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Abstract

BACKGROUND
Serum alanine aminotransferase (ALT) levels are often considered a marker to
evaluate liver disease and its severity.

AIM
To investigate the association between ALT levels and all-cause and cause-specific
mortality in patients with nonalcoholic fatty liver disease (NAFLD).

METHODS

The Third National Health and Nutrition Examination Survey (NHANES-III)
from 1988 to 1994 and NHANES-III-related mortality data from 2019 onward
were used to obtain the necessary data for the study. NAFLD was defined as
hepatic steatosis, as diagnosed by ultrasound, with no other liver diseases. ALT
levels were categorized into four groups according to the different recommended
upper limits of normal (ULN) in men and women: < 0.5 ULN, 0.5-1 ULN, 1-2
ULN, and = 2 ULN. The hazard ratios for all-cause mortality and cause-specific
mortality were analyzed using the Cox proportional hazard model.

RESULTS

Multivariate logistic regression analysis demonstrated that the odds ratio of
NAFLD correlated positively with increased serum ALT levels. In patients with
NAFLD, all-cause mortality and cardiovascular mortality were the highest when
ALT was < 0.5 ULN, yet cancer-related mortality was the highest when ALT was
> 2 ULN. The same results could be found in both men and women. Univariate
analysis showed that severe NAFLD with normal ALT levels had the highest all-
cause and cause-specific mortality, but the difference was not statistically
significant after adjustment for age and multivariate factors.
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CONCLUSION

The risk of NAFLD was positively correlated with ALT level, but all-cause and cardiovascular
mortality were the highest when ALT was < 0.5 ULN. Regardless of the severity of NAFLD,
normal or lower ALT levels were associated with higher mortality than elevated ALT levels.
Clinicians should be aware that high ALT levels indicate liver injury, but low ALT levels are
associated with a higher risk of death.

Key Words: Non-alcoholic fatty liver disease; Alanine aminotransferase; Mortality; NHANES-III

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The risk of nonalcoholic fatty liver disease (NAFLD) was positively correlated with alanine
aminotransferase (ALT) level, but all-cause and cardiovascular mortality were the highest when ALT <
0.5 upper limits of normal. Regardless of the severity of NAFLD, normal or lower ALT levels are
associated with higher mortality than elevated ALT levels. Clinicians should be aware of not only high
ALT, indicating liver injury, but also low ALT associated with higher risk of death.

Citation: Zheng JR, Wang ZL, Jiang SZ, Chen HS, Feng B. Lower alanine aminotransferase levels are associated
with increased all-cause and cardiovascular mortality in nonalcoholic fatty liver patients. World J Hepatol 2023;
15(6): 813-825

URL: https://www.wjgnet.com/1948-5182/full/v15/i6/813.htm

DOI: https://dx.doi.org/10.4254/wjh.v15.i6.813

INTRODUCTION

The number of patients suffering from nonalcoholic fatty liver disease (NAFLD) has reached one billion
worldwide, replacing viral hepatitis as the most common chronic liver disease[1-3], as well as increasing
the risk of hepatocellular carcinoma[4]. Research has demonstrated that NAFLD is no longer restricted
to the liver itself but is also the main manifestation of metabolic syndrome in the liver, which is closely
related to obesity, dyslipidemia, hypertension, type 2 diabetes, insulin resistance, and cardiovascular
disease[5,6]. The all-cause mortality of patients with NAFLD is significantly increased, and
cardiovascular disease, malignant tumors, and end-stage liver disease are the main causes of death in
patients with NAFLD[7-9]. Therefore, it is very important to find an effective treatment for NAFLD.

The elevation of alanine aminotransferase (ALT) is a measure of liver disease activity and liver injury
severity. Several studies have shown that an increase in ALT levels has a close correlation with an
increased risk of NAFLD. It has also been proven to be an independent predictor of NAFLD and is
related to nonalcoholic steatohepatitis and advanced liver fibrosis[10-12]. Research has shown that
elevated ALT levels are also positively correlated with metabolic syndrome-related diseases, such as
cardiovascular disease and type 2 diabetes[13,14]. Based on these previous findings, it could be inferred
that all-cause and cardiovascular mortality are correlated with elevated ALT levels. However, this
conclusion appears to be inconsistent and controversial[15-17]. Elevated ALT levels are related to
mortality from various causes in some studies[18,19], but not in others[20,21]. In contrast, some studies
have indicated that normal or lower ALT levels appear to be negatively correlated with a higher risk of
all-cause mortality[22,23]. Moreover, the relationship between ALT levels and all-cause and cause-
specific mortality in patients with NAFLD has not been fully reported. Therefore, this study focuses on
the relationship between serum ALT levels and all-cause mortality and cause-specific mortality in
patients with NAFLD in the Third National Health and Nutrition Examination Survey (NHANES-III)
database, so as to further explore the clinical significance of using ALT as a potential treatment target
and to improve the survival and prognosis of patients with NAFLD.

MATERIALS AND METHODS

Dataset and study population

The NHANES-III produced a national dataset that evaluates the health status of people in the United
States, and it was conducted in two phases (1988-1991 and 1991-1994). The NHANES-III conducted
interviews, physical examinations, and laboratory tests, and, at the same time, it used ultrasonic
examination to evaluate hepatic steatosis, which is the main reason the authors chose this dataset. Data
from NHANES-III was also linked to death certificates from the National Death Index (NDI) as of
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n = 14797 participants in NHANES III ages 20-74
years with results of hepatic/gallbladder ultrasound

Exclusion (n = 2217)

Ungradable imaging results of hepatic steatosis (7 = 941)
Significant alcohol consumption (7 = 540)

Viral hepatitis (HBsAg or Anti-HCV positive) (77 = 365)
Iron overload (transferrin saturation > 50%) (7= 371)

Missing data (7 = 1139)

Mortality data (7 = 10)

Important covariates: BMI, SBP, DBP, TG, HDL, FPG,
fasting insulin, HbA1c, ALT, AST (n = 1129)

‘ n = 11441 participants ‘

J

l

n = 4159 participants with NAFLD | ‘ n = 7282 participants without NAFLD |

DOI: 10.4254/wjh.v15.i6.813 Copyright ©The Author(s) 2023.

Figure 1 Flow-chart of the Study. NHANE III: The National Health and Nutrition Examination Survey 111 (1988-1994); HBsAg: Hepatitis B surface antigen; HCV:
Hepatitis C virus; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; TC: Total cholesterol; TG: Triglyceride; HDL: High-density
lipoprotein cholesterol; FPG: Fasting plasma glucose; HbA1c: Glycosylated hemoglobin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; NAFLD:
Nonalcoholic fatty liver disease.
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December 31, 2019, allowing for mortality analysis. The NHANES protocol was approved by the Ethics
Review Committee of the National Center for Health Statistics, which obtained informed consent from
all subjects.

Among the adult participants (aged 20-74 years old) in the NHANES-III survey with liver/
gallbladder ultrasound and laboratory test results (n = 14797), individuals without a liver ultrasound
steatosis grade and those with significant alcohol consumption (men > 21 drinks/week, women > 14
drinks/week), viral hepatitis (serum hepatitis B surface antigen and/or serum hepatitis C antibody
positive), or iron overload (transferring saturation = 50%) (n = 2217) were excluded from this study.
Individuals with incomplete mortality information and certain important indicators were also excluded
(n =1139). Finally, this study included a total of 11,441 individuals aged 20-74 years (Figure 1).

Clinical variables

An elevated ALT level was defined as ALT > 30 U/L in males and > 19 U/L in females, and the ALT
levels were classified into four groups [< 0.5 upper limits of normal (ULN), 0.5-1 ULN, 1-2 ULN, > 2
ULN]. Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, Mexican-American,
or other. Diabetes was defined as a high fasting blood sugar (> 126 ng/dL), a high glycosylated
hemoglobin (HbAlc) (> 6.5%), or a history of diabetes and/or use of diabetic medication. A homeostasis
model assessment of insulin resistance > 2.5 was considered as insulin resistant[24]. Hypertension was
defined as systolic blood pressure > 140 mmHg or diastolic blood pressure = 90 mmHg and/or
treatment with antihypertensive medication. A self-reported questionnaire on the frequency and
amount of alcohol consumption was used to identify drinking status[25]. If people answered "no" to
having done any of the following activities in the previous month, they were classified as being
"sedentary" in terms of sports activities: jogging/running, cycling, swimming, aerobic exercise, other
dancing, aerobics, yard work/gardening, weightlifting, or other sports[26].

Definition of NAFLD

The gallbladder ultrasound image files were reviewed by three board-certified clinicians to assess
hepatic steatosis. In this study, NAFLD was defined as any degree (mild to severe) of steatosis,
according to five criteria, without a competing etiology for secondary liver steatosis.

Mortality

Participants who were aged over 20 years in the NHANES-III were followed up for passive mortality as
of December 31, 2019. Probability matching was performed using NDI records to assess the death status
(including the date of death) and the cause of death; the potential cause of death 113 code was used to
code deaths before 1998, and deaths between 1999 and 2015 were coded according to the Ninth Revision
of the International Classification of Diseases. The Centers for Disease Control and Prevention restricted
the liver-related mortality data in the NHANES III for public use.
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Statistical analysis

All data were analyzed using SPSS 27.0. Weighted analyses were performed using NHANES survey
weights[27]. The Student’s t-test was used to compare continuous variables, and the Rao-Scott chi-
square was used to test categorical variables. Multivariate logistic regression was used to confirm an
independent relationship between ALT status and NAFLD after adjustment for potential clinical and
demographic variables. Cox proportional hazards regression analysis was used to analyze all-cause and
cause-specific mortality. A P value < 0.05 was considered to have a significant statistical difference.

RESULTS

Baseline characteristics of patients

Of the 11441 NHANES-III survey participants (mean age, 44.4 years; male, 44.6%) enrolled in this study,
the prevalence of NAFLD was 36.4%, among which moderate to severe steatosis accounted for 22.8%. In
this cohort, 84.8% of the participants had normal ALT levels, and 15.2% had elevated ALT levels. Table 1
summarizes the baseline characteristics of the overall population and patients with NAFLD. In the
whole population, compared with the individuals with normal ALT levels, those with elevated ALT
levels were more likely to be young people, women, or Mexican Americans, those who did little
physical activity, and those who were diabetic and insulin resistant. In addition, body mass index (BMI),
waist circumference, TC, TG, HbAlc, FPG, and AST were higher in these people, and HDL was lower.
The prevalence of NAFLD was higher in individuals with elevated ALT levels compared with those
with normal ALT levels (59% vs 32.3%, P < 0.001). In patients with NAFLD, compared with individuals
with normal ALT levels, those with elevated ALT levels were also younger, more likely to be women,
Mexican American, diabetic, insulin resistant, and they had higher BMI, waist circumference, TC, TG,
and AST levels. The proportion of patients with moderate and severe steatosis was higher (47.7% and
30.1%, respectively). When ALT was classified into different levels (< 0.5 ULN, 0.5-1 ULN, 1-2 ULN, and
> 2 ULN), in the univariate model, the incidence of NAFLD increased with the increase in ALT level
[odds ratio (OR): 1, 1.65, 3.56, and 6.72 respectively, P < 0.001]. When adjusted for age, this relationship
still existed. Multivariate analysis showed that with the increase in ALT level, the risk of NAFLD
increased by 37%, 128%, and 217 %, respectively (Supplementary Table 1).

ALT levels and mortality in the overall population
The average follow-up time of the 11,441 individuals was 23.8 years. A total of 3,976 people died during
the follow-up period, and cardiovascular disease (1 = 1104) and cancer (n = 953) were the two leading
causes of death. The results of the Cox proportional hazards regression analysis of the overall
population are given in Table 2. The univariate analysis showed that all-cause mortality gradually
decreased with the increase in ALT level [hazard ratio (HR): 0.76, 0.66, and 0.60, respectively, P < 0.001].
When considering known demographic variables and traditional risk factors, all-cause mortality was
still the highest when ALT was at the lowest level (< 0.5 ULN). With regard to NAFLD, in univariate
analysis, patients with NAFLD had a 41% higher risk of all-cause death than the patients who did not
have NAFLD [HR: 1.41, 95% confidence interval (CI): 1.33-1.51, P < 0.001]. However, NAFLD was no
longer correlated with all-cause mortality when other demographics and covariates were controlled.
When mortality was limited to cardiovascular disease (Table 3), the multivariable analysis indicated
that elevated ALT levels were correlated with decreased cardiovascular mortality in individuals overall
and in patients with NAFLD, but there was no significant statistical difference when ALT was =2 ULN.
Death caused by other diseases, such as respiratory and cerebrovascular diseases, with different ALT
levels also showed a similar result. The analysis of cancer-related mortality had a different result; when
ALT was 2 2 ULN, the risk of cancer-related death in the whole population increased by 11% and, in
patients with NAFLD, it increased by 39%, but there was no significant statistical difference.

ALT levels and mortality in patients with NAFLD

Further research was done concerning the patients with NAFLD (Supplementary Table 2 in the ESM).
Because the ULN of the ALT level differs in men and women, an analysis was performed according to
gender. The baseline characteristics of the enrolled patients with NAFLD are summarized in
Supplementary Table 3 in the ESM. A total of 1932 men and 2227 women are included, with an average
age of 47.9 and 45.8 years, respectively. The median ALT level was 25 U/L in men and 18 U/L in
women. In most patients with NAFLD, ALT levels were within the normal range, of which 0.5-1 ULN
was the most common (found in 49.9% of males and 50.9% of females, respectively). All-cause mortality
and cause-specific mortality were investigated based on ALT levels in men and women. In male patients
with NAFLD, the univariate model showed that all-cause and cancer-related mortality decreased with
the increase in ALT level, but the age-adjusted and multivariate models showed that mortality increased
when ALT was = 2 ULN. However, the difference was not statistically significant. Regarding death
caused by cardiovascular disease and other causes, the three models showed that the risk of death
decreased with the increase of ALT level. Among female patients, cancer-related mortality was the
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Table 1 Baseline characteristics of the overall population and nonalcoholic fatty liver disease patients with normal or elevated alanine

aminotransferase level

Overall population (n = 11441) NAFLD population (n = 4159)

Normal ALT level Elevated ALT level Normal ALT level Elevated ALT level

(n=9698) (n=1743) P value (n=3131) (n=1028) P value
Age (y7) 44.4+0.17 415+0.35 <0.001 48.0 £0.29 432+045 <0.001
Sex, male (%) 4397 (45.3) 710 (40.7) <0.001 1496 (47.8) 436 (42.4) 0.003
Race/ ethnicity, n (%) <0.001 <0.001
Non-Hispanic White 3725 (38.4) 527 (30.2) 1186 (37.9) 300 (29.2)
Non-Hispanic Black 2950 (30.4) 325 (18.6) 861 (27.5) 143 (13.9)
Mexican American 2620 (27.0) 815 (46.8) 967 (30.9) 540 (52.5)
Others 403 (4.2) 76 (4.4) 117 (3.7) 45 (4.4)
Waist circumference (cm)  92.3 £0.15 98.3 +£0.35 <0.001 97.9 £0.30 102.6 £ 0.45 <0.001
BMI (kg/m?) 27.0 £ 0.06 29.7 £0.15 <0.001 28.9+0.12 31.4+0.20 <0.001
Hypertension, 1 (%) 3892 (40.1) 698 (40.0) 0.946 1434 (45.8) 458 (44.6) 0.486
Diabetes, 1 (%) 836 (8.6) 253 (14.5) <0.001 476 (15.2) 214 (20.8) <0.001
HOMA-IR, 71 (%) 3652 (37.7) 1117 (64.1) <0.001 1712 (54.7) 785 (76.4) <0.001
Fasting plasma glucose 5.6 £0.02 5.9 £0.06 <0.001 6.0+0.05 6.3+0.09 0.002
(mmol/L)
HbAlc (%) 5.5+0.01 5.7 +0.03 <0.001 5.8 +0.02 5.9+ 0.05 0.027
TG (mg/dL) 135.2+1.0 1824 +3.2 <0.001 165.9 +2.09 207.0 +4.49 <0.001
Total cholesterol (mg/dL) 204.2 0.4 209.7 +1.07 <0.001 208.6 + 0.80 212.6 +1.37 <0.001
HDL (mg/dL) 51.3 +0.15 47.0+£0.36 <0.001 483 +0.27 45.0 +0.47 <0.001
ALT (IU/L) 13.7 £ 0.06 39.5 +0.63 <0.001 14.9 £ 0.10 41.7 £0.90 <0.001
AST (IU/L) 19.0 + 0.06 34.2+0.64 <0.001 19.5+0.11 35.6 +0.92 <0.001
Albumin (g/L) 41.4+0.04 41.7 £0.09 0.007 41.1£0.07 41.8£0.11 <0.001
Smoked at least 100 4872 (50.2) 752 (43.3) <0.001 1637 (52.3) 448 (43.6) <0.001
cigarettes, n (%)
Sedentary lifestyle, 7 (%) 2811 (29.0) 583 (33.4) <0.001 1048 (33.5) 373 (36.3) 0.099
NAFLD, 7 (%) 3131 (32.3) 1028 (59.0) <0.001
Mild 1326 (13.7) 229 (13.1) 1326 (42.4) 229 (22.3)
Moderate 1268 (13.1) 490 (28.1) 1268 (40.5) 490 (47.7)
Severe 537 (5.5) 309 (1.7) <0.001 537 (17.2) 309 (30.1) <0.001

Categorical values are shown as 7 (%). Continuous variables are shown as mean + SEs. Elevated alanine aminotransferase (ALT) level was defined as ALT
>30 U/L in men or > 19 U/L in women. BMI: Body mass index; HOMA-IR: Homeostasis model assessment of insulin resistance; HbAlc: Glycosylated
hemoglobin; TG: Triglyceride; HDL: High-density lipoprotein cholesterol; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; NAFLD:
Nonalcoholic fatty liver disease.

highest in the univariate, age-adjusted, and multivariate models when ALT was > 2 ULN, which was
similar to the results in the whole population with NAFLD (Tables 4 and 5).

The different models and mortality in patients with NAFLD

The different NAFLD statuses (mild to moderate or severe) were then combined with the different ALT
levels (normal or elevated) for further analysis of all-cause and cause-specific mortality. In patients with
NAFLD, the univariate and age-adjusted models showed that severe NAFLD with normal ALT levels
had the highest all-cause mortality (HR: 1.45, P < 0.001 and 1.11, P = 0.139), but this relationship no
longer existed after multivariable adjustment (HR: 0.98, P = 0.727) (Table 6). In terms of cause-specific
mortality, Model 1 (mild to moderate NAFLD with normal ALT level) and Model 3 (severe NAFLD
with normal ALT level) had a higher risk of death than Model 2 (mild to moderate NAFLD with
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Table 2 Association between alanine aminotransferase level or nonalcoholic fatty liver disease status and all-cause mortality in overall

population

Unadjusted Age-adjusted Multivariate-adjusted
ALT level

HR (95%Cl) P value HR (95%Cl) Pvalue HR (95%Cl) P value
<05 ULN 1 1 1
0.5-1 ULN 0.76 (0.71-0.81) <0.001 0.74 (0.70-0.80) <0.001 0.76 (0.71-0.81) <0.001
1-2 ULN 0.66 (0.60-0.74) <0.001 0.73 (0.66-0.81) <0.001 0.70 (0.63-0.79) <0.001
22 ULN 0.60 (0.49-0.74) <0.001 0.92 (0.75-1.14) 0.442 0.74 (0.57-0.97) 0.017
NAFLD
No NAFLD 1 1 1
NAFLD 1.41 (1.33-1.50) <0.001 1.13 (1.06-1.20) <0.001 0.99 (0.92-1.06) 0.758

The multivariate model was adjusted for age, sex, race/ethnicity, body mass index, waist circumference, aspartate aminotransferase, albumin, triglyceride,
total cholesterol, high-density lipoprotein cholesterol, smoking status, diabetes, hypertension, and sedentary lifestyle. CI: Confidence interval; HR: Hazard
ratio; ULN: Upper limits of normal; ALT: Alanine aminotransferase; NAFLD: Nonalcoholic fatty liver disease.

Table 3 Association of alanine aminotransferase level, cardiovascular disease, cancer-related and others-related mortality stratified by

the presence/absence of nonalcoholic fatty liver disease

Total population No NAFLD NAFLD

HR (95%Cl) P value HR (95%Cl) P value HR (95%Cl) P value
ALT level
Cardiovascular
< 0.5 ULN 1 1 1
0.5-1 ULN 0.74 (0.65-0.85) <0.001 0.82 (0.68-0.97) 0.022 0.66 (0.52-0.82) < 0.001
1-2 ULN 0.63 (0.50-0.79) <0.001 0.78 (0.56-1.09) 0.149 0.55 (0.39-0.78) <0.001
22 ULN 0.63 (0.35-1.12) 0.113 0.70 (0.26-1.86) 0.469 0.68 (0.31-1.50) 0.342
Cancer
<0.5 ULN 1 1 1
0.5-1 ULN 0.74 (0.64-0.86) <0.001 0.70 (0.58-0.84) <0.001 0.85 (0.66-1.11) 0.230
1-2 ULN 0.67 (0.52-0.86) 0.002 0.61 (0.42-0.88) 0.009 0.77 (0.54-1.12) 0.171
22 ULN 1.11 (0.67-1.86) 0.682 0.86 (0.35-2.11) 0.738 1.39 (0.70-2.75) 0.346
Others
<0.5 ULN 1 1 1
0.5-1 ULN 0.89 (0.80-0.99) 0.029 0.92 (0.81-1.05) 0.227 0.80 (0.67-0.95) 0.011
1-2 ULN 0.98 (0.83-1.16) 0.809 1.25 (0.98-1.60) 0.074 0.73 (0.57-0.93) 0.012
>2 ULN 0.75 (0.51-1.09) 0.131 0.69 (0.33-1.45) 0.331 0.53 (0.32-0.89) 0.015

The multivariate model was adjusted for age, sex, race/ethnicity, body mass index, waist circumference, aspartate aminotransferase, albumin, triglyceride,
total cholesterol, high-density lipoprotein cholesterol, smoking status, diabetes, hypertension, and sedentary lifestyle. Others: Chronic lower respiratory
diseases, accidents (unintentional injuries), cerebrovascular diseases, Alzheimer’s diseases, diabetes mellitus, influenza and pneumonia, nephritis,
nephrotic syndrome and nephrosis and all other causes (residual). CI: Confidence interval; HR: Hazard ratio; ULN: Upper limits of normal; ALT: Alanine

aminotransferase; NAFLD: Nonalcoholic fatty liver disease.

elevated ALT level) and Model 4 (severe NAFLD with elevated ALT level). Further analysis was made
according to gender (Supplementary Tables 4 and 5). Among male patients with NAFLD, those with
severe NAFLD and elevated ALT levels had higher cancer-related mortality (HR: 1.18, P = 0.602). The
risk factors of ALT at the lowest and highest levels were explored (Supplementary Table 6 in the ESM).
In male patients, the univariate analysis indicated that the age of those with ALT > 2 ULN was
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Table 4 Association of alanine aminotransferase level, all-cause, cardiovascular disease, cancer-related and others-related mortality

among nonalcoholic fatty liver disease patients in men

Mortality outcome, No. of death, n Unadjusted Age-adjusted Multivariate-adjusted
ALT level (%) HR (95%Cl) P value HR (95%Cl) Pvalue HR (95%Cl) P value
All-cause

<05 ULN 306 (61.1) 1 1 1

0.5-1 ULN 436 (45.2) 0.60 (0.52-0.70)  <0.001 0.69 (0.59-0.80) < 0.001 0.68 (0.58-0.80) <0001
1-2 ULN 115 (30.8)) 037 (0.30-0.46)  <0.001 0.62(0.50-0.77)  <0.001 0.60 (0.47-0.76) <0001
22ULN 21 (22.6) 0.26 (0.16-0.40)  <0.001 0.69 (0.44-1.09) 0.1 072 (042-1.21) 0214

Cardiovascular disease

<0.5 ULN 102 (20.4) 1 1 1

0.5-1 ULN 119 (22.3) 0.50 (0.39-0.65) <0.001 0.58 (0.44-0.76) <0.001 0.57 (0.43-0.77) <0.001
1-2 ULN 34 (9.1) 0.34 (0.23-0.50) <0.001 0.58 (0.39-0.87) 0.007 0.55 (0.33-0.92) 0.022
>2 ULN 3(3.2) 0.11 (0.04-0.36) <0.001 0.33 (0.10-1.05) 0.06 0.51 (0.13-1.97) 0.331
Cancer

<05 ULN 67 (13.4) 1 1 1

0.5-1 ULN 103 (10.7) 0.65 (0.48-0.89) 0.006 0.73 (0.54-1.00) 0.051 0.79 (0.57-1.10) 0.169
1-2 ULN 25 (6.7) 0.37 (0.23-0.58) <0.001 0.62 (0.39-0.99) 0.047 0.76 (0.45-1.29) 0.308
22 ULN 5(5.4) 0.28 (0.11-0.69) 0.006 0.81 (0.32-2.05) 0.654 1.05 (0.35-3.12) 0.935
Others

<0.5 ULN 137 (44.8) 1 1 1

0.5-1 ULN 214 (49.1) 0.81 (0.65-1.00) 0.048 0.81 (0.66-1.01) 0.058 0.73 (0.57-0.92) 0.921
1-2 ULN 56 (48.7) 0.68 (0.50-0.92) 0.014 0.75 (0.55-1.03) 0.073 0.57 (0.38-0.85) 0.851
>2 ULN 13 (61.9) 0.70 (0.39-1.23) 0.212 0.76 (0.42-1.37) 0.361 0.40 (0.19-0.84) 0.844

The multivariate model was adjusted for age, sex, race/ethnicity, body mass index, waist circumference, aspartate aminotransferase, albumin, triglyceride,
total cholesterol, high-density lipoprotein cholesterol, smoking status, diabetes, hypertension, and sedentary lifestyle. Others: Chronic lower respiratory
diseases, accidents (unintentional injuries), cerebrovascular diseases, Alzheimer’s diseases, diabetes mellitus, influenza and pneumonia, nephritis,
nephrotic syndrome and nephrosis and all other causes (residual). CI: Confidence interval; HR: Hazard ratio; ULN: Upper limits of normal; ALT: Alanine
aminotransferase.

significantly lower than that of those with ALT < 0.5 ULN, with more patients aged 20-39 years and
fewer patients aged over 60 years. The multivariable-adjusted analysis also indicated that age was a
protective factor in male patients. However, in female patients, no significant statistical difference was
seen between the two age groups.

DISCUSSION

The main findings of the present large cohort study were that elevated serum ALT levels were closely
related to the increased risk of NAFLD but did not increase the risk of all-cause and cardiovascular
mortality in the whole population and in patients with and without NAFLD. On the contrary, in the
patients with NAFLD, all-cause and cardiovascular mortality was the highest when ALT was < 0.5
ULN, and this was the same for both sexes and all ages. Cancer-related mortality was the highest when
ALT was = 2 ULN, but there was no significant statistical difference. With different degrees of NAFLD
(mild to moderate or severe), whether the ALT level was elevated or not seems to have had no
significant effect on all-cause and cause-specific mortality.

Previous research has shown that NAFLD is related to a higher risk of all-cause mortality[28]. In
addition, the correlation between NAFLD and increased risk of cardiovascular events was proved in a
meta-analysis[29]. Cardiovascular disease, malignant tumors, and end-stage liver disease are the main
causes of death in patients with NAFLDI[7,8], but cardiovascular disease is the primary cause of death
[7]. Therefore, it is of great importance to recognize the significant influence of metabolic complications
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Table 5 Association of alanine aminotransferase level, all-cause, cardiovascular disease, cancer-related and others-related mortality

among nonalcoholic fatty liver disease patients in women

Mortality outcome, No. of death, n Unadjusted Age-adjusted Multivariate-adjusted
ALT level (%) HR (95%Cl) P value HR (95%Cl) P value HR (95%Cl) P value
All-cause

<05ULN 144 (34.0) 1 1 1

0.5-1 ULN 440 (38.8) 1.16 (0.96-1.40)  0.127 0.88 (0.73-1.06)  0.176 091 (0.74-1.10) 0348
1-2 ULN 187 (36.0) 1.05(0.85-1.31)  0.632 0.83 (0.67-1.03)  0.095 0.76 (0.60-0.97)  0.027
>2 ULN 46 (30.7) 0.89 (0.64-1.24)  0.484 1.10(0.79-1.53) 0585 0.82(0.52-1.31) 0416
Cardiovascular disease

<05 ULN 41 (9.7) 1 1 1

0.5-1 ULN 119 (10.5) 1.10(0.77-1.58)  0.5% 0.82(0.58-1.17)  0.282 0.86 (0.59-1.26)  0.44
1-2 ULN 442 (8.1) 0.83 (0.54-1.28) 041 0.65(0.42-1.00)  0.051 0.62(0.38-1.02)  0.061
>2 ULN 99 (6.0) 0.61 (0.30-1.26)  0.182 0.78 (0.38-1.61)  0.504 0.85(0.29-2.43) 0756
Cancer

<05 ULN 31 (7.3) 1 1 1

0.5-1 ULN 97 (8.6) 1.18(0.79-1.77) 0425 0.93 (0.62-1.40)  0.728 1.02 (0.66-1.57) 934
1-2 ULN 37 (7.1) 0.96 (0.60-1.55)  0.877 0.76 (0.47-1.23)  0.261 0.83 (0.49-1.44)  0.482
>2 ULN 15 (10.0) 1.34 (0.72-2.48) 0352 1.38 (0.74-2.57) 0309 1.49 (0.61-3.68)  0.395
Others

<05 ULN 71 (49.7) 1 1 1

0.5-1 ULN 224 (50.9) 091 (0.70-1.20) 0526 0.92 (0.71-1.20)  0.549 0.89 (0.67-1.18)  0.411
1-2 ULN 108 (57.8) 1.01(0.75-1.37)  0.935 1.08 (0.80-1.46)  0.627 0.85(0.61-1.20) 0366
22 ULN 22 (47.8) 0.99 (0.62-1.61) 0978 1.16 (0.72-1.88)  0.548 0.62 (0.30-1.29)  0.199

The multivariate model was adjusted for age, sex, race/ethnicity, body mass index, waist circumference, aspartate aminotransferase, albumin, triglyceride,

total cholesterol, high-density lipoprotein cholesterol, smoking status, diabetes, hypertension, and sedentary lifestyle. Others: Chronic lower respiratory

diseases, accidents (unintentional injuries), cerebrovascular diseases, Alzheimer’s diseases, diabetes mellitus, influenza and pneumonia, nephritis,

nephrotic syndrome and nephrosis and all other causes (residual). CI: Confidence interval; HR: Hazard ratio; ULN: Upper limits of normal; ALT: Alanine

aminotransferase.
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on NAFLD, especially as seen in patients with NAFLD who died of cardiovascular disease. Since ALT is
often considered a marker to evaluate the activity of liver disease and the severity of liver injury in
clinical practice, many believe that monitoring ALT levels can be an effective means of following the
progression of NAFLD[30,31]. Because of the invasive nature of liver biopsy, clinicians often take ALT
levels as the basis of liver protection treatment. The association between elevated ALT levels and
increased mortality has been reported in several epidemiological studies[18,32]. It seems to be a
reasonable inference that elevated ALT levels may increase the risk of death. However, in different
countries and cohorts, the opposite relationship between ALT levels and all-cause mortality has been
observed. One study of NHANES-III data found that the relationship between ALT levels and all-cause
mortality was similar to a U-shaped curve[22]. Another large cohort study also indicated that ALT at the
lowest levels (<10 U/L) and elevated ALT levels (> 40 U/L) were associated with increased all-cause
mortality, especially among people aged over 60 years[33]. Two recent studies also showed that lower
ALT levels within the normal range were related to a higher risk of all-cause and cardiovascular
mortality in the elderly population[34,35]. These findings consistently indicate that there is a certain
non-linear correlation between ALT levels and all-cause mortality although some unmeasured or
residual confounding cannot be excluded.

The results of the current study showed that in patients with NAFLD, the ALT levels of the vast
majority, both male and female, are within the normal range, and the number of patients with an ALT
level in the range of 0.5-1 ULN is the largest, while the number in the range > 2 ULN is the smallest. In
addition, nearly half of the male patients with NAFLD with an ALT level < 0.5 ULN were elderly, while
nearly 3/4 of those with an ALT level > 2 ULN were young. Another study also showed that the ALT
level first increased and then decreased with age[36], which may explain why in patients with NAFLD
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Table 6 Association of different models, all-cause, cardiovascular disease, cancer-related and others-related mortality among

nonalcoholic fatty liver disease patients

Mortality No. of death, n Unadjusted Age-adjusted Multivariate-adjusted
outcome (%) HR (95%Cl) P value HR (95%Cl) Pvalue HR (95%Cl) Pvalue
All-cause

Model 1 1055 (41.9) 1 1 1

Model 2 248 (31.2) 0.68 (0.59-0.78) <0.001 0.89 (0.77-1.02) 0.1 0.87 (0.74-1.01) 0.067
Model 3 271 (53.7) 1.45 (1.26-1.65) <0.001 1.1 (0.97-1.27) 0.139 0.98 (0.85-1.12) 0.727
Model 4 121 (35.5) 0.82 (0.68-0.99) 0.037 0.91 (0.75-1.10) 0312 0.81 (0.66-0.99) 0.042

Cardiovascular disease

Model 1

Model 2

Model 3

Model 4

Cancer

Model 1

Model 2

Model 3

Model 4

Others

Model 1

Model 2

Model 3

Model 4

309 (12.3) 1 1 1
68 (8.6) 0.64 (0.49-0.83) <0.001 086 (0.66-112)  0.254 0.89 (0.65-1.20) 0437
72 (14.3) 130 (1.01-1.68)  0.045 099 (0.76-127)  0.907 0.82 (0.63-1.07) 0.146
20 (5.9) 0.46 (0.30-0.73) <0.001 052 (0.33-0.82)  0.005 0.53 (0.33-0.87) 0.011
241 (9.6) 1 1 1

50 (6.3) 0.60 (0.44-0.81) 0,001 074 (055-1.01)  0.055 0.86 (0.62-1.21) 0.387
57 (11.3) 131(098-1.75)  0.067 1.02 (0.76-1.36)  0.904 1.01 (0.75-1.37) 0.928
32 (9.4) 094 (0.65-1.36)  0.743 1.02 (0.70-147) 0938 1.07 (0.71-1.61) 0.755
504 (47.8) 1 1 1

130 (53.4) 094 (0.77-113)  0.492 1.03 (0.84-125)  0.799 0.93 (0.74-1.16) 0.506
142 (53.4) 128 (1.06-155)  0.009 125(1.04-151) 0019 1.15 (0.95-1.40) 0.159
69 (57.0) 1.09 (0.85-1.41) 0483 114 (0.89-147) 0312 0.89 (0.67-1.20) 0.453

Model 1: Mild to moderate nonalcoholic fatty liver disease (NAFLD) with normal alanine aminotransferase (ALT) level; Model 2: Mild to moderate NAFLD
with elevated ALT Level; Model 3: Severe NAFLD with normal ALT level; Model 4: Severe NAFLD with elevated ALT Level. The multivariate model was
adjusted for age, sex, race/ethnicity, body mass index, waist circumference, aspartate aminotransferase, albumin, triglyceride, total cholesterol, high-

density lipoprotein cholesterol, smoking status, diabetes, hypertension, and sedentary lifestyle. Others: Chronic lower respiratory diseases, accidents

(unintentional injuries), cerebrovascular diseases, Alzheimer’s diseases, diabetes mellitus, influenza and pneumonia, nephritis, nephrotic syndrome and

nephrosis and all other causes (residual). CI: Confidence interval; HR: Hazard ratio.
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the mortality rate is the highest when ALT is < 0.5 ULN. That is to say, during the follow-up period of
over 31 years, individuals with an ALT level < 0.5 ULN at baseline were mostly elderly, so the rate of
all-cause and cause-specific death outcomes was higher. However, most of the patients with ALT level >
2 ULN at baseline were young people, so the rate of endpoint events was low. However, in the age-
adjusted model and multivariable model, the results were still approximately the same, which shows
that other factors besides age may play a more important role, and this possibility needs further study.

Three mechanisms might explain the underlying association between ALT levels and death. First, as
an enzyme, ALT plays a vital role in converting L-alanine and o- ketoglutarate to pyruvate and glutamic
acid in the heart, liver, kidney, skeletal muscle, and brain, and a low ALT level increases the risk of
death by reducing the catalytic capacity for the vital metabolic steps of amino acid metabolism and
gluconeogenesis[37-40]. Second, a low ALT level indicates a vitamin B6 deficiency, and epidemiological
evidence indicates that a deficiency of vitamin B6 can increase the risk of cardiovascular disease,
immune dysfunction, depression, and neurocognitive impairment[41,42]. Finally, other unmeasured
confounding factors, rather than vitamin B6, may lead to death.

It was also found that the BMI of male and female patients with NAFLD with ALT levels < 0.5 ULN
were 26.8 kg/m? and 27.8 kg/m? respectively. Recent epidemiological studies have shown that mild
obesity (BMI: 23-29 kg/m?) has a protective effect on overall mortality[43,44]. However, the underlying
mechanism is unclear and needs further research.

Some limitations exist to the current study. First, it is a cross-sectional observation of the relationship
between ALT levels and NAFLD, so the time correlation cannot be determined. Second, the diagnosis of
NAFLD was carried out by hepatic ultrasound, which does not distinguish fat accumulation of less than
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30%[45]. However, the advantages of ultrasound include safety, repeatability, low cost, high sensitivity,
and specificity[46]. Therefore, ultrasound is considered a first-line imaging technology in epidemi-
ological research and clinical practice[47]. Third, despite the adjustments of multiple covariates affecting
all-cause and cause-specific mortality, some unmeasured or residual confounding factors may still exist.
It was also not possible to extract specific information about liver-related mortality (due to NHANES),
and obtaining such data could provide more clarity. Finally, since the participants in NHANES-III
represent the population from 1988 to 1994, there may have been a much lower prevalence of diabetes
and NAFLD than would be expected today.

However, this study also has its strengths. This is the first study focusing on ALT levels and all-cause
and cause-specific mortality in patients with NAFLD. In a large cohort of the United States population,
there are rich demographic and metabolic variables, with a median follow-up period of 23.8 years.
Unlike other NHANES cycles that lack liver ultrasound results, NHANES-III includes liver steatosis
diagnosed by ultrasound, which makes the diagnosis of NAFLD more accurate than that using non-
invasive laboratory markers.

CONCLUSION

In conclusion, the present study’s findings confirmed that all-cause and cardiovascular mortality in
patients with NAFLD was the highest when ALT was < 0.5 ULN, and, regardless of the severity of the
NAFLD, normal or lower ALT levels are associated with higher mortality than elevated ALT levels. This
knowledge may be of importance to clinicians who, because of the invasive nature of liver perforation,
often use ALT levels as the basis for liver protection treatment. According to the results of this study, in
terms of treatment, it may not be beneficial to reduce ALT levels as low as possible. The findings
suggest that, on the contrary, clinicians should be more vigilant of patients with NAFLD who have ALT
levels < 0.5 ULN.

ARTICLE HIGHLIGHTS

Research background
Serum alanine aminotransferase (ALT) levels are greatly important in the liver disease but the role ALT
levels play in the nonalcoholic fatty liver disease (NAFLD) is not clear.

Research motivation
This study aimed to investigate the association between ALT levels and all-cause and cause-specific
mortality in patients with NAFLD.

Research objectives
To give the clinicians a hint about the patients with NAFLD who have lower ALT levels.

Research methods

The Third National Health and Nutrition Examination Survey (NHANES-III) from 1988 to 1994 and
NHANES-III-related mortality data from 2019 onward were used to obtain the necessary data for the
study. NAFLD was defined as hepatic steatosis, as diagnosed by ultrasound, with no other liver
diseases. ALT levels were categorized into four groups according to the different recommended upper
limits of normal (ULN) in men and women: < 0.5 ULN, 0.5-1 ULN, 1-2 ULN, and 2= 2 ULN. The hazard
ratios for all-cause mortality and cause-specific mortality were analyzed using the Cox proportional
hazard model.

Research results

In patients with NAFLD, all-cause mortality and cardiovascular mortality were the highest when ALT
was < 0.5 ULN, yet cancer-related mortality was the highest when ALT was =2 ULN. The same results
could be found in both men and women. Univariate analysis showed that severe NAFLD with normal
ALT levels had the highest all-cause and cause-specific mortality, but the difference was not statistically
significant after adjustment for age and multivariate factors, both the underlying mechanism is unclear
and needs further research.

Research conclusions

The risk of NAFLD was positively correlated with ALT level, but all-cause and cardiovascular mortality
were the highest when ALT was < 0.5 ULN. Regardless of the severity of NAFLD, normal or lower ALT
levels were associated with higher mortality than elevated ALT levels. Clinicians should be aware that
high ALT levels indicate liver injury, but low ALT levels are associated with a higher risk of death.
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Research perspectives
The underlying mechanism about the lower ALT levels and high mortality death is unclear and needs
further research.
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