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Abstract N
Previous studies had shown that an increased aspartate aminotransferase to alanine aminotransferase ratio (AST/ALT ratio) was \
associated with cardiovascular disease. This study aimed to assess the relationship between AST/ALT ratio and all-cause and
cardiovascular mortality in patients with hypertension.

By March 31, 2020, a cohort of 14,220 Chinese hypertensive patients was followed up. The end point was all-cause and
cardiovascular death. Hazard ratios (HRs) and 95% Cls were calculated for mortality associated with AST/ALT ratio, using Cox
proportional hazards models and competing risk model.

In an average of 1.7 years of follow-up, 1.39% (n=198) of patients died, 55.5% (n=110) of whom from cardiovascular disease.
AST/ALT ratio was associated with increased risk of all-cause death (HR:1.37, 95% Cl:1.15-1.63) and cardiovascular death
(HR:1.32, 95% Cl:1.03-1.68) after adjustment for other potential confounders. Compared with low AST/ALT ratio (Tertile 1), high
AST/ALT ratio was associated with high cause mortality (Tertile 2: HR:1.35, 95% Cl:0.86-2.10; Tertile 3: HR:2.10, 95% Cl:1.37—
3.21; P for trend <.001). Compared with low AST/ALT ratio (Tertile 1), a statistically significant increased risk of cardiovascular
mortality was also observed (Tertile 2: HR:1.27, 95% Cl:0.70-2.29; Tertile 3: HR:1.92, 95% CI:1.09-3.37; P for trend <.001). High
AST/ALT ratio was also associated with high cardiovascular mortality (Tertile 2: HR:1.27, 95% CI:0.70-2.29; Tertile 3: HR:1.92, 95%
Cl:1.09-3.37; P for trend <.001).

Present study indicated that increased AST/ALT ratio levels were predictive of all-cause and cardiovascular mortality among
Chinese hypertensive patients.

Trial registration: CHICTR, CHICTR1800017274. Registered 20 July 2018.

Abbreviations: ALB = albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index,
CKD = chronic kidney disease, CVD = cardiovascular disease, eGFR = estimated glomerular filtration rate, GGT = gamma-
glutamyltransferase, HR = hazard ratio, HCY = homocysteine, LDL-C = low density lipoprotein cholesterol, SBP = systolic blood
pressure, TC = total cholesterol, TG = triglyceride.
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1. Introduction

It is well known that aminotransferase, which was composed of
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), is the main marker of liver damage. The former only exists
in the liver, while the latter distributes in the liver and myocardial
tissue. AST/ALT ratio was first put forwarded in 1957.1! Since
then, the AST/ALT ratio had often been identified as markers of
various chronic liver diseases, including alcoholic and non-
alcoholic liver diseases,””’ autoimmune liver diseases,”® and
hepatitis C."*! To our knowledge, liver disease and heart disease
often affect each other. Previous studies had shown that heart-
liver interaction was found in patients with heart failure,”! atrial
fibrillation'® and myocardial infarction.”! Therefore, it is
reasonable to suspect that the elevated AST/ALT ratio might
reflect cardiovascular disease (CVD).

Despite great progress in medicine, CVD is still a global
problem, with high morbidity and mortality.’®! Understandably,
it would be essential to identify subjects with high risk for CVD in
the future through routine examination. The current findings
suggested that higher AST/ALT ratio could be used as a predictor
of CVD. For instance, Ewid et al”! conducted a study which
evaluated the functional severity of chronic heart failure with
reduced left ventricular ejection, found that 0.9 was the best
predictive cut-off value of the AST/ALT ratio. At the same time, a
study demonstrated that the best cut-off value in predicting the
cardiometabolic risk in the AST/ALT ratio was 1.1'% In addition,
a prospective cohort study'' " involving 29,316 UK primary care
patients aged 25 to 84 years with no history of CVD found that an
elevated AST/ALT ratio was significantly associated with
increased risk of developing CVD, especially in males.

At present, however, no study had reported the association
between AST/ALT ratio and death in hypertensive patients.
Therefore, our aim was to assess whether the AST/ALT ratio was
a predictor for all-cause mortality and cardiovascular mortality
in patients with hypertension.

2. Methods
2.1. Study design and patients

The present study was established in China Hypertension
Registry Study, a large observational population-based cohort
study, with the objective of establishing a national registry of
patients with hypertension, investigating the prevalence and
treatment of hypertension in China and assessing the related
factors affecting its prognosis. The detailed inclusion criteria and
exclusion criteria had already been published in previous
article.''?! To be brief, the China H-type Hypertension Registra-
tion Study was a non-intervention, prospective, observational,
and real-world study. The purpose of this study was to establish a
national registry of patients with H-type hypertension, investi-
gate the prevalence and treatment of H-type hypertension in
China and assess the related factors affecting its prognosis. The
Ethics Committee of the Anhui Medical University Biomedical
Institute approved the study. All patients signed informed
consent. The inclusion criteria were as follows: 18 years of age
or older, Hypertensive patients diagnosed according to Chinese
guidelines for the prevention and treatment of hypertension, and
signing the informed consent. The exclusion criteria were as
follows: psychological or nervous system impairment resulting in
an inability to demonstrate informed consent; unable to be
followed up according to the study protocol, or plans to relocate
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in the near future; and those patients who are not suitable for
inclusion or for long-term follow-up as assessed by study
physicians. The primary indicators were the control rate of
hypertension, blood pressure decrease, homocysteine (HCY)
decrease and stroke. Secondary indicators included compound
cardio cerebrovascular events, myocardial infarction (fatal/
nonfatal), ischemic stroke, hemorrhagic stroke, vascular death,
tumor, and all hospitalizations.

2.2. Laboratory assays

After an overnight fast, venous blood was withdrawn in the
morning for all the participants. Subsequently, the blood samples
of all subjects would be collected, frozen, and transported to the
Shenzhen Biotech Laboratory in Shenzhen for analysis. Serum
concentrations of fasting blood glucose, total cholesterol (TC),
triglyceride (TG), low density lipoprotein cholesterol (LDL-C),
high density lipoprotein cholesterol, ASTALT, total bilirubin,
direct bilirubin, gamma-glutamyltransferase (GGT), albumin
(ALB), uric acid, HCY, and creatinine were measured using
automatic clinical analyzers (Beckman Coulter, USA). Estimated
glomerular filtration rate (eGFR) was estimated using the newly
developed Chronic Kidney Disease (CKD) Epidemiology Col-
laboration equation.!!3!

2.3. Covariates

Participants reported on their lifestyle, medical conditions, and
demographic information in baseline assessment. Medical
history, health status, and medication intake were queried by
trained health professionals. The anthropometric examinations
included weight, height, waist circumference, and hip circumfer-
ence. Body mass index (BMI) was calculated as the body weight
in kilograms divided by the square of the height in meters (kg/m?).
After 10 minutes of rest for all subjects, a professional clinician
would measure systolic blood pressure (SBP), diastolic blood
pressure, and pulse rate by electronic sphygmomanometers.
Categorical variables consisted of smoking (no, yes), drinking
(no, yes), self-reported history of diseases (any hypertension,
diabetes, stroke, CKD, and hyperlipidemia), and medication use
(antihypertensive drugs, glucose-lowering drugs, lipoprotein-
lowering drugs, and antiplatelet drugs).

2.4. Exposure variable, outcomes, and follow-up

In our study, the exposure variable was the AST/ALT ratio. The
primary endpoints included all-cause death and cardiovascular
death. Cardiovascular death included sudden cardiac death,
death due to myocardial infarction, heart failure, stroke, or
cardiovascular invasive procedures, death due to cardiovascular
hemorrhage (refers to a death related to hemorrhage such as a
nonstroke intracranial hemorrhage, nonprocedural, or non-
traumatic vascular rupture (eg, aortic aneurysm), or pulmonary
hemorrhage from a pulmonary embolism),'"* and death due to
other known vascular causes.!™>! All follow-up was performed by
professional clinical study coordinator. Participants were local
residents, so door-to-door and telephone were main methods of
follow-up. The task of follow-up was to observe whether there
had end-point events. If participants were observed dead, it
would be verified through hospital medical records, death
registration, disease report card, insurance files, etc. So far
(average follow-up 1.7years), only 7 patients lost follow-up.
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Throughout the study period, we collected the information on
death and its specific cause from local death and disease registries
of the National Disease Surveillance Point System and National
Health Insurance System. In addition, we also collected and
adjudicated the medical records of subjects who visited the
emergency department or hospitalized. Meanwhile, we calculat-
ed the sample size. Total population of Wuyuan County (Jiangxi
province) is 34,6200 and the average mortality rate of Chinese
population is 5.95%. Assuming that the power of test was 0.95,
permissible error was 0.1 and the required sample size was 5967.
Considering the 20% lost to follow-up rate, the sample size
needed was 7160. In this way, the sample size of this study was
adequate.

2.5. Statistical analysis

In our study, continuous variables were presented as mean +
standard deviation. Categorical variables were presented as
frequency and percentage. Baseline characteristics of patients
were stratified in three groups according to the tertiles of AST/
ALT ratio and in two groups according to the status of patients.
In order to compare differences among the different AST/ALT
ratio groups (tertiles), #-test, chi-square test, and one-way analysis
of variance were used. Survival analysis was analyzed by Kaplan—
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Meier curves and the statistical significance estimated by the log-
rank test. The independent association of the AST/ALT ratio
(included as either continuous or categorical variable) with risk of
both all-cause and cardiovascular mortality were performed by
Cox proportional-hazards model and competing risk model.
Meanwhile, AST/ALT ratio variable was transformed into cubic
splines to evaluate the association between AST/ALT ratio and
all-cause and cardiovascular death. Variables for adjustment
were carefully chosen, given the number of events available,
clinical importance, and published studies.""®~"®! Three models
were conducted: model 1, with no adjustment; model 2, with
adjusting for age and sex; and model 3, with adjusting for other
confounding factors based on model 2. In addition, we also
performed smooth curve fitting (penalized spline method) and
subgroup analysis. All data analysis used the statistical package R
(https://www.R-project.org; Version 4.1.1,Vienna, Austria) and
Empower (R) (www.empowerstats.com; X&Y Solutions, Inc.,
Boston, MA). Two-tailed P<.05 was defined as statistically
significant.

3. Results

From March 2018 to March 2020, a total of 14,268 patients
were followed up. Excluding those who were lost to follow-up

14268 participants enrolled in this
study

‘[ 7 individuals lost follow up

A 4

14261 participants

J 34 individuals without hypertension

)
14227 hypertensive individuals

-[ 7 individuals lacked AST/ALT ratio

v

14220 patients included in the final
analysis

Figure 1. Flow chart of participants.
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Baseline characteristics of participants stratified according to the AST/ALT ratio categories.
AST/ALT ratio Total T (£1.2) T2 (1.2-1.6) T3 (>1.6) P- value
N 14,220 4739 4726 4755
Male 6716 (47.23%) 2571 (54.25%) 2064 (43.67%) 2081 (43.76%) <.001
Age (yn) 63.80+9.36 59.94+8.75 63.79+8.50 67.68+9.17 <.001
Current smoking 3658 (25.73%) 1310 (27.65%) 1124 (23.79%) 1224 (25.74%) <.001
Current drinking 3063 (21.55%) 1011 (21.35%) 975 (20.63%) 1077 (22.65%) .053
BMI (kg/m?) 23.61+£3.74 25.35+3.94 23.48+3.25 22.00+3.22 <.001
Mean SBP (mm Hg) 148.39+17.86 14717 £17.04 148.67 +17.82 149.31+18.63 <.001
Mean DBP (mm Hg) 88.92+10.75 91.02+10.30 88.86+10.53 86.90+11.01 <.001
FBG, mmol/L 6.18+1.61 6.63+2.13 6.08+1.33 5.84+1.07 <.001
TC, mmol/L 516+1.12 523+1.17 518+1.09 5.06+1.08 <.001
TG, mmol/L 1.81+1.26 2.22+1.52 1.72+1.10 1.48+1.00 <.001
LDL-C, mmol/L 2.98+0.81 3.11+0.85 2.99+0.79 2.84+0.79 <.001
HDL-C, mmol/L 1.57+0.43 1.45+0.37 1.58+0.42 1.67+0.45 <.001
TBIL, wmol/L 14.59+6.85 14.96 +6.67 14.34+6.27 14.47 +7.53 <.001
DBIL, pmol/L 5.55+2.58 557+2.19 545+2.17 5.64+3.22 <.001
GGT, U/L 33.23+43.00 44.94+50.45 28.35+32.65 26.41+41.55 <.001
ALB, g/L 46.63+4.05 47.23+3.95 46.68 +3.91 45.99+4.20 <.001
UA, mg/dL 7.04+2.03 7.37+2.08 6.89+1.96 6.84+2.00 <.001
HCY, pmol/L 17.97+11.13 17.30+11.30 17.73+10.86 18.86+11.18 <.001
eGFR, mL/min/1.73 m? 88.18+20.23 91.78+19.89 88.65+19.56 84.12+20.48 <.001
Medical history, n (%)
Diabetes 2616 (18.40%) 1328 (28.02%) 768 (16.25%) 520 (10.94%) <.001
Stroke 981 (6.90%) 346 (7.30%) 322 (6.81%) 313 (6.58%) 370
CKD 702 (4.94%) 236 (4.98%) 227 (4.80%) 239 (5.03%) 870
Dyslipidemia 2087 (14.68%) 994 (20.97%) 640 (13.54%) 453 (9.53%) <.001
Medication use, n (%)
Antihypertensive drugs 9218 (64.84%) 3160 (66.71%) 3049 (64.53%) 3009 (63.28%) .002
Glucose-lowering drugs 754 (5.30%) 435 (9.18%) 206 (4.36%) 113 (2.38%) <.001
Lipid-lowering drugs 504 (3.54%) 215 (4.54%) 164 (3.47%) 125 (2.63%) <.001
Antiplatelet drugs 543 (3.82%) 196 (4.14%) 180 (3.81%) 167 (3.51%) 284

Values of continuous variables are presented as mean+SD, categorical variables are presented as n (%).
ALB=albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI =hody mass index, CKD = chronic kidney disease, DBIL =direct bilirubin, DBP = diastolic blood pressure, eGFR=
estimated glomerular filtration rate, FBG =fasting blood glucose, GGT = glutamyltrantferase, HCY =homocysteine, HDL-C =high density lipoprotein cholesterol, LDL-C=low density lipoprotein, SBP = systolic

blood pressure, TBIL=total bilirubin, TC=total cholesterol, TG=triglyceride, UA=uric acid.

(n=7), those without hypertension (n=34), and those AST and
ALT data were missing (n=7)), 14,420 people were included in
the analysis finally (Fig. 1). In an average of 1.7 years of follow-
up, 1.39% (n=198) of patients died, 55.5% (n=110) of whom
from cardiovascular causes.

3.1. Baseline characteristics of patients

The baseline clinical and biochemical characteristics of patients
stratified by the tertiles of AST/ALT ratio were illustrated in
Table 1. Overall, mean age of participants was 63.80 +9.36 years
and 47.23% of the population was male. Patients with high level
of AST/ALT ratios were older, had lower BMI, and diastolic
blood pressure. Moreover, patients with higher AST/ALT ratio
had lower levels of eGFR, TC, TGs, and LDL-C. There was no
difference between drinking status, self-reported history of stroke
and CKD, and taking antiplatelet drugs.

As shown in Table S1, Supplemental Digital Content, http://
links.lww.com/MD/G330, compared with survivors, the dece-
dents were more likely to be older, and had higher level of AST/
ALT ratio, SBP, HCY, uric acid, and GGT at baseline. In
addition, they tend to be thinner and had lower DBP, TC, TG,
LDL-C, and eGFR. Finally, people who died had a higher
proportion of history of diabetes, stroke, or kidney disease, while

antihypertensive and hypoglycemic drugs were less frequently
used.

3.2. Survival analysis

Figure 2 shows the cumulative survival probability of all-cause
mortality and cardiovascular mortality respectively. It could be
seen from the picture that the survival probability in patients with
a high AST/ALT ratio was significantly reduced. Differences in
survival rate were estimated by log-rank test and P values for
both analyses were statistical significant (P <.001).

3.3. Multivariate regression analyses

We constructed 3 models to further test the independent
association between the AST/ALT ratio and the risk of all-cause
and cardiovascular death. Table 2 showed the association
between AST/ALT ratio and all-cause mortality by Cox
proportional regression model. In the unadjusted model (model
1), for every 1 increase in AST/ALT ratio, the risk of all-cause
death increased by 75% (hazard ratio [HR]:1.75, 95% CIL:1.52—
2.01). After adjusting gender and age (model 2), the risk of all-
cause increased by 52% (HR:1.52, 95% CI:1.30-1.79) with the
AST/ALT ratio increased. Model 3 was fully adjusted in which
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Figure 2. Kaplan-Meier curves according to AST/ALT ratio categories. A: All-cause mortality. B: Cardiovascular mortality. ALT = alanine aminotransferase, AST =

aspartate aminotransferase.

the AST/ALT ratio was still significantly correlated with all-cause
death (HR:1.37, 95% CI:1.15-1.63). Certainly, we also
converted AST/ALT ratio from continuous variables to categori-
cal variables (tertiles) for analysis. A statistically significant
increased risk of all-cause death for the third AST/ALT ratio
tertile (T3) compared to the first tertile (T1) (HR:2.10, 95%
CI:1.37-3.21) was found. The relationship between AST/ALT
ratio and cardiovascular mortality was evaluated by competing
risk model (Table 3). In detail, for every 1 increase in AST/ALT
ratio, the risk of all-cause death increased by 68% (HR:1.68,
95% CI:1.37-2.06) in the unadjusted model (model 1). After
adjusting gender and age (model 2), the risk of all-cause increased
by 46% (HR:1.46, 95% CI:1.17-1.83) with the AST/ALT ratio
increased. Model 3 was fully adjusted in which the AST/ALT
ratio was still significantly correlated with all-cause death
(HR:1.32, 95% CI:1.03-1.68). A statistically significant was
also observed in the increase risk of cardiovascular mortality for

the third AST/ALT ratio tertile (T3) compared to the first tertile
(T1) (HR:1.92, 95% CI:1.09, 3.37). The specific linear
relationship between AST/ALT ratio and all-cause death and
cardiovascular death was described in Figure S1, Supplemental
Digital Content, http:/links.lww.com/MD/G328 and Figure S2,
Supplemental Digital Content, http:/links.lww.com/MD/G329
by the method of cubic spline.

3.4. Subgroup analysis

We further explored the role of other covariables on the
association between all-cause death and cardiovascular death.
Figures 3 and 4 show the association between all-cause and
cardiovascular mortality in various subgroups respectively and
the subgroup analysis were the followings: sex (male, female), age
(<65, >65years), smoking (yes, no), drinking (yes, no), BMI
(<24, >24kg/m?), eGFR (<90, >90ml/min/1.73 m?), SBP

Association between AST/ALT ratio and risk of all-cause mortality.

Model 1

Model 2 Model 3

AST/ALT ratio OR (95% Cl) P OR (95% CI) P OR (95% CI) P
Continuous 1.75 (1.52, 2.01) <.001 1.52 (1.30, 1.79) 015 1.37 (1.15, 1.63) <.001
Tertiles

T (1.2 Ref. Ref. Ref.

T2 (1.2-1.6) 1.53 (1.00, 2.36) .052 1.30 (0.84, 2.01) 237 1.35 (0.86, 2.10) 193

T3 (>1.6) 3.31 (2.25, 4.85) <.001 2.32 (1.56, 3.44) <.001 210 (1.37, 3.21) <.001

P for trend <.001 <.001 <.001
Categories

T1-T2 (<1.6) Ref. Ref. Ref.

T3 (>1.6) 2.61 (1.97, 3.46) <.001 1.99 (1.49, 2.65) <.001 1.74 (1.28, 2.36) <.001

Model 1: adjusted for none.
Model 2: adjusted for age, sex.

Model 3: age, sex, smoking, drinking, BMI, SBP, FBG, TC, TG, LDL-C, HDL-C, eGFR, ALB, GGT, antihypertensive drugs, glucose-lowering drugs lipid-lowering drugs, antiplatelet drugs.
ALB = albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, eGFR = estimated glomerular filtration rate, FBG = fasting blood glucose, HDL-C = high density
lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, SBP = systolic blood pressure, TC = total cholesterol, TG = triglyceride.
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Table 3
Association between AST/ALT ratio and risk of cardiovascular mortality.
Model 1 Model 2 Model 3

AST/ALT ratio OR (95% Cl) P OR (95% CI) P OR (95% CI) P
Continuous 1.68 (1.37, 2.06) <.01 1.46 (1.17,1.83) <.01 1.32 (1.03, 1.68) <.01
Tertiles

T (<1.2) Ref. Ref. Ref.

T2 (1.2-1.6) 1.46 (0.82, 2.57) <.01 1.27 (0.71, 2.25) 421 1.27 (0.70, 2.29) 432

T3 (>1.6) 3.01 (1.82, 5.00) <.01 2.19 (1.30, 3.69) .003 1.92 (1.09, 3.37) .024

P for trend <.001 .001 015
Categories

T1-T2 (<1.6) Ref. Ref. Ref.

T3 (>1.6) 2.46 (1.68, 3.58) <.001 1.91 (1.30, 2.81) .001 1.65 (1.09, 2.49) 017

Model 1: adjusted for none.
Model 2: adjusted for age, sex.

Model 3: age, sex, smoking, drinking, BMI, SBP, FBG, TC, TG, LDL-C, HDL-C, eGFR, ALB, GGT, antihypertensive drugs, glucose-lowering drugs lipid-lowering drugs, antiplatelet drugs.
ALB = albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, eGFR = estimated glomerular filtration rate, FBG = fasting blood glucose, GGT = gamma-
glutamyltransferase, HDL-C = high density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, SBP = systolic blood pressure, TC = total cholesterol, TG = triglyceride.

(<140,>140 mm Hg), ALB (low, high), and GGT (low, high). No
interaction was found in subgroup analysis. More specifically, the
results of subgroup analysis were in good agreement with the
main results.

4. Discussion

In present study, we reported that the AST/ALT ratio was
associated with all-cause mortality and cardiovascular mortality
independently. To our knowledge, this is the first large-scale
study to investigate the relationship between AST/ALT ratio and
all-cause and cardiovascular death in hypertensive patients.

There have been some small sample size researches and the
results that were found were consistent with ours. For instance, a
longitudinal cohort study!®! included 3494 Japanese communi-
ty-checked subjects that showed a high AST/ALT ratio (>90%)
was an independent predictor of all-cause and cardiovascular
mortality. Feng et al''”! performed a multicenter retrospective
study which consisted of 1579 patients on peritoneal dialysis. It
reported that a higher AST/ALT ratio was independently
associated with an increased risk of CVD mortality compared
with their counterparts (HR=1.43,95% CI:1.08-1.41). Another
research®! which revealed the relationship between AST/ALT
and all-cause death and cardiovascular death in people with
diabetes found AST/ALT ratio was associated with a 83%
increased risk of all-cause mortality (95% 1.14-2.93, P=.012)
and a 160% increased risk of CVD mortality. Combined with the
results of our research, we found that the AST/ALT ratio was
related to all-cause death and cardiovascular death independently
in different study populations, which might indicate that the
AST/ALT ratio not only reflected liver damage, but also reflected
system disorders.

In our study, the average age of the overall population was
63.80+9.36 years, while the age of the high AST/ALT level group
was 67.68+9.17years. Since liver function would deteriorates
with age gradually,!'” age might explain the reason why the
higher the AST/ALT level, the higher mortality of all-cause and
cardiovascular. BMI was commonly used to classify overweight
and obesity in adults.!*®! Studies in the past had reported that
lower body weight was significantly associated with higher
mortality.*" In our study, people with higher AST/ALT ratio had

lower BMI, which was also observed in those who died.
Furthermore, the higher value of AST/ALT ratio was indicative of
more severe liver damage due to alcohol.”*?! Although there was
no statistically difference in drinking status, the proportion of
alcohol consumption in people with high levels of AST/ALT was
larger. However, age, BMI, and drinking had no interaction on
the relationship between AST/ALT and all-cause death and
cardiovascular death in our subgroup analysis. This might
suggest a specific role for AST/ALT ratio in all-cause death and
cardiovascular death.

Nevertheless, the possible biological mechanism is still under
discussion. What we should pay attention to is that the AST/ALT
ratio is not only a predictor of advanced alcoholic liver
disease,!?! progressive liver damage,”® and cirrhosis,** but
also plays an important role in other diseases, such as heart
failure,””! insulin resistance,'**! metabolic syndrome,'*®*”! arte-
riosclerosis,'*#*%! and a prognostic factor in patients with upper
tract urothelial cancer treated with surgery.*! In addition, the
AST/ALT ratio seemed to be related to increased oxidative stress,
a potential factor of CVD. In animal models, as reported, mice
with elevated AST/ALT ratio had a reduced ability to carry
oxygen and in these animals, markers of oxidative stress were
also increased.®!! Therefore, it is reasonable to guess that
an increase in the AST/ALT ratio increased mortality through
oxidative stress.

The biggest advantage of this study was hypertensive
population, and the sample size was larger previous similar
studies. In this era of stratified medicine, hypertensive patients
with elevated AST/ALT ratio may represent a group of
individuals at higher risk of mortality who deserve closer
monitoring. Of course, some limitations should not be ignored.
First, the AST and ALT values were only detected in baseline due
to the short follow-up time, and if conditions permit, we plan to
check again in subsequent follow-ups to obtain dynamic changes.
Second, information about the history of acute or chronic liver
disease and the use of related drugs were not collected. This made
it impossible to exclude the possibility that liver diseases might
cause changes in AST/ALT values. Third, the remaining influence
cannot be ruled out even though the confounding factors have
been adjusted. Finally, given that this study patients were
hypertensive, our conclusions could not be generalized to other
populations.
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Subgroup Events (%) HR (95% CI) P for interaction
Sex 0.731
male 121 (61.1%)  1.34(1.08, 1.66) —a—
female 77 (38.9%)  1.42(1.09, 1.86) ——
Age,years 0.342
<65 33(16.7%)  1.70 (1.09, 2.66) —_—
>65 165 (83.3%) 1.33 (1.11, 1.61) —-—
Current Smoking 0.898
Yes 44 (22.2%)  1.35(0.97, 1.86) ——
No 154 (77.8%)  1.38(1.13, 1.68) —a—
Current Drinking 0.059
Yes 32(16.2%)  0.84 (0.46, 1.52) —
No 166 (83.8%)  1.44(1.21,1.71) —a—
BMI kg/m2 0.119
<24 141 (71.2%) 1.30(1.07,1.59) —-—
>24 57 (28.8%)  1.77(1.30, 2.40) —
eGFR,ml/min/1.73m2 0.584
<90 137 (69.2%)  1.37(1.13, 1.65) —-—
=90 61 (30.8%)  1.53(1.07,2.18) —
SBP,mmHg 0.804
<140 58(29.3%)  1.42(1.03, 1.96) ——
>140 140 (70.7%)  1.35(1.11, 1.65) —a—
ALB,g/L 0.289
Low 147 (74.2%)  1.44 (1.20, 1.73) ——
High 51(25.8%)  1.14(0.75, 1.74) e
GGT,U/L 0.279
Low 97 (49.0%)  1.28 (1.01, 1.64) ———
High 101 (51.0%)  1.54(1.21,1.97) —

 — T 1

0 05 1 15 2 25

Figure 3. The association between AST/ALT ratio and all-cause mortality in various subgroups age, sex, smoking, drinking, BMI, SBP, FBG, TC, TG, LDL-C, HDL-
C, eGFR, ALB, GGT, antihypertensive drugs, glucose-lowering drugs, glucose-lowering drugs, and lipid-lowering drugs, except for the stratify. ALT = alanine
aminotransferase, ALB = albumin, AST = aspartate aminotransferase, BMI = body mass index, eGFR = estimated glomerular filtration rate, FBG = fasting blood
glucose, GGT = gamma-glutamyltransferase, HDL-C = high density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, SBP = systolic blood
pressure, TC = total cholesterol, TG = triglyceride.
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Subgroup Events (%) HR (95% CI) P for interaction
Sex 0.873
male 70 (63.6%)  1.30(0.96, 1.75) e
female 40 (36.4%)  1.35(0.92,1.99) T—
Age,years 0.879
<65 20(18.2%)  1.39(0.70, 2.76) - >
=65 90 (81.8%)  1.31(1.01, 1.70) ——
Current Smoking 0.998
Yes 24 (21.8%)  1.32(0.83,2.09) -
No 86 (78.2%)  1.32(1.00, 1.74) ——
Current Drinking 0.187
Yes 17 (15.5%)  0.78 (0.33,1.89) —=
No 93 (84.5%)  1.38(1.08, 1.76) —a—
BMILkg/m2 0.231
<24 77 (70.0%)  1.25(0.95, 1.66) T
>24 33(30.0%)  1.74(1.13,2.68) —_—>
eGFR,ml/min/1.73m2 0.32
<90 82 (74.5%)  1.39(1.09, 1.78) —a—
=90 28 (25.5%)  0.98(0.48,1.99) —_—
SBP,mmHg 0.862
<140 30(27.3%)  1.36(0.85,2.18) =
>140 80 (72.7%)  1.30(0.99, 1.71) —a—
ALB,g/L 0.747
Low 81(73.6%)  1.34(1.03, 1.75) —a—
High 29 (26.4%) 1.22(0.71,2.11) -
GGT,U/L 0.433
Low 56 (50.9%)  1.24(0.89,1.73) T=—
High 54 (49.1%)  1.50(1.05,2.13) ——

1 | I
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Figure 4. The association between AST/ALT ratio and cardiovascular mortality in various subgroups adjusted for age, sex, smoking, drinking, BMI, SBP, FBG, TC,
TG, LDL-C, HDL-C, eGFR, ALB, GGT, antihypertensive drugs, glucose-lowering drugs, glucose-lowering drugs, and lipid-lowering drugs, except for the stratify.
ALT = alanine aminotransferase, ALB = albumin, AST = aspartate aminotransferase, BMI = body mass index, eGFR = estimated glomerular filtration rate, FBG =
fasting blood glucose, GGT = gamma-glutamyltransferase, HDL-C = high density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, SBP =
systolic blood pressure, TC = total cholesterol, TG = triglyceride.
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5. Conclusion

In summary, the findings of our study indicate that elevated AST/
ALT ratio was an independent factor for risk of both all-cause
and cardiovascular mortality in patients with hypertension.
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