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Abstract

Introduction: We aimed to explore the prognostic value of the aspartate
aminotransferase to alanine aminotransferase (AST/ALT) ratio in non-surgi-
cal patients with type 2 diabetes hospitalized for heart failure.

Material and methods: Using a large electronic medical record-based cohort
of diabetes in China (WECODe), we gathered data on non-surgical hospi-
talized patients with type 2 diabetes and heart failure from 2011 to 2019.
Baseline AST/ALT ratio was calculated. The primary outcomes were all-cause
death within 30 days after discharge, composite cardiac events, major acute
kidney injury, and major systemic infection. A multivariable Cox proportional
regression model was utilized to evaluate the association between the AST/
ALT ratio and outcomes.

Results: This retrospective cohort included 8,073 patients (39.4% women)
with type 2 diabetes hospitalized for heart failure. The median age was
71 years. Higher AST/ALT ratio was associated with higher risks of poor
endpoints (with per standard deviation increment in AST/ALT ratio, for death
within 30 days after discharge: adjusted hazard ratio [HR] = 1.35, 95% con-
fidence interval [Cl], 1.21 to 1.50; for composite cardiac events: HR = 1.18,
95% Cl: 1.06 to 1.31). Compared to patients in the lowest quartile for the
AST/ALT ratio, those in the highest quartile have elevated risk of death with-
in 30 days after discharge and major systemic infection (HRs [95% Cls] 1.61
[1.18 to 2.19] and 1.28 [1.06 to 1.56], respectively). Subgroup analyses and
sensitivity analyses confirmed the robustness of the findings.

Conclusions: Type 2 diabetes patients hospitalized for heart failure with the
AST/ALT ratio in the highest quartile face a poor short-term prognosis.

Key words: liver function, heart failure, type 2 diabetes, hospitalized
patients, prognosis.
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Introduction

Heart failure is a prevalent and life-threaten-
ing cardiovascular complication of type 2 diabetes
with an increasing global burden in the past de-
cades [1, 2]. Compared to patients with heart fail-
ure but without type 2 diabetes, those with heart
failure and type 2 diabetes face a higher incidence
of adverse events [3]. Precision estimation of the
in-hospital prognosis is valuable for clinical deci-
sion-making as it aids in balancing the benefits
and harms at the individual level [4, 5]. While many
parameters serve as prognostic factors, few reflect
hepatic function, which may be the consequence
of circulatory failure. Reduced cardiac output leads
to liver congestion, hepatic dysfunction, increased
liver stiffness and even cirrhosis in the long term
by obstructing hepatic venous outflow obstruction
and hypoperfusion [6, 7]. Although previous studies
linked liver dysfunction such as elevated alanine
aminotransferase (ALT) or aspartate aminotransfer-
ase (AST) values with the prognosis in hospitalized
and non-hospitalized heart failure patients, the re-
sults remain inconclusive across studies with het-
erogeneous populations [8-12]. It is imperative to
explore new surrogate markers that can accurately
reflect liver function and predict the prognosis of
patients with type 2 diabetes and heart failure.

The AST/ALT ratio, also known as the De Ritis
ratio, is a simple and readily accessible biomarker
that was initially proposed by De Ritis in 1957 as
a tool to improve the diagnosis of acute viral hep-
atitis [13]. The AST/ALT ratio has been validated
and widely used as a noninvasive marker to as-
sess the presence of liver dysfunction as well as
the severity of liver stiffness in several hepatic dis-
eases, including non-alcoholic fatty liver disease,
alcoholic hepatitis and chronic viral hepatitis [14].
Several studies have suggested the AST/ALT ratio
as a potential prognostic factor for metabolic dis-
eases and cardiovascular diseases, such as type 2
diabetes, acute myocardial infarction (AMI), and
acute and chronic heart failure [15-20]. However,
evidence is scarce as to whether the AST/ALT ra-
tio reflects the prognosis in hospitalized patients
with type 2 diabetes and heart failure.

Based on a large electronic medical record
(EMR)-derived cohort of diabetic patients in Chi-
na, this study investigated the association be-
tween AST/ALT ratio and fatal, cardiac, infectious
and kidney outcomes in patients with type 2 dia-
betes and heart failure, aiming to better evaluate
the prognosis by this parameter.

Material and methods
Data source

This retrospective study compiled data on di-
abetic patients hospitalized due to heart failure,

for heart failure

drawing from the West China Electronic Medi-
cal Record Collaboration Of DiabetEs (WECODe).
WECODe is a multicenter database established to
store EMRs of individuals with diabetes in Sichuan
Province, China. Since January 2011, WECODe has
systematically collected longitudinal EMR informa-
tion from patients with diabetes in both inpatient
and outpatient settings, spanning multiple tertiary
hospitals in Sichuan Province, China [21]. Further
details on this database can be found in a prior
publication [21]. To summarize, WECODe recruit-
ed Chinese adult diabetic patients from inpatient
and outpatient care and collected de-identified
data from eight sources of EMRs. These sources in-
cluded records related to demographics, vital signs,
laboratory results, glucose monitoring, diagnoses,
prescriptions, surgical procedures, as well as medi-
cal and discharge summaries. To identify post-dis-
charge mortality, the database was cross-ref-
erenced with the death registry at the Sichuan
Center for Disease Control and Prevention (CDC)
during the period from January 1, 2011, to March 2,
2023. The Big Data Platform at West China Hospi-
tal of Sichuan University (WCH-BDP) played a piv-
otal role in both data storage and analysis [22].

Study population

We identified patients with diabetes from EMR
in the inpatient and outpatient settings, respective-
ly (details in previous publications) [23, 24]. This
study included patients: 1) with type 2 diabetes;
2) with heart failure and New York Heart Association
(NYHA) class Il or more advanced classes (Il or V)
in the ICD code or the free text in the admission di-
agnosis records (Supplementary Table SliI); 3) with
a hospital stay over 2 days; 4) who were discharged
between January 1,2011, and June 30, 2019, or with
census registered in Sichuan Province; 5) with avail-
able records of diagnosis at discharge. We exclud-
ed individuals: 1) with unavailability of essential
parameters on admission (systolic blood pressure,
AST, ALT, serum creatinine, blood glucose, glycated
hemoglobin Alc [HbA ], hemoglobin, low-density
lipoprotein [LDL-C] and N-terminal pro-B-type na-
triuretic peptide [NT-proBNP]); 2) who were admit-
ted to, transferred to, or discharged from the surgi-
cal departments; 3) with outliers of AST/ALT ratio
(< 1% percentile or > 99% percentile). If a patient
had two or more hospitalizations, this analysis ad-
opted the latest hospitalization record.

Data collection and baseline characteristics

The index date was the calendar date on ad-
mission. The baseline period spanned a 30-day
window before the index date and ended 1 day
after admission. We identified the baseline heart
rate, blood pressure, and prescriptions as the
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initial records on or close to the index date. The
baseline value for a specific parameter, such as
laboratory records including the AST and ALT val-
ues, was determined by selecting the record clos-
est to the index date during the baseline period.
We linked the inpatient and outpatient data in
WECODe during the observation period. Details of
data collection and comprehensive descriptions
and definitions for each parameter can be found
in Supplementary Appendix A and Supplementary
Tables SI-Slll as well as in a previous paper [21].
The estimated glomerular filtration rate (eGFR)
was calculated using the chronic kidney disease
epidemiology collaboration (CKD-EPI) formula [25].
An eGFR below 60 ml/min/1.73 m? indicates im-
paired kidney function. Furthermore, the Charlson
Comorbidity Index (CCl) was utilized to evaluate
the burden of comorbidities among the patients
[26]. This assessment relied on the International
Classification of Diseases 10t Revision (ICD-10)
codes found in the discharge diagnosis records.

Exposure

The AST/ALT ratio was calculated as the AST
value (U/1) divided by the ALT value (U/l) [19]. AST
and ALT values on admission were used as the
first measurement on or close to the index date.
For analyses, the AST/ALT ratio was handled either
as a continuous variable or as a categorized vari-
able by quartiles (using the first quartile as the
reference group).

Follow-up and outcomes

To assess outcomes during hospitalization,
we followed the patients from the index date to
the first occurrence of a given adverse event or
discharge, whichever came first. We merged the
in-hospital death and CDC death registry records to
identify all-cause deaths occurring within 30 and
90 days after discharge.

The primary outcomes consisted of death
within 30 days after discharge as well as three
in-hospital endpoints, including composite car-
diac events, major acute kidney injury (AKI), and
major systemic infection within the in-hospital
follow-up period. Composite cardiac events in-
cluded a new episode of acute heart failure after
admission, cardiogenic shock, requiring cardiopul-
monary resuscitation and death during hospital-
ization. Major AKI was determined as reaching AKI
stage 2 or 321, 27]. Major systemic infection was
identified by starting restricted antibiotic therapy
on the third calendar day after admission or later.
Patients were viewed as having initiated medica-
tion during hospitalization if the medication had
not been administered prior to or on admission,
but was commenced on the subsequent day or

thereafter. The secondary endpoints were death
within 90 days after discharge, each component
of composite cardiac events, AKI at any stage, and
initiating any antibiotics during hospitalization.
Detailed definitions of these endpoints were pre-
viously published [21].

Medication usages were identified and catego-
rized from the prescription records by following
the Anatomical Therapeutic Chemical (ATC) Clas-
sification System [28], which was further elaborat-
ed in Supplementary Table SI.

Statistical analysis

All statistical analyses were conducted using
RStudio 2022.7.1.554 (version 4.2.1). A two-sided
p-value less than 0.05 was considered statistically
significant.

Imputation of missing data

The missing variables were imputed using the
chained random forest algorithm. In this method,
missing values for each variable were predicted by
employing a random forest comprising 500 trees,
with all other variables included as covariates in
the prediction process. This imputation procedure
was repeated in ten iterations.

Baseline characteristics

If continuous variables were normally distrib-
uted as examined by the Kolmogorov-Smirnov
test (p > 0.001), the study reported their values
as means * standard deviations (SDs). For vari-
ables that deviated from a normal distribution,
they were presented as the median along with
the interquartile range (IQR). Categorical variables
were described as frequencies and percentages.
We performed Spearman’s correlation analysis to
assess the association between the AST/ALT ratio
on admission and other baseline characteristics.

Entropy balancing weights

We established entropy balancing weights
through a process of weight optimization [29].
These weights aimed to balance the moments of
various covariates, including age, sex, body mass
index (BMI), baseline systolic blood pressure, base-
line eGFR, baseline NT-proBNP admission depart-
ment, CCl, presence of AMI, use of insulin at base-
line, and use of venous loop diuretics at baseline.

Linear association and risks of outcomes
across AST/ALT ratio quartiles

This study investigated both the continuous
values and the quartiles of the AST/ALT ratio.
Supplementary Figure S1 provided a visual repre-
sentation of the correlation between the AST/ALT
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ratio and each covariate before and after apply-
ing entropy balancing. Supplementary Figure S2
displayed the absolute standardized mean differ-
ences (SMD) across quartiles before and after the
implementation of entropy balancing.

We subsequently employed Cox proportional
hazards regression models with entropy balanc-
ing weights to calculate hazard ratios (HRs) and
their corresponding 95% confidence intervals (Cls).
These calculations were performed for two sce-
narios: per SD increment of the AST/ALT ratio (as
a continuous variable) and different quartiles of the
AST/ALT ratio, with the lowest quartile of the AST/
ALT ratio used as the reference group, for each out-
come of interest. To account for potentially correlat-
ed observations arising from variations in-hospital
demographics, we utilized the shared frailty model|,
which constructs cluster-specific hazard functions
before generating a joint hazard function [30].

Subgroup analyses and sensitivity analyses

Participants were divided into subgroups by
their NYHA classes (Il or Il vs. IV), baseline HbA
level (< 7.0% vs. > 7.0%), and the presence or ab-
sence of AMI on admission for subgroup analyses.
To assess the robustness of our findings, we con-
ducted two sensitivity analyses: 1) by excluding
patients who experienced a given outcome within

for heart failure

two calendar days after admission, and 2) by ex-
cluding patients with a known history of viral hep-
atitis, drug-induced liver injury, alcohol-induced
liver disease, liver cirrhosis, Wilson’s disease, he-
mochromatosis and other chronic liver diseases.

Results
Baseline characteristics

This study enrolled 8,073 non-surgical patients
with type 2 diabetes hospitalized with heart fail-
ure; the process of patient selection was summa-
rized in Supplementary Figure S3. As shown in
Table I, the median age of the study population
was 71 years (IQR: 63 to 77 years), and 3,177
(39.4%) were females. Patients had a median AST/
ALT ratio of 1.11 (IQR: 0.83 to 1.50) and a me-
dian length of hospital stay of 8 days (IQR: 4 to
12 days) (Supplementary Figure S4). Across the four
quartiles of AST/ALT ratio, patients falling in the
highest quartile (fourth quartile) were the oldest,
with the highest levels of NT-proBNR leukocytes,
total cholesterol (TC) and LDL-C, and the lowest lev-
el of hemoglobin. The proportions of patients who
were users of angiotensin-converting enzyme inhib-
itors (ACEI), calcium channel blockers (CCB), angio-
tensin Il receptor blockers (ARBs) or B-blockers were
all lowest in the highest quartile of the AST/ALT ra-

Table I. Baseline characteristics stratified by AST/ALT ratio quartiles

Characteristics Total AST/ALT ratio
N = 8,073 First quartile Second quartile Third quartile Fourth quartile
N = 2,018 N = 2,000 N = 1,947 N = 2,108
AST/ALT ratio, range 0.20 to 6.60 0.20 t0 0.83 0.83to 1.11 1.11 to 1.50 1.50 to 6.70
AST/ALT ratio 1.11[0.83, 1.50] 0.67 [0.54, 0.75] 0.96 [0.90, 1.04] 1.27 [1.18,1.36] 2.00[1.67, 2.83]
ALT [U/1] 23 (16, 37] 35 (26, 55] 24 (19, 32] 18 [14, 25] 16 [11, 32]
AST [U/1] 24[18, 37] 23[17, 33] 23[18, 31] 23[18, 32] 3221, 83]
NYHA class, n (%)
Class Il 3,694 (45.8) 1,049 (52.0) 1,044 (52.2) 912 (46.8) 689 (32.7)
Class IlI 2,760 (34.2) 662 (32.8) 671 (33.6) 668 (34.3) 759 (36.0)
Class IV 1,619 (20.1) 307 (15.2) 285 (14.2) 367 (18.8) 660 (31.3)
Demographics
Age [years] 711[63,77] 66 [58, 74] 70 (62, 76] 72 [65, 78] 74 [65, 80]
BMI [kg/m?] 24.2 [22.9, 25.6] 24.7 [23.3,26.0] 24.4[23.2,25.8] 24.2[22.9, 25.5] 23.8[22.5, 25.0]
Sex, female, n (%) 3,177 (39.4) 572 (28.3) 724 (36.2) 881 (45.2) 1,000 (47.4)
Medical and discharge summaries
Smoking, n (%) 3,362 (41.6) 1,051 (52.1) 867 (43.4) 687 (35.3) 757 (35.9)
Stopped smoking, n (%) 2,004 (24.8) 580 (28.7) 549 (27.5) 467 (24.0) 408 (19.4)
Drinking, n (%) 2,284 (28.3) 746 (37.0) 569 (28.4) 477 (24.5) 492 (23.3)
Stopped drinking, n (%) 540 (6.7) 182 (9.0) 136 (6.8) 103 (5.3) 119 (5.6)
Admission department, 7,017 (86.9) 1,641 (81.3) 1,814 (90.7) 1,738 (89.3) 1,824 (86.5)
cardiology, n (%)
Length of hospital stay 81[4,12] 714, 12] 7[4,11] 8[4,12] 9[5, 14]
[days]
Arch Med Sci 5, October / 2024 1419



Dan Liu, Li Liu, Nan Li, Yiling Zhou, Hongmei Huang, Jidong He, Heling Yao, Xiangyang Chen, Xiaochi Tang, Miye Wang, Ying Qi, Si Wang,
Ye Zhu, Haoming Tian, Zhenmei An, Sheyu Li

Table I. Cont.
Characteristics Total AST/ALT ratio
N = 8,073 First quartile  Second quartile Third quartile Fourth quartile
N = 2,018 N = 2,000 N = 1,947 N = 2,108
Laboratory test
HbA, > 7.0%, n (%) 5,183 (64.2) 1,333 (66.1) 1,300 (65.0) 1,214 (62.4) 1,336 (63.4)
NT-proBNP [pg/ml] 1139 [275, 4065] 697 [166, 2812] 706[196,2492]1022[265,3687]2796[842,7028
Leukocytes [10%/1] 6.9 [5.5, 8.9] 6.8 [5.6, 8.6] 6.7 [5.5, 8.2] 6.6 [5.3, 8.3] 9[5.8,11.1]
Serum creatinine [umol/l] 87 (71, 113] 3 (70, 102] 86 (71, 108] 89 (71, 114] 473, 129]
Hemoglobin [g/1] 128114, 141] 135[121, 146] 131[118,142] 126[113,139] 121[104 135]
TC [mmol/l] 3.7[3.1, 4.5] 7 (3.0, 4.4] 3.7[3.1, 4.5] 3.7[3.1, 4.5] 3.8[3.1, 4.6]
TG [mmol/l] 1.4[1.0, 2.0] 5([1.1,2.2] 1.4[1.0,2.2] 411.0, 2.0] 1.2[0.9, 1.8]
HDL-C [mmol/l] 1.1[0.9, 1.3] 0[0.8, 1.2] 1.1[0.9, 1.3] 1[0.9, 1.4] 1.1[0.9, 1.4]
LDL-C [mmol/I] 1.9[1.4, 2.6] 9[1.4,2.5] 1.9[1.4, 2.5] 1.9[1.3, 2.6] 2.0[1.3,2.7]
eGFR [ml/min x 1.73 m?] 70[51, 88] 80[61, 93] 73 [55, 88] 67 [49, 85] 62 [42, 82]
eGFR < 60 ml/min x 1.73 m?), 2,921 (36.2) 494 (24.5) 651 (32.6) 770 (39.5) 1,006 (47.7)
n (%)
Vital signs
Heart rate [beats/minute] 80 [70, 91] 80 [70, 90] 78 [69, 89] 79 [70, 90] 84 (72, 97]

Systolic blood pressure

124 [107, 140]

120[102, 137]

127 [111, 142)

128 [110, 142]

120 [104, 139]

diuretics

[mm Hg]
Diastolic blood pressure 74 [65, 84] 78 [68, 90] 74 [66, 83.25] 73 [65, 82] 71[62, 82]
[mm Hg]
Comorbidity
Charlson Comorbidity 3(2, 4] 2.50[2, 4] 2 (2, 4] 2[2, 4] 3(2,5]
Index
Hypertension, n (%) 5,490 (68.0) 1,340 (66.4) 1,390 (69.5) 1,386 (71.2) 1,374 (65.2)
IHD, n (%) 6,162 (76.3) 1,591 (78.8) 1,560 (78.0) 1,457 (74.8) 1,554 (73.7)
AMI, n (%) 1,826 (22.6) 344 (17.0) 339 (17.0) 350 (18.0) 793 (37.6)
Stroke, n (%) 980 (12.1) 243 (12.0) 222 (11.1) 227 (11.7) 288 (13.7)
GDMT use, n (%)
Use of ACEI 1,560 (19.3) 426 (21.1) 422 (21.1) 370 (19.0) 342 (16.2)
Use of ARBs 1,038 (12.9) 254 (12.6) 295 (14.8) 285 (14.6) 204 (9.7)
Use of MRAs 2,024 (25.1) 509 (25.2) 458 (22.9) 486 (25.0) 571 (27.1)
Use of B-blockers 3,300 (40.9) 970 (48.1) 880 (44.0) 803 (41.2) 647 (30.7)
No GDMT 3,110 (38.5) 668 (33.1) 733 (36.6) 740 (38.0) 969 (46.0)
Single therapy 2,531 (31.4) 679 (33.6) 622 (31.1) 612 (31.4) 618 (29.3)
Double therapy 1,926 (23.9) 540 (26.8) 504 (25.2) 463 (23.8) 419 (19.9)
Triple therapy 506 (6.3) 131 (6.5) 141 (7.0) 132 (6.8) 102 (4.8)
Other medication use, n (%)
Use of insulin 2,103 (26.0) 475 (23.5) 522 (26.1) 525 (27.0) 581 (27.6)
Use of CCB 1,835 (22.7) 525 (26.0) 504 (25.2) 476 (24 4) 330 (15.7)
Use of oral thiazide 182 (2.3) 8(1.9) 52 (2.6) 4(2.3) 48 (2.3)
Use of venous loop 3,011 (37.3) 658 (32.6) 582 (29.1) 697 (35 8) 1,074 (50.9)

Data are presented as median (interquartile range, 1QR) for continuous variables, and count (percentage) for categorical
variables. ACEl — angiotensin-converting enzyme inhibitor, ALT — alanine aminotransferase, AMI — acute myocardial infarction,
ARBs — angiotensin Il receptor blockers, AST — aspartate aminotransferase, BMI — body mass index, CCB — calcium channel

blocker, eGFR — estimated glomerular filtration rate, GDMT — guideline-directed medical therapy, HbA, — glycated hemoglobin A,
HDL-C — high-density lipoprotein cholesterol, IHD — ischemic heart disease, LDL-C — low-density lipoprotein cholesterol, MRAs
— mineralocorticoid receptor antagonists, NT-proBNP — N-terminal pro-B-type natriuretic peptide, NYHA — New York Heart
Association, TC — total cholesterol, TG — triglycerides.
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tio. In the fourth quartile, the highest percentages
of patients presented with NYHA class Ill or IV, had
impaired kidney function, and received treatment
with insulin, mineralocorticoid receptor antagonists
(MRAs) or venous loop diuretics at baseline. Figure 1
showed the correlation map of baseline characteris-
tics before applying entropy balancing.

Adverse events in patients with different
AST/ALT ratio values
Primary outcomes

Among 8,073 patients, 450 died during hos-
pitalization or within 30 days after discharge.

Use of venous loop diuretics
Use of B-blockers

Glucose
A
Aspartate aminotransferase

Hemoglobin
NT-proBNP
Total cholesterol
Triglyceride

HDL-c

Use of insulin
| LbL-c

Department
| Use of ACEI
Use of CCB
Use of ARB
Use of MRA
| Use of oral tiazide
ﬁc
Creatinine
| Alanine aminotransferase

« Jll Age
Sex
BMI
Hospital
Hb.
eGF

.
L]

Leukocytes
| Neutrophils

for heart failure

As shown in Figure 2, for each SD increment of
the AST/ALT ratio, patients had a 35% increased
risk of death within 30 days after discharge
(HR = 1.35; 95% Cl: 1.21 to 1.50). Compared to
patients with an AST/ALT ratio in the first quar-
tile, those within the fourth quartile faced a 61%
higher risk of death within 30 days after discharge
(HR = 1.61; 95% Cl: 1.18 to 2.19) (Figure 3).
Among 7,732 patients, 846 patients met the
composite cardiac events of a new episode of
acute heart failure after admission, cardiogenic
shock, requiring cardiopulmonary resuscitation
and death during hospitalization. Patients with
a per-SD higher AST/ALT ratio were at an 18%

Charlson Comorbidity Index

Hypertension
Acute myocardial infarction

Stroke
| Hyperglycemic crise

Diastolic blood pressure
| Hypoglycemia

Systolic blood pressure

Platelets
Lymphocytes
Heart rate
NYHA

Age
Sex
BMI

Hospital

(]

Department

Use of insulin

| | Use of ACEI
[ | Use of CCB

Use of ARB

I Use of MRA
Use of oral tiazide
Use of venous loop diuretics

Use of B-blockers

Glucose

P-value

— 0.05
—0.01

] = 0.001
. ] | HbA — 0.0001
. m[ | || eGFR = 0.00001
| | Creatinine
. J=f=]"] | | Alanine aminotransferase 1.0
. | 1= | |~ Aspartate aminotransferase .
. | | Hemoglobin 0.5
. [ =] | M NT-proBNP 0
B | | Total cholesterol —0.5
. | Triglyceride i -1.0
. 1T [T HpL-c
. | LDL-c
» | ] | = Leukocytes
> | Neutrophils
AST/ALT ratio® . | Platelers
= Lymphocytes
. | Heart rate
. | Systolic blood pressure
* | Diastolic blood pressure
Charlson Comorbidity Index
~d | Hypertension
- | | Acute myocardial infarction
. | | Stroke
. Hyperglycemic crise
. Hypoglycemia
NYHA

Correlation

Figure 1. Correlation heatmap of baseline characteristics. The color represents the Spearman correlation coef-
ficient (rs, which always falls between -1 and 1). Brown and blue indicate a negative and positive correlation,
respectively. The closer rs is to zero, the weaker the correlation between the two variables is, and the lighter the
color is. The width of the line and size of the square indicate the significance level in statistics, constructed based
on the transformation of Spearman’s B —log10 (Spearman’s P), with the cutoff points, —log10 (0.00001), —log10
(0.0001), -log10 (0.001), —log10 (0.01), —log10 (0.05). The larger the size of the square is (the wider the line is),
the smaller Spearman’s P is

ACEl — angiotensin-converting enzyme inhibitor, ARB — angiotensin Il receptor blockers, CCB — calcium channel blocker,
eGFR - estimated glomerular filtration rate, HbA, - glycated hemoglobin A,, HDL-C — high-density lipoprotein cholesterol,
IHD — ischemic heart disease, LDL-C — low-density lipoprotein cholesterol, MRA — mineralocorticoid receptor antagonists,
NT-proBNP — N-terminal pro-B-type natriuretic peptide, NYHA — New York Heart Association.

Arch Med Sci 5, October / 2024 1421



Dan Liu, Li Liu, Nan Li, Yiling Zhou, Hongmei Huang, Jidong He, Heling Yao, Xiangyang Chen, Xiaochi Tang, Miye Wang, Ying Qi, Si Wang,

Ye Zhu, Haoming Tian, Zhenmei An, Sheyu Li

Outcome n/N Hazard ratio per SD increment P-value
in AST/ALT ratio (95% Cl)
Death within 30 days after discharge 450/8073 1.35 (1.21 to 1.50) —=— < 0.001
Composite of cardiac events 846/7732 1.18 (1.06 to 1.31) —=— 0.002
Major AKI 370/7539 1.12 (0.99 to 1.27) —— 0.07
Major systemic infection 1110/6615 1.14 (1.03 to 1.26) — — 0.01
T T 1
0.8 1.0 1.5 2.0

Estimates of hazard ratio

Figure 2. Adjusted hazard ratios of AST/ALT ratio with primary outcomes in the total study population

AKI — acute kidney injury, ALT — alanine aminotransferase, AST — aspartate aminotransferase, Cl — confidence interval,

SD - standard deviation.

increased risk of composite cardiac events (HR =
1.18;95% Cl: 1.06 to 1.31) (Figure 2). Compared to
patients with an AST/ALT ratio in the first quartile,
those falling into the fourth quartile faced a high-
er risk of composite cardiac events, though with-
out significance (HR = 1.16; 95% Cl: 0.94 to 1.43)
(Figure 3).

370 of 7,539 patients experienced major AKI.
With each SD increase in the AST/ALT ratio, the
adjusted HR (95% Cl) for major AKI was 1.12 (0.99
to 1.27) (Figure 2). In comparison to patients in
the first quartile of the AST/ALT ratio, those in the
fourth quartile exhibited a higher risk of major AKI,
although this difference did not reach statistical sig-
nificance (HR = 1.40; 95% Cl: 0.99 to 1.99) (Figure 3).

Major systemic infection occurred in 1,110 of
6,615 patients. As shown in Figure 2, patients
with each SD increment of AST/ALT ratio faced
a 14% elevated risk of major systemic infection
(HR =1.14;95% Cl: 1.03 to 1.26). Compared to pa-
tients with the AST/ALT ratio in the first quartile,
those in the fourth quartile were at a 28% higher
risk of developing major systemic infection (HR =
1.28; 95% Cl: 1.06 to 1.56) (Figure 3).

Secondary outcomes

As shown in Supplementary Figure S6, with
every SD increment of the AST/ALT ratio, patients
had a more than 30% higher risk of death within
90 days after discharge (HR = 1.31; 95% Cl: 1.18
to 1.45) or death during hospitalization (HR =
1.38; 95% Cl: 1.22 to 1.56), and an 8% higher risk
of AKI at any stage during hospitalization (HR =
1.08; 95% Cl; 1.00 to 1.17). The associations be-
tween each component of secondary outcomes

and different AST/ALT quartiles were presented in
Supplementary Figure S7. Our findings were con-
sistent among the subgroup and sensitivity analy-
ses (Supplementary Figures S5, S8-S11).

Discussion

The current study showed that among non-sur-
gical patients with type 2 diabetes hospitalized for
heart failure, those in the highest quartile for the
AST/ALT ratio faced a 60% increased risk of death
within 30 days after discharge and a nearly 30%
increased risk of major systemic infection during
hospitalization. The findings were consistent
across subpopulations and confirmed by multiple
sensitivity analyses. This is the first study reveal-
ing the prognostic value of the AST/ALT ratio in
patients with type 2 diabetes and heart failure.

In line with previous studies in patients with
heart failure but without type 2 diabetes [17,
19, 20], we corroborated a clear association be-
tween elevated AST/ALT ratio and increased risks
of all-cause mortality and adverse cardiac events,
especially in those with type 2 diabetes. In old-
er patients (aged > 65 years) with heart failure,
high AST/ALT (> 1.70) was independently associ-
ated with greater 1-year mortality as well as heart
failure rehospitalization [17, 19]. Another study
including 3,212 patients with heart failure with
preserved ejection fraction (HFpEF) reported that
patients in the high AST/ALT ratio group (> 1.0)
were at a 30% increased risk of the primary com-
posite outcome, including cardiovascular death,
aborted cardiac arrest, or hospitalization for man-
agement of heart failure, after a median follow-up
of 3.3 years [20].
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Outcome n/N Hazard ratio (95% Cl) P-value

Death within 30 days after discharge

First quartile of AST/ALT ratio 70/2018 *

Second quartile of AST/ALT ratio 51/2000 0.77 (0.52 to 1.14) —a— 0.19

Third quartile of AST/ALT ratio 81/1947 1.04 (0.73 to 1.48) —m— 0.83

Fourth quartile of AST/ALT ratio 248/2108 1.61 (1.18 t0 2.19) p—m—] 0.003

Composite of cardiac events

First quartile of AST/ALT ratio 169/1930 L |

Second quartile of AST/ALT ratio 144/1930 0.87 (0.69 to 1.11) - 0.27

Third quartile of AST/ALT ratio 172/1939 0.91 (0.72 to 1.14) ] 0.40

Fourth quartile of AST/ALT ratio 361/1933 1.16 (0.94 to 1.43) = 0.17

Major AKI

First quartile of AST/ALT ratio 56/1882 L

Second quartile of AST/ALT ratio 55/1885 0.91 (0.61 to 1.36) p—— 0.64

Third quartile of AST/ALT ratio 87/1886 1.17 (0.81 to 1.69) = 0.40

Fourth quartile of AST/ALT ratio 172/1886 1.40 (0.99 to 1.99) —=—| 0.06

Major systemic infection

First quartile of AST/ALT ratio 211/1651 L

Second quartile of AST/ALT ratio 191/1637 0.87 (0.70 to 1.08) = 0.21

Third quartile of AST/ALT ratio 265/1671 1.02 (0.83 to 1.24) f—m—| 0.86

Fourth quartile of AST/ALT ratio 443/1656 1.28 (1.06 to 1.56) = 0.01
OI,4 O.I7 1.0 Z.IO 3I.O

Estimates of hazard ratio

Figure 3. Adjusted hazard ratios of AST/ALT ratio quartiles for primary outcomes in the total study population

Adding to established prognostic markers for
heart failure, such as NT-proBNP and ejection
fraction (EF), the AST/ALT ratio provides new prog-
nostic information. Clinicians may easily identify
patients with a poorer prognosis using this pa-
rameter readily available from a hepatic function
report. For individuals with markedly elevated
AST/ALT (falling in the highest quartile of the pop-
ulation, meaning > 1.5 in this study), the risk of
death increased 1.6-fold. Such a condition war-
rants additional attention and more intensive care
to prevent adverse events in advance, which re-
flects individualized healthcare. Clinicians should
consider additional therapy in such patients, even
if the therapies are not common in those at lower
risk. The balance of benefits and harms could be
challenging in decision making, especially when
the effect size and/or the certainty of evidence is
low. An individualized treatment response, as well
as the values and preferences of patients, is also
critical in choosing the therapies [31].

In the current study, people with the highest
AST/ALT ratio represented those with the highest
baseline risk, including impaired kidney function

and comorbidity. Nevertheless, AST/ALT shows ad-
ditional prognostic values after adjusting for po-
tential biases. It indicates that the AST/ALT ratio
captures additional information on baseline risks
that previous parameters were unable to. A previ-
ous study reported that an elevated AST/ALT ratio
was associated with cardiac arrest and multiple
end-organ damage [32], which were difficult to
detect using other traditional parameters such as
EF and NT-proBNP.

Several physiological mechanisms have been
postulated to explain the association between
the AST/ALT ratio and an unfavorable prognosis
in heart failure patients. ALT is predominantly lo-
calized in the cytoplasm of hepatocytes, making
it a more specific marker of hepatocellular injury
[33]. Apart from the liver, AST could be found in
other tissues, such as the heart, skeletal muscle,
kidney and brain, and it exists in both the cyto-
plasm and mitochondria [14]. Due to its high ac-
tivity in the myocardium, AST was the first bio-
marker of myocardial necrosis and was initially
used for diagnosing myocardial infarction [34].
When myocardial necrosis occurred, AST usual-
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ly rose significantly while ALT could remain nor-
mal, resulting in an elevated AST/ALT ratio; thus,
a higher AST/ALT ratio might reflect the severity
of myocardial necrosis, a well-accepted prognos-
tic factor of heart failure [35]. Although we cannot
entirely rule out the possibility that the interaction
between myocardial injury and the AST/ALT ratio
may impact the prognosis of the study population,
even after adjusting for AMI, our results were in
line with previous studies showing that AMI is
a prognostic factor for patients with heart failure
by any etiology.

In line with previous studies, patients with
a higher AST/ALT ratio were older in the current
study. Serum ALT levels decrease with age, and
low ALT might reflect hepatic aging [36-38], which
could significantly promote the generation of re-
active oxygen species (ROS), leading to oxidative
stress [39]. Oxidative stress impairs mitochondria,
and subsequently elevates serum AST significant-
ly, outweighing the mildly increased serum ALT.
Through metabolic compensation, people in the
highest quartile of the AST/ALT ratio, indicative
of the most severe mitochondrial lesions, demon-
strated the worst prognosis compared to those
with mild elevations [15].

Liver congestion is common in patients with
worsening heart failure due to impaired venous
drainage and systemic congestion [6, 40]. It leads
to perisinusoidal edema and hepatic ischemia
[40]. Since AST is distributed mainly in the centri-
lobular region and is vulnerable to ischemic injury,
the level of AST rises more than that of ALT during
liver congestion, resulting in an increased AST/ALT
ratio [41, 42]. Consistent with a previous study, we
confirmed the association between a higher AST/
ALT ratio and indicators of systemic congestion,
including increased NT-proBNP level and high-
er venous loop diuretics usage [19]. Hence, it is
further proposed that a higher AST/ALT ratio may
serve as an indicator of systemic congestion in
heart failure patients, suggesting a higher likeli-
hood of poor outcomes [19].

However, the current study has some limita-
tions that need to be mentioned. Firstly, the anal-
yses only employed the baseline AST/ALT ratio.
The effect of fluctuations in AST and/or ALT values
during hospitalization or after discharge on the
overall prognosis of heart failure remains unclear
and warrants further elucidation. Secondly, the
retrospective design entails the risk of selection
and information bias and residual confounders,
although entropy balancing weights were imple-
mented to adjust for potential confounders. The
E values, which estimated the potential impact of
unmeasured confounders, suggested the robust-
ness of our main findings. Thirdly, the retrospec-
tive design is unable to support a causal conclu-

sion. This study thus suggested AST/ALT ratio as
a risk factor rather than a cause of adverse events
in patients with type 2 diabetes and heart failure.
Fourthly, the current study only explored short-
term outcomes, and subsequent studies could in-
vestigate the prognostic value of the AST/ALT ratio
for long-term outcomes. Finally, the current study
included only Chinese patients; therefore future
studies should be conducted in people from other
ethnicities.

In conclusion, higher AST/ALT ratio predicts
a poorer short-term prognosis in non-surgical pa-
tients with type 2 diabetes and heart failure, es-
pecially those in the highest quartile. The AST/ALT
ratio at admission could be a useful predictor and
a tool for risk stratification in patients with heart
failure and type 2 diabetes. Our findings warrant
additional validation for the pragmatic application
of the AST/ALT ratio in a larger population and
other ethnicities.
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