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Aims The association between serum cholinesterase and prognosis in acute heart failure (AHF) remains to be elucidated.
We investigated the serum cholinesterase level at discharge from hospitalization for AHF and its association with
clinical outcomes in patients with AHF.

...................................................................................................................................................................................................
Methods
and results

Among 4056 patients enrolled in the Kyoto Congestive Heart Failure multicentre registry, we analysed 2228
patients with available serum cholinesterase data. The study population was classified into three groups according
to serum cholinesterase level at discharge: low tertile (<180 U/L, N = 733), middle tertile (>_180 U/L and <240 U/L,
N = 746), and high tertile (>_240 U/L, N = 749). Patients in the low tertile had higher tricuspid pressure gradient,
greater inferior vena cava diameter, and higher brain natriuretic peptide (BNP) levels than those in the high tertile.
The cumulative 1-year incidence of the primary outcome measure (a composite endpoint of all-cause death and
hospitalization for HF) was higher in the low and middle tertiles than in the high tertile [46.5% (low tertile) and
31.4% (middle tertile) vs. 22.1% (high tertile), P < 0.0001]. After adjustment for 26 variables, the excess risk of the
low tertile relative to the high tertile for the primary outcome measure remained significant (hazard ratio 1.37,
95% confidence interval 1.10–1.70, P = 0.006). Restricted cubic spline models below the median of cholinesterase
demonstrated incrementally higher hazards at low cholinesterase levels.

...................................................................................................................................................................................................
Conclusions Low serum cholinesterase levels are associated with congestive findings on echocardiography, higher BNP, and

higher risks for a composite of all-cause death and HF hospitalization in patients with AHF.
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Heart failure • Prognosis • Liver • Cholinesterase

* Corresponding author. Tel: þ81 75 751 3190, Fax: þ81 75 751 3203, Email: tkato75@kuhp.kyoto-u.ac.jp
VC The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

European Heart Journal: Acute Cardiovascular Care (2021) 10, 335–342 ORIGINAL SCIENTIFIC PAPER

doi:10.1093/ehjacc/zuaa043

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjacc/article/10/3/335/6104026 by Kyoto U

niversity Library user on 01 June 2021

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

http://orcid.org/0000-0001-8213-7999
http://orcid.org/0000-0003-2416-5865
http://orcid.org/0000-0003-4585-2437
http://creativecommons.org/licenses/by-nc/4.0/


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
Introduction

The existence of mutual interactions between heart failure (HF) and
liver diseases or malnutrition has recently been reported.1–3

Liver damage in HF is caused by venous congestion with tricuspid
regurgitation (TR), with concomitant malnutrition due to intestinal
congestion.1–4 Many studies have shown that hypoalbuminaemia con-
tributes to unfavourable outcomes in patients with HF.5,6 However,
serum albumin levels are influenced by factors other than liver func-
tion, such as ultrafiltration from the kidney and intestinal loss.7–9 Even
under steady conditions, serum albumin passes through the glomeru-
lar and intestinal capillaries.7,8 With respect to the liver function, cho-
linesterase is suggested to be a more specific marker than albumin.9

Large-scale data on the association between serum cholinesterase
and HF, which may be helpful in further understanding the relation-
ship between liver function and HF, are scarce.

In the present study, we investigated the serum cholinesterase
level at discharge from hospitalization for acute HF (AHF) and its as-
sociation with clinical outcomes after discharge from hospital in
patients with AHF.

Methods

Patient population
The Kyoto Congestive Heart Failure (KCHF) registry is a physician-
initiated, prospective, observational, multicentre cohort study that
enrolled consecutive patients who were hospitalized for AHF for the first
time between 1 October 2014 and 31 March 2016. These patients were
admitted to 19 secondary and tertiary hospitals, including rural and urban
and large and small institutions, throughout Japan. The overall design of
the KCHF study and the patient enrolment process have been previously
described in detail.10,11 We enrolled consecutive patients with AHF, as
defined by the modified Framingham criteria, who were admitted to the
participating centres and underwent HF-specific treatment with intraven-
ous drugs within 24 h of hospital presentation. A test for cholinesterase
was not mandatory to the enrolment but was ordered as part of routine
clinical practice. This study was a post hoc analysis for an impact of serum
cholinesterase on outcomes in patients in whom the biomarker was
assessed; thus, this was a retrospective analysis of a prospective cohort
study.

Ethics
The investigation conformed to the principles outlined in the Declaration
of Helsinki. The study protocol was approved by the ethical committees
of Kyoto University Hospital (local identifier: E2311) and each participat-
ing hospital. A waiver of written informed consent from each patient was
granted by the institutional review boards of Kyoto University and each
participating centre, as the study met the conditions of the Japanese ethic-
al guidelines for an epidemiological study.10,11

Outcomes
One-year clinical follow-up data with an allowance of 1 month were col-
lected in October 2017. The attending physicians or research assistants
at each participating hospital collected data on clinical events after the
index of hospitalization from hospital charts or by contacting patients,
their relatives, or their referring physicians (with consent).

The primary outcome measure in this study was a composite of all-
cause death and hospitalization for HF. The secondary outcome

measures were the individual components of the primary composite out-
come measure (i.e., all-cause death and hospitalization for HF). The defini-
tions of causes of death are described in Supplementary material online,
Methods.

Statistical analysis
The baseline patient characteristics and clinical outcome measures were
compared among three groups based on serum cholinesterase level at
discharge. Continuous variables are expressed as means and standard
deviations or medians with interquartile ranges. Continuous variables
were compared using one-way analysis of variance or the Kruskal–Wallis
test, according to their distributions. Categorical variables are expressed
as counts and percentages. Categorical variables were compared using
the v2 test. The cumulative incidences of the primary outcome measure
and all-cause death were estimated using Kaplan–Meier analysis, and the
among-group differences were assessed using the log-rank test. The cu-
mulative incidences of HF hospitalization were estimated using the Gray
method, accounting for a competing risk of all-cause death.12 The time
zero for follow-up was set on the day of discharge from the index
hospitalization.

We set the high tertile as the reference, and estimated the adjusted
risk of the low tertile vs. the high tertile and that of the middle tertile vs.
the high tertile for the primary outcome measure and all-cause death
using multivariable Cox proportional hazard models. To account for a
competing risk of all-cause death, the hazard ratio (HR) of HF hospitaliza-
tion was described using the Fine-Gray subdistribution hazard model.13

Two multivariable models were constructed. Model 1 included 26 clinic-
ally relevant risk-adjusting variables, as follows: age, sex, body mass index
(BMI), a variable related to the aetiology of AHF (acute coronary syn-
drome), echocardiographic measurements [left ventricular ejection frac-
tion (LVEF), left ventricular end-diastolic diameter (LVEDD), and
moderate/severe TR], variables related to medical history (previous HF
hospitalization, atrial fibrillation or flutter, hypertension, diabetes, previ-
ous stroke, current smoking, and chronic lung disease), variables related
to vital signs (systolic blood pressure and heart rate), variables related to
laboratory tests [natriuretic peptide, estimated glomerular filtration rate
(eGFR), albumin, sodium, haemoglobin, total bilirubin, gamma-glutamyl
transpeptidase (c-GTP), aspartate transaminase (AST)], and medications
at discharge [angiotensin-converting enzyme inhibitor (ACE-I) or angio-
tensin receptor blocker (ARB), and b-blocker]. Most of the 26 adjusting
variables was preliminarily designed. We included BMI, haemoglobin and
albumin as nutritional status, bilirubin, c-GTP, and AST as liver enzyme,
natriuretic peptide, LVEF and LVEDD as factors strongly associated with
severity of HF, and TR severity as a surrogate of right-sided HF into the
multivariable models. We also included brain natriuretic peptide (BNP)
levels or N-terminal pro brain natriuretic peptide (NT-proBNP) levels as
a binary variable in the adjusted model (Model 1) because we measured
either the BNP or NT-proBNP level. BNP >704 pg/mL and NT-proBNP
>4936 pg/mL were based on the median, and NT-proBNP values were
adopted if no BNP values were available. To appreciate the effect of cho-
linesterase on outcomes over its full range, we constructed a restricted
cubic spline (RCS) regression model with three knots, unadjusted or
adjusted using the same variables used in Model 1. The reference was the
median value of cholinesterase at discharge (208 U/L). As a sensitivity ana-
lysis, we included BNP as a continuous variable in the adjusted model
(Model 2) in patients with available data. We also included cholinesterase
levels as a continuous variable instead of tertiles in Model 1. We
expressed HRs per serum cholinesterase decrements of 10 U/L. The
results are presented as HRs and their 95% confidence intervals (CIs).
Missing data were handled without imputation and 1852 patients were fi-
nally included into the fully adjusted model. Detailed methods of
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prediction ability of cholinesterase and analysis based on serum cholin-
esterase at admission were included in the Supplementary material on-
line, Methods.

Statistical analyses were performed by three physicians (M.S., T.K., and
Y.Y.) and one statistician (T.M.) using JMP Pro software (version 14; SAS
Corp., Cary, NC, USA), R version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria), and EZR.14 A two-tailed P-value of <0.05
was considered statistically significant in all analyses, except in the case of
multiple comparisons.

Results

Clinical characteristics
Among 4056 patients enrolled in the KCHF registry, 2228 patients
who were discharged alive and had cholinesterase data at discharge
(Supplementary material online, Figure S1) were included in the cur-
rent study population. We excluded 271 patients who died during
the index hospitalization, 57 patients who were lost to follow-up

....................................................................................................................................................................................................................

Table 1 Patient characteristics

Variable High tertile

(N 5 749)

Middle tertile

(N 5 746)

Low tertile

(N 5 733)

P-value N of patients

analysed

Clinical characteristics

Age (years)a,b 72.5 ± 13.7 79.8 ± 9.8 81.1 ± 10.1 <0.0001 2228

Womena,b 337 (45%) 348 (47%) 321 (44%) 0.54 2228

BMI (kg/m2)a,b 24.4 ± 4.9 22.5 ± 4.0 21.7 ± 4.2 <0.0001 2121

Aetiology

Acute coronary syndromea,b 48 (6.4%) 33 (4.4%) 29 (4.0%) 0.07 2228

Medical history

Previous heart failure hospitalizationa,b 217 (29%) 265 (36%) 279 (38%) 0.0005 2228

Atrial fibrillation or fluttera,b 279 (37%) 334 (45%) 353 (48%) <0.0001 2228

Hypertensiona,b 547 (73%) 575 (77%) 526 (72%) 0.05 2228

Diabetesa,b 315 (42%) 259 (35%) 252 (34%) 0.003 2228

Dyslipidaemia 363 (48%) 305 (41%) 235 (32%) <0.0001 2228

Previous ischaemic strokea,b 116 (15%) 124 (17%) 122 (17%) 0.79 2228

Current smokinga,b 126 (17%) 76 (10%) 66 (9.2%) <0.0001 2228

Chronic lung diseasea,b 81 (11%) 109 (15%) 102 (14%) 0.06 2228

Vital signs at admission

Systolic BP (mmHg)a,b 152.5 ± 35.3 148.2 ± 34.9 144.0 ± 32.8 <0.0001 2219

Diastolic BP (mmHg) 89.1 ± 25.2 83.8 ± 24.3 81.6 ± 22.2 <0.0001 2214

HR (b.p.m.)a,b 100.5 ± 29.5 94.0 ± 27.4 93.1 ± 25.5 <0.0001 2218

Laboratory tests

BNP > 704 pg/mL or NT-proBNP >4936 pg/mLa,c306 (41%) 373 (51%) 431 (59%) <0.0001 2213

BNP (pg/mL)b 544 (306–1000) 714 (429–1255) 827 (462–1509) <0.0001 2038

NT-proBNP (pg/mL) 4731 (2740–7766) 4518 (2225–9786) 6229 (3047–19 762) 0.10 175

eGFR (mL/min/1.73 m2)a,b 52.6 ± 21.8 46.5 ± 23.1 41.8 ± 23.4 <0.0001 2226

Total bilirubin (mg/dL)a,b 0.84 ± 0.51 0.87 ± 0.54 0.96 ± 0.77 0.03 2201

c-GTP (IU/L)a,b 63.7 ± 72.7 58.2 ± 61.7 60.2 ± 82.1 0.002 2096

AST (IU/L)a,b 46.2 ± 70.8 61.6 ± 205.3 60.7 ± 243.1 0.50 2224

Albumin (g/dL)a,b 3.6 ± 0.46 3.5 ± 0.45 3.3 ± 0.49 <0.0001 2197

Sodium (mEq/L)a,b 139.8 ± 3.6 139.1 ± 4.3 138.4 ± 4.9 <0.0001 2222

Haemoglobin (g/dL)a,b 12.5 ± 2.3 11.4 ± 2.2 10.7 ± 2.2 <0.0001 2227

Cholinesterase (U/L) 297.4 ± 52.4 207.9 ± 17.0 141.9 ± 29.8 <0.0001 2228

Medications at discharge

ACE-I or ARBa,b 498 (67%) 440 (59%) 329 (45%) <0.0001 2228

b-blockera,b 555 (74%) 489 (66%) 439 (60%) <0.0001 2228

Mineralocorticoid receptor antagonist 387 (52%) 330 (44%) 311 (42%) 0.0008 2228

Loop diuretic 603 (81%) 612 (82%) 618 (84%) 0.15 2228

Categorical variables were presented as number (%), and continuous variables were presented as mean ± standard deviation or median (interquartile range).
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; AST, aspartate transaminase; BMI, body mass index; BNP, brain natriuretic peptide; BP,
blood pressure; eGFR, estimated glomerular filtration rate; HR, heart rate; NT-proBNP, N-terminal pro brain natriuretic peptide; c-GTP, gamma-glutamyl transpeptidase.
aRisk adjusting variables selected for Model 1.
bRisk adjusting variables selected for Model 2.
cMedian value of BNP and NT-proBNP was 704 pg/mL and 4936 pg/mL, respectively.
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..after discharge, 46 patients with liver cirrhosis determined from
history taking or judged by each attending physician, and 1454
patients with no available serum cholinesterase data at discharge
(Supplementary material online, Table S1). The study population was
classified into three groups according to serum cholinesterase level
at discharge: low tertile (<180 U/L, N = 733), middle tertile (>_180 U/
L and <240 U/L, N = 746), and high tertile (>_240 U/L, N = 749)
(Supplementary material online, Figure S2).

The baseline characteristics were significantly different across the
three groups (Table 1). Patients in the low and middle tertiles of cho-
linesterase were older, had lower BMI, were less likely to have dysli-
pidaemia and diabetes, and more often had a history of HF and atrial
arrhythmia than those in the high tertile (Table 1). Patients in the low
and middle tertiles had lower serum albumin, haemoglobin, and
eGFR, and had higher serum BNP levels than those in the high tertile
(Table 1). With respect to medications at discharge, patients in the
low and middle tertiles were less likely to take ACE-I or ARB, b-
blocker, mineralocorticoid receptor antagonist, and tolvaptan than
those in the high tertile (Table 1).

Echocardiographic measurements
Significant differences were found in all echocardiographic measure-
ments except for the left atrial diameter. Patients in the low tertile of
cholinesterase had higher LVEF, higher TR pressure gradient, and
greater inferior vena cava (IVC) diameter than those in the high ter-
tile (Table 2).

Clinical outcomes
The median follow-up duration after discharge was 475 (interquartile
range 364–629) days, with a 96.0% follow-up rate at 1 year. The cu-
mulative 1-year incidence of the primary outcome measure (a com-
posite endpoint of all-cause death and hospitalization for HF) was
significantly higher in the low and middle tertiles than in the high ter-
tile of cholinesterase (46.5% in the low tertile and 31.4% in the middle
tertile vs. 22.1% in the high tertile, P < 0.0001) (Figure 1A). After ad-
justment for confounders, the excess risk of the low tertile relative
to the high tertile remained significant for the primary outcome
measure (HR 1.37, 95% CI 1.10–1.70; P = 0.006), whereas the excess

risk of the middle tertile relative to the high tertile was no longer sig-
nificant for the primary outcome measure (HR 1.06, 95% CI 0.86–
1.31; P = 0.59) (Supplementary material online, Table S2). For the sec-
ondary outcome measures, the cumulative 1-year incidence of all-
cause death was significantly higher in the low and middle tertiles
than in the high tertile (28.8%, 13.9%, and 7.3%, respectively;
P < 0.0001) (Figure 1B). After adjustment for confounders, the excess
risk of the low tertile relative to the high tertile of cholinesterase
remained significant for all-cause death (HR 1.87, 95% CI 1.35–2.57;
P < 0.0001) (Supplementary material online, Table S2). The cumula-
tive 1-year incidence of hospitalization for HF was also significantly
higher in the low and middle tertiles than in the high tertile (27.7%,
21.9%, and 17.3%, respectively; P < 0.0001) (Figure 1C). However, the
excess adjusted risk of the low tertile relative to the high tertile was
no longer significant for hospitalization for HF (HR 1.12, 95% CI
0.85–1.47; P = 0.42) (Supplementary material online, Table S2).

RCS models for the HR of cholinesterase demonstrated that the
unadjusted risk for the primary outcome increased with lower cho-
linesterase below its median and the risk was low above its median
(Figure 2A). After adjustment, the risk remained significant in patients
with low cholinesterase levels below its median (Figure 2B).

Sensitivity analyses
When we evaluated serum cholinesterase as a continuous variable,
the adjusted risk per serum cholinesterase decrements of 10 U/L for
the primary outcome measure and all-cause death was significant
(HR 1.02, 95% CI 1.01–1.04; P = 0.0003, and HR 1.04, 95% CI 1.02–
1.06; P < 0.0001, respectively; Supplementary material online, Table
S3), which is consistent with the main analysis. When we included
BNP level as a continuous variable into the adjusted model, the
results were fully consistent with the main analysis (Supplementary
material online, Table S2).

Causes of death according to tertiles of
serum cholinesterase at discharge
The cumulative 1-year incidence of cardiovascular death incremental-
ly increased with decreasing cholinesterase levels (18.4% in the low
tertile, 8.2% in the middle tertile, and 4.6% in the high tertile,

....................................................................................................................................................................................................................

Table 2 Echocardiographic parameters

Variable High tertile

(N 5 749)

Middle tertile

(N 5 746)

Low tertile

(N 5 733)

P-value N of patients

analysed

Left ventricular end-diastolic dimension (mm)a,b 53.0 ± 9.7 50.5 ± 9.2 49.9 ± 8.8 <0.0001 2107

Left ventricular end-systolic dimension (mm) 40.5 ± 12.4 37.9 ± 11.4 37.3 ± 10.9 <0.0001 2076

LVEF (%)a,b 45.3 ± 16.7 47.5 ± 16.2 47.1 ± 16.4 0.03 2172

LVEF <40% 294 (39%) 261 (35%) 243 (33%) 0.04 2226

Left atrial diameter (mm) 44.8 ± 8.2 44.6 ± 8.3 46.0 ± 10.1 0.14 2043

Moderate/severe mitral regurgitation 239 (32%) 264 (35%) 286 (39%) 0.02 2228

Moderate/severe tricuspid regurgitationa,b 145 (19%) 185 (25%) 263 (36%) <0.0001 2228

Tricuspid regurgitant pressure gradient (mmHg) 29.8 ± 13.4 30.1 ± 14.1 31.7 ± 15.9 0.04 1828

Inferior vena cava (mm) 15.4 ± 4.6 15.6 ± 4.7 17.0 ± 5.3 <0.0001 2057

LVEF, left ventricular ejection fraction.
aRisk adjusting variables selected for Model 1.
bRisk adjusting variables selected for Model 2.
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..P < 0.0001) (Figure 3). The cumulative 1-year incidence of non-
cardiovascular death also incrementally increased with decreasing
cholinesterase levels (12.4% in the low tertile, 6.2% in the middle ter-
tile, and 2.8% in the high tertile, P < 0.0001).

Prediction ability of cholinesterase
For the prediction of the primary outcome measures, the area under
the curve of cholinesterase was significantly greater than that of other
liver enzymes [cholinesterase, 0.640 (95% CI 0.616–0.663); AST,
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Figure 1 Kaplan–Meier curves for (A) the primary outcome measure, (B) all-cause death, and (C) hospitalization for heart failure. ChE, cholinester-
ase; CI, confidence interval; HR, hazard ratio.
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0.556 (95% CI 0.532–0.581); bilirubin, 0.540 (95% CI 0.515–0.565); c-
GTP, 0.538 (95% CI 0.512–0.563); albumin, 0.581 (95% CI 0.557–
0.605) and cholinesterase vs. each liver enzyme, P < 0.0001, respect-
ively]. The receiver operating characteristic (ROC) curves are pre-
sented in Supplementary material online, Figure S3. When we
compared the AHEAD (A: atrial fibrillation, H: haemoglobin, E: elder-
ly, A: abnormal renal parameters, D: diabetes mellitus) score and the
AHEAD score plus cholinesterase, a significant improvement in the
prediction of all-cause death was noted [ROCs in Supplementary ma-
terial online, Figure S4, and also confirmed by net reclassification im-
provement (0.59, 95% CI 0.49–0.69, P < 0.0001) and integrated
discrimination improvement (0.07, 95% CI 0.06–0.08, P < 0.0001)].15

Additional analysis based on serum
cholinesterase at admission
When stratified by the tertile of cholinesterase level at admission
(Supplementary material online, Table S4), serum cholinesterase at
admission was also significantly associated with in-hospital death
(Supplementary material online, Table S5).

Discussion

The main findings of the present study were as follows: (i) patients in
the low tertile of cholinesterase at discharge from hospitalization for
AHF were older and sicker than those in high tertile, (ii) low serum
cholinesterase was associated with a higher adjusted risk for the com-
posite of all-cause death and hospitalization for HF, and (iii) all-cause
death was mostly contributed to the association between serum cho-
linesterase and the primary outcome measure.

Liver function to synthesize proteins is critically important for the
maintenance of the human body. In previous studies, deviation
enzymes such as AST, alanine transaminase, and alkaline phosphatase
were useful prognostic markers in HF patients1–3,5,6; however, these
markers also reflect hepatocyte damage. Albumin is not only a specif-
ic marker of liver function but also a marker related to renal function
with respect to albumin leakage from the kidney.7,9 Serum cholin-
esterase is characterized by a large molecular weight (�340 kDa),
contributing to its resistance to ultrafiltration from the kidney and in-
testinal excretion, as well as extravasation from the vascular
bed.8,9,16,17 It is a surrogate marker of hepatic function and nutrition,
reflecting the ability of the liver to synthesize proteins.9 In fact, we
showed that cholinesterase was superior to other liver enzymes for
the prediction of clinical outcomes in AHF. Only three small-scale
studies have reported that serum cholinesterase is associated with
clinical events in patients with HF.18–20 In the present large-scale mul-
ticentre study, we elucidated the characteristics of patients with low
cholinesterase levels and the association between serum cholinester-
ase levels and all-cause death, with adjustments for multiple con-
founding factors. This association was also observed in cardiovascular
and non-cardiovascular deaths. These are the novel findings of the
present study. In addition, our echocardiographic analyses provided
new mechanistic insights into the link between low cholinesterase
levels and outcomes.

Patients in the low tertile of cholinesterase showed a higher preva-
lence of TR and mitral regurgitation, with greater IVC diameter and
higher BNP levels. These findings indicate the congestive status of

patients in the low tertile.21 TR and IVC diameter are associated with
impairment of hepatic function.22 In the present study, the low tertile
of cholinesterase was associated with increased HF hospitalization
and all-cause death. Therefore, the present study suggests that serum
cholinesterase might be an indicator of liver dysfunction caused by
congestive conditions. Seo et al.19 reported that in 274 patients with
HF with preserved ejection fraction, those with low cholinesterase
levels showed elevated NT-proBNP and worse outcomes; however,
they estimated the adjusted risks with limited numbers of confound-
ers to avoid overfitting. In the present study, we included patients
with HF with reduced ejection fraction and proposed a potential
mechanism of low cholinesterase involving a congestive liver.
Malnutrition is another factor related to low cholinesterase levels.23

In the present study, BMI and haemoglobin decreased with decreas-
ing cholinesterase levels. However, even after adjusting for factors
related to nutritional status, such as BMI, serum albumin, and haemo-
globin, the cholinesterase tertiles remained significantly associated
with all-cause death. In previous reports,19,20 cholinesterase level was
reported to have an additional prognostic value on outcomes com-
pared with simple nutritional indices. In addition, we showed the risk
of low cholinesterase for in-hospital mortality as well as its superior-
ity in predicting outcomes over other liver markers or the AHEAD
score. Even after adjusting for 26 variables, low cholinesterase levels
were significantly associated with worse outcomes in an incremental
manner in patients with AHF. The linear correlation of low

(a)

(b)

Figure 2 Restricted cubic spline curves of the risk for the primary
outcome measure. (A) Univariate model. (B) Multivariable model.
The reference was the median value of cholinesterase at discharge
(208 U/L).
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..cholinesterase and the risk in the univariate model was hampered
when we aggressively adjusted for congestive markers and other nu-
tritional and liver markers, although the adjusted risk was significant
with lower cholinesterase levels. Thus, our results suggest that cho-
linesterase may be a combined marker of a congestive liver and nutri-
tional status, and may show the risk for adverse clinical outcomes of
patients with AHF. Serum cholinesterase is easily and uniformly
measured worldwide.9 In the management of HF, evaluating serum
cholinesterase levels may be a simple method to determine the risk
for subsequent events, both cardiovascular and non-cardiovascular. If
the value is low, particular attention should be paid to congestion and
nutritional status, as well as future events. Further studies for differ-
ent settings and different follow-up in patients with HF are needed to
verify usefulness of evaluating cholinesterase along with other pro-
posed scores such as the AHEAD score and the multiple estimation
of risk based on the emergency department Spanish score in patients
with acute heart failure (MEESSI-AHF) score.15,24

Limitations
Several limitations of the present study should be noted. First, data
on serum cholinesterase at discharge were not available in a substan-
tial proportion of patients in this registry. Selection bias might exist;
data on cholinesterase was likely to be lacking depending on each
centre (Supplementary material online, Figure S5) and those without
cholinesterase had a higher prevalence of previous HF hospitalization,
higher levels in albumin, a lower prevalence of atrial fibrillation/atrial
flutter, hypertension, dyslipidaemia, and lower levels in eGFR and
AST than those with (Supplementary material online, Table S1).
Although clinical outcomes were comparable between the two

groups (Supplementary material online, Figure S6), it is possible that
missing data of cholinesterase along with other missing values can
alter the study results. Second, there was much uncertainty left at
both sides of RCS curves (<150 U/L and 400 U/L<, Figure 2A
and <150 U/L and 300 U/L<, Figure 2B, respectively). As in
Supplementary material online, Figure S2, the distribution of cholin-
esterase was skewed. Therefore, there were too few events to draw
solid conclusions at both sides. Third, there may be unadjusted con-
founding factors in the present study. We did not include lymphocyte
count, tricuspid annular plane systolic excursion, pulmonary artery
pressure, and loop diuretics doses into the fully adjusted model.
Furthermore, we could not completely exclude patients with hyper-
thyroidism, nephrotic syndrome, fatty liver, chronic hepatitis, and
other hepatic diseases, all of which are associated with cholinesterase
levels.

Conclusion

Low serum cholinesterase levels are associated with congestive find-
ings on echocardiography, higher BNP levels, and higher risks for a
composite of all-cause death and HF hospitalization in patients with
AHF.

Supplementary material

Supplementary material is available at European Heart Journal: Acute
Cardiovascular Care online.
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Figure 3 Causes of death according to the tertiles of serum cholinesterase at discharge. CVD, cardiovascular death; HF, heart failure; SCD, sudden
cardiac death.
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