroborative positive lab assays (43). In this study, individuals were stratified
based on prescription of carvedilol and not confirmed use of carvedilol. Adherence to
medications may be less than optimal among patients with active substance abuse; however,
the lower heart rate among the cohort prescribed carvedilol, somewhat supports adherence to
the medication. (44) Prescription of medication was based on chart review of the electronic
medical record and cannot accurately assess medication adherence. Sicker patients with

JACC Heart Fail. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Banerji et al.

Page 7

HFrEF may be intolerant of beta-blockade (e.g. due to hypotension or low cardiac output);
thus, the worse outcomes observed among HFrEF patients not prescribed carvedilol may
reflect a selection bias, whereby sicker patients with HFrEF were intolerant of carvedilol.
However, the LVEF was higher in the non-carvedilol group and the heart rate and blood
pressure were broadly similar.

Conclusions

While management should include counselling as to the risks of cocaine use among all
patients and those with HF, our data suggest that prescribing carvedilol to individuals with
HF with a CUD did not result in worse outcomes compared to those not on carvedilol and
may be associated with a lower rate of adverse cardiovascular events among those with a
reduced EF. Further research in this field is necessary to ascertain these benefits and to
replicate such results prospectively.

Perspectives

Competency in Medical Knowledge—Both cardioselective and non-cardioselective
beta blockers have been demonstrated to improve cardiac function, morbidity and survival in
certain groups of people with HF. However, the use of beta-blockers among HF patients with
CUD remains controversial. Our study suggests that carvedilol is safe and may even be
effective among those with reduced ejection fraction heart failure and CUD.

Translational Outlook—Further research is necessary to corroborate these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan Meier survival curves comparing MACE (including 30-day readmission and CV
mortality) with and without the use of carvedilol in cocaine users among (A) all patients
with heart failure (B) patients with HFrEF (C) patients with HFpEF and (D) patients with
HFmrEF. Log rank p-values are recorded.
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Patients admitted with heart failure (HF) and concurrent cocaine

use disorder (CUD)
Patients with Patients with HFmrEF
HFrEF and HFpEF
Prescribed Not prescribed Prescribed Not prescribed
carvedilol carvedilol carvedilol carvedilol
= =
(= ] » (= J (=
MACE (CV mortality and 30-day No significant differences in MACE (CV
HF readmission) among those mortality and 30-day HF readmission)
with HFrEF who were among those with HFmrEF or HFpEF who
prescribed carvedilol were prescribed carvedilol

Central Illustration: Cardiovascular Outcomes Associated with Carvedilol in HF patients with
Cocaine Use Disorder (CUD).

In this study, HFrEF patients with CUD who were prescribed carvedilol had lower incidence
of MACE (CV mortality and 30-day HF readmission), compared to those not prescribed
carvedilol. No significant differences were seen in the HFmrEF and HFpEF cohorts.
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Table 1:

Baseline characteristics comparing patients on carvedilol vs. not on carvedilol

Total Cohort Carvedilol No carvedilol p-value
(n=503) (n=404) (n=99)
Females 263 (52%) 214 (53%) 49 (49%) 0.535
Age (yrs, mean+SD) 60+9.3 60+9.5 61+9.3
Race
Hispanic 197 (39%) 157 (39%) 40 (40%)
African American 203 (40%) 165 (41%) 38 (38%) 0.199
Others 103 (20%) 82 (20%) 21 (21%)
Socioeconomic parameters
High School /GED completion 315 (63%) 251 (62%) 64 (64%) 0.643
Unemployment 62 (12%) 52 (13%) 10 (10%) 0.452
Cardiovascular risk factors
Diabetes 184 (37%) 149 (37%) 35 (35%) 0.777
Hypertension 334 (66%) 271 (67%) 63 (63%) 0.516
Hyperlipidemia 188 (37%) 149 (37%) 39 (39%) 0.643
Smoking 233 (46%) 189 (47%) 44 (44%) 0.676
Sleep apnea 99 (20%) 81 (20%) 18 (18%) 0.675
CAD 175 (35%) 149 (39%) 26 (26%) 0.046
LVEF (%, mean+SD) 42+12.0 40+12.0 44+12.2 0.003
LVEF < 40% 230 (46%) 211 (52%) 19 (19%)
LVEF 41-49 % 94 (19%) 72 (18%) 22 (22%)
LVEF = 50% 179 (36%) 121 (30%) 58 (59%)
PASP (mmHg, mean+SD) 42+9.0 43+9.2 42+9.0 0.331
SBP (mmHg) 137+27.2 135+27.5 139+27.3 0.195
DBP (mmHg) 78+18 78+18.2 79+17.8 0.623
HR (bpm) 80+21.4 75+21.3 83+21.7 <0.001
BMI (kg/m?, mean+SD) 29+6.3 30+6.4 2946.3 0.163
QRS duration (ms) 114+24.3 115+24.3 113+24.6 0.464
QTc duration (ms) 423+28.4 425+28.4 422+28.7 0.348
Serum creatinine (mg/dL) 1.28+1.0 1.29+1.0 1.27+1.2 0.864
NT-proBNP at admission (pg/mL) 4222 (2504-8118) 4121 (2421-7857) 4489 (2674-8208) 0.041
NT-proBNP on discharge (pg/mL) * 2497 (1184-5212) 2364 (1107-5052) 2711 (1227-5476) ~ 0.033
HF NYHA class 0.308
NYHA class 1-2 221 (44%) 173 (43%) 48 (48%)
NYHA class 3-4 282 (56%) 231 (57%) 51 (51%)
Medications
ACE/ARB 430 (85%) 347 (86%) 83 (83%) 0.603
Spironolactone 71 (14%) 61 (15%) 10 (10%) 0.201
Furosemide 382 (76%) 307 (78%) 75 (75%) 0.961
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BMI=body mass index, LVEF = left ventricular ejection fraction, PASP= pulmonary artery systolic pressure, CAD= coronary artery disease, ACE
|= angiotensin converting enzyme inhibitor, ARB= angiotensin receptor blocker,

*
NT-proBNP on discharge available in 141 (28%) patients with a CUD.
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Table 2:

Cocaine parameters: Comparing Frequency, Mode and Type of cocaine use among patients on carvedilol vs.
those not on carvedilol

Total cohort  Carvedilol  No carvedilol  p-value

(n=503) (n=404) (n=99)
Self-reported frequency of cocaine use
Active user (=once a week) 348 (69%) 274 (68%) 74 (74%)
Once a month 93 (19%) 78 (19%) 15 (15%) 0.409
Once a year/occasionally 62 (12%) 52 (13%) 10 (10%)
Mode of cocaine administration
Intranasal 148 (29%) 117 (29%) 31 (31%)
Smoking 220 (44%) 178 (44%) 42 (42%) 0.214
Intravenous 135 (27%) 109 (27%) 26 (26%)
Cocaine type
Crack 220 (44%) 178 (44%) 42 (42%)
Cocaine alone 185 (37%) 149 (37%) 36 (36%) 0.244
Combination (Cocaine + non-cocaine drug) 98 (19%) 77 (19%) 21 (21%)
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Table 3:

Outcomes (MACE including CV mortality and 30-day readmission)

Pts on Carvedilol  Pts not on Carvedilol  p-value

HF (total) n=404 n=99

131 (32%) 38 (38%) 0.26
HFrEF n=211 n=19

72 (34%) 11 (58%) 0.04
HFpEF n=121 n=58

36 (30%) 19 (33%) 0.67
HFmrEF  n=72 n=22

23 (32%) 8 (36%) 0.70

HF = heart failure, HFrEF = heart failure with reduced ejection fraction, HFpEF = heart failure with preserved ejection fraction, HFmrEF = heart
failure with mid-range ejection fraction
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Univariate analysis testing the covariates associated with MACE among those with a CUD with HF

Table 4:

Hazard ratio  95% ClI p-value
Lower Upper
Gender 1.123 0.821 1.723 0.381
Age 1.079 0.923 1.286 0.283
BMI (kg/m?) 0.959 0.755 1117  0.241
Diabetes 1.351 0.837 2119 0477
Hypertension 1.068 0.682 1.844 0.724
H/o CAD 1.371 1187 1511 ggo1*
LVEF (%) 0.775 0629 0973  (gog*
PASP (mmHg) 1.224 1046 1464 (go3*
NT-proBNP (pg/mL) 1.432 1.044  3.028 ggos*
SBP (mmHg) 1.132 0.722 1.778 0.632
DBP (mmHg) 1.088 0.668  1.622  0.602
HR (bpm) 1.111 0.833 1571 0433
QRS duration (ms) 1.154 1.036 1.942 0.021
QTc duration (ms) 1.083 1.007 1841  0.013
SA 1.122 0.614 1.354 0.806
Education (GED completion)  0.722 0.443 0.927 0.006 ¥
Unemployment 1178 1010 1898 (go9*
Carvedilol 0.722 0552 0924  gpg*
ACE-I/ARB 0.865 0441 0824  (Qpg*
Spironolactone 1.109 0.823 1.563 0.716
Furosemide 1.271 0.755  2.223  0.543
"p<0.01,

CAD-= coronary artery disease, SA= sleep apnea, CAD= coronary artery disease, ACE I= angiotensin converting enzyme inhibitor, ARB=
angiotensin receptor blocker, LVEF= left ventricular ejection fraction, PASP= pulmonary artery systolic pressure, BMI= body mass index.

NT-proBNP= log transformed
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Multivariate analysis (Outcome-MACE)

Hazard ratio  95% ClI

H/o CAD 1.312
LVEF 0.703
PASP 1.243
NT-proBNP 1.372
Education 0.655

Unemployment  1.179
ACE/ARB 0.544
Carvedilol 0.665

Lower
1.104
0.617
1.075
1.072
0.341
1.006
0.441
0.481

Upper
1.868
0.901
1911
2.557
0.867
1.676
0.917
0.863

p-value

<0.001
0.006
0.009
0.010
0.019
0.027
0.024
0.010

*
Cox proportional hazard regression for multivariate analysis for primary outcome (MACE).
This model included all the covariates with p<0.01 on univariate analysis (Table 4).

MACE= 30-day HF readmission or CV mortality. NT-proBNP=log transformed.
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