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Objective: Every distinct liver enzyme biomarker exhibits a strong correlation
with non-alcoholic fatty liver disease (NAFLD). This study aims to
comprehensively analyze and compare the associations of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-
glutamyl transferase (GGT) with NAFLD from a gender perspective.

Methods: This study was conducted on 6,840 females and 7,411 males from the
NAGALA cohort. Multivariable logistic regression analysis was used to compare
the associations between liver enzyme markers and NAFLD in both genders,
recording the corresponding adjusted odds ratios (ORs) and 95% confidence
intervals (Cls). Receiver operating characteristic (ROC) curves were used to
evaluate the accuracy of individual liver enzyme markers and different
combinations of them in identifying NAFLD.

Results: Liver enzyme markers ALT, AST, and GGT were all independently
associated with NAFLD and exhibited significant gender differences (All P-
interaction<0.05). In both genders, ALT exhibited the most significant
association with NAFLD, with adjusted standardized ORs of 2.19 (95% CI: 2.01-
2.39) in males and 1.60 (95% Cl: 1.35-1.89) in females. Additionally, ROC analysis
showed that ALT had significantly higher accuracy in identifying NAFLD than AST
and GGT in both genders (Delong P-value < 0.05), and the accuracy of ALT in
identifying NAFLD in males was higher than that in females [Area under the ROC
curve (AUC): male 0.79, female 0.77]. Furthermore, out of the various
combinations of liver enzymes, ALT+GGT showed the highest accuracy in
identifying NAFLD in both genders, with AUCs of 0.77 (95% CI: 0.75-0.79) in
females and 0.79 (95% CI: 0.78-0.81) in males.
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Conclusion: Our study revealed significant gender differences in the associations
of the three commonly used liver enzyme markers with NAFLD. In both genders,
the use of ALT alone may be the simplest and most effective tool for screening
NAFLD, especially in males.
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Introduction

NAFLD is a chronic liver condition characterized by the presence
of excessive fat deposits in liver cells without significant alcohol
consumption (1). Epidemiological studies have shown that the
incidence of NAFLD is increasing globally in parallel with the rising
obesity rates (the latest estimate of the global incidence is
approximately 46.13/1000 person-years) (2), making it the most
common chronic liver disease (3, 4). While NAFLD itself may not
directly cause mortality, it is a significant contributor to other major
health problems such as liver cancer, diabetes, and cardiovascular
diseases, which contribute to increased mortality rates and impose a
substantial economic and disease burden on countries worldwide.
Given its extensive impact on multiple organ systems and high
incidence, early screening and prevention are crucial in reducing the
occurrence of NAFLD and decreasing the burden of the disease (5). It is
worth noting that despite the significant gender differences in the
occurrence, progression, and incidence of NAFLD (6, 7), the impact of
gender on NAFLD is often overlooked (8). Therefore, in the context of
the modern trend toward precision medicine, quantifying gender
differences and increasing knowledge of NAFLD can help develop
gender-specific personalized screening and prevention strategies to
manage the increasing disease burden of NAFLD worldwide.

The diagnosis and risk stratification of NAFLD rely on clinical,
biochemical, imaging, and histological findings (9). Liver biopsy is
the gold standard for confirming NAFLD, but its high cost and
invasive nature contradict the Helsinki Declaration and are less
frequently used in primary care settings (10). Therefore, in clinical
practice, non-invasive methods are preferred for screening and
monitoring NAFLD. Currently, Doppler ultrasonography is the
main diagnostic tool for NAFLD in a clinical setting; however,
access to high-quality ultrasound examinations is limited in some
developing countries with a heavy burden of NAFLD (11, 12). In
light of this, the World Gastroenterology Organization has provided
recommendations for a tiered screening approach in its guidelines
(13), in which liver function enzymes (including ALT, AST, and
GGT) are suggested as initial screening measures for NAFLD.

Liver enzymes are widely distributed in the liver and biliary
system, with ALT mainly present in the liver cytoplasm, AST
predominantly found in liver cell mitochondria, and GGT
originating primarily from the liver and biliary system. Studies
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have shown that ectopic fat accumulation in the liver, which leads to
hepatic steatosis, result in liver cell damage and inflammation occur,
and, in turn, cause liver enzymes (ALT, AST, GGT) to be released
into the bloodstream (14-17). Although elevated liver enzymes are
not exclusive to NAFLD, NAFLD is the most common cause of
abnormal liver function (18). It has been reported that
approximately 80% of cases with abnormal liver function in the
American are attributed to NAFLD (19). Therefore, liver enzymes
are widely used as a cost-effective screening tool for NAFLD in
primary healthcare settings worldwide. The association between
liver enzymes and NAFLD is well-established, and in most studies,
liver enzymes are used as surrogate markers to identify the disease
(20, 21). However, there are significant differences in the
occurrence, progression, and plasma levels of liver enzymes
between males and females (8). Previous research has shown that
levels of ALT, AST, and GGT were higher in males than in females,
which may be related to differences in basal metabolic rate and liver
enzyme activity between the genders (22). Additionally, androgens
promote the development of NAFLD (23, 24), while estrogens have
a protective effect in females (25, 26). Furthermore, evidence from
randomized controlled trials indicated that estrogens can
significantly lower liver enzyme levels in patients with type 2
diabetes (27). These findings collectively emphasize that genders
may influence the relationship between liver enzymes and NAFLD.
Therefore, in the screening and diagnosis of NAFLD, liver enzyme
indicators need to be quantified, analyzed, and interpreted
according to the genders. However, although ALT is widely
regarded as the most sensitive marker of liver injury in the
general population (28, 29), there is currently a lack of evidence
regarding which liver enzyme indicator is most suitable for
screening NAFLD. Furthermore, it remains unclear whether there
exists a specific gender-specific combination of liver enzymes that
can significantly improve the screening efficiency of NAFLD in both
genders. Therefore, this study aims to comprehensively analyze and
compare the associations between ALT, AST, GGT, and NAFLD in
both genders using cross-sectional data from a large sample of the
general population, explore the most suitable combination of liver
enzymes for screening NAFLD in both genders, and provide new
insights for public health agencies to develop gender-specific
screening strategies, thereby improving the accuracy and
efficiency of NAFLD screening.
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Methods
Study population

The study samples were obtained from the NAGALA cohort, a
large prospective cohort of the general population in Japan. The
NAGALA cohort is a longitudinal study conducted at the
Murakami Memorial Hospital of Gifu, which aimed at assessing
the relationship between chronic diseases and their risk factors by
utilizing data from various anthropometric and biochemical
measurements taken during health examinations of individuals at
the hospital. The available data and materials for the study have
been uploaded by Professor Okamura to the Dryad public database
for online sharing (30). According to the terms of service of the
Dryad database, we can perform secondary analysis based on new
research hypotheses after indicating the source of the data, which is
not in violation of the author’s rights. In the current study, we
aimed to further analyze the associations between liver enzymes and
NAFLD from a gender perspective using this large cohort dataset.
We also aimed to explore the optimal combination of liver enzymes
for disease screening, providing evidence for the development of
more accurate NAFLD screening and diagnostic protocols while
reducing healthcare resource expenditure.

The detailed research design, methods, and major findings of
the NAGALA cohort have been previously published (31). In brief,
the NAGALA cohort started in 1994 and has been followed up to
the present. The participants were recruited from the general
population undergoing health examinations at the Murakami
Memorial Hospital of Gifu. They underwent questionnaire
surveys, general physical measurements, laboratory blood tests,
and liver ultrasound examinations at the time of enrollment,
providing data on demographic information, health status,
lifestyle habits, physical measurement parameters, as well as
laboratory tests and examinations. The NAGALA project had
previously been approved by the Ethics Committee of the
Murakami Memorial Hospital of Gifu, and complied with the
Helsinki Declaration; and all participants provided written
informed consent. In accordance with national regulations, the
study author’s institutional ethics review board reviewed our
study protocol (Jiangxi Provincial People’s Hospital: IRB 2021-
066) and waived duplicate subject informed consent signing.

We downloaded raw data from an online database, and the
original cohort included a total of 20,944 participants spanning
from 1994 to 2016. Based on new research hypotheses, we further
developed new inclusion criteria on the previous study. Participants
were excluded if they met the following baseline criteria: (1)
excessive alcohol consumption (males: weekly alcohol intake >
210g; females: weekly alcohol intake > 140g) (n=1,952), (2)
diagnosed diabetes or fasting plasma glucose (FPG) = 6.1 mmol/L
(n=1,131) (32), (3) viral or alcoholic hepatitis (n=416), (4)
medication use (n=2,321), and (5) participants with missing data
or reasons for withdrawal that were unclear (n=873). Ultimately, a
total of 14,251 participants were included in this study. The

Frontiers in Endocrinology

10.3389/fendo.2023.1302322

flowchart illustrating the inclusion and exclusion process of the
study population was shown in Figure 1.

Data collection

The data collection methods have been described in detail in
previous studies (31). In brief, standardized questionnaires were
prepared by trained personnel to collect information on
demographic characteristics, health conditions (medical history
and medication use), and lifestyle habits (smoking status,
drinking status, and exercise habits) from the participants.
Information on general physical measurements (including height,
weight, waist circumference (WC), blood pressure (BP), etc.) was
obtained by trained professionals using standardized methods.
Laboratory test data, including blood glucose parameters [FPG
and hemoglobin Alc (HbAlc)], lipid parameters [high-density
lipoprotein cholesterol (HDL-C), triglyceride (TG), and total
cholesterol (TC)], and liver enzyme parameters (ALT, AST, and
GGT), were measured using automated biochemical analyzers.
Blood samples were collected by trained medical personnel after
an overnight fast of 8 hours.

Definition of lifestyle factors

Smoking status: Participants were categorized into three groups
based on their smoking history at baseline: none, past, and current.

Exercise habits: Participants were classified as having exercise
habits or no exercise habits based on their regular exercise
frequency per week (33).

Drinking status: Participants’ alcohol intake per week in the
previous month was divided into three categories: none/small (<40
g/week), moderate (40-140 g/week), and heavy (140-209 g/
week) (34).

NAGALA cohort, Registration 1994-2016
N=20,944

6,693 participants excluded:

(i) Diabetes has been diagnosed at baseline;
IN=323.

(ii) Impaired fasting glucose was diagnosed at
baseline; N=808.

(iii) Liver disease has been diagnosed at
baseline (except fatty liver); N=416.

(iv) Excessive drinking (ethanol consumption
over 210 g/w for men and 140 g/w for women)
IN=1,952.

(v) Medication usage; N=2,321.

(vi) incomplete data; N=863.

(vii) unexplained withdrawal from the survey;
IN=10.

Y

14,251 eligible participants were included

FIGURE 1
Flow chart for inclusion and exclusion of study participants.
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Definition of NAFLD

In the current study, after excluding liver diseases caused by
medications, excessive alcohol intake, and other known reasons,
NAFLD was diagnosed using Doppler ultrasound (35, 36).
Specifically, in the absence of other information about the patient,
experienced gastroenterologists scored four known criteria on
abdominal color ultrasound, including deep attenuation (0-2
points), hepatorenal echo contrast (0-4 points), liver brightness
(0-4 points), and vascular blurring (0-2 points). A total score
exceeding 2 points indicated a diagnosis of NAFLD (37).

Statistical analysis

First, we compared the baseline differences between the NAFLD
and non-NAFLD groups separately for males and females. Additionally,
we also divided the participants into two groups according to whether
they had NAFLD or not, and compared the differences in the baseline
data between the two groups of males and females. Baseline data were
presented as mean (standard deviation), median (interquartile range),
and frequency (%), depending on the distribution of the variables.
Inverse probability of treatment weighting was used for quantification
and evaluation of between-group differences, calculating weighted
standardized differences, with a significant difference defined as a
standardized difference >10% (38, 39).

Logistic regression analysis was used to estimate the ORs and
95% ClIs to assess the associations between liver enzymes (ALT,
AST, and GGT) and NAFLD in the overall population and
separately for males and females. The ORs per standard deviation
increase in each liver enzyme were recorded. Collinearity screening
was performed before constructing the multivariable logistic
regression models, and covariates with multicollinearity were not
included in the model adjustment, with multicollinearity defined as
a variance inflation factor >5 (Supplementary Tables 1-3) (40). The
multivariable-adjusted logistic regression models considered the
influence of potential confounders, including demographic
characteristics (age), lifestyle habits (smoking status, drinking
status, and exercise habits), physical measurement parameters
(height, weight, WC, BP), and laboratory biochemical indicators
(blood glucose: FPG and HbAlc; blood lipids: HDL-C, TG, and
TC). Additionally, we further conducted interaction tests to
examine the gender differences in the NAFLD risk associated
with ALT, AST, and GGT.

The discriminative performance of ALT, AST, and GGT for
identifying NAFLD in males and females was evaluated using ROC
curves, with corresponding AUC and 95% CI, thresholds,
sensitivity, and specificity recorded. In addition, we explored
multiple liver enzyme combination screening models in both
genders. Multivariate logistic regression models were used to
construct diagnostic models for different liver enzyme
combinations, and then ROC curves were plotted using the joint
probabilities derived from the logistic regression models (41). The
Delong test was used to compare the significance of the AUCs
between different models (42).
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For data processing and statistical analysis, we used R version
4.2.1 and Empower(R) version 2.20. Statistical significance was
defined as P < 0.05 (two-tailed).

Results

Baseline characteristics of the
study population

Total of the 20,944 participants in the NAGALA database, we
excluded 6,693 individuals and ultimately included 14,251
participants, including 6,840 females [478 (6.99%) with NAFLD]
and 7,411 males [2,029 (27.38%) with NAFLD].

Table 1 summarizes the baseline characteristics of males and
females stratified by NAFLD. Consistent with the expected results,
significant differences were observed in multiple covariates between
the NAFLD and non-NAFLD groups in both males and females.
Specifically, in female participants, the NAFLD group had a higher
mean age and lower height compared to the non-NAFLD group.
Other parameters, including weight, BMI, WC, and BP, were higher
in the NAFLD group. In terms of lifestyle habits, the NAFLD group
had a higher rate of drinking, while there were no significant
differences between the two groups in terms of exercise habits
and smoking status. Regarding laboratory biochemical indicators,
the NAFLD group had higher levels of liver enzymes (ALT, AST,
and GGT), blood glucose (FPG and HbAIc), and blood lipids (TG
and TC), while the HDL-C level was lower. In male participants,
there were no significant differences in age and height between the
NAFLD and non-NAFLD groups. Furthermore, the NAFLD group
had a lower rate of exercise habits compared to the non-NAFLD
group, and the differences in other covariates were similar to those
in the female population.

Table 2 displays the comparison of baseline clinical
characteristics between males and females in NAFLD and non-
NAFLD groups, respectively. In the NAFLD group, all covariates
except BMI and exercise habits were significantly different between
the genders. Specifically, in males, height, weight, WC, systolic BP,
diastolic BP, ALT, AST, GGT, TG, and FPG were higher compared
to females. Additionally, the rate of smoking and drinking was also
higher in males, while age, HbAlc, HDL-C, and TC were higher in
females. In the non-NAFLD group, there were no significant
differences in age and TC between males and females.
Furthermore, males had a higher BMI and a higher rate of
exercise habits, while the differences in other covariates were
similar to those in the NAFLD group.

Association of ALT, AST, and GGT with
NAFLD in male and female participants

Multivariable logistic regression analysis was performed to
examine the associations between liver enzymes and NAFLD by
gender (Table 3). In the logistic regression analysis adjusted for
demographic characteristics (age), lifestyle habits (smoking status,
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TABLE 1 Baseline demographic, lifestyle, and laboratory characteristics in participants classified by the presence of different gender and incidence

of NAFLD.
Male
Standardize Standardize
Non-NAFLD Difference Non-NAFLD NAFLD Difference

(95% CI), % (95% CI), %
Participants, n 6362 478 5382 2029
Age, years 42.89 (8.72)* 47.64 (8.29)* 56 (46-65) 43.71 (9.27)* 44.11 (8.20)* 5 (0-10)
Height, cm 158.37(5.38)* 157.04(5.28)* 25 (16-34) 170.89(6.04)* 170.62(5.94)* 5 (-1-10)
Weight, kg 51.86 (7.06)* 63.17 (9.97)* 131 (121-141) 64.65 (8.34)* 74.30 (10.56)* 101 (96-107)
BMLI, kg/m? 20.67 (2.57)* 25.58 (3.57)* 158 (148-168) 22.12 (2.42)* 25.48 (3.02)* 123 (117-128)
WC, cm 70.80 (7.30)* 83.27 (8.86)* 154 (144-163) 77.99 (6.77)* 86.62 (7.37)* 122 (116-127)
ALT, TIU/L 13.00(11.00-17.00)* 19.00(15.00-26.00)" 63 (54-73) 18.00(14.00-23.00)* 29.00 (22.00-41.00) * 93 (87-98)
AST, TU/L 16.00(13.00-19.00)* 18.00(15.00-22.00)* 35 (26-44) 17.00 (14.00-21.00) * 21.00(17.00-26.00) * 54 (49-60)
GGT, IU/L 12.00 (9.00-14.00) * 15.00 (12.00-20.00)* 51 (41-60) 17.00 (14.00-24.00) * 24.00(18.00-35.00) * 44 (38-49)
HDL-C, mmol/L 1.66 (0.38)* 1.38 (0.34)* 79 (70-89) 1.35 (0.35)* 1.14 (0.25)* 68 (63-74)
TC, mmol/L 5.05 (0.86)* 5.56 (0.92) 57 (47-66) 5.06 (0.84)* 5.41 (0.85)* 42 (37-47)
TG, mmol/L 0.54 (0.40-0.77) * 1.02 (0.73-1.38) * 96 (87, 106) 0.80 (0.58-1.16) * 1.32 (0.91-1.86) * 75 (70-80)
FPG, mmol/L 4.96 (0.38)* 5.27 (0.40)* 79 (70-88) 5.25 (0.37)* 5.42 (0.35)* 48 (43-53)
HbAlc, % 5.17 (0.32)* 5.42 (0.33)* 78 (69-87) 5.13 (0.31)* 5.27 (0.33)* 45 (40-50)
SBP, mmHg 108.42 (13.77)* 120.71 (16.04)* 82 (73-92) 116.04 (13.16)* 124.04 (14.46)* 58 (53-63)
DBP, mmHg 67.00 (9.48)* 75.11 (10.22)* 82 (73-92) 72.88 (9.32)* 78.44 (10.08)* 57 (52-62)
Exercise habits 1011 (15.89%) 68 (14.23%) 5 (-5-14) 1082 (20.10%) 309 (15.23%) 13 (8-18)
Drinking status 16 (6-25) 25 (20-30)
Non/small 5986 (94.09%) 465 (97.28%) 3731 (69.32%) 1623 (79.99%)
Moderate 376 (5.91%) 13 (2.72%) 1096 (20.36%) 273 (13.45%)
Heavy 0(0%) 0(0%) 555 (10.31%) 133 (6.55%)
Smoking status 4 (-5-14) 6 (1-11)
None 5609 (88.16%) 427 (89.33%) 1952 (36.27%) 758 (37.36%)
Past 382 (6.00%) 24 (5.02%) 1538 (28.58%) 615 (30.31%)
Current 371 (5.83%) 27 (5.65%) 1892 (35.15%) 656 (32.33%)

Values were expressed as mean (standard deviation)* or median (interquartile range)” or n (%).
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; WC, waist circumference; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase;
HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HbAlc, hemoglobin Alc; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic

blood pressure.

drinking status, and exercise habits), physical measurement
parameters (height, BMI, systolic BP), and laboratory biochemical
indicators (blood glucose: FPG and HbAlc; blood lipids: HDL-C,
TG, and TC), ALT, AST, and GGT were positively associated with
NAFLD in both male and female populations. In female
participants, ALT showed the most significant association with
NAFLD (OR=1.60, 95% CI: 1.35-1.89), followed by GGT (OR=1.33,
95% CI: 1.15-1.52) and AST (OR=1.09, 95% CI: 1.00-1.18). In male
participants, ALT exhibited the strongest association with NAFLD
(OR=2.19, 95% CI: 2.01-2.39), followed by AST (OR=1.38, 95% CI:
1.28-1.49) and GGT (OR=1.14, 95% CI: 1.08-1.20). Furthermore,
interaction analysis showed significant differences in the association
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of ALT, AST, and GGT with NAFLD risk between males and
females (P for interaction <0.05), with ALT and AST showing a
significant association with NAFLD in males, while GGT showed a
significant association with NAFLD in females.

ROC analysis of ALT, AST, and GGT in
identifying NAFLD

ROC analysis was conducted for the three liver enzymes to
determine their ability to detect NAFLD, and comparisons were
made using the Delong test. Table 4 presents the AUC, 95% CI,
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TABLE 2 Baseline demographic, lifestyle, and laboratory characteristics in participants classified by incidence of NAFLD and the presence of

different gender.

Female

Non-NAFLD

Male

Standardize
Difference
(95% ClI), %

Female

Standardize
Difference
(95% ClI), %

Participants, n 6362 5382 478 2029

Age, years 42.89 (8.72)* 43.71 (9.27)* 9 (5-13) 47.64 (8.29)* 44.11 (8.20)* 43 (33-53)
Height, cm 15837 (5.38)* 170.89 (6.04)* 219 (214-223) 157.04 (5.28)* 170.62 (5.94)* 242 (230-254)
Weight, kg 51.86 (7.06)* 64.65 (8.34)* 166 (161-170) 63.17 (9.97)* 74.30 (10.56)* 108 (98-119)
BMI, kg/m? 20.67 (2.57)* 22.12(2.42)* 58 (54-62) 25.58 (3.57)* 25.48 (3.02)* 3 (-7-13)
WC, cm 70.80 (7.30)* 77.99 (6.77)* 102 (98-106) 83.27 (8.86)* 86.62 (7.37)* 41 (31-51)
ALT, 1U/L 13.00(11.00-17.00)" 18.00(14.00-23.00)" 51 (47-55) 19.00 (15.00-26.00)" 29.00(22.00-41.00)" 73 (62-83)
AST (IU/L) 16.00(13.00-19.00)" 17.00(14.00-21.00)" 24 (20-27) 18.00 (15.00-22.00)" 21.00(17.00-26.00)" 30 (20-40)
GGT, IU/L 12.00(9.00-14.00)" 17.00(14.00-24.00)" 65 (61-69) 15.00 (12.00-20.00)" 24.00(18.00-35.00)" 63 (53-73)
HDL-C, mmol/L 1.66 (0.38)* 1.35 (0.35)* 87 (83-91) 1.38 (0.34)* 1.14 (0.25)* 81 (71-91)
TC, mmol/L 5.05 (0.86)* 5.06 (0.84)* 1(-2-5) 5.56 (0.92)* 5.41 (0.85)* 16 (6-26)
TG, mmol/L 0.54(0.40-0.77)" 0.80(0.58-1.16)" 66 (62-69) 1.02 (0.73-1.38)" 1.32(0.91-1.86)" 44 (34-54)
FPG, mmol/L 4.96 (0.38)* 5.25 (0.37)* 78 (74-81) 5.27 (0.40)* 5.42 (0.35)* 40 (30-50)
HbAlc, % 5.17 (0.32)* 5.13 (0.31)* 12 (8-16) 5.42 (0.33)* 5.27 (0.33)* 45 (35-55)
SBP, mmHg 108.42 (13.77)* 116.04 (13.16)* 57 (53-60) 120.71 (16.04)* 124.04 (14.46)* 22 (12-32)
DBP, mmHg 67.00 (9.48)* 72.88 (9.32)* 63 (59-66) 75.11 (10.22)* 78.44 (10.08)* 33 (23-43)
Exercise habits 1011 (15.89%) 1082 (20.10%) 11 (7-15) 68 (14.23%) 309 (15.23%) 3(-7-13)
Drinking status 70 (67-74) 58 (48-68)

Non/small 5986 (94.09%) 3731 (69.32%) 465 (97.28%) 1623 (79.99%)
Moderate 376 (5.91%) 1096 (20.36%) 13 (2.72%) 273 (13.45%)
Heavy 0 (0.00%) 555 (10.31%) 0 (0.00%) 133 (6.55%)

Smoking status
None
Past

Current

5609 (88.16%)
382 (6.00%)

371 (5.83%)

1952 (36.27%)
1538 (28.58%)

1892 (35.15%)

127 (123-131)

Values were expressed as mean (standard deviation)* or median (interquartile range)” or n (%).
all abbreviations as in Table 1.

427 (89.33%)
24 (5.02%)

27 (5.65%)

758 (37.36%)
615 (30.31%)

656 (32.33%)

128 (118-139)

thresholds, sensitivity, and specificity of the liver enzyme
parameters for identifying NAFLD in the overall population
(Figure 2) and in males and females (Figure 3). Overall, ALT had
the highest AUC value in the overall population and in both males
and females, with AUCs of 0.83 (95% CI: 0.82-0.84) in the overall
population, 0.77 (95% CI: 0.74-0.79) in females, and 0.79 (95% CI:
0.78-0.80) in males. The corresponding optimal cutoff values were
19.5 U/L, 17.5 U/L, and 23.5 U/L, with specificities of 0.74, 0.80, and
0.75, and sensitivities of 0.77, 0.59, and 0.69, respectively. Further
analysis revealed that the AUC values of the liver enzymes in
different populations followed the order of ALT > GGT > AST
from highest to lowest. Additionally, the Delong test showed that, in
the overall population and in both males and females, ALT had
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significantly better performance in identifying NAFLD compared to
AST and GGT when used as a single parameter (all Delong P
< 0.05).

ROC analysis of different combinations of
liver enzymes in identifying NAFLD in
males and females

Regression equations for the combinations of liver enzymes
were obtained through multivariate logistic regression. In the
previous multivariate regression analysis, ALT, AST, and GGT
were found to be independently associated with NAFLD. To
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TABLE 3 Logistic regression analyses for the association between ALT,
AST and GGT with incident NAFLD grouped by gender.

Odds ratios (95% con- = P-

fidence interval) interaction
Female Male

ALT (Per 1.60 2.19 0.01

SD increase) (1.35-1.89) (2.01-2.39)

AST (Per 1.09 1.38 <0.01

SD increase) (1.00-1.18) (1.28-1.49)

GGT (Per 1.33 1.14 0.04

SD increase) (1.15-1.52) (1.08-1.20)

Abbreviations as in Table 1.
Adjusted for age, height, BMI, exercise habits, drinking status, smoking status, HDL-C, TC,
TG, FPG, HBA1C and SBP.

explore the most suitable combination of liver enzymes for NAFLD
screening in males and females, several combination models were
constructed, and logistic regression models were used to calculate
the joint probabilities. Table 5 presents the AUC, 95% CI,
sensitivity, and specificity of different combinations of liver
enzymes in identifying NAFLD in males and females. The results
showed that, compared to using ALT alone for identifying NAFLD,
only the combination of ALT and GGT improved the identification
performance (Delong P-value < 0.05). It is worth noting that
although there were statistical differences, the improvement in
AUC was not substantial [males: ALT (0.79) vs ALT+GGT (0.79);
females: ALT (0.77) vs ALT+GGT (0.77)].

Discussion

In this large-scale epidemiological study based on data from
various anthropometric and biochemical measurements taken

10.3389/fendo.2023.1302322

during health examinations of individuals at the Murakami
Memorial Hospital of Gifu, after adjusting for several
confounding factors such as demographic characteristics, lifestyle,
physical measurements, and laboratory biochemical indicators,
higher liver enzymes (including ALT, AST, and GGT) were
independently associated with both male and female NAFLD. In
the male population, the association between liver enzymes and
NAFLD was from strong to weak: ALT > AST > GGT, while in the
female population it was ALT > GGT > AST in that order; further
interactive tests showed that ALT was more suitable for assessing
NAFLD risk in males than in females. Furthermore, ROC analysis
showed that ALT had the highest accuracy in identifying NAFLD,
especially in males. After further combining the liver enzyme
parameters, we found that the combination of ALT and GGT had
better recognition performance for NAFLD in both genders
compared to ALT alone (all Delong P-values <0.05). However, it
should be noted that although there were statistical difterences, the
improvement in AUC values was not great.

Liver enzymes are well-known biochemical indicators positively
correlated to NAFLD (20, 21, 43-48), and previous studies and
guidelines have recommended using liver enzymes as preliminary
screening parameters for NAFLD (13, 49). However, there are
significant differences in the levels and activities of different liver
enzymes between male and female populations. Therefore,
quantifying the association between liver enzyme parameters and
NAFLD in both genders and exploring the most suitable liver
enzyme markers for screening NAFLD in both genders are of
practical significance for precise medical treatment of NAFLD.
However, currently, there is limited comparative research on the
strength of the association between liver enzymes and NAFLD,
especially based on gender stratification. In a cross-sectional study
of 210 diabetic patients in Nepal (50), Mandal et al. found that ALT
was independently associated with NAFLD, while AST and GGT

TABLE 4 Areas under the receiver operating characteristic curves, 95%Cl, best threshold, sensitivity and specificity for ALT, AST and GGT identifies

NAFLD risk for all participants, females and males.

95%Cl

Best threshold

Specificity

Sensitivity

All participants (N=14,251)

ALT 0.83 (0.82-0.84) 19.50 0.74 0.77

AST 0.69* (0.68-0.70) 19.50 0.72 0.56

GGT 0.77* (0.76-0.78) 17.50 0.72 0.70
Female (N=6,840)

ALT 0.77 (0.74-0.79) 17.50 0.80 0.59

AST 0.63* (0.61-0.66) 18.50 0.72 0.47

GGT 0.72* (0.70-0.75) 12.50 0.61 0.74
Male (N=7,411)

ALT 0.79 (0.78-0.80) 23.50 0.75 0.69

AST 0.67* (0.66-0.68) 20.50 0.71 0.54

GGT 0.70* (0.69-0.72) 20.50 0.66 0.66

AUC, area under the receiver operating characteristic curve; CI, confidence interval; other abbreviations as in Table 1.

*P<0.05, compare with ALT.

Frontiers in Endocrinology

frontiersin.org


https://doi.org/10.3389/fendo.2023.1302322
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Qiu et al.

10.3389/fendo.2023.1302322

sensitivity
3

— ALT
— AST
66T

FIGURE 2

0.50
1 - specificity

Area under the receiver operating characteristic curve for ALT, AST, and GGT for identification of NAFLD in the entire population. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; NAFLD, Nonalcoholic fatty liver disease.

showed no significant association. Furthermore, in another cross-
sectional study of obese children in Italy (51), the results also
indicated that only ALT was independently associated with
NAFLD. After further gender stratification, we found that only
one cross-sectional study involving employees of Tongji University
in China (52) evaluated gender differences. In this study, Bi et al.
evaluated the association between ALT, AST, GGT, and NAFLD in
both genders and found that GGT had a stronger association with
NAFLD than ALT and AST in both genders. It is worth noting that
the study populations in the three studies mentioned above were
highly heterogeneous, and there is still lack of evidence in the
general population. In the current cross-sectional study, using
health examination data from the general population, we
obtained results consistent with the majority of previous studies,
namely, ALT, AST, and GGT were independently associated with
NAFLD in both genders. Additionally, we found that ALT was
more significant associated with NAFLD than AST and GGT in
both males and females. These findings collectively emphasized a
key point: in the general population, ALT may be the most sensitive
liver enzyme indicator for evaluating NAFLD.

Some previous studies have reported on the diagnostic/
identification performance of ALT, AST, and GGT for NAFLD
(48-51). However, only one cross-sectional study analyzed and
compared the diagnostic performance of ALT, AST, and GGT for
NAFLD in both genders. In this study, Chien-Min et al. first
analyzed the risk factors associated with NAFLD and then further
evaluated the diagnostic value of various indicators, including ALT,
AST, and GGT, for NAFLD using ROC curves. The results showed
that ALT had higher accuracy in identifying NAFLD than AST and
GGT in the overall population. However, when further stratifying
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by gender, different results were found. In the male population,
GGT had higher accuracy in identifying NAFLD, followed by ALT
and AST; while in the female population, ALT had higher accuracy,
followed by AST, and GGT had the lowest accuracy (49). In contrast
to the previous study’s findings, in the current cross-sectional study,
we found that ALT had higher accuracy than AST and GGT in
identifying NAFLD in both males and females. The differences in
research findings may be due to different study designs and
population heterogeneity. Additionally, Chien-Min et al’s study
only included 236 healthy participants (49), while in the current
study, we included a total of 14,521 participants, which provided
sufficient sample size to enhance statistical power and improved the
accuracy of the results. Furthermore, a larger sample size can better
validate the reliability of our findings.

There have been no previous studies reporting on the analysis of
the identification performance of different combinations of liver
enzymes for NAFLD in both genders. In the current study, we
found that using the ALT+GGT combination in both genders
significantly improved the identification accuracy of NAFLD
compared to using ALT alone. However, this improvement was
not substantial in numerical values and required complex
calculations. Additionally, using ALT alone to identify NAFLD in
both genders resulted in an AUC above 0.76, especially in males
where the AUC approached 0.8. This indicated that using ALT
alone as a preliminary screening tool for high-risk populations of
NAFLD in clinical settings already has high accuracy. Although the
ALT+GGT combination improved the accuracy of NAFLD
screening, it required complex formula calculations and
evaluations, which increased the workload for primary care
physicians and reduced time efficiency. Furthermore, complex
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Area under the receiver operating characteristic curve for ALT, AST, and GGT for identification of NAFLD in the male and female. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; NAFLD, Nonalcoholic fatty liver disease.

calculations tended to lead to brain and body fatigue in primary care
physicians, which may limit the usefulness of liver enzyme
combinations in clinical settings.

Our results provided valuable information for the primary care-
based screening strategy for NAFLD in both genders. First, the
results of logistic regression analysis and ROC analysis collectively
emphasized that ALT may be the most sensitive liver enzyme
indicator for NAFLD in both genders. Additionally, using ALT
alone as a preliminary screening tool avoids complex calculations,
ensuring high accuracy while maintaining screening efficiency. For
identifying NAFLD, we recommend an ALT threshold of 23.5 for
males and 17.5 for females, which were lower than the previously
recommended upper limits of serum ALT levels for Asian
populations (53-55). In recent years, with the rapid increase in
the prevalence of NAFLD, there has been more discussion on
lowering the upper limit of serum ALT levels (56-58). However,
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some concerns have been raised about that lowering the upper limit
of ALT will increase the proportion of people at risk for NAFLD
and increase unnecessary medical evaluation and costs (56), similar
to the opposing opinions on lowering the thresholds for blood
glucose (59) and BP (60) in recent years. It should be noted that
although lowering the upper limit of ALT for health may increase
the inclusion of non-NAFLD patients, having a normal ALT level
does not guarantee the absence of NAFLD. Several studies have
shown that a considerable proportion of patients with fatty liver
have ALT levels below the laboratory-set upper limit, especially in
some NAFLD patients with advanced histological damage (53, 55,
61), who require more attention. According to the stepwise
screening method recommended by the World Gastroenterology
Organization (13), when the biochemical ALT exceeds the
recommended threshold, there should be a high suspicion of the
possibility of NAFLD, and primary care physicians should pay
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TABLE 5 Areas under the receiver operating characteristic curves, 95%Cl, sensitivity and specificity for different combination of liver function

enzymes identifies NAFLD risk for females and males.

AUC 95%Cl Specificity Sensitivity Delong P-value

Female (N=6,840)

ALT 0.77 (0.74-0.79) 0.80 0.59

ALT+AST 0.76 (0.73-0.78) 0.80 0.61 033

ALT+GGT 0.77 (0.74-0.79) 0.65 0.75 <0.01

AST+ALT+GGT 0.76 (0.74-0.79) 0.83 0.59 0.55
Male (N=7,411)

ALT 0.79 (0.78-0.80) 0.75 0.69

ALT+AST 0.80 (0.79-0.81) 0.67 0.78 0.17

ALT+GGT 0.79 (0.78-0.81) 0.72 0.73 0.04

AST+ALT+GGT 0.80 (0.69-0.81) 0.69 0.76 0.15

AUC, area under the receiver operating characteristic curve; CI, confidence interval; other abbreviations as in Table 1.

sufficient attention and guide patients to further examinations such
as liver ultrasound or liver biopsy, reducing unnecessary tests. In
conclusion, our study confirmed the effectiveness of ALT in
identifying NAFLD in both genders. According to the results of
the current study, we recommend using ALT as an initial screening
tool for NALFD in both genders (especially in males) and
conducting further strict screening of suspicious individuals
exceeding the threshold, which can reduce unnecessary
examinations, avoid the waste of medical resources, and reduce
national economic and medical expenditure in NAFLD prevention
and screening, especially for some countries and regions with
underdeveloped medical conditions.

The circadian rhythm variations in liver enzymes should be
given attention, as they may influence the gender disparity in
NAFLD prevalence. It is well known that liver enzymes exhibit
significant circadian rhythmicity (with maximum diurnal variation
exceeding 10%) (62), and such fluctuations might be linked to the
expression levels of liver genes and the regulation of gonadal steroid
activation and tissue effects (63-65). Furthermore, reliable evidence
suggests significant gender differences in circadian rhythms (65, 66),
with sex hormones potentially regulating circadian parameters in a
gender-dependent manner. Classical studies on circadian rhythms
have also demonstrated the gender-differential roles of gonadal
steroid activation and tissue effects regulation in daily rhythms
(67-69), and these differences might relate to the overall gender-
dimorphic gene expression rhythms. A study on the 24-hour gene
expression rhythms in humans revealed that females exhibit higher
transcriptional rhythmicity than males, especially in the liver (70).
The detailed mechanisms of circadian rhythms’ impact on NAFLD
remain unclear. In fact, the regulation of circadian rhythms is
multifaceted and complex, encompassing various lifestyle factors
such as smoking, alcohol consumption, and staying up late, all of
which can disrupt the body’s circadian rhythms (71, 72); this
constitutes a complex network of relationships, requiring further
research to elucidate the role of circadian rhythms in the
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development of NAFLD. Fortunately, recent research on circadian
rhythms has been very active, and new findings are vitally important
for the precise screening of NAFLD and enhancing public awareness
for its prevention. Considering our study’s liver enzyme levels were
measured after an overnight fast of 8 hours, our previous
recommendations for liver enzyme thresholds should be given
attention in future research.

Advantages and limitations

This study has the following advantages: Firstly, we used a large
sample of health examination data from the general population,
which has good representativeness and applicability. Secondly, we
conducted gender-stratified analyses, revealing the differences in the
strength of association between liver enzymes and NAFLD in
different gender populations, and exploring the optimal liver
enzyme combination model for identifying NAFLD in
both genders.

However, we also acknowledge some limitations of this study.
Firstly, the thresholds for liver enzymes have racial and population
differences, and further evaluation of the optimal screening
thresholds for the two genders need to be conducted in other
populations. Secondly, due to the lack of other liver function
markers such as alkaline phosphatase and lactate dehydrogenase,
we could not compare their association strengths with NAFLD.
Additionally, in this study, we used ultrasound examination for
diagnosing NAFLD; although ultrasound is considered a reliable
and accurate test for moderate to severe fatty liver (73), it may miss
some participants with mild fatty liver, especially when hepatic
steatosis is less than 20% (74). Finally, although statistical results
showed that using the ALT+GGT combination significantly
improved the identification accuracy of NAFLD, the clinical
significance of this change has not been determined, and further
research is needed to evaluate its clinical benefits.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1302322
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Qiu et al.

Conclusion

Our study revealed significant gender differences in the
associations of the three commonly used liver enzyme markers
with NAFLD. In both genders, the use of ALT alone may be the
simplest and most effective tool for screening NAFLD, especially
in males.
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