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ABSTRACT

BACKGROUND Elevated alanine aminotransferase (ALT), aspartate aminotransferase (AST), and total bilirubin (tBil)
may reflect congestion and liver dysfunction in acute heart failure (AHF), while lower ALT also associates with sarcopenia.

OBJECTIVES The purpose of this study was to assess ALT, AST, and tBil levels in AHF patients during high-intensity
care (HIC) vs usual care (UC) follow-up.

METHODS ALT, AST, and tBil were measured 1 to 2 days predischarge in 1,062 AHF patients, and again after 90 days of
either HIC or UC according to the STRONG-HF (Safety, Tolerability and efficacy of Rapid Optimization, helped by
NT-proBNP testinG, of Heart Failure therapies) protocol. The primary endpoint was 180-day all-cause death or HF
hospitalization.

RESULTS Median (Q1-Q3) baseline ALT, AST, and tBil were 21 (15-32) U/L, 23 (17-32) U/L, and 14(10-21) umol/L,
respectively. Patients with lower ALT had lower body mass index. Patients with lower ALT, but not tBil or AST, were more
likely to have edema, elevated jugular venous pressure, and orthopnea, and use more diuretics prerandomization. A
nonsignificant inverse association between ALT and the primary outcome (HR: 0.82 [95% Cl: 0.66-1.01] per log-unit,
P = 0.06) was observed. Greater reductions of ALT, AST, and tBil to 90 days were associated with greater improvement
of edema, rales, NYHA functional class, and N-terminal pro-B-type natriuretic peptide. After 90 days, the HIC group had a
greater reduction in AST and tBil than the UC group, while nonsignificant for ALT. The treatment effect of HIC over UC on
the primary outcome was consistent across the baseline ALT, AST, and tBil range (all P interaction >0.10), but patients
with lower ALT experienced greater health status improvement from HIC.

CONCLUSIONS Lower ALT was associated with lower body mass index and more congestion in AHF, supporting
previous studies suggesting ALT as a sarcopenia marker. The beneficial effect of HIC on health status was greater in
low baseline ALT patients. (Safety, Tolerability and Efficacy of Rapid Optimization, Helped by NT-proBNP testinG, of
Heart Failure Therapies [STRONG-HF]; NCT03412201) (JACC Adv. 2025;4:101607) © 2025 The Authors. Published by
Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

AHF = acute heart failure

ALT = alanine
aminotransferase

AST = aspartate
aminotransferase

GDMT = guideline-directed

medical therapy
HF = heart failure
HIC = high-intensity care

HRQoL = health-related
quality of life

JVP = jugular venous pressure
LFT = liver function tests

LVEF = left ventricular ejection

fraction

NT-proBNP = N-terminal pro-
B-type natriuretic peptide

tBil = total bilirubin

UC = usual care

cute heart failure (AHF) represents a

clinical syndrome that engenders a

cascade of systemic effects due to
impaired cardiac function and the ensuing
elevated left ventricular filling pressure. Cen-
tral to these systemic manifestations is the
impact of right-sided congestion of visceral
organs, notably affecting the liver, spleen,
kidney, and gastrointestinal tract."> The
liver, in the setting of AHF, often exhibits
deranged function as a consequence of pas-
sive congestion and hypoperfusion, which,
in turn, can be detected and monitored
through liver function tests (LFTs).*® These
tests, which include markers such as alanine
aminotransferase (ALT), aspartate amino-
transferase (AST), and total bilirubin (tBil),
among others, serve as indirect indicators of
the hemodynamic burden on the liver as
well as the AHF’s severity and progression.”

Cachexia and sarcopenia are systemic
conditions characterized by the loss of muscle
mass with or without loss of fat mass. This is a feared
complication in chronic diseases such as cancer and
end-stage liver disease but has also been increasingly
recognized in patients with HF as it severely affects
patient quality of life, functional independence, and
overall prognosis.'® Recent observations suggest a
potential link between low levels of ALT and the
presence of cachexia/sarcopenia,' adding a layer of
complexity to their role in evaluating patients with
AHF."” We therefore aimed to assess the association
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between LFTs and the clinical presentation, including
congestion status, and outcomes in patients hospital-
ized for AHF in the STRONG-HF (Safety, Tolerability
and efficacy of Rapid Optimization, helped by
NT-proBNP testinG, of Heart Failure therapies) trial.”
We also aimed to assess trajectories of LFTs during
rapid up-titration of HF guideline-directed medical
therapy (GDMT) as compared to usual care (UC).

METHODS

This study is a post hoc analysis of the STRONG-HF
trial, of which the design and main results have pre-
viously been reported."

In short, this was a multicenter, open-label, ran-
domized trial of 1,078 patients admitted to the hos-
pital for AHF who were not treated with optimal doses
of GDMT. Within 2 days before anticipated discharge,
patients were randomized 1:1 to either UC or a high-
intensity care (HIC) strategy with early up-titration
of beta-blockers, renin-angiotensin system renin-
angiotensin system inhibitors (angiotensin-convert-
ing enzyme inhibitors or angiotensin receptor
blockers in patients intolerant to angiotensin-
converting enzyme inhibitor, or angiotensin
receptor-neprilysin inhibitor), and mineralocorticoid
receptor antagonists. Eligible patients had to be be-
tween 18 and 85 years old, hemodynamically stable,
and with elevated N-terminal pro-B-type natriuretic
peptide (NT-proBNP) levels. Patients with a primary
liver disease considered to be life-threatening were
excluded from STRONG-HF, and for the purpose of
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this substudy, six enrolled patients with a medical
history of severe liver disease were also excluded
from these analyses. There were no eligibility re-
strictions in left ventricular ejection fraction (LVEF).
Patients in the HIC group had follow-up visitsat 1, 2, 3,
and 6 weeks and at day 90 after randomization,
including physical examination to assess congestion
and laboratory assessments. Doses of beta-blockers,
renin-angiotensin system inhibitors, and mineralo-
corticoid receptor antagonists were up-titrated in the
HIC group to half optimal doses at randomization and
to full optimal doses at week 2. Patients in the UC
group were followed up according to local practice
until a study visit performed at day 90 after random-
ization. All randomized patients were contacted at
day 180 to assess the occurrence of rehospitalizations
and death. The trial’s primary endpoint was 180-day
all-cause death or readmission for HF. The second-
ary endpoint of this study was change in health-
related quality of life (HRQoL) assessed by the
EuroQol 5-dimension (EQ-5D) visual analog scale at
baseline and again after 90 days. The study was
approved by appropriate competent authorities and
all sites obtained approval from the ethics commit-
tees. All patients provided written informed consent.
The study is registered at ClinicalTrials.gov,
NCT03412201.

Concentrations of ALT, AST,
analyzed locally from blood samples collected at
randomization and at the day 90 visit. In the HIC
group, measurements of ALT, AST, and tBil were also
performed at the 1, 2, 3, and 6 week visits.

and tBil were

STATISTICAL ANALYSIS. Categorical variables are
presented as number and percentage, and continuous
variables as mean + SD or median (25th, 75th per-
centiles). Comparisons of baseline characteristics for
trend across quartiles of ALT, AST, and tBil were
performed by Jonckheere-Terpstra for continuous
variables, Cochran-Armitage for binary variables, and
Cochran-Mantel-Haenszel for categorical variables.
When assessing associations between changes in LFT
levels from baseline to 90 days and changes in
congestion markers, patients were grouped in cate-
gories of 5 U/L or greater increase or decrease for ALT
and AST, and categories of 3 U/L or greater increase or
decrease for tBil. Comparisons between treatment
groups regarding changes in vital signs and laboratory
measures were assessed by analysis of covariance
models adjusted for baseline value, and randomiza-
tion stratification factors (geographic region and
LVEF =/> 40%). When considered as continuous
variables, AST, ALT, and tBil values, which were
right-skewed, were log-transformed for analysis.
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Analyses of endpoints through 180 days were
restricted to patients enrolled at sites where the ethics
committee approved the amended protocol allowing
follow-up of patients through day 180, and in the
cohort of patients enrolled before the primary
endpoint was changed from 90 to 180 days the results
were down-weighted proportional to half its sample
size. Cox proportional hazards regression analysis was
performed to evaluate the impact of log-transformed
levels of ALT, AST, and tBil measured at baseline on
the primary outcome, presented as HR and 95% CI. The
association between levels of each biomarker and the
outcome was tested for nonlinearity, which was not
statistically significant for any. The treatment effect of
HIC vs UC on the primary endpoint was modeled as a
function of continuous baseline levels of ALT, AST,
and tBil, as a restricted cubic spline using three knots.
The potential modification of the treatment effect on
EQ-5D visual analog scale by baseline levels of ALT,
AST, and tBil was assessed using analysis of covariance
with adjustment for baseline EQ-VAS and randomiza-
tion stratification factors (LVEF =40/>40% and
geographic region). Analyses were restricted to coun-
tries where a linguistically validated translation was
used (ie, excludes subjects from Mozambique). Two-
sided P values <0.05 were considered to be statisti-
cally significant. All analyses were performed using
SAS, version 9.4 (SAS Institute).

RESULTS

BASELINE CHARACTERISTICS. In this substudy of
STRONG-HF, the mean age was 63 + 14 years, 39%
were female, 77% White or Caucasian, 68% had
LVEF =40%, and the median (Q1-Q3) NT-proBNP
concentration was 2,868 (1,918-4,973) pg/mL at
randomization (baseline). ALT, AST, and tBil mea-
surements were available in 1,062, 1,057, and
1,005 participants (98.5%, 98.1%, and 93.2% of all
STRONG-HF participants, respectively), and the
median (Q1-Q3) concentrations were 21 (15-32) U/L,
23 (17-32) U/L, and 14 (10-21) umol/L, respectively, at
baseline. The correlation coefficients between levels
of these biomarkers at baseline were ALT-AST 0.68,
ALT-tBil 0.20, and AST-tBil 0.29, all P < 0.001.

ASSOCIATIONS OF ALT, AST AND tBil WITH BASELINE
CLINICAL CHARACTERISTICS. Lower concentrations of
ALT, AST, and tBil at baseline were associated with
female sex, Black race, lower body mass index (BMI),
higher LVEF, lower hemoglobin, lower creatinine,
and less frequent atrial fibrillation/flutter, while there
were no significant associations with age. (Table 1,
Supplemental Tables 1 and 2). Patients with low ALT
were more likely to have (presented Q1 vs Q4 and
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TABLE 1 Baseline Characteristics at Time of Randomization by Quartiles of ALT
ALT <15.1U/L ALT 15.1-21.0 U/L ALT 21.1-31.9 U/L ALT >31.9 U/L Trend
(n =272) (n =261) (n = 261) (n = 268) P Value®
Age, y 62.7 +15.07 62.5 £ 14.08 63.9 + 11.85 62.1 £13.11 0.29
Female 134 (49.3%) 107 (41.0%) 83 (31.8%) 85 (31.7%) <0.001
Black race 84 (31.0%) 68 (26.1%) 41 (15.7%) 36 (13.4%) <0.001
Stroke or transient ischemic attack 24 (8.9%) 29 (1.1%) 23 (8.8%) 22 (8.2%) 0.59
Diabetes 82 (30.1%) 80 (30.7%) 79 (30.4%) 68 (25.6%) 0.26
Acute coronary syndrome 76 (27.9%) 76 (29.1%) 76 (29.1%) 82 (30.6%) 0.52
History of heart failure 240 (88.2%) 224 (85.8%) 227 (87.0%) 215 (80.2%) 0.02
Left ventricular ejection fraction, % 38.7 (13.29) 35.9 (11.89) 36.2 (11.99) 34.2 (12.35) <0.001
Hospitalized for heart failure past year 73 (26.8%) 67 (25.7%) 63 (24.1%) 67 (25.0%) 0.55
Atrial fibrillation or flutter 111 (40.8%) 110 (42.1%) 130 (49.8%) 138 (51.5%) 0.004
Systolic blood pressure, mm Hg 122.7 £13.33 123.7 £ 12.53 123.8 +12.85 121.5 + 12.85 0.30
Pulse, beats/min 78.6 £ 11.30 78.9 £11.70 77.3 £10.79 79.6 +12.98 0.923
BMI (kg/m?) 27.5 £ 6.27 27.9 £6.13 28.9 + 6.45 28.9 +5.93 <0.001
Hemoglobin, g/L 129.0 +17.87 135.2 +£19.23 138.5 £ 19.49 143.1 £ 20.68 <0.001
Creatinine, umol/L 103.3 + 32.12 106.2 + 27.60 107.7 £+ 30.55 108.0 + 25.10 0.002
Potassium, mmol/L 4.2 +£ 0.49 4.3 + 0.44 4.3 + 0.44 43+ 04 0.002
Sodium, mmol/L 139.4 + 4.00 140.5 + 3.94 140.3 £ 4.19 140.7 £ 4.40 <0.001
NT-proBNP, ng/L 3,221 (2,995-3,465) 2,959 (2,749-3,186) 3,403 (3,148-3,678) 3,326 (3,070-3,604) 0.26
ACE inhibitors/ARBs/ARN inhibitors 185 (68.3%) 173 (66.3%) 169 (65.0%) 155 (58.1%) 0.015
B-blockers 78 (28.8%) 90 (34.5%) 93 (35.8%) 117 (43.8%) <0.001
Mineralocorticoid receptor antagonists 255 (94.1%) 249 (95.4%) 243 (93.5%) 260 (97.4%) 0.18
Furosemide equivalence dose, mg 73.3 £59.13 66.2 + 45.97 53.6 + 35.75 58.4 + 38.58 <0.001
Values are mean + SD, n (%), or geometric mean (95% Cl). *Jonckheere's trend test for continuous variables, Cochron-Armitage trend test for binary variables, Cochran-
Mantel-Haenszel general association for categorical variables, and Cochran-Mantel-Haenszel nonzero correlation for ordinal variables.
ACE = angiotensin-converting enzyme; ALT = alanine aminotransferase; ARBs = angiotensin receptor blockers; ARN = angiotensin receptor-neprilysin; BMI = body mass index;
NT-proBNP = N-terminal pro-B-type natriuretic peptide.

P value for correlation) peripheral edema (52.5% vs
38.3%, P < 0.001), elevated jugular venous pressure
(JVP) (22.9% Vs 12.5%, P = 0.002), orthopnea (47.9%
vs 28.8%, P < 0.001), and use higher loop diuretic
doses (73 & 59 mg vs 58 &+ 39 mg, P < 0.001) (Figure 1).
In contrast, patients with low tBil had less peripheral
edema and lower JVP. AST was inversely correlated
with orthopnea but was not significantly correlated
with other signs of congestion. Baseline patient-
reported health status tended to be better in pa-
tients with higher baseline LFT levels. Higher EQ-VAS
was modestly but statistically significantly positively
correlated with higher baseline ALT (r = 0.13,
P < 0.001), AST (r = 0.17, P < 0.001), and tBil
(r = 0.09, P = 0.004).

BASELINE ALT, AST AND tBil IN ASSOCIATION WITH
OUTCOMES AND CHANGES IN HEALTH STATUS. There
was a nonsignificant trend toward an increased risk of
death or HF hospitalization for patients with lower ALT
levels: HR: 0.82 (95% CI: 0.66-1.01) per log increase,
P = 0.06 (Supplemental Figure 1; Central Illustration).
This association was not changed after adjusting for
age, sex, race, BMI, LVEF, NT-proBNP, and treatment
arm (HR: 0.81 [95% CI: 0.65-1.01] per log increase,
P = 0.06). Baseline levels of AST and tBil were not
significantly associated with prognosis; HR: 0.87

(95% CI: 0.70-1.09) per log increase, P = 0.22 and HR:
1.05 (95% CI: 0.85-1.29) per log increase, P = 0.67,
respectively. This persisted after adjustment: HR: 0.82
(95% CI: 0.66-1.02), P = 0.08 for AST and HR: 1.02
(95% CI: 0.81-1.27), P = 0.88 for tBil.

Among all STRONG-HF study participants, baseline
concentrations of ALT, AST, and tBil were not statis-
tically significantly associated with the change in
EQ-VAS from baseline to day 90 (P = 0.13, 0.55, and
0.39, respectively) (Supplemental Figure 2).

CHANGES IN ALT, AST AND tBil IN ASSOCIATION WITH
CHANGES IN MARKERS OF CONGESTION. After 90 days,
measurements of ALT, AST, and tBil were available in
901, 907, and 888 patients and the median (Q1-Q3)
concentrations were 20 (14-28) U/L, 21 (17-28) U/L,
and 12 (9-17) umol/L, respectively. In general, greater
reductions in AST, ALT, and tBil from baseline to day
90 were associated with greater reductions in
peripheral edema, JVP, rales, NYHA class, and
NT-proBNP (Supplemental Tables 3A to 3C). However,
the correlations were modest with Rho ranging from
0.02 to 0.15.

RAPID UP-TITRATION OF GDMT BY BASELINE LEVELS OF
ALT, AST AND tBil. Patients randomized to HIC expe-
rienced a greater reduction in AST and tBil (ratio of
geometric means of day 90 relative to baseline:
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FIGURE 1 Association Between Baseline Liver Function Tests and Markers of Congestion
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CENTRAL ILLUSTRATION Distinct Associations for Alanine Aminotransferase and Total Bilirubin with Congestion

and Prognosis in Patients with Acute Heart Failure

Elevated alanine-aminotransferase (ALT) and
total bilirubin (tBil) may reflect congestion
and liver dysfunction in acute HF,

while lower ALT also associates with
sarcopenia as it is present in skeletal muscle

1,062 patients with acute heart failure (HF)
from the STRONG-HF trial

Age: 63 £ 14 years

Women: 39%

LVEF <40%: 68%

ALT
Baseline levels: 21 (15-32) U/L

Congestion status

Q1 Q2 Q3 Q4

tBil
Baseline levels: 14 (10-21) umol/L
Congestion status

Qi Q2 Q3 Q4

Edema 53% 45% 38% 38% Edema 41% 38% 47% 49%
Elevated JVP 22% 13% 14% 12% Elevated JVJP 14%  11% 19% 22%
Orthopnea 48% 39% 39% 28% Orthopnea 51% 49%  45% 30%
Loop diuretic Loop diuretic
dose(mean) 73mg 66mg 53mg 59mg dose(mean) 66mg 57mg 64mg 60mg
Prognosis Prognosis
18] ALT 1.8 tBil
Unadjusted P = 0.06 16 Unadjusted P = 0.67
1.6 Adjusted P = 0.06 ’ Adjusted P = 0.88
14
e
R 12
=
2 1.01-- N B e e =
2os
0.6
0.4 0.41
10 20 30 40 50 60708090 5 10 15 20 25 30 3540
Baseline ALT (U/L) Baseline tBil (umol/L)
Conclusion

Lower ALT levels associate with lower BMI and increased congestion and exhibited a
non-signifcant trend towards worse outcomes among patients hospitalized for.
This supports previous studies suggesting low ALT as a marker of poor prognosis
perhaps in the context of sarcopenia.

Myhre PL, et al. JACC Adv. 2025;4(3):101607.
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0.94 [95% CI: 0.89-0.99] P = 0.028 and 0.93 [95% CI:
0.88-0.99] P = 0.024, respectively) compared to UC,
while there was no significant difference in ALT (0.96
[95% CI: 0.90-1.02] P = 0.18) (Figure 2). The benefit of
HIC over UC in reducing death or HF hospitalization
did not vary significantly across the range of ALT
(P for interaction = 0.48), AST (P = 0.63), and tBil
(P = 0.16) (Figure 3). Improvements in HRQoL to
90 days by the HIC over UC were more pronounced in
patients with lower ALT (mean change in EQ-5D
points 6.5 in Q1, 5.4 in Q2, 2.8 in Q3 and -0.4 in Q4,
P for interaction = 0.032), while no significant asso-
ciations were found between HRQoL and AST
(P = 0.07) and tBil (P = 0.43). Results were similar
when the LFTs were examined as continuous vari-
ables (interaction P = 0.030, 0.056, and 0.14,
respectively; Supplemental Figure 3). The occurrence
of adverse events from HIC vs UC did not differ by
baseline ALT, AST, or tBil (P for interaction = 0.40,
0.67, and 0.059, respectively), with equivalent results
for serious adverse events (P for interaction = 0.42,
0.70, and 0.78, respectively). There was no clear
pattern of impaired up-titration (reaching target
doses) by baseline levels of ALT, AST, and tBil.

DISCUSSION

This study of patients with AHF has 6 findings. 1)
Lower ALT levels at hospital discharge were associ-
ated with lower BMI and more congestion, a pattern
not observed for tBil. 2) There was a nonsignificant
trend indicating worse outcomes in patients with
lower ALT levels at hospital discharge, a trend not
observed for tBil levels. 3) At 90 days, greater re-
ductions of ALT, AST, and tBil were associated with
greater improvement of edema, rales, NYHA class,
and NT-proBNP. 4) Rapid up-titration of GDMT after
hospital discharge resulted in statistically signifi-
cantly greater reductions in AST and tBil compared to
UC but not in ALT. 5) The prognostic benefit of HIC
over UC was present irrespective of baseline ALT,
AST, and tBil levels. 6) HRQoL improvements at
90 days with HIC over UC were more pronounced in
patients with lower ALT. The clinical implication of
these findings is that elevated ALT should not be
automatically regarded as a marker of liver conges-
tion and worse outcome in AHF, as is often assumed.
Considering the complex interplay between reduced
ALT expression due to sarcopenia and increased ALT
expression from liver failure, it is crucial to interpret
this biomarker with caution. Understanding these
dynamics will aid clinicians in making more informed
decisions regarding patient prognosis and treatment
strategies in AHF.
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Our finding suggested an inverse association
between ALT and outcomes, which contrasts with
some previous studies in AHF.>>'#4 In several obser-
vational studies, elevated liver tests at admission have
tended to be associated with a higher in-hospital
mortality, but these cohorts included very diverse
patients with hemodynamic abnormalities, high
prevalence of cardiogenic shock, and high proportion
of patients treated with intravenous inotropes.:>1>1°
Furthermore, ALT values have predominantly been
considered at hospital admission and not predischarge
as in STRONG-HF. Although this may explain part of
the diverging results, data from the EVEREST (Efficacy
of Vasopressin Antagonism in Heart Failure: Outcome
Study With Tolvaptan) study suggest that liver en-
zymes remained practically unchanged from admis-
sion for AHF to discharge.'” In the SURVIVE (Utility of
Serelaxin in Treating Acute Heart Failure) trial,
elevated admission ALT or AST (defined by an upper
normal limit of 47 U/L for ALT and 37 U/L for AST) was
associated with an increased risk of mortality.” This
study enrolled patients with severe and hemody-
namically unstable AHF requiring inotropic support
(27% 180-day mortality), in contrast to STRONG-HF,
which enrolled patients who were stabilized and
ready for discharge (7% 180-day mortality). In SUR-
VIVE, ALT and AST were above upper normal limit in
25% for ALT and 33% for AST, while only 11% and 16%
of patients exceeded these thresholds in STRONG-HF.
As, LFT abnormalities may stem from different central
hemodynamic abnormalities, the laboratory profiles
may differ in different HF phenotypes or stages. Pa-
tients with low cardiac output are more likely to
develop a rise in aminotransferases, while those with
predominant congestion should present more pro-
found abnormalities in bilirubin or gamma-glutamyl
transpeptidase.*° This may explain the differences
between the biomarker profile in each of the AHF
studies. This is supported by the fact that elevated
ALT/AST in SURVIVE was associated with less periph-
eral edema and ascites, and with higher pulse, lower
blood pressure, and the presence of cold extremities.
Also notable is that acute myocardial infarction was
the reason for ADHF in 31% of patients with elevated
ALT/AST, compared to 9% in those with normal levels,
most likely reflecting that a proportion of the circu-
lating concentrations originate from myocardial
injury. Of note, decreasing ALT and AST from baseline
to day 5in SURVIVE was not associated with improved
survival, in fact, numerically more patients with
decreasing ALT died, as compared to increasing ALT.

Studies of less severe AHF have demonstrated
inconsistent results with respect to LFTs.’® In a
retrospective analysis of >11,000 patients with AHF at
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FIGURE 2 Changes in Liver Function Tests in the High-Intensity Care and Usual Care Groups
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Figure 1.

Profile plot of trajectory of changes in liver function tests from baseline to follow-up in high-intensity care and usual care. Abbreviations as in
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FIGURE 3 Treatment Effect of High-Intensity Care vs Usual Care by Baseline Liver Function Test Levels
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a large tertiary care hospital in Israel, patients with
low ALT (<10 U/L) had worse survival.'® Patients with
low ALT were older and more frequently had a history
of stroke, dementia, and malignancy, suggesting
increased frailty. Of note, this study excluded
patients with ALT >40 U/L or liver cirrhosis
(n = 2,359). In the ASCEND-HF (Acute Study of Clin-
ical Effectiveness of Nesiritide in Decompensated
Heart Failure) trial, higher tBil was associated with an
increased risk of mortality, while ALT and AST were
not.® ASCEND-HF enrolled lower risk AHF patients
than SURVIVE (4% 30-day mortality) who were quite
stable as patients with hypotension were excluded. In
line with our findings, higher ALT was associated
with less peripheral edema in ASCEND-HF. Of note,
the liver enzymes assessments in ASCEND were done
close to admission and not predischarge.®

A key novel aspect of our study involves identifying
AHF patients who are more likely to benefit from HIC.
Although we did not find that ALT (or AST and tBil)
modified the effect from HIC vs UC on cardiovascular
events, we did observe a significant effect modification
by ALT on HRQoL. Specifically, patients with lower
ALT at baseline experience greater benefits. A similar,
though not statistically significant, trend was seen for
AST and tBil. This again suggests that lower ALT re-
flects sicker patients who stand to gain more from
rapid up-titration and close monitoring postdischarge.
This provocative finding challenges the common belief
that patients with high ALT levels are more congested
and decompensated and should therefore be priori-
tized for intense monitoring and treatment. It is,
however, important to acknowledge that the temporal
change in LFTs during follow-up reflects congestion in
the expected direction. Patients with a reduction in
ALT, AST, and tBil experienced more decongestion
than patients with stable or increasing levels. More-
over, patients in the HIC group had greater reductions
in LFTs compared to the UC group, in line with a su-
perior effect of HIC on congestion and NT-proBNP re-
ductions.'*?%?' This association was more pronounced
for AST and tBil than for ALT, probably reflecting the
association between each biomarker and congestion.

The relationship between ALT and cachexia is
complex and not fully understood. Traditionally, ALT
is considered a liver enzyme that is released into the
bloodstream as an indicator of liver cell damage.
However, its levels and behavior might differ signifi-
cantly in the context of systemic illnesses like
cachexia. In cachexia, which is characterized by severe
muscle wasting and weight loss, levels of ALT are
observed to be low. In the NHANES (National Health
and Nutrition Examination Survey) IIl study (mean age
45 years), lower ALT was associated with a lower
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appendicular lean mass measured by dual-energy
x-ray absorptiometry body composition measures, a
lower physical activity level, and an increased risk of
death." Potential explanations for the link between
cachexia and ALT include reduced muscle mass (sar-
copenia), as ALT also is present in skeletal muscles,
and a decrease in muscle mass due to cachexia might
therefore lead to a reduction in the total amount of
ALT released into the bloodstream.”” However, the
association may also be explained by altered meta-
bolism related to malnutrition and cachexia. The
biochemical activity of ALT is to catalyze pyruvate to
alanine in the skeletal muscle and alanine to pyruvate
in the liver. As such, ALT could transform potential
energy within muscle cells whenever pyruvate is not
fully assimilated into the Krebs cycle by exporting
alanine to the liver, where it is once again transformed
by ALT to pyruvate and exploited as available energy.
A poor metabolic status of the cell secondary to
cachexia, including shifts in amino acid metabolism,
could therefore impact the production and clearance
rates of enzymes such as ALT.

STUDY LIMITATIONS. The current study has limita-
tions. First, we excluded six patients with severe liver
disease in an attempt to get a purer analysis of LFTs in
AHF. Second, there were a small proportion of patients
with missing measurements of ALT, AST, and tBil at
baseline and follow-up. Although a small proportion of
missingness was due to death, the majority are
assumed to be missing at random. Third, assessments
of congestion may lack precision as they were made by
each local investigator. Fourth, the study was un-
blinded, which might have affected the perceptions of
the study team. A final limitation of this study is the
reliance on BMI as an indicator of sarcopenia or
cachexia, as it may not accurately reflect muscle mass
or fat distribution. Further research using more pre-
cise body composition measurements is necessary to
clarify the relationship between ALT levels and
indicators of cachexia or sarcopenia.

CONCLUSIONS

Lower ALT levels were associated with lower BMI and
increased congestion and exhibited a nonsignificant
trend toward worse outcomes among patients hospi-
talized for AHF in the STRONG-HF trial. This supports
previous studies suggesting low ALT as a marker of
poor prognosis perhaps in the context of sarcopenia.
The beneficial effect of HIC on clinical outcomes was
consistent irrespective of ALT, AST, and tBil at
discharge, but patients with lower levels experienced
greater improvements in health status from the
intervention.
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