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Abstract: The purpose of this study was to investigate the correlation between the severity of fatty
liver and factors such as gender, lifestyle, and the risks of metabolic abnormalities, inflammation, and
liver dysfunction in the working population. This cross-sectional study included 2936 workers aged
21–64 years. The severity of fatty liver was assessed using ultrasound. A self-administered survey
was used to evaluate lifestyle habits. Data on anthropometric measurements, blood pressure, blood
tests, and biochemical evaluations was collected. The 45.5% of workers had fatty liver. Males had
a higher prevalence of fatty liver and health risks and several unhealthy lifestyle habits compared
to females. The health behavior score related to exercise showed notable declines as the severity of
fatty liver increased (p < 0.001). Percentages of current alcohol drinkers differed among different
levels of fatty liver, with rates of 43.1, 48.4, 44.8, and 63.4% (p = 0.005) observed in the absence, mild,
moderate, and severe fatty liver, respectively. Workers with fatty liver showed increased risks related
to metabolic anomalies, especially in severe cases. The risk of inflammation and liver dysfunction
also significantly increased with elevated fatty liver severity. Overall, fatty liver presents significant
health risks, with nearly half of the workers diagnosed with the condition. To improve liver health, it
is crucial to have customized strategies for promoting health, taking into account the different levels
of severity in fatty liver.
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1. Introduction

A significant number of people worldwide are affected by fatty liver, a prevalent
condition [1,2]. Worldwide, approximately one-third of adults suffer from nonalcoholic
fatty liver disease (NAFLD) [3]. The prevalence of NAFLD in Asia is around 30% [2].
A nationwide Taiwan health screening database with participants aged 40–64 years showed
28% had non-alcoholic fatty liver disease (NAFLD) [4]. A retrospective study in Taiwan
with subjects aged 17–65 years showed 52% had fatty liver (26% mild, 22.6% moderate, and
3.8% severe) [5]. This can lead to a higher chance of developing multisystemic illnesses, such
as cardiovascular incidents, metabolic abnormalities, and kidney issues [6]. Furthermore,
it has the potential to advance to cirrhosis and its associated complications, such as acute
hepatitis and hepatocellular carcinoma [7]. Although it has been acknowledged as a notable
health issue, there are still unresolved inquiries about the extent of its seriousness in relation
to variables such as sex, personal lifestyle choices, and the resulting dangers of metabolic
abnormalities, inflammation, and liver malfunction. Judging from the prevalence of fatty
liver disease in Taiwan [4,5], fatty liver disease has become a liver disease that Taiwan
needs to pay attention to. Specifically, the nuances of how these factors interplay among
working populations in Taiwan still need to be fully understood.

Nutrients 2023, 15, 4765. https://doi.org/10.3390/nu15224765 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu15224765
https://doi.org/10.3390/nu15224765
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0002-7912-8159
https://doi.org/10.3390/nu15224765
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu15224765?type=check_update&version=1


Nutrients 2023, 15, 4765 2 of 15

Fatty liver disease arises from a combination of metabolic, genetic, epigenetic, and
lifestyle influences [6,8]. The development and advancement of fatty liver are heavily
influenced by lifestyle factors [9]. Individuals with genetic susceptibility, when exposed
to an unhealthy diet and a sedentary lifestyle, are at risk of developing adiposity, fatty
accumulation, and fatty liver disease [6,8,10]. The consumption of alcohol, even in moderate
amounts, has been linked to worsened liver conditions [11,12]. Furthermore, the correlation
between the occurrence of fatty liver and gender has been gaining more recognition [10,13].
Differences in lifestyle may contribute to the higher occurrence of fatty liver disease in men,
as suggested by multiple studies [8,13]. Nevertheless, there is a restricted comprehension
regarding the association among gender, lifestyle aspects, and the severity of fatty liver.
The targeted study of these relationships in Taiwanese workers, that may have unique
lifestyle [14,15], also needs to be explored.

The pathophysiological aspects of fatty liver disease, metabolic syndrome, and type 2
diabetes are closely related, with inflammatory processes in the adipose tissue, gut, and
liver playing a crucial role [16]. Experts have recently suggested the term ‘metabolic
dysfunction associated fatty liver disease’ (MAFLD) as a replacement for ‘NAFLD’ in order
to more accurately represent the pathophysiology and cardiometabolic consequences of
this prevalent liver condition [4,17]. Furthermore, contemporary research highlights the
diverse associations between fatty liver and numerous health hazards [18,19]. Metabolic
abnormalities can arise from fatty liver, which can contribute to the high occurrence of Type
2 diabetes and central obesity. Furthermore, there exists a reciprocal connection [19,20]. At
the same time, studies have demonstrated that this condition can raise the likelihood of
cardiovascular disorders [4,18], emphasizing its extensive health consequences. Although
there is a general comprehension of the causes and hazards associated with fatty liver, it is
necessary to adopt a more specific and focused approach to comprehend the health risks
faced by workers with varying degrees of fatty liver. This approach should particularly
consider metabolic risk factors, inflammatory markers, and liver functional parameters.

The current studies mainly concentrate on the general public or particular groups of
patients [21–23]. Furthermore, the majority of studies investigate the demographic and
clinical traits of individuals who have or do not have fatty liver [21–23]. The exploration
of the correlation between the severity of fatty liver and gender, lifestyle, and related
health risks among Taiwanese workers has been insufficiently studied. This represents
a significant research issue in our current understanding and emphasizes the need for
detailed exploration. A more nuanced comprehension could lead to effective preventive
measures and targeted interventions for this specific group. Hence, the primary objective
of this research is to examine and compare the hazards associated with inflammation, liver
complications, and metabolic disorders among employees with varying degrees of fatty
liver. Using ultrasound to evaluate the extent of fatty liver, examine participants’ lifestyle
habits related to health, and analyze metabolic risk factors, markers of inflammation, and
parameters of liver function. Additionally, this study will use logistic regression to offer
adjusted odds ratios (ORs) and 95% confidence intervals (CI) for the mentioned health risks
related to the severity of fatty liver. This will provide valuable insights in the field.

2. Materials and Methods
2.1. Ethical Committee Review

Under the regulations of the Taiwanese Labor Health Protection Rule, it is mandatory
for occupational health professionals to periodically evaluate the health hazards and re-
quirements of employees. As a component of the Taiwan Workplace-Health-Promotion
Scheme, this research was carried out through the implementation of public health moni-
toring among employees. Each candidate was given an explanation of the study through
an accompanying information sheet that came with the questionnaire. Participants had
the freedom to choose whether or not they wanted to take part in this research. Volunteer
participants were asked to fill out a questionnaire. Returned questionnaires, along with
participants’ clinical variables, were coded by occupational health personnel at each contact
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company. Hence, in terms of investigation, all information gathered in the research is
maintained anonymous and strictly confidential to safeguard the participants’ privacy.
The research was carried out following the guidelines of the Declaration of Helsinki and
received approval from the Institutional Review Board of Changhua Christian Hospital in
Taiwan, with a waiver of informed consent (approval number CCH IRB 191238).

2.2. Design and Participants of the Study

Cross-sectional research with convenience sampling was used for this study. Three in-
dustrial enterprises in central Taiwan recruited employees 20 years of age or older to take
part in the study. Manufacturing of electronic components, auto parts, and transportation
equipment were among their main pursuits. The businesses were picked because of their
positive interactions with the Center for Occupational Health. This made it possible for the
investigation to move along smoothly. The 4107 workers in all were voluntarily participants
in the study.

In Taiwan, fewer women work than those in the United States and the like, so the male
ratio was higher in our study. However, this study performed the chi-square goodness of
fit test for the distribution ratio between the male (n = 3435, 83.6%) and female (n = 672,
16.4%) of the 4107 workers and the sample with the male (n = 2469, 84.1%) and female
(n = 467, 15.9%) of the 2936 workers. According to the test, the p value was 0.470, which
did not reach statistical significance. It is obvious that the sample data fits the distribution
of the population of the three companies.

2.3. Assessment of Health-Related Lifestyle Habits

A self-administered survey was used to evaluate the health-related lifestyle habits
of the participants, which encompassed aspects such as dietary choices, physical activity,
smoking, and alcohol intake.

We acquired information on dietary and physical activity habits by utilizing subsets of
the Health Promoting Lifestyle Profile II [24,25]. The nutrition behavior category includes
nine elements, while the exercise behavior category includes eight elements. Both cate-
gories are assessed using a four-point Likert scale, which includes the options of Never,
Sometimes, Often, and Routinely. The average score for each subscale, which ranged from
1 to 4, was computed by dividing the total score of the subscale by the number of response
items. A higher rating indicated a higher degree of engagement in behavior that promotes
health. The nine inquiries concerning dietary habits were “select a low-fat diet”, “restrict
the consumption of sugars”, “consume bread, cereal and rice”, “consume fruit”, “consume
vegetables”, “consume meat, poultry, fish, legumes, eggs and nuts”, “consume milk, yogurt
or cheese”, “examine labels to determine nutrients” and “have breakfast”. Dietary guide-
lines determined the recommended daily servings for each food category. The exercise
behavior checklist includes the following eight items: “adhere to an exercise program”,
“engage in intense physical activity three times per week”, “participate in light to moderate
physical activities”, “attend exercise sessions during leisure time”, “perform stretching
exercises three times per week”, “incorporate physical activity into daily routines”, “mon-
itor pulse while exercising”, and “achieve a desired heart rate during exercise”. These
items were translated into traditional Chinese characters for the participants. The internal
consistency of the nutrition and exercise behavior subscales in the Taiwanese population
was found to be satisfactory, with Cronbach’s alpha values of 0.78 and 0.85, respectively,
according to the findings of this research.

Furthermore, the smoking status of every participant was categorized as non-smokers
and current smokers (which includes both occasional and daily smoking). The consumption
of alcohol was categorized into two groups: non-alcohol drinkers and current alcohol
drinkers (which includes occasional or daily drinking).
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2.4. Fatty Liver Severity Determination

The severity of fatty liver was assessed using ultrasound images [26]. After under-
going ultrasound examinations, workers were graded as follows: (0) absent: echotexture
of the right liver lobe is normal compared to cortex of the right kidney; (1) mild: slightly
and diffusely increased liver echogenicity with normal visualization of portal vein wall
and diaphragm; (2) moderate increase of liver echogenicity with slightly impaired visual-
ization of the portal vein wall and the diaphragm and (3) severe: marked increase of liver
echogenicity with poor or non-visualization of portal vein wall, diaphragm, and posterior
right lobe of the liver [27,28]

2.5. Evaluation of Metabolic Risk Factors

Data on metabolic risk factors including waist circumference, systolic blood pressure
(SBP) and/or diastolic blood pressure (DBP), fasting blood glucose (FBG), triglyceride levels,
and high-density lipoprotein cholesterol (HDL-C) levels were gathered. As per the Health
Promotion Administration’s definition, provided by the Ministry of Health and Welfare in
Taiwan [29], the metabolic syndrome is determined by the following criteria: (1) Abdominal
obesity, where waist circumference is equal to or greater than 90 cm (35 inches) for men and
equal to or greater than 80 cm (31 inches) for women. (2) Elevated blood pressure with SBP
greater than or equal to 130 mmHg or DBP greater than or equal to 85 mmHg. (3) Elevated
FBG levels with a value of 100 mg/dL or higher. Elevated levels of triglycerides during
fasting, equal to or greater than 150 mg/dL. Men with HDL-C levels below 40 mg/dL
and women with levels below 50 mg/dL are considered to have low HDL-C. Metabolic
syndrome can be definitively identified if the aforementioned five components satisfy three
or more criteria [29].

2.6. Inflammatory and Cardiovascular Markers Detection

White blood cell (WBC) and platelet count assays were employed to identify markers
associated with inflammation and cardiovascular health [30–32]. Because the subjects of this
study are general workers and not cases of acute inflammation. Therefore, the following
method is used to divide the thresholds of inflammation indicators: the participants were
divided into three groups (low, medium, and high) using stratification into tertiles. High
levels of the two inflammatory markers, WBC count exceeding 7.16 (109/L) and platelet
count surpassing 270 (109/L), are defined as such.

2.7. Liver Functional Parameters Measurement

Liver functional parameters were assessed by measuring glutamate oxaloacetate
transaminase (GOT) and glutamate pyruvate transaminase (GPT). The hospital medical
laboratory reported that the GPT reference range was between 0 and 35 U/L. The reference
range of GOP was 5~40 U/L.

2.8. Statistical Analysis

The Shapiro-Wilk test indicated that most of the continuous dependent variables were
significant, which meant non-normal distribution”. However, according to Hair et al. (2010)
and Bryne (2010), data is can be viewed as normal if the skewness is between −2 and +2
and the kurtosis is between −7 and +7 [33,34]. The deviation of data from normality was
not severe as skewness and kurtosis index were below 3 and 10 respectively [35]. The
examination of association between two categorical variables is conducted using the Chi-
square test. Data are number (n), percent (%). A t-test was used to compare the averages of
two different groups. We compared the averages of four groups by conducting a one-way
ANOVA and then performing Scheffe’s multiple comparisons test. After comparing the
means of four groups, ANOVA trend analyses were conducted using line by polynomial
contrasts. Data are means (95% Confidence Interval for Mean). The relationship between
levels of fatty liver (as an independent variable) and risk factors related to inflammation,
cardiovascular health, liver function, and metabolism (as a dependent variable respectively)
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were analyzed using logistic regression models. The adjusted odds ratio (95% confidence
intervals) is calculated for the data. All statistical procedures were performed using
statistical software IBM SPSS version 22 (SPSS Inc., Chicago, IL, USA), and a statistically
significant at p < 0.05.

3. Results
3.1. Characteristics of Participants by Gender

Table 1 displayed the gender-based characteristics of the participants. In this study,
4107 workers (83.6% male), aged 20 or over, were volunteered as subjects from the three
companies. However, part of the workers did not provide the necessary information on
personal data, health-related lifestyle habits, or a physical examination, and therefore were
excluded. A final number of 2936 workers (84.1% male) with an average age of 42.5 years
were enrolled. Out of the total, 45.5% were found to have fatty liver, with the levels
of severity classified as mild (34.3%), moderate (9.8%), and severe (1.4%). Furthermore,
males exhibited a greater prevalence of fatty liver (48.5%) in comparison to females (29.3%,
p < 0.001). In addition, male participants had higher rates of current smokers and current
alcohol drinkers and showed worse nutritional habits compared to their female counter-
parts (p < 0.001). Nevertheless, there were no notable disparities in physical activity habits
between males and females.

Table 1. Characteristics of participants by gender 1.

Gender

Variables Total
(n = 2936)

Male
(n = 2469)

Female
(n = 467) p

Age (y) 42.5 ± 10.0 41.8 ± 10.2 46.0 ± 7.4 <0.001

Lifestyle habits

Nutritional health behavior 2.5 ± 0.4 2.4 ± 0.4 2.7 ± 0.4 <0.001

Exercise health behavior 2.0 ± 0.6 1.9 ± 0.6 2.0 ± 0.6 0.344

Smoking

Current smokers 656 (22.3) 654 (26.5) 2 (0.4) <0.001

Non-smokers 2280 (77.7) 1815 (73.5) 465 (99.6)

Alcohol consumption

Current alcohol drinkers 1363 (46.4) 1265 (51.2) 98 (21.0) <0.001

Non-alcohol drinkers 1573 (53.6) 1204 (48.8) 369 (79.0)

Fatty liver levels

No 1601 (54.5) 1271 (51.5) 330 (70.7) <0.001

Mild 1006 (34.3) 892 (36.1) 114 (24.4)

Mod 288 (9.8) 267 (10.8) 21 (4.5)

Severe 41 (1.4) 39 (1.6) 2 (0.4)
1 p-value less than 0.05 was considered statistically significant. Continuous data are presented in mean ± SD.
Categorical data are presented in number (n) and percent (%).

3.2. Correlation between the Lifestyle Habits and Fatty Liver Levels

Individuals with fatty liver had a higher prevalence of smoking (p < 0.011) and
displayed inferior dietary habits (p < 0.019) and physical activity habits (p < 0.001) compared
to those without fatty liver.

In addition, according to Table 2, to examine the differences between the averages of
four different levels of fatty liver, a one-way analysis of variance (ANOVA) was conducted.
The findings showed statistically significant differences in the exercise health behavior score
(p < 0.001). Nevertheless, there were no notable disparities detected in dietary habits among
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different stages of fatty liver. Furthermore, this research discovered that the proportion of
current alcohol drinkers differed among employees, with percentages of 45.0, 48.4, 44.8,
and 63.4% (p = 0.048) observed in the absence, slight, moderate, and intense fatty liver
conditions, respectively. There were slight variations in smoking among different levels of
fatty liver (p = 0.062).

Table 2. Correlation between the lifestyle habits and fatty liver levels 1,2.

Fatty Liver Levels

Variables No
(n = 1601)

Mild
(n = 1006)

Mod
(n = 288)

Severe
(n = 41) p

Nutritional health behavior 2.48 (2.45–2.50) 2.43 (2.41–2.46) 2.46 (2.41–2.50) 2.44 (2.31–2.57) 0.104

Exercise health behavior 1.99 (1.96–2.02) 1.93 (1.90–1.96) 1.86 (1.81–1.92) 1.74 (1.55–1.92) <0.001

Smoking

Current smokers 329 (20.5) 252 (25.0) 65 (22.6) 10 (24.4) 0.062

Non-smokers 1272 (79.5) 754 (75.0) 223 (77.4) 31 (75.6)

Alcohol consumption

Current alcohol drinkers 721 (45.0) 487 (48.4) 129 (44.8) 26 (63.4) 0.048

Non-alcohol drinkers 880 (55.0) 519 (51.6) 159 (55.2) 15 (36.6)
1 The means of four groups were compared using one-way ANOVA. Data are means (95% Confidence Interval
for Mean). Statistically significant at p < 0.05. 2 The Chi-square test is used to examine association between
two categorical variables. Data are number (n), percent (%). Statistically significant at p < 0.05.

3.3. Mean or Percentage of Metabolic Parameters, Inflammatory Markers, and Liver Functional
Parameters by Fatty Liver Levels

According to Table 3 and Figure 1, to examine the differences between the averages of
four different levels of fatty liver, a one-way analysis of variance (ANOVA) was conducted.
The mean of each metabolic parameters, inflammatory markers, and liver functional
parameters in the four different fatty liver subgroups among workers was significantly
different (p < 0.001). Workers with fatty liver may have a significant propensity toward the
mean of each metabolic parameters, inflammatory markers, and liver functional parameters
when compared to those without the condition. In Scheffe’s post-hoc comparison, waist
circumference, WBC, and GPT showed a salient trend (p < 0.001); the data were increased
along with higher severity of fatty liver. For FBG, triglycerides, HDL-C, systolic BP, and
diastolic BP, all of the differences between any two subgroups were also significant, except
those between the mod subgroup and the severe subgroup. For platelets, differences
between non-fatty liver subgroups and the mild subgroup, mod subgroup, and severe
subgroup were significant, except those between the mild subgroup, mod subgroup, and
severe subgroup. For GOT, all of the differences between any two subgroups were also
significant, except those between the non-fatty liver subgroup and the mild subgroup, as
well as between the mod subgroup and the severe subgroup.

The ANOVA linear trend analyses demonstrated noteworthy rises in waist size, FBG,
triglycerides, systolic BP, and diastolic BP associated with higher severity of fatty liver
(p for linear trend < 0.001), while indicating a decline in HDL cholesterol levels (p for linear
trend < 0.001). A notable rise in WBC count (p for linear trend < 0.001) and platelet count
(p for linear trend = 0.001) in correlation with increased severity of fatty liver. Furthermore,
a notable rise in the count of GOT and GPT with increased severity of fatty liver (p for
linear trend < 0.001).
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Table 3. Mean or percentage of metabolic parameters, inflammatory markers, and liver functional
parameters by fatty liver levels 1,2.

Fatty Liver Levels ANOVA 1

F, p

p for
Linear
Trend 1

Variables 3 No
(n = 1601)

Mild
(n = 1006)

Mod
(n = 288)

Severe
(n = 41)

Metabolic parameters

Waist circumference
(cm) a,b,c,d,e,f

77.7
(77.3–78.1)

85.1
(84.6–85.5)

92.4
(91.4–93.3)

99.3
(96.6–101.9) 471.3, <0.001 <0.001

FBG (mg/dL) a,b,c,d 91.3
(90.6–92.1)

95.4
(94.1–96.8)

100.0
(97.4–102.7)

103.3
(95.3–111.3) 26.2, <0.001 <0.001

Triglycerides
(mg/dL) a,b,c,d,e

108.6
(104.6–112.6)

149.8
(143.7–155.9)

202.2
(183.7–220.7)

221.2
(165.6–276.9) 99.8, <0.001 <0.001

HDL-C (mg/dL)
a,b,c,d 56.4 (55.8–57.0) 49.4 (48.7–50.1) 44.9 (43.9–45.9) 41.5 (38.6–44.4) 128.8, <0.001 <0.001

Systolic BP (mm Hg)
a,b,c,d

119.8
(119.1–120.5)

124.5
(113.6–125.5)

129.8
(128.0–131.5)

131.1
(125.9–136.3) 50.7, <0.001 <0.001

Diastolic BP (mm Hg)
a,b,c,d 76.4 (75.9–77.0) 79.6 (78.9–80.2) 83.9 (82.5–85.2) 82.1 (77.8–86.5) 45.9, <0.001 <0.001

Metabolic syndrome

Yes (p < 0.001) 70 (4.4) 175 (17.4) 123 (42.7) 26 (63.4)

No 1531 (95.6) 831 (82.6) 165 (57.3) 15 (36.6)

Inflammatory
markers 1

WBC (109 cells/L)
a,b,c,d,e,f 6.4 (6.3–6.5) 6.9 (6.8–7.0) 7.3 (7.1–7.5) 8.2 (7.6–8.7) 38.6, <0.001 <0.001

Platelet (109/L) a,b,c 246.8
(243.9–249.6)

255.4
(251.9–258.9)

260.2
(254.0–266.4)

276.4
(257.0–295.8) 10.1, <0.001 0.001

Liver functional
parameters

GOT (U/L) b,c,d,e 20.2 (18.7–20.9) 20.8 (20.2–21.3) 26.7 (25.2–28.3) 32.6 (28.5–36.7) 16.7, <0.001 <0.001

GPT (U/L) a,b,c,d,e,f 21.7 (20.0–22.0) 28.7 (27.3–30.1) 42.4 (39.2–45.6) 64.1 (53.2–75.1) 120.6, <0.001 <0.001
1 The means of four groups were compared using one-way ANOVA followed by Scheffe’s multiple comparisons
test. Additionally, conducting ANOVA trend analyses using line by polynomial contrasts after a difference between
the means of four groups were compared. Data are means (95% Confidence Interval for Mean). Statistically
significant at p < 0.05. a indicates significant difference between no fatty liver and mild fatty liver groups.
b indicates significant difference between no fatty liver and mod fatty liver groups. c indicates significant
difference between no fatty liver and severe fatty liver groups. d indicates significant difference between mild
fatty liver and mod fatty liver groups. e indicates significant difference between mild fatty liver and severe
fatty liver groups. f indicates significant difference between mod fatty liver and severe fatty liver groups.
2 The Chi-square test is used to examine association between two categorical variables. Data are number (n),
percent (%). Significant difference (p < 0.05). 3 Abbreviations: FBG, fasting blood glucose; HDL-C, high-density
lipoprotein cholesterol; BP, blood pressure; WBC, white blood cell; GOT, Glutamate oxaloacetate transaminase;
GPT, Glutamate pyruvate transaminase.
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Figure 1. Relationship between fatty liver levels and metabolic parameters, inflammatory markers, and
liver functional parameters. The means of four groups were compared using one-way ANOVA followed
by Scheffe’s multiple comparisons test. A p value of <0.05 was considered statistically significant.

3.4. The Odds Ratio of Metabolic Irregularity, Inflammation, and Liver Impairment Based on the
Severity of Fatty Liver

Fatty liver severity determines the adjusted odds ratio (OR) of metabolic abnormality,
inflammation, and liver dysfunction, as depicted in Table 4. Compared to workers who do
not have fatty liver, those with mild, moderate, and severe fatty liver were significantly
linked to a higher risk of obesity (p < 0.001), particularly severe fatty liver (OR 270.0).
Employees who have mild, moderate, or severe fatty liver also exhibited a considerably
greater likelihood of experiencing high FBG, elevated triglyceride levels, increased systolic
BP, elevated diastolic BP, and reduced HDL-C levels in comparison to individuals without
fatty liver (p < 0.001).

Workers with different levels of fatty liver severity showed an increased risk of elevated
WBC count (OR 1.6, 2.7, and 5.5) and elevated platelet count (OR 1.4, 1.9, and 2.5) compared
to workers without fatty liver.

Workers who had mild, moderate, or severe fatty liver also showed an increased
likelihood of having high GPT levels (with odds ratios of 2.3, 8.4, and 28.3, respectively)
compared to those without fatty liver. Furthermore, individuals with moderate and severe



Nutrients 2023, 15, 4765 10 of 15

hepatic steatosis exhibited a notably elevated likelihood of elevated GOT levels (with odds
ratios of 3.7 and 16.9, respectively) compared to those without fatty liver.

In the odds ratio comparison between the four different fatty liver subgroups, obese,
high FBG, metabolic syndrome, and high GPT showed a salient trend (p < 0.001); the data
increased along with the severity of fatty liver. For high triglycerides, low HDL, high BP,
high WBC, and high platelets, all of the differences between any two subgroups were also
significant, except those between the mod subgroup and the severe subgroup. For high
GOT, all of the differences between any two subgroups were also significant, except those
between the non-fatty liver subgroup and the mild subgroup.

Table 4. Odds ratio of metabolic abnormality, inflammation, and liver dysfunction by fatty liver levels 1.

Variables 2

Fatty Liver Levels Odds Comparison
between Four Groups

No
(n = 1601)

Mild
(n = 1006)

Mod
(n = 288)

Severe
(n = 41)

Metabolic abnormality

Waist circumference (cm)
≥90 for men or ≥80
for women (obese)

1.00 5.3 (4.2–6.7) 24.7 (18.1–33.9) 270.0 (64.1–1137.9) No < Mild < Mod < Severe

p <0.001 <0.001 <0.001

FBG > 100 mg/dL 1.00 2.0 (1.4–2.8) 4.3 (2.8–6.5) 9.7 (4.6–20.7) No < Mild < Mod < Severe
p <0.001 <0.001 <0.001

Triglycerides ≥ 150 mg/dL 1.00 2.7 (2.2–3.2) 5.7 (4.3–7.5) 7.0 (3.7–13.4) No < Mild < Mod
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compared to those without fatty liver. Furthermore, individuals with moderate and severe 

hepatic steatosis exhibited a notably elevated likelihood of elevated GOT levels (with odds 

ratios of 3.7 and 16.9, respectively) compared to those without fatty liver. 

In the odds ratio comparison between the four different fatty liver subgroups, obese, 

high FBG, metabolic syndrome, and high GPT showed a salient trend (p < 0.001); the data 

increased along with the severity of fatty liver. For high triglycerides, low HDL, high BP, 

high WBC, and high platelets, all of the differences between any two subgroups were also 

significant, except those between the mod subgroup and the severe subgroup. For high 

GOT, all of the differences between any two subgroups were also significant, except those 

between the non-fatty liver subgroup and the mild subgroup. 

Table 4. Odds ratio of metabolic abnormality, inflammation, and liver dysfunction by fatty liver 

levels 1. 

Variables 2 

Fatty Liver Levels 
Odds Comparison  

between Four Groups 

No 

(n = 1601) 

Mild 

(n = 1006) 

Mod 

(n = 288) 

Severe 

(n = 41) 
 

Metabolic abnormality       

Waist circumference (cm) 

≥90 for men or ≥80  

for women (obese) 

1.00 5.3 (4.2–6.7) 24.7 (18.1–33.9) 270.0 (64.1–1137.9) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

FBG > 100 mg/dL 1.00 2.0 (1.4–2.8) 4.3 (2.8–6.5) 9.7 (4.6–20.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Triglycerides ≥ 150 mg/dL 1.00 2.7 (2.2–3.2) 5.7 (4.3–7.5) 7.0 (3.7–13.4) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Low HDL-C 1.00 2.9 (2.3–3.6) 5.0 (3.6–6.8) 8.3 (4.3–16.0) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

BP (mm Hg) 

Systolic BP ≥130  

and diastolic BP ≥85 

1.00 1.7 (1.5–2.1) 3.8 (2.9–5.0) 4.5 (2.3–8.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Metabolic syndrome 1.00 4.4 (3.3–5.9) 16.3 (11.54–22.9) 44.5 (22.1–89.6) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Inflammation 3      

WBC ≥ 7.16 × 109/L 1.00 1.6 (1.4–1.9) 2.7 (2.1–3.6) 5.5 (2.8–10.9) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Platelet ≥ 271 × 109/L 1.00 1.4 (1.2–1.7) 1.9 (1.4–2.4) 2.5 (1.3–4.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 0.007  

Liver dysfunction      

GPT > 35 U/L 1.00 2.3 (1.8–2.8) 8.4 (6.2–11.3) 28.3 (12.8–62.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

GOT > 40 U/L 1.00 1.2 (0.7–1.9) 3.7 (2.2–6.3) 16.9 (8.0–35.8) No ≒ Mild < Mod < Severe 

p  0.498 <0.001 <0.001  
1 Logistic regression models were used to examine the relationship between fatty liver levels (as a 

predictor variable) with cardiovascular, liver functional and metabolic risk factors (as a dependent 

variable, respectively). Adjusted confounding factors were sex, age, nutrition health behavior, 

exercise health behavior, smoking, and alcohol consumption. Data are odds ratio (95% CIs). 

Statistically significant at p < 0.05. 2 Abbreviations: FBG, Fasting blood glucose; HDL-C, high-density 

lipoprotein cholesterol; BP, blood pressure; WBC, white blood cell; GOT, Glutamate oxaloacetate 

transaminase; GPT, Glutamate pyruvate transaminase.3 Based on the count of WBC and platelets, 

the participants were divided into three groups (low, medium, and high) using stratification into 

Severe
p <0.001 <0.001 <0.001

Low HDL-C 1.00 2.9 (2.3–3.6) 5.0 (3.6–6.8) 8.3 (4.3–16.0) No < Mild < Mod
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compared to those without fatty liver. Furthermore, individuals with moderate and severe 

hepatic steatosis exhibited a notably elevated likelihood of elevated GOT levels (with odds 

ratios of 3.7 and 16.9, respectively) compared to those without fatty liver. 

In the odds ratio comparison between the four different fatty liver subgroups, obese, 

high FBG, metabolic syndrome, and high GPT showed a salient trend (p < 0.001); the data 

increased along with the severity of fatty liver. For high triglycerides, low HDL, high BP, 

high WBC, and high platelets, all of the differences between any two subgroups were also 

significant, except those between the mod subgroup and the severe subgroup. For high 

GOT, all of the differences between any two subgroups were also significant, except those 

between the non-fatty liver subgroup and the mild subgroup. 
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(n = 1006) 
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(n = 288) 
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≥90 for men or ≥80  

for women (obese) 

1.00 5.3 (4.2–6.7) 24.7 (18.1–33.9) 270.0 (64.1–1137.9) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

FBG > 100 mg/dL 1.00 2.0 (1.4–2.8) 4.3 (2.8–6.5) 9.7 (4.6–20.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  
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1.00 1.7 (1.5–2.1) 3.8 (2.9–5.0) 4.5 (2.3–8.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Metabolic syndrome 1.00 4.4 (3.3–5.9) 16.3 (11.54–22.9) 44.5 (22.1–89.6) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Inflammation 3      

WBC ≥ 7.16 × 109/L 1.00 1.6 (1.4–1.9) 2.7 (2.1–3.6) 5.5 (2.8–10.9) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Platelet ≥ 271 × 109/L 1.00 1.4 (1.2–1.7) 1.9 (1.4–2.4) 2.5 (1.3–4.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 0.007  

Liver dysfunction      

GPT > 35 U/L 1.00 2.3 (1.8–2.8) 8.4 (6.2–11.3) 28.3 (12.8–62.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

GOT > 40 U/L 1.00 1.2 (0.7–1.9) 3.7 (2.2–6.3) 16.9 (8.0–35.8) No ≒ Mild < Mod < Severe 

p  0.498 <0.001 <0.001  
1 Logistic regression models were used to examine the relationship between fatty liver levels (as a 

predictor variable) with cardiovascular, liver functional and metabolic risk factors (as a dependent 

variable, respectively). Adjusted confounding factors were sex, age, nutrition health behavior, 

exercise health behavior, smoking, and alcohol consumption. Data are odds ratio (95% CIs). 

Statistically significant at p < 0.05. 2 Abbreviations: FBG, Fasting blood glucose; HDL-C, high-density 

lipoprotein cholesterol; BP, blood pressure; WBC, white blood cell; GOT, Glutamate oxaloacetate 

transaminase; GPT, Glutamate pyruvate transaminase.3 Based on the count of WBC and platelets, 

the participants were divided into three groups (low, medium, and high) using stratification into 

Severe
p <0.001 <0.001 <0.001

BP (mm Hg)
Systolic BP ≥ 130
and diastolic BP ≥ 85

1.00 1.7 (1.5–2.1) 3.8 (2.9–5.0) 4.5 (2.3–8.8) No < Mild < Mod
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compared to those without fatty liver. Furthermore, individuals with moderate and severe 

hepatic steatosis exhibited a notably elevated likelihood of elevated GOT levels (with odds 

ratios of 3.7 and 16.9, respectively) compared to those without fatty liver. 

In the odds ratio comparison between the four different fatty liver subgroups, obese, 

high FBG, metabolic syndrome, and high GPT showed a salient trend (p < 0.001); the data 

increased along with the severity of fatty liver. For high triglycerides, low HDL, high BP, 

high WBC, and high platelets, all of the differences between any two subgroups were also 

significant, except those between the mod subgroup and the severe subgroup. For high 

GOT, all of the differences between any two subgroups were also significant, except those 

between the non-fatty liver subgroup and the mild subgroup. 

Table 4. Odds ratio of metabolic abnormality, inflammation, and liver dysfunction by fatty liver 

levels 1. 
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No 

(n = 1601) 

Mild 

(n = 1006) 

Mod 

(n = 288) 

Severe 

(n = 41) 
 

Metabolic abnormality       

Waist circumference (cm) 

≥90 for men or ≥80  

for women (obese) 

1.00 5.3 (4.2–6.7) 24.7 (18.1–33.9) 270.0 (64.1–1137.9) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  
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p  <0.001 <0.001 <0.001  

Low HDL-C 1.00 2.9 (2.3–3.6) 5.0 (3.6–6.8) 8.3 (4.3–16.0) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

BP (mm Hg) 

Systolic BP ≥130  

and diastolic BP ≥85 

1.00 1.7 (1.5–2.1) 3.8 (2.9–5.0) 4.5 (2.3–8.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Metabolic syndrome 1.00 4.4 (3.3–5.9) 16.3 (11.54–22.9) 44.5 (22.1–89.6) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Inflammation 3      

WBC ≥ 7.16 × 109/L 1.00 1.6 (1.4–1.9) 2.7 (2.1–3.6) 5.5 (2.8–10.9) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Platelet ≥ 271 × 109/L 1.00 1.4 (1.2–1.7) 1.9 (1.4–2.4) 2.5 (1.3–4.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 0.007  

Liver dysfunction      

GPT > 35 U/L 1.00 2.3 (1.8–2.8) 8.4 (6.2–11.3) 28.3 (12.8–62.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

GOT > 40 U/L 1.00 1.2 (0.7–1.9) 3.7 (2.2–6.3) 16.9 (8.0–35.8) No ≒ Mild < Mod < Severe 

p  0.498 <0.001 <0.001  
1 Logistic regression models were used to examine the relationship between fatty liver levels (as a 

predictor variable) with cardiovascular, liver functional and metabolic risk factors (as a dependent 

variable, respectively). Adjusted confounding factors were sex, age, nutrition health behavior, 

exercise health behavior, smoking, and alcohol consumption. Data are odds ratio (95% CIs). 

Statistically significant at p < 0.05. 2 Abbreviations: FBG, Fasting blood glucose; HDL-C, high-density 

lipoprotein cholesterol; BP, blood pressure; WBC, white blood cell; GOT, Glutamate oxaloacetate 

transaminase; GPT, Glutamate pyruvate transaminase.3 Based on the count of WBC and platelets, 

the participants were divided into three groups (low, medium, and high) using stratification into 

Severe

p <0.001 <0.001 <0.001

Metabolic syndrome 1.00 4.4 (3.3–5.9) 16.3 (11.54–22.9) 44.5 (22.1–89.6) No < Mild < Mod < Severe
p <0.001 <0.001 <0.001

Inflammation 3

WBC ≥ 7.16 × 109/L 1.00 1.6 (1.4–1.9) 2.7 (2.1–3.6) 5.5 (2.8–10.9) No < Mild < Mod
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compared to those without fatty liver. Furthermore, individuals with moderate and severe 

hepatic steatosis exhibited a notably elevated likelihood of elevated GOT levels (with odds 

ratios of 3.7 and 16.9, respectively) compared to those without fatty liver. 

In the odds ratio comparison between the four different fatty liver subgroups, obese, 

high FBG, metabolic syndrome, and high GPT showed a salient trend (p < 0.001); the data 

increased along with the severity of fatty liver. For high triglycerides, low HDL, high BP, 

high WBC, and high platelets, all of the differences between any two subgroups were also 

significant, except those between the mod subgroup and the severe subgroup. For high 

GOT, all of the differences between any two subgroups were also significant, except those 

between the non-fatty liver subgroup and the mild subgroup. 

Table 4. Odds ratio of metabolic abnormality, inflammation, and liver dysfunction by fatty liver 

levels 1. 
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Fatty Liver Levels 
Odds Comparison  

between Four Groups 

No 

(n = 1601) 

Mild 

(n = 1006) 

Mod 

(n = 288) 

Severe 

(n = 41) 
 

Metabolic abnormality       

Waist circumference (cm) 

≥90 for men or ≥80  

for women (obese) 

1.00 5.3 (4.2–6.7) 24.7 (18.1–33.9) 270.0 (64.1–1137.9) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

FBG > 100 mg/dL 1.00 2.0 (1.4–2.8) 4.3 (2.8–6.5) 9.7 (4.6–20.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Triglycerides ≥ 150 mg/dL 1.00 2.7 (2.2–3.2) 5.7 (4.3–7.5) 7.0 (3.7–13.4) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Low HDL-C 1.00 2.9 (2.3–3.6) 5.0 (3.6–6.8) 8.3 (4.3–16.0) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

BP (mm Hg) 

Systolic BP ≥130  

and diastolic BP ≥85 

1.00 1.7 (1.5–2.1) 3.8 (2.9–5.0) 4.5 (2.3–8.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Metabolic syndrome 1.00 4.4 (3.3–5.9) 16.3 (11.54–22.9) 44.5 (22.1–89.6) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Inflammation 3      

WBC ≥ 7.16 × 109/L 1.00 1.6 (1.4–1.9) 2.7 (2.1–3.6) 5.5 (2.8–10.9) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Platelet ≥ 271 × 109/L 1.00 1.4 (1.2–1.7) 1.9 (1.4–2.4) 2.5 (1.3–4.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 0.007  

Liver dysfunction      

GPT > 35 U/L 1.00 2.3 (1.8–2.8) 8.4 (6.2–11.3) 28.3 (12.8–62.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

GOT > 40 U/L 1.00 1.2 (0.7–1.9) 3.7 (2.2–6.3) 16.9 (8.0–35.8) No ≒ Mild < Mod < Severe 

p  0.498 <0.001 <0.001  
1 Logistic regression models were used to examine the relationship between fatty liver levels (as a 

predictor variable) with cardiovascular, liver functional and metabolic risk factors (as a dependent 

variable, respectively). Adjusted confounding factors were sex, age, nutrition health behavior, 

exercise health behavior, smoking, and alcohol consumption. Data are odds ratio (95% CIs). 

Statistically significant at p < 0.05. 2 Abbreviations: FBG, Fasting blood glucose; HDL-C, high-density 

lipoprotein cholesterol; BP, blood pressure; WBC, white blood cell; GOT, Glutamate oxaloacetate 

transaminase; GPT, Glutamate pyruvate transaminase.3 Based on the count of WBC and platelets, 

the participants were divided into three groups (low, medium, and high) using stratification into 

Severe
p <0.001 <0.001 <0.001

Platelet ≥ 271 × 109/L 1.00 1.4 (1.2–1.7) 1.9 (1.4–2.4) 2.5 (1.3–4.8) No < Mild < Mod
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compared to those without fatty liver. Furthermore, individuals with moderate and severe 

hepatic steatosis exhibited a notably elevated likelihood of elevated GOT levels (with odds 

ratios of 3.7 and 16.9, respectively) compared to those without fatty liver. 

In the odds ratio comparison between the four different fatty liver subgroups, obese, 

high FBG, metabolic syndrome, and high GPT showed a salient trend (p < 0.001); the data 

increased along with the severity of fatty liver. For high triglycerides, low HDL, high BP, 

high WBC, and high platelets, all of the differences between any two subgroups were also 

significant, except those between the mod subgroup and the severe subgroup. For high 

GOT, all of the differences between any two subgroups were also significant, except those 

between the non-fatty liver subgroup and the mild subgroup. 

Table 4. Odds ratio of metabolic abnormality, inflammation, and liver dysfunction by fatty liver 

levels 1. 
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Fatty Liver Levels 
Odds Comparison  

between Four Groups 

No 

(n = 1601) 

Mild 

(n = 1006) 

Mod 

(n = 288) 

Severe 

(n = 41) 
 

Metabolic abnormality       

Waist circumference (cm) 

≥90 for men or ≥80  

for women (obese) 

1.00 5.3 (4.2–6.7) 24.7 (18.1–33.9) 270.0 (64.1–1137.9) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

FBG > 100 mg/dL 1.00 2.0 (1.4–2.8) 4.3 (2.8–6.5) 9.7 (4.6–20.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Triglycerides ≥ 150 mg/dL 1.00 2.7 (2.2–3.2) 5.7 (4.3–7.5) 7.0 (3.7–13.4) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Low HDL-C 1.00 2.9 (2.3–3.6) 5.0 (3.6–6.8) 8.3 (4.3–16.0) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

BP (mm Hg) 

Systolic BP ≥130  

and diastolic BP ≥85 

1.00 1.7 (1.5–2.1) 3.8 (2.9–5.0) 4.5 (2.3–8.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Metabolic syndrome 1.00 4.4 (3.3–5.9) 16.3 (11.54–22.9) 44.5 (22.1–89.6) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Inflammation 3      

WBC ≥ 7.16 × 109/L 1.00 1.6 (1.4–1.9) 2.7 (2.1–3.6) 5.5 (2.8–10.9) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Platelet ≥ 271 × 109/L 1.00 1.4 (1.2–1.7) 1.9 (1.4–2.4) 2.5 (1.3–4.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 0.007  

Liver dysfunction      

GPT > 35 U/L 1.00 2.3 (1.8–2.8) 8.4 (6.2–11.3) 28.3 (12.8–62.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

GOT > 40 U/L 1.00 1.2 (0.7–1.9) 3.7 (2.2–6.3) 16.9 (8.0–35.8) No ≒ Mild < Mod < Severe 

p  0.498 <0.001 <0.001  
1 Logistic regression models were used to examine the relationship between fatty liver levels (as a 

predictor variable) with cardiovascular, liver functional and metabolic risk factors (as a dependent 

variable, respectively). Adjusted confounding factors were sex, age, nutrition health behavior, 

exercise health behavior, smoking, and alcohol consumption. Data are odds ratio (95% CIs). 

Statistically significant at p < 0.05. 2 Abbreviations: FBG, Fasting blood glucose; HDL-C, high-density 

lipoprotein cholesterol; BP, blood pressure; WBC, white blood cell; GOT, Glutamate oxaloacetate 

transaminase; GPT, Glutamate pyruvate transaminase.3 Based on the count of WBC and platelets, 

the participants were divided into three groups (low, medium, and high) using stratification into 

Severe
p <0.001 <0.001 0.007

Liver dysfunction

GPT > 35 U/L 1.00 2.3 (1.8–2.8) 8.4 (6.2–11.3) 28.3 (12.8–62.7) No < Mild < Mod < Severe
p <0.001 <0.001 <0.001

GOT > 40 U/L 1.00 1.2 (0.7–1.9) 3.7 (2.2–6.3) 16.9 (8.0–35.8) No
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compared to those without fatty liver. Furthermore, individuals with moderate and severe 

hepatic steatosis exhibited a notably elevated likelihood of elevated GOT levels (with odds 

ratios of 3.7 and 16.9, respectively) compared to those without fatty liver. 

In the odds ratio comparison between the four different fatty liver subgroups, obese, 

high FBG, metabolic syndrome, and high GPT showed a salient trend (p < 0.001); the data 

increased along with the severity of fatty liver. For high triglycerides, low HDL, high BP, 

high WBC, and high platelets, all of the differences between any two subgroups were also 

significant, except those between the mod subgroup and the severe subgroup. For high 

GOT, all of the differences between any two subgroups were also significant, except those 

between the non-fatty liver subgroup and the mild subgroup. 

Table 4. Odds ratio of metabolic abnormality, inflammation, and liver dysfunction by fatty liver 

levels 1. 

Variables 2 

Fatty Liver Levels 
Odds Comparison  

between Four Groups 

No 

(n = 1601) 

Mild 

(n = 1006) 

Mod 

(n = 288) 

Severe 

(n = 41) 
 

Metabolic abnormality       

Waist circumference (cm) 

≥90 for men or ≥80  

for women (obese) 

1.00 5.3 (4.2–6.7) 24.7 (18.1–33.9) 270.0 (64.1–1137.9) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

FBG > 100 mg/dL 1.00 2.0 (1.4–2.8) 4.3 (2.8–6.5) 9.7 (4.6–20.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Triglycerides ≥ 150 mg/dL 1.00 2.7 (2.2–3.2) 5.7 (4.3–7.5) 7.0 (3.7–13.4) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Low HDL-C 1.00 2.9 (2.3–3.6) 5.0 (3.6–6.8) 8.3 (4.3–16.0) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

BP (mm Hg) 

Systolic BP ≥130  

and diastolic BP ≥85 

1.00 1.7 (1.5–2.1) 3.8 (2.9–5.0) 4.5 (2.3–8.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Metabolic syndrome 1.00 4.4 (3.3–5.9) 16.3 (11.54–22.9) 44.5 (22.1–89.6) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

Inflammation 3      

WBC ≥ 7.16 × 109/L 1.00 1.6 (1.4–1.9) 2.7 (2.1–3.6) 5.5 (2.8–10.9) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 <0.001  

Platelet ≥ 271 × 109/L 1.00 1.4 (1.2–1.7) 1.9 (1.4–2.4) 2.5 (1.3–4.8) No < Mild < Mod ≒ Severe 

p  <0.001 <0.001 0.007  

Liver dysfunction      

GPT > 35 U/L 1.00 2.3 (1.8–2.8) 8.4 (6.2–11.3) 28.3 (12.8–62.7) No < Mild < Mod < Severe 

p  <0.001 <0.001 <0.001  

GOT > 40 U/L 1.00 1.2 (0.7–1.9) 3.7 (2.2–6.3) 16.9 (8.0–35.8) No ≒ Mild < Mod < Severe 

p  0.498 <0.001 <0.001  
1 Logistic regression models were used to examine the relationship between fatty liver levels (as a 

predictor variable) with cardiovascular, liver functional and metabolic risk factors (as a dependent 

variable, respectively). Adjusted confounding factors were sex, age, nutrition health behavior, 

exercise health behavior, smoking, and alcohol consumption. Data are odds ratio (95% CIs). 

Statistically significant at p < 0.05. 2 Abbreviations: FBG, Fasting blood glucose; HDL-C, high-density 

lipoprotein cholesterol; BP, blood pressure; WBC, white blood cell; GOT, Glutamate oxaloacetate 

transaminase; GPT, Glutamate pyruvate transaminase.3 Based on the count of WBC and platelets, 

the participants were divided into three groups (low, medium, and high) using stratification into 

Mild < Mod < Severe
p 0.498 <0.001 <0.001

1 Logistic regression models were used to examine the relationship between fatty liver levels (as a predictor
variable) with cardiovascular, liver functional and metabolic risk factors (as a dependent variable, respectively).
Adjusted confounding factors were sex, age, nutrition health behavior, exercise health behavior, smoking, and
alcohol consumption. Data are odds ratio (95% CIs). Statistically significant at p < 0.05. 2 Abbreviations: FBG,
Fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure; WBC, white blood cell;
GOT, Glutamate oxaloacetate transaminase; GPT, Glutamate pyruvate transaminase.3 Based on the count of WBC
and platelets, the participants were divided into three groups (low, medium, and high) using stratification into
tertiles. High levels of the two inflammatory markers, WBC count exceeding 7.16 (109/L) and platelet count
surpassing 270 (109/L), are defined as such.
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4. Discussion

The main findings of this research are as follows: (1) A large number of Taiwanese
workers, specifically 45.5% of them, were found to have fatty liver; (2) The prevalence of
fatty liver and health risks was higher among male workers who also had several unhealthy
lifestyle habits compared to females; (3) There were noticeable connections between the
severity of fatty liver and lifestyle habits like alcohol consumption and lack of exercise;
and (4) As the severity of fatty liver increased, there was a clear pattern of metabolic
abnormalities, inflammation, and liver dysfunction, particularly in severe cases.

4.1. The Prevalence of Fatty Liver Disease

The Non-Alcoholic Fatty Liver Disease (NAFLD) is a significantly widespread issue
in public health, affecting approximately 32% of the adult population worldwide [2]. Ap-
proximately 30% [3,36] of individuals in Asia are affected by NAFLD, indicating its high
prevalence in the region. A nationwide Taiwan health screening database with participants
aged 40–64 years showed 28% had non-alcoholic fatty liver disease (NAFLD) [4]. A ret-
rospective study in Taiwan with subjects aged 17–65 years showed 52% had fatty liver
(26% mild, 22.6% moderate, and 3.8% severe) [5]. Furthermore, research indicated that the
prevalence of NAFLD was 48.4% among the working population in the northern region
of Taiwan [37]. Among workers in central Taiwan, the present study revealed that the
prevalence of fatty liver was 45.5%. Based on the data provided, the significant occurrence
of fatty liver among employees in Taiwan is a matter that deserves attention.

Due to its association with a higher susceptibility to various health issues such as
cardiovascular events, metabolic disorders, and renal problems [6], fatty liver can lead
to an elevated risk of multisystem disease. Furthermore, it has the potential to advance
to cirrhosis and its associated complications, such as acute hepatitis and hepatocellular
carcinoma. Hence, it is essential to implement efficient measures targeting the reduction
of fatty liver occurrence among employees, as it has the potential to enhance their overall
well-being. If health promoters do not address this growing health problem, unhealthy
workers may in turn have an impact on business as well, reducing the nation’s productivity.

4.2. Gender Differences in Fatty Liver Status and Lifestyle Habits

Gender, age, and metabolic dysfunction differences are among the additional ele-
ments that impact the progression of NAFLD [13]. NAFLD shows marked differences
in prevalence and severity with regards to gender. According to estimated global preva-
lence of NAFLD, it is greater in males (40%) than in females (26%) [2]. Males exhibited
a greater prevalence of fatty liver (48.5%) in contrast to females (29.3%) according to the
findings of the present research. According to a study, Chinese occupational population
in Taipei, Taiwan showed a higher occurrence of NAFLD in males compared to females
(57.8% vs. 32.4%) [37]. In a cross-sectional investigation in the northeast of Thailand, the
occurrence of NAFLD among females was 22.9%, whereas males had a lower rate of
18.3% [38].

The prevalence of NAFLD may be influenced by factors such as the impact of variations
in lifestyles and physiology [13,39], leading to gender differences observed in NAFLD [13].
According to this research, the occurrence of fatty liver disease is more common among
males, possibly due to variations in their way of living. Male workers reported higher rates
of smoking and alcohol consumption and exhibited poorer nutritional habits than female
workers. Indeed, health behaviors were different between men and female. Several studies
indicated that women exhibit greater engagement in general health-enhancing lifestyles
or specific health-promoting actions [40,41]. The above-mentioned results indicate that
when designing workplace health promotion programs, it is important to take into account
the varying health behaviors of men and women in order to minimize the likelihood of
developing fatty liver. Nevertheless, numerous elements play a role in the variation of fatty
liver occurrence between genders, necessitating additional research in the future to gain a
deeper comprehension of the underlying mechanisms and potential treatment options.
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4.3. The Correlation between the Severity of Fatty Liver and Lifestyle Behaviors

The development and advancement of fatty liver are heavily influenced by lifestyle
factors [42]. Nevertheless, the knowledge regarding the association between fatty liver
severity and lifestyle factors remains restricted. The present study unveiled that individual
with hepatic steatosis displayed elevated smoking rates and demonstrated inferior dietary
and physical activity habit. It is important to mention that this study uncovered notable
reductions in the score of exercise health behavior as the severity of fatty liver increased.
Moreover, there is a notable distinction between the groups with no fatty liver and moderate
fatty liver, as well as between the groups with no fatty liver and severe fatty liver. The
distinction between the groups with no fatty liver and mild fatty liver exhibited only
marginal significance. This may mean that workers with moderate to severe fatty liver
disease may have a significant lack of exercise. In addition, the relationship between healthy
nutritional behaviors and fatty liver severity was not significant in this study. Nonetheless,
patients with fatty liver disease had apparent worse eating habits than those without fatty
liver disease. On the other hand, the proportion of alcohol intake differed among various
levels of fatty liver, with a particularly notable increase in cases of severe fatty liver (45.0%
for no fatty liver, 48.4% for mild fatty liver, 44.8% for moderate fatty liver, and 63.4% for
severe fatty liver).

A case-control study revealed that a stronger commitment to a healthy lifestyle, as
indicated by a higher score in healthy lifestyle factors, was linked to a reduced risk of
NAFLD [43]. According to the 2016–2017 Chilean National Health Survey, a reduced
prevalence of smoking, increased engagement in moderate-vigorous physical activity, and
higher consumption of whole-grains were linked to a decreased likelihood of develop-
ing NAFLD [23]. Furthermore, the consumption of alcohol, even in moderate amounts,
has been linked to worsened liver conditions [11,12]. It is evident from the above that
implementing health promotion strategies that target the promotion of particular lifestyle
behaviors could be beneficial in enhancing the severity of fatty liver.

4.4. The Correlation between the Severity of Fatty Liver and Metabolic Abnormalities,
Inflammation, and Liver Dysfunction

According to multiple reports, NAFLD is a disease that affects multiple systems and
greatly raises the likelihood of inflammation outside the liver and chronic cardiometabolic
disorders [1,6,19]. The above-mentioned diverse non-liver ailments encompassing heart
disease, diabetes type 2, long-term kidney disease, and specific non-liver cancers [1,6,19].

Lu et al., conducted a comprehensive review and meta-analysis investigated the
correlation between obesity and NAFLD, emphasizing the link between liver performance
and metabolic disorder [44]. Moreover, the correlation between fatty liver and markers of
inflammation contributes to the increasing body of evidence connecting liver impairment
with systemic inflammation [16,45]. Adams et al. explored the essential physiological roles
of the liver in glucose and lipid metabolism and examined how these functions can be
disrupted in NAFLD, potentially resulting in systemic inflammation [45]. However, the
knowledge regarding the connection between the severity of fatty liver and the risk of
metabolic abnormalities, inflammation, and liver dysfunction remains restricted.

In the present study, it was discovered that as the severity of fatty liver disease
increases, the risks associated with metabolic abnormalities, inflammation, and liver dys-
function increase, especially in severe cases. These risks include higher waist circumference,
triglycerides, blood pressure, and lower HDL cholesterol levels. Markers of inflammation
(white blood cell and platelet counts) and liver function parameters (GOT and GTP) also
increased significantly with the increasing severity of fatty liver disease. Likewise, a prior
investigation suggested that the prevalence of diabetes mellitus, metabolic syndrome, and
susceptibility to cardiovascular disease rose in tandem with the escalating severity of fatty
liver, as reported in a different study [46]. Metabolic abnormalities and inflammation are
factors that impact fatty liver disease and, in this sense, may predict the severity of the
disease, increasing its risk. Individuals with severe liver disease, compared to those with a
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mild or moderate condition, are characterized by a worse cardiometabolic profile, which in
turn increases the risk of progression.

4.5. Achievements and Implications

The primary significance of this research lies in its thorough investigation of the
severity of fatty liver in employees, with a particular emphasis on metabolic risk factors,
markers of inflammation, and parameters related to liver function. The present study offers
valuable information on the occurrence and dangers linked to different levels of fatty liver
by utilizing a cross-sectional approach and statistical techniques. The results emphasize
the significance of identifying the problem at an early stage and implementing customized
measures to reduce the potential dangers linked to this widespread ailment.

4.6. Limitations and Prospective

Although the present study has made valuable contributions, it is not without its
limitations. Firstly, the observed risks are limited in their ability to establish causality
between fatty liver severity and the cross-sectional design. Secondly, the potential for
bias may arise due to the dependence on self-reported questionnaires to assess lifestyle
habits. Third, this study used convenience sampling, which is a non-probability sampling
technique. Therefore, the study results are not necessarily generalizable. Future research
should consider longitudinal designs, incorporate objective measures of lifestyle habits,
and expand the sample to diverse populations. Additionally, future exploration will be
crucial in investigating the underlying mechanisms that connect the severity of fatty liver
with the observed risks and exploring targeted interventions.

5. Conclusions

The current analysis explains the important discoveries of the present study, situating
them within the framework of previous studies and emphasizing their scholarly contribu-
tions. The identified limitations and future research directions pave the way for continued
investigation into this critical area of liver health. The results of this study highlight the
immediate requirement for customized health-promotion tactics, taking into account the
different levels of fatty liver severity, in order to improve the liver well-being of employees
and the broader population.
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