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Background: Non-alcoholic fatty liver disease (NAFLD) is increasingly recognized as 
a cause of chronic liver disease, often resulting in liver cirrhosis, portal hypertension, and 
hepatocellular carcinoma damaging outcomes. Alanine transaminase (ALT) and aspartate 
aminotransferase (AST) are indicators of hepatocellular injury. Several studies have demon-
strated that high ALT levels are correlated with higher nonalcoholic steatohepatitis (NASH) 
risk. The aim was to determine the correlation of serum alanine aminotransferase and 
aspartate transaminase with liver stiffness in Vietnamese patients with NAFLD.
Patients and Methods: The study included 18 to 80 years old patients diagnosed with fatty 
liver on ultrasound at the University of Medical Center (UMC) liver clinic. Liver stiffness 
was measured using transient elastography. The histopathological, demographic, and labora-
tory data of the participants were also collected. The baseline and clinical characteristics of 
NAFLD patients were stratified by serum ALT levels.
Results: There were 138 NAFLD patients, including 82 men (59.4%) and 56 women 
(40.6%) (mean ± SD age of 41 ± 11 years). Liver fibrosis (F0) between the two groups 
showed no significant difference (p = 0.469). Similarly, no difference was found in the mild 
fibrosis level (F2) of the two groups of patients (p = 0.371). ALT level was significantly 
higher in NAFLD patients with advanced fibrosis (F3, F4) (3.2% vs 15.9%, p = 0.0013; 3.2% 
vs 13.2%, p = 0.0047, respectively). NAFLD patients with mild to moderate fibrosis (F1-F2) 
were detected at 59 U/L cut-off value with 67% sensitivity and 51% specificity. However, 
severe fibrosis and/or cirrhosis patients (F3-F4) had a cut-off value of 81 U/L with 53% 
sensitivity and 67% specificity in patients.
Conclusion: Using ALT level as a marker for severe NAFLD would consider high-risk 
patients as mild cases, even though there is still the risk of progressive and severe hepatic 
disease. Our study underlines the small contribution of ALT as an independent factor for 
detecting NAFLD severity.
Keywords: alanine transaminase, aspartate aminotransferase, body mass index, fibrosis, 
NAFLD, triglyceride

Introduction
As non-alcoholic fatty liver disease (NAFLD) is a common disorder worldwide 
with 10–30% prevalence in various countries.1 NAFLD is increasingly recognized 
as a cause of chronic liver disease that often results in liver cirrhosis, portal 
hypertension, and hepatocellular carcinoma damaging outcomes.1,2 NAFLD is 
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commonly associated with diabetes and is an essential 
feature of metabolic syndromes and insulin 
resistance.1,3,4 NAFLD severity spectrum varies. It ranges 
from mild symptoms to different inflammation degrees, 
nonalcoholic steatohepatitis (NASH), or a severe form of 
decompensated liver cirrhosis, which occurs in few 
patients.2 NAFLD diagnosis is based on a patient’s clinical 
history, laboratory analysis, imaging, and histology. 
Hepatic steatosis on abdominal imaging may be sufficient 
for NAFLD diagnosis. However, liver fibrosis assessment 
is essential for predicting chronic liver disease forms, 
prognosis, and outcomes. Liver biopsy is the gold standard 
for assessing liver fibrosis, but due to potentially life- 
threatening complications, it is performed as a last 
resort.5 Transient elastography (TE) is an ultrasound- 
based method that can simultaneously evaluate hepatic 
steatosis and liver fibrosis by measuring the controlled 
attenuation parameter (CAP) and liver stiffness (LS). 
Studies have shown that LS strongly correlated with the 
liver fibrosis stage assessed by liver biopsy.3,6 Thus, TE is 
more accurate than biomarkers or scoring systems for 
detecting significant liver fibrosis and cirrhosis.7

Alanine transaminase (ALT) and aspartate aminotrans-
ferase (AST) are indicators of hepatocellular injury. 
Several studies have demonstrated that high ALT levels 
are correlated with a higher risk of NASH.4,8 Some studies 
have shown that patients with a normal ALT level may 
also have histological features of NASH and are at risk of 
disease progression.9,10 Additionally, some recent studies 
have introduced a new ALT upper limit for a healthy 
individual, which is ≤ 40 U/L for both sexes. Elevated 
ALT levels are sometimes associated with an underlying 
NAFLD.11 Therefore, this study investigated the correla-
tion of liver stiffness measurement with serum alanine 
aminotransferase and aspartate transaminase as 
a screening tool for disease progression in high-risk 
patients; thereby reducing liver biopsies need.

Patients and Methods
Study Population and Data Collection
The study population included patients diagnosed with 
NAFLD based on abdominal ultrasound examination and 
serum liver enzyme testing performed at the University of 
Medical Center (UMC) liver clinic. Patients were aged 
between 18 to 80 years diagnosed with fatty liver on 
ultrasound (hyperechoic liver where the liver’s echo- 
texture was brighter than the kidney and had blurred 

vascular margins and deep attenuation of ultrasound sig-
nal). NAFLD was diagnosed based on the ultrasonic cri-
teria suggested by the Chinese Medical Association.12 The 
criteria are described as follows: (1) diffuse enhancement 
of near-field echo in the hepatic region (stronger than in 
the kidney and spleen region) and gradual attenuation of 
the far-field echo, (2) unclear display of intra-hepatic 
lacuna structure, (3) mild to moderate hepatomegaly with 
a round and blunt border, and (4) reduction of the blood 
flow signal in the liver but with a normal distribution of 
blood flow as shown by color Doppler ultrasonography. 
NAFLD was diagnosed if item 1 and any one or more 
items 2–4 were matched. A trained ultrasonographist per-
formed the hepatic ultrasonic examination in a blinded 
manner. Patients were included if they had available ultra-
sound and blood test results in the hospital information 
system and had undergone Transient Elastography (TE) 
examinations within the study period. Patients with incom-
plete data were excluded from the analysis.

Other exclusion criteria were evidence of other chronic 
liver diseases, including hepatitis B or C, autoimmune 
hepatitis (AIH) (as indicated by testing positive for auto-
immune antibodies, demonstrating a favorable response to 
steroids, those on hepatotoxic medications, such as chronic 
methotrexate, were also excluded, as well as those with 
advanced liver disease, cardiac failure, and hepatic con-
gestion. In addition, those with very high body mass index 
(BMI) who could not undergo TE examinations for other 
reasons, and those with clinical or ultrasound evidence of 
decompensated cirrhosis, and patients with daily alcohol 
intake greater than 20 g history (during the previous 5 
years) were also excluded from the study (Figure 1).

Clinical and Laboratory Data
Clinical and laboratory data were obtained from 165 eli-
gible patients. Demographic and baseline data (patient age, 
sex, BMI), laboratory information on levels of ALT and 
AST, alkaline phosphatase (ALP), total serum cholesterol, 
triglycerides, low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), fasting blood sugar (FBS), partial 
thromboplastin time (PTT), serum platelet count, and 
serum gamma-glutamyl transpeptidase (GGT) were 
recorded. Laboratory indices were measured using stan-
dard techniques. To determine ALT healthy range in the 
study population, after excluding patients with positive 
viral markers, regular drug users, and alcohol drinkers, 
serum ALT upper normal limit (the 95th percentile) was 
set at 40 U/L. This reference laboratory cut-off value of 40 
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U/L was used to classify ALT activity as “normal” and 
“elevated” according. Thus, 27 NAFLD patients had nor-
mal ALT levels (≤ 40 U/L), while the remaining 138 
patients had elevated ALT levels (> 40 U/L). All the 
measured baseline, clinical, and laboratory findings were 
compared between the two groups.

Liver Stiffness Measurements
An Echosens FibroScan (42 Rue Monge 74,005, Paris, 
France) was used in this study. The manufacturer’s guide-
lines and findings from previous studies indicate that 10 
valid TE readings are necessary for a test to be deemed 
successful.13–15 A success rate greater than 70% was 
achieved for all patients included in the study. The follow-
ing fibrosis stages were defined based on several previous 
studies and the manufacturer’s references: F0 1–6, F1 
6.1–7, F2 7–9, F3 9.1–10.3, and F4 ≥ 10.4.16 Enrolled 
NAFLD patients’ fibrosis stages were evaluated and com-
pared between the two groups with normal and elevated 
ALT levels.

Statistical Analysis
All statistical analyses were conducted using the SPSS 
software package version 20 for Windows (SPSS, Inc., 
Chicago, IL). Independent-sample Student’s t-test and 
Mann–Whitney U-test were used to test the differences 
between parametric and non-parametric variables in the 
two study groups. Categorical variables were analyzed 
using the Chi-square test. Kendall τ was used to determine 
the correlation between the TE results and the AST, ALT, 
and AST/ALT ratios. Receiver operating characteristic 
(ROC) curve analysis was performed. The area under the 

curve (AUC) and the diagnostic values of each cut-off 
point, including sensitivity and specificity, were calculated 
to determine a better cut-off value for serum ALT to detect 
more advanced stages of fibrosis in patients with NAFLD. 
Statistical significance was set at p-value <0.05. A study 
power of 80% was assumed in the analysis.

Result
Baseline Characteristics
The baseline characteristics of the NAFLD patients are 
summarized in Table 1. Among the 165 patients enrolled 
in this study, 138 were diagnosed with NAFLD, including 
82 (59.4%) males and 56 (40.6%) females. They had 
a mean age of 41 ± 11 years (range: 30–52); 71.0% (98/ 
138), were overweight (BMI > 25 kg/m2) at baseline. 
Diabetes and hypertension were the major comorbidities 
(20.3% and 15.9%, respectively). The mean ± SD serum 
ALT, AST, and GGT levels were 63 ± 32, 57± 34, and 65 
± 29 U/L, respectively.

Clinical Characteristics Regarding 
Elevated ALT
The baseline and clinical characteristics of NAFLD 
patients stratified by serum ALT levels are shown in 
Table 2. Age and sex of the patients were not significantly 
different between the two groups (p = 0.142 and p = 0.096, 
respectively). The mean ± SD serum total cholesterol and 
AST levels were significantly higher in those with elevated 

Figure 1 Flow chart of the study.

Table 1 Baseline Characteristics of NAFLD Patients

Variable Total (n = 138)

Age (y) (Mean ± SD) 41 ± 11

Gender [No. (%)]
Male 82 (59.4%)

Female 56 (40.6%)

BMI (kg/m2) (Mean ± SD) 25.62 ± 3.21

Obesity (>25) 98 (71.0%)

Co-morbidities

Diabetes 28 (20.3%)

Hypertention 22 (15.9%)
Sleep disorders 17 (13.3%)

Gout 8 (5.8%)

ALT (U/L) 63 ± 32

AST (U/L) 57 ± 34

GGT (U/L) 65 ± 29
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ALT (208 ± 49 vs 177 ± 37 mg/dL, p = 0.013) and (61 ± 
31 vs 26 ± 13 U/L, p < 0.001), respectively. There was no 
significant difference in triglyceride, LDL cholesterol, pla-
telet count, GGT, and ALP between the two groups (p = 
0.472, 0.821, p = 0.751, p = 0.385 and p = 0.187, 
respectively).

Relationship Between Serum ALT, AST 
Levels and Stages of Fibrosis of Patients 
with NAFLD
All patients diagnosed with fatty liver on ultrasound had 
successful TE. The mean stiffness score was 12.12 ±12.60 
kPa, and most patients exhibited either no fibrosis or an 

advanced level of the disease. The distribution of patients 
according to the stage of liver fibrosis is shown in Table 3. 
The proportion of significant liver fibrosis in patients with 
normal ALT level was 51.6%. The most common liver fibrosis 
stages were F0, with 47 (34.1%) and F1 with 32 (23.2%). 
There was no significant difference in AST and GGT levels in 
terms of liver stiffness. Association between serum ALT levels 
and liver fibrosis showed that in the non-fibrous NAFLD 
group (F0), there was no statistically significant difference 
between the normal (48.4%) and elevated ALT groups 
(29.9%) (p = 0.109). There was no significant difference in 
the F1 and F2 between the two groups (p = 0.469 and p = 
0.371, respectively). When considering the cases of advanced 
fibrosis in the analysis, the ALT level was significantly higher 

Table 2 Baseline and Clinical Characteristics of NAFLD Patients Stratified by Serum ALT Level

Variable Total (n = 138) Group of Patients p value

ALT ≤ 40 U/L (n = 31) ALT > 40 U/L (n = 107)

Age (y) (Mean ± SD) 41 ± 11 43 ± 12 41 ± 11 0.528

Gender [No. (%)] 0.089

Male 82 (59.4%) 19 (61.3%) 63 (58.9%)

Female 56 (40.6%) 12 (38.7%) 44 (41.1%)

Fasting blood sugar (mg/dL) (Mean ± SD) 103 ± 36 100 ± 15 103 ± 38 0.419

Total cholesterol (mg/dL) (Mean ± SD) 201 ± 50 177 ± 37 208 ± 49 0.013

Triglyceride (mg/dL) (Mean ± SD) 207 ± 133 208 ± 137 209 ± 130 0.472

LDL-Cholesterol (mg/dL) (Mean ± SD) 125 ± 40 124 ± 26 126 ± 40 0.821

Platelet count (/L) (Mean ± SD) 344,519 ± 478,237 501,653 ± 835,478 326,792 ± 425,437 0.751

AST (U/L) (Mean ± SD) 57 ± 34 26 ± 13 61 ± 31 < 0.001

GGT (U/L) (Mean ± SD) 65 ± 29 60 ± 29 69 ± 27 0.385

ALP (U/L) (Mean ± SD) 183 ± 182 132 ± 62 195 ± 192 0.187

LMS (kPa) (Mean ± SD) 12.12 ± 12.60 9.24 ± 4.89 9.03 ± 7.67 0.071

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase; LDL, low-density lipoprotein; LMS, liver stiffness 
measurement.

Table 3 Liver Fibrosis Characteristics of NAFLD Patients Stratified by Serum ALT Level

Finding Total (n = 138) Groups of Patients p value

ALT ≤ 40 U/L (n = 31) ALT > 40 U/L (n = 107)

F0 [No. (%)] 47 (34.1%) 15 (48.4%) 32 (29.9%) 0.109
F1 [No. (%)] 32 (23.2%) 8 (25.8%) 24 (22.4%) 0.469

F2 [No. (%)] 26 (18.8%) 6 (19.4%) 20 (18.7%) 0.371

F3 [No. (%)] 18 (13.0%) 1 (3.2%) 17 (15.9%) 0.0013
F4 [No. (%)] 15 (10.9%) 1 (3.2%) 14 (13.1%) 0.0047
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in NAFLD patients who had advanced fibrosis (F3, F4) (3.2% 
vs 15.9%, p = 0.0013; 3.2% vs 13.2%, p = 0.0047, 
respectively).

Receiver Operating Characteristics 
(ROC) Curve Analysis
The ROC curve analysis revealed that the serum concen-
tration of ALT could significantly predict the involvement 
of advanced fibrosis (F3, F4) in mild fibrosis (AUC = 
0.602, p = 0.021, Figure 2). In addition, NAFLD patients 
with mild to moderate fibrosis (F1-F2) were detected at 
a cut-off value of 59 U/L with 67% sensitivity and 51% 
specificity, while patients with severe fibrosis and/or cir-
rhosis (F3-F4) were detected at a cut-off value of 81 U/L 
with 53% sensitivity of and 67% specificity.

TE fibrosis scores were significantly correlated with 
the AST/ALT ratio (Figure 3). The AST/ALT ratio was 
a significant predictor of advanced fibrosis (AUC = 0.829, 
p = 0.001). A cut-off value of the ratio for detecting 
patients with severe fibrosis and/or cirrhosis was 0.87 
with 86.9% sensitivity and 79.8% specificity.

Discussion
The prevalence of NAFLD in Western countries is esti-
mated to be 17% to 46%, depending on the population.17 

NAFLD prevalence among the Vietnamese population 

increased due to improved socioeconomic status and 
Western lifestyle adoption, especially in the urban popula-
tion. NAFLD covers a range of conditions, from simple 
steatosis to NASH and fibrosis.1 Fibrosis and inflammation 
may eventually progress to cirrhosis in up to 20% of 
patients.18 A recent large UK study found that NAFLD 
detected by ultrasound was the most common cause of 
abnormal liver biochemistry.19 ALT is found in the cytosol 
of hepatocytes, where it transfers amino groups, while the 
major site for AST is the mitochondria.20 ALT is a specific 
marker of liver inflammation and hepatocellular injury21 

and is commonly used as a liver disease indicator. Recent 
observational studies have suggested that liver damage 
already exists even when ALT levels are within the normal 
range. Thus, a diagnosis of elevated serum ALT levels 
might underestimate the prevalence of NAFLD.22

In this study, we found that the current cut-off value of 
40 U/L was not significantly different between patients 
with NAFLD and non-fibrous findings. Normal liver 
enzyme levels have been demonstrated in subjects with 
the entire spectrum of NAFLD; therefore, some studies 
based on liver enzyme screening reported a lower preva-
lence of NAFLD (3–12%) than imaging or histology- 
based studies consistently.23 NAFLD is usually caused 
by abnormal metabolism in patients and is closely asso-
ciated with dyslipidemia, diabetes mellitus, and obesity.16 

Figure 2 ROC curve of serum ALT level predicts more than 32% hepatocytes 
involvement in hepatosteatosis of patients with NAFLD without advanced fibrosis. 
Area under curve [AUC] = 0.602, p = 0.021.

Figure 3 ROC curve of AST/ALT ratio predicts advanced fibrosis in NAFLD 
patients. Area under curve (AUC)= 0.829, p=0.001.
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Previous large population-based studies showed that 
abnormal ALT levels (ALT > 43 U/L) are present in 
2.8% of the adult population, which increases to 6.6% in 
class II or III obesity.24 Using the same ALT cut-off value 
(43 U/L), Kunde et al showed elevated ALT levels in 8.6% 
of their study population, which consisted of women with 
class II or III obesity.25 However, we used a cut-off value 
of 40 U/L for ALT in this study; according to this level, 92 
(86%) of 107 patients had abnormal ALT levels. There 
was no statistically significant difference in non-fibrous 
findings (F0) to mild fibrosis (F1-F2) in our results.

Previous studies have demonstrated that the occurrence 
of significant fibrosis in NASH might be seen in patients 
with NAFLD who have a normal ALT value.10,13 

Fracanzani et al reported that normal ALT levels corre-
lated with less severe steatosis and necroinflammation. 
However, no correlation was observed between the sever-
ity of fibrosis and ALT levels. They considered ALT 
values ≤ 40 U/L to be normal.22 Fracanzani AL et al 
study was also in concordance with these findings, as 
results showed correlation between abnormal ALT levels 
and severity of fibrosis in these patients.22 Our results 
showed that the ALT level of 59 U/L is required to detect 
mild to moderate fibrosis (F1-F2) in NAFLD patients, and 
81 U/L is required to detect severe fibrosis (F3-F4). The 
AST/ALT ratio was 0.87, which was used to predict pro-
gressive fibrosis with severe fibrosis and/or cirrhosis. This 
ratio is lower than that reported by Angulo et al, who 
suggested AST/ALT ratio <1 in patients with no mild 
fibrosis or fibrosis. The ratio > 1 reflects the severe pro-
gression of NAFLD.

There are some limitations to this study. The study is 
observational; thus, a causal relationship cannot be estab-
lished. Secondly, NAFLD was diagnosed by ultrasonogra-
phy, not by liver biopsy, which is the gold standard, though 
invasive. Future larger multi-center cohort studies with 
liver biopsy should be considered while measuring ALT 
level to identify the correlation with liver stiffness stages 
more precisely.

Conclusion
In conclusion, it appears that using ALT level as a marker 
for severe NAFLD would result in considering high-risk 
patients as mild cases as with normal ALT, even though 
there is still the risk of progressive and severe hepatic 
disease. Our study underlines the small contribution of 
ALT as an independent factor for detecting the severity 
of NAFLD. Therefore, using ALT levels as an indicator of 

severity might result in false reassurance for patients and 
physicians.
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