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Background: Serum bilirubin may play a role in preventing antioxidant and cytoprotective effects in
physiological conditions. Serum bilirubin levels are inversely correlated with insulin resistance and the
prevalence of cardiovascular diseases and diabetes mellitus. However, the correlation between serum
bilirubin and nonalcoholic fatty liver disease (NAFLD) is unclear. NAFLD in non-obese participants may
lead to serious health problems, calling for prompt recognition and early management. This study aimed at
investigating the relationship between the serum bilirubin levels and NAFLD in non-obese Chinese adults.
Methods: We evaluated 4,900 non-obese subjects (body mass index <25 kg/m?) residing in Wuwei,
China. The subjects received a baseline questionnaire, physical examination, abdominal ultrasonography;,
and laboratory check-ups. Fasting serum bilirubin was measured with an automated biochemical analyzer.
NAFLD was diagnosed based on imaging findings of fatty liver disease on ultrasonography, without excessive
alcohol intake and other known causes for chronic liver disease. A logistic regression model was applied to
calculate the association between serum bilirubin level and NAFLD in non-obese subjects.

Results: NAFLD was diagnosed in 408 (203 men) of the subjects, and they had a mean age of 51-year-old.
Non-obese NAFLD patients had lower serum direct bilirubin (DBIL) levels than control group did [2.50
(1.80-3.25) vs. 2.60 (1.90-3.50), P=0.004], but no significant differences in indirect bilirubin (IBIL) and total
bilirubin (TBIL) levels of the two groups was seen (both P>0.05). After adjusting confounding factors such
as age, gender, body mass index, blood glucose, and blood lipids, multivariate analysis showed serum DBIL
(OR: 0.96, 95% CI: 0.83—1.11, P trend =0.6022), IBIL (OR: 1.02, 95% CI: 0.89-1.17, P trend =0.7756), and
TBIL (OR: 1.00, 95% CI: 0.87-1.15, P trend =0.991) levels were not associated with NAFLD in the non-
obese population. In addition, subgroup analyses (stratified according to age, gender, and medical histories
of hypertension, and diabetes mellitus) suggested no independent association between NAFLD and DBIL,
IBIL, or TBIL.

Conclusions: Our data suggest that serum bilirubin levels are unlikely to be associated with NAFLD in

non-obese subjects.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a spectrum
of fatty liver disease that is not caused by excessive alcohol
consumption, viral infections, autoimmunity, drugs, or
genetics. NAFLD is a common cause of chronic liver
diseases worldwide, is associated with metabolic disorders
such as diabetes mellitus, obesity, hyperlipidemia, and
hypertension (1), and has recently attracted the name of
metabolic associated fatty liver disease (MAFLD) (2). With
its significant clinical importance and high prevalence of
20-30% in western countries and 15-30% in China (3),
NAFLD has become a global public health problem (4).

Although it is closely associated with obesity, and the
prevalence of NAFLD among obese individuals is higher
than that among lean individuals, the condition is still
common among non-obese individuals and its prevalence
in this group is increasing (5). A previous study has shown
that 8-19% of NAFLD patients in Asia are not obese, a
phenomenon known as “non-obese NAFLD” or “lean
NAFLD” (6). A population-based study in the United States
found those with lean NAFLD [body mass index (BMI)
<25 kg/m’] accounted for 17.3% of the entire NAFLD
cohort (7). And among the non-obese Chinese population,
the prevalence is 7.3% (8). Compared with obese patients
with NAFLD, lean patients with the condition are often
asymptomatic, making diagnosis difficult and rendering
patients at greater risk of developing severe liver diseases
and nonalcoholic steatohepatitis (NASH) in the future (9).
NAFLD in non-obese participants calls for prompt
recognition and early management.

The major risk factors for NAFLD are obesity,
dyslipidemia, diabetes mellitus, insulin resistance, metabolic
syndrome (10,11). Although the etiology of NAFLD
remains unknown, oxidative stress has been suggested
as a possible pathogenic mechanism (12). Research has
indicated that feeding azo compounds generating free
radicals to rats leads to the accumulation of fat in the
liver (13). In addition, the accumulation of liver fat can
be suppressed by taking in antioxidants scavenging free
radicals (14). Bilirubin, the metabolic end product of heme
catabolism, is an important antioxidant cytoprotective
agent in physiological conditions and plays an important
role in preventing oxidative stress (15), as it can effectively
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scavenge and suppress hydrogen peroxide free radicals,
inhibiting serum low-density lipoprotein cholesterol
(LDL-C) peroxidation (16). A growing number of studies
have suggested high bilirubin levels are inversely correlated
with insulin resistance and the prevalence of cardiovascular
diseases and diabetes mellitus (17-19). Therefore, it can
be inferred that high serum bilirubin levels may reduce
oxidative stress, inflammation, and is inversely associated
with NAFLD. A cross-sectional study shows that serum
bilirubin levels are inversely associated with NAFLD (20).
However, another study suggests that bilirubin levels is not
associated with fatty liver (21). Most of the previous studies
are not based on population, and the sample size is relatively
small. So far, the correlation between serum bilirubin and
NAFLD remains unclear, requiring further investigation.
In addition, the epidemiological data on bilirubin NAFLD
are mainly from Europe and the United States. However,
Chinese people have a lower BMI than those in western
countries but a similar prevalence of NAFLD, suggesting
the metabolic profiles of non-obese Chinese adults may
be different from those of their western counterparts (22).
Therefore, we conducted a large cross-sectional study
aimed at investigating the association between serum
bilirubin and NAFLD in non-obese Chinese adults.
The results of this study will potentially advance for the
early diagnosis and prevention of NAFLD in non-obese
population. We present the following article in accordance
with the STROBE reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-22-1187/rc).

Methods
Study participants

"This study was an ancillary study of the Wuwei Cohort, which
is a population-based cohort for the study of gastric cancer
in China involving 23,346 participants aged 35-70 years
living in Wuwei using a cluster sampling method. The
cohort completed the epidemiological investigation at
baseline, and among them 21,345 participants underwent
gastroscopies, 14,747 took laboratory tests (23), and
15,855 participants volunteered to receive free abdominal
ultrasonography. A further 4,952 non-obese (BMI <25 kg/m?’)
subjects had complete biochemical profiles. With the
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exclusion of 52 patients with viral hepatitis B, 4,900 subjects
were eventually included in our cross-sectional study.

The Ethics Committee of the First Hospital of
Lanzhou University approved of this study (approval
No. LDYYLL2012001) and this study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013) and all participants gave written informed consent.

Demographic and clinical data

Trained interviewers acquired participants' data through
standardized and structured questionnaires with contents
involving sociodemographic characteristics (age, sex,
education, occupation, marital status, and household
income), smoking, drinking, insomnia, hypersomnia, body
mass index (BMI), and medical history (hypertension,
diabetes). Participants were classified as smokers if they had
smoked at least one cigarette per day in the past 6 months
or if they had. Those who had consumed at least 1,000
grams of beer, 150 grams of wine, or hard liquor at least
once per week during the past year were defined as alcohol
consumers. Height, weight and waist circumference were
measured by trained staff, and BMI was identified as weight
(in kilograms) divided by the square of height (in meters).
Blood pressure was tested in compliance with standardized
methods.

Diagnostic criteria

The diagnosis of NAFLD was based on the diagnosis
and treatment guidelines of the Chinese Liver Disease
Association (24), according to which, abdominal
ultrasonography findings, medical history, clinical
symptoms, and laboratory findings were taken into account.
Patients with hepatitis, other liver diseases, or with excessive
alcohol intake (more than 140 grams per week for men and
more than 70 grams per week for women) were screened
out. The conventional criterion for obesity in Asia is BMI
>25 kg/m’, and Asian NAFLD patients with BMI below
25 kg/m’ are often described as having “lean” or “non-

obese” NAFLD (6).

Ultrasonographic examinations

A Mindray DC-8 ultrasound system (Mindray, Shenzhen,
China) and 3.5 MHz probe were used, and ultrasound
operators were blinded to the diagnosis. Diagnosis of
fatty liver was based on the following ultrasound criteria:
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attenuated depths, blurring blood vessels, scattered and
amplified echoes, and kidney or spleen echoes (25).

Biochemical tests

Blood samples of those who fasted the previous night
were obtained for analysis of biochemical variables
including total bilirubin (TBIL), direct bilirubin (DBIL),
indirect bilirubin (IBIL), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), triglycerides (T'G), total
cholesterol (T'C), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
renal functions, and blood glucose. Variables were measured
with an automated biochemical analyzer (Beckman Coulter
AU5831, Brea, CA, USA).

Statistical analyses

Baseline characteristics were summarized using means
and standard deviations or medians (interquartile ranges)
for continuous data, or percentages for categorical
data, respectively. Comparisons were performed using
Student’s t-test, Mann-Whitney U test, or y test where
appropriate. Tertiles were adopted to group serum
bilirubin. Logistic regression models were adopted to
calculate the association between bilirubin and NAFLD,
three models were generated with odds ratios (OR) per SD
and 95% confidence intervals (95% CI) in the following
stages: (I) Model 1 was constructed without adjusting.
(II) A second model was created after adjusting age,
sex, education, income, occupation, smoking, medical
histories of hypertension and diabetes mellitus, BMI, and
waist circumference. (III) Model 3 was constructed after
additionally adjusting for ALT, AST, TC, TG, HDL-C,
LDL-C, and blood glucose. All statistical analyses were
performed using Stata software (version 15.0), and a two-
tailed P value <0.05 was considered to indicate statistical
significance.

Results

A total of 4,900 non-obese subjects (BMI <25 kg/m’) were
included in this study, 408 subjects (203 men) of whom were
diagnosed with NAFLD, with a mean age of 51.73+7.69 years.
In Table 1, the clinical characteristics of study subjects
with and without NAFLD are compared. As expected,
compared with the controls, NAFLD patients were older
with higher BMI, larger waist circumference, higher
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Table 1 Clinical, anthropometric, and biochemical parameters of NAFLD subjects and controls

Shu et al. Bilirubin and NAFLD

Variables Non-NAFLD NAFLD P value
N 4,492 408
Age (years) 49.96+7.94 51.73+7.69 <0.001
Male 2,051 (45.66) 203 (49.75) 0.112
Education 0.001

lliteracy 726 (16.16) 91 (22.30)

Primary school 1,638 (36.46) 152 (37.25)

High school 2,117 (47.13) 162 (39.71)

College degree or above 11 (0.24) 3(0.74)
Occupation (% farmer) 4,221 (93.97) 372 (91.18) 0.026
Income® (RMB, Yuan) 20,000 (10,000-30,000) 20,000 (10,000-30,000) 0.052
Body mass index (kg/m?) 22.26+1.80 23.30+1.39 <0.001
Waist circumference (cm) 81.63+7.55 84.82+7.37 <0.001
SBP (mmHg) 120.23+13.86 126.37+14.32 <0.001
DBP (mmHg) 75.96+9.27 78.29+10.12 <0.001
Smoking 0.087

No 3,028 (67.60) 280 (68.80)

Current® 1,329 (29.67) 109 (26.78)

Past 122 (2.72) 18 (4.42)
Alcohol° 166 (3.70) 15 (3.68) 0.984
Insomnia 0.388

No 3,902 (86.87) 363 (88.97)

Mild 447 (9.95) 36 (8.82)

Moderate 130 (2.89) 7(1.72)

Severe 13 (0.29) 2 (0.49)
Hypersomnia 0.636

No 1,535 (34.17) 141 (34.56)

Mild 2,914 (64.87) 265 (64.95)

Moderate 43 (0.96) 2 (0.49)
History

Hypertension 441 (9.82) 87 (21.32) <0.001

Diabetes 85 (1.89) 34 (8.33) <0.001
ALT (U/L) 23.00 (17.00-34.00) 28.00 (19.00-41.00) <0.001
AST (U/L) 29.00 (25.00-37.00) 29.50 (24.00-37.00) 0.809
TBIL (umol/L) 11.20 (8.70-14.90) 11.20 (8.70-14.50) 0.893
DBIL (umol/L) 2.60 (1.90-3.50) 2.50 (1.80-3.25) 0.004

Table 1 (continued)
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Table 1 (continued)

Variables Non-NAFLD NAFLD P value
IBIL (umol/L) 8.70 (6.60-11.50) 9.05 (6.70-11.45) 0.417
TC (mmol/L) 451 (3.93-5.17) 4.92 (4.25-5.65) <0.001
TG (mmol/L) 1.30 (0.96-1.81) 1.90 (1.33-2.80) <0.001
HDL-C (mmol/L) 1.17 (1.01-1.36) 1.09 (0.92-1.29) <0.001
LDL-C (mmol/L) 2.72 (2.29-3.22) 2.97 (2.48-3.47) <0.001
Blood glucose (mmol/L) 4.78 (4.38-5.21) 5.14 (4.62-5.68) <0.001

Data are presented as n (%) or mean standard deviation (SD). %, increase annual family income (RMB, Yuan). °, current smokers were defined
as those who smoked at least one cigarette per day in the past 6 months. °, drinkers were defined as those who drank at least 1,000 g
of beer, 150 g of wine or hard liquor at least once per week during the past year. NAFLD, nonalcoholic fatty liver disease; SBP, systolic
blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TBIL, total bilirubin; DBIL,
direct bilirubin; IBIL, indirect bilirubin; TC, total cholesterol; TG, total triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-

density lipoprotein cholesterol.

systolic and diastolic blood pressure (P<0.001), and inferior
educational attainments (P=0.001). Subjects with NAFLD
also had higher serum ALT, TC, TG, LDL-C, and glucose
levels (P<0.001), but lower HDL-C (P<0.001) levels than
controls. Non-obese NAFLD patients had lower DBIL
than controls without NAFLD [2.50 (1.80-3.25) vs. 2.60
(1.90-3.50), P=0.004] but no significant differences in IBIL
and TBIL levels of the two groups was seen (both P>0.05).
Multivariate logistic regression model analysis was
applied to determine the association between serum
bilirubin levels and NAFLD. As shown in Tuble 2, in
Model 1, where no adjustments of parameters were made,
compared with tertiles of the lowest DBIL level, the OR
(95% Cls) of subjects with the highest DBIL tertiles for
NAFLD are 0.85 (0.75-0.96), P trend =0.0097. In addition,
the association still exists after adjustments of possible
confounders (Model 2), including age, gender, education
background, income, occupation, smoking, medical
histories of hypertension and diabetes mellitus, BMI, and
waist circumference (OR: 0.83, 95% CI: 0.73-0.95, P trend
=0.0074). However, when AST, ALT, TC, TG, HDL-C,
LDL-C, and glucose were adjusted (Model 3), serum DBIL
levels were no longer associated with the NAFLD risk (OR:
0.96, 95% CI: 0.83-1.11, P trend =0.6022). After adjusting
confounding factors, multivariate analysis showed serum
IBIL (OR: 1.02, 95% CI: 0.89-1.17, P trend =0.7756),
and TBIL (OR: 1.00, 95% CI: 0.87-1.15, P trend =0.991)
levels were not associated with NAFLD in the non-obese
population. We also performed stratified analyses according
to age, gender, and medical histories of hypertension and

© Annals of Translational Medicine. All rights reserved.

diabetes mellitus (Tables S1-S8), and regardless of these
parameters, no significant association between bilirubin
(TBIL, DBIL, IBIL) and NAFLD was observed after the
adjustment of confounders in any of the models.

Figure 1 shows the ORs for NAFLD patients calculated
based on serum bilirubin levels. This shows a downward
trend in the DBIL level of NAFLD patients as it drops
sharply at first and then slowly, with the curve beginning
to flatten from the point of 4.5 ymol/mL (Figure 14).
However, for IBIL and TBIL, no obvious association is
observed (Figure 1B,1C, respectively).

Discussion

In this study, we explored the association between serum
bilirubin levels and NAFLD in non-obese Chinese adults
and found they had lower serum DBIL levels than controls
without NAFLD. However, after adjusting many other
potential confounding factors such as BMI, blood glucose,
and lipids, no correlation between serum bilirubin levels
and NAFLD prevalence was discovered. These findings
suggest serum bilirubin levels are unlikely to be associated
with the risk of NAFLD in non-obese subjects.

NAFLD is a major liver disease closely related to
obesity. However, a previous study has indicated its
prevalence among the non-obese population is as high
as around 15% (5). The global prevalence of non-obese
NAFLD is increasing substantially, and although these
patients are often asymptomatic, they may develop all the
histopathological features of NASH, such as steatosis,
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Table 2 Odds ratios (95% confidence intervals) for NAFLD by serum bilirubin levels quartiles

Model 1° Model 2° Model 3°
Variables
OR 95% ClI P OR 95% Cl P OR 95% ClI P

TBIL (umol/L)

<9.5 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1.14 0.90, 1.46 0.2803 1.09 0.85, 1.40 0.5002 1.16 0.90, 1.51 0.255

>13.7 0.94 0.73,1.22 0.6604 0.88 0.67,1.15 0.3478 1 0.75, 1.32 0.9833
P for trend 0.97 0.86, 1.10 0.6861 0.94 0.83, 1.07 0.3644 1 0.87, 1.15 0.991
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 0.93 0.74,1.18 0.5567 0.93 0.73,1.19 0.5544 1.04 0.80, 1.34 0.7705

>3.3 0.71 0.54, 0.91 0.0083 0.68 0.52, 0.90 0.0062 0.92 0.69, 1.22 0.5538
P for trend 0.85 0.75,0.96 0.0097 0.83 0.73, 0.95 0.0074 0.96 0.83, 1.11 0.6022
IBIL (umol/L)

<73 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 1.19 0.93, 1.52 0.1704 1.15 0.89, 1.48 0.2839 1.18 0.91, 1.54 0.2185

=>10.6 1.06 0.82, 1.37 0.6411 1 0.77,1.31 0.9735 1.04 0.79, 1.37 0.7804
P for trend 1.03 0.91, 1.17 0.6306 1 0.88, 1.14 0.9632 1.02 0.89, 1.17 0.7756

2 Model 1 was constructed without adjusting. ®, Model 2 were created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.
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Figure 1 Odd ratios for NAFLD according to serum bilirubin level. Dose-response relationship between serum bilirubin (DBIL, IBIL,
TBIL) level and NAFLD using restricted cubic splines analysis, the dashed lines indicate 95% CI. NAFLD, nonalcoholic fatty liver disease;
DBIL, direct bilirubin; TBIL, total bilirubin; IBIL, indirect bilirubin; CI, confidence interval.

lobular inflammation, hepatocyte ballooning, and/or
fibrosis (26). Furthermore, despite having relatively low
body weight, nearly 20% of the non-obese population
have unhealthy metabolic conditions (27). Non-obese
patients with NAFLD have similar complications and
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comorbidities as obese patients with the condition, such as
type 2 diabetes, cardiovascular diseases, and hepatocellular
carcinoma (26,28). Therefore, the identification of risk
factors for NAFLD among non-obese people is of great
help in screening high-risk groups and has important
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clinical implications for the prevention and management
of the condition. While the pathophysiology and risk
factors for NAFLD in non-obese individuals are not fully
known, they appear to be closely associated with insulin
resistance, atherosclerotic dyslipidemia, and altered body
compositions, with some patients having susceptibility gene
polymorphisms (29). The lifestyles and genetic profiles of
Chinese people are different from those of western people,
and with the increasing prevalence of NAFLD among the
non-obese population, it is of vital importance to assess risk
factors for this group in China.

Total circulating serum bilirubin, the final product of
heme catabolism, has two forms, IBIL and DBIL, and is
oxidation resistant and cytoprotective (30). However, there
is a little evidence to prove an association between serum
bilirubin levels and NAFLD. While most studies have
indicated that low serum bilirubin levels are associated with
high risks of NAFLD, Kwak er a/. (20) have discovered
that serum bilirubin levels are inversely associated with its
prevalence, independent of known metabolic risk factors.
However, in their study, the adjustments of key confounders
that might have affected the results, such as TC, HDL-C,
LDL-C, and glucose, were neglected. In a prospective
study of middle-aged workers in South Korea, the results
revealed the higher the serum DBIL level, the lower the risk
of NAFLD, and the two were significantly associated with
each other even when various metabolic parameters were
adjusted. However, neither serum TBIL nor IBIL levels were
significantly associated with the incidence of NAFLD (31).
In a study of children with biopsy-proven NAFLD, Puri
et al. (32) found 67% of subjects had evidence of NASH,
and multivariate analysis indicated high bilirubin levels were
inversely associated with the prevalence of histologically
diagnosed NASH. In a Chinese study of middle-aged and
elderly populations, DBIL was also seen to be inversely
associated with the risk of NAFLD, while TBIL and IBIL
had no significant association (33).

Several other studies have supported our findings. Recently,
two different studies conducted in China (34) and the
Netherlands (35) to assess the association between TBIL and
the risk of new-onset NAFLD and to investigate the causal
nature of the association using Mendelian randomization, and
the multivariate analysis indicated rising TBIL levels were
not causally associated with NAFLD. In a retrospective cross-
sectional study of 1,672 participants aged 5-18 conducted
by Bellarosa et al. (21), the result suggested bilirubin was not
associated with fatty liver and could not help to resist NAFLD
when an individual is considerably obese.
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The strengths of our study lie in the large sample
size and the adoption of the cluster sampling approach,
with detailed information on the demographics, lifestyle,
medical and occupational history of each subject, along with
their abdominal ultrasonography results and biochemical
marker measurements. However, this study also has some
limitations. First, the diagnosis of NAFLD is based on
ultrasonography, which may not be sensitive enough to
detect mild steatosis and cannot replace the gold standard
of liver biopsy. Second, the subjects included in the cohort
study are from the Chinese Wuwei population, so, the
findings may not fully apply to people in general or other
ethnic groups. Third, this is a cross-sectional study, and its
results should be validated in a large-scale prospective study.

Conclusions

Our study shows that after adjustments of various potential
confounders, there is no independent association between
serum bilirubin levels and NAFLD in non-obese individuals.
In the future, the causal relationship between bilirubin and
NAFLD will be explored further through well-designed
prospective studies and randomized controlled trials.
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Supplementary

Table S1 Odds ratios (95% confidence intervals) for NAFLD by serum bilirubin levels quartiles (=50 years)

Model 1° Model 2° Model 3°
Variables
OR 95% Cl P OR 95% Cl P OR 95% Cl P

TBIL (umol/L)

<9.5) 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1.05 0.75, 1.45 0.7873 0.95 0.67, 1.34 0.7634 1.07 0.75, 1.54 0.7061

>13.7 0.98 0.70, 1.38 0.9007 0.87 0.61, 1.26 0.4661 1.05 0.72,1.54 0.7873
P for trend 0.99 0.84,1.17 0.9128 0.94 0.78, 1.12 0.4677 1.03 0.85, 1.24 0.7784
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 0.83 0.60, 1.14 0.2566 0.82 0.58, 1.15 0.2525 0.91 0.64, 1.29 0.5952

>3.3 0.79 0.56, 1.11 0.1724 0.71 0.49, 1.02 0.0647 0.91 0.62, 1.35 0.6484
P for trend 0.88 0.74,1.05 0.1556 0.84 0.70, 1.01 0.0605 0.95 0.78,1.16 0.6199
IBIL (umol/L)

<7.3 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 0.98 0.70, 1.37 0.9129 0.91 0.64, 1.30 0.6186 0.99 0.69, 1.42 0.9501

=>10.6 1.01 0.72,1.41 0.9455 0.92 0.65, 1.31 0.6478 1.03 0.71, 1.49 0.8846
P for trend 1.01 0.85, 1.19 0.9501 0.96 0.80, 1.15 0.6396 1.01 0.84, 1.22 0.8894

2 Model 1 was constructed without adjusting. °, Model 2 was created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.
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Table S2 Odds ratios (95% confidence intervals) for NAFLD by serum bilirubin levels quartiles (<50 years)

Model 1° Model 2° Model 3°
Variables
OR 95% ClI P OR 95% ClI P OR 95% ClI P

TBIL (umol/L)

<9.5) 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1.29 0.90, 1.85 0.1721 1.29 0.89, 1.88 0.1805 1.21 0.82,1.79 0.3399

>13.7 0.94 0.64, 1.38 0.7384 0.85 0.57,1.28 0.4379 0.87 0.57,1.33 0.508
P for trend 0.97 0.81,1.17 0.7468 0.93 0.76, 1.12 0.4393 0.93 0.76, 1.15 0.5051
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 1.08 0.76, 1.53 0.6665 1.07 0.74,1.53 0.7268 1.19 0.81,1.74 0.3734

>3.3 0.66 0.44, 0.97 0.0366 0.63 0.42, 0.96 0.0307 0.86 0.55, 1.33 0.4899
P for trend 0.83 0.68, 1.00 0.0442 0.81 0.67,0.99 0.0367 0.94 0.76, 1.16 0.5738
IBIL (umol/L)

<7.3 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 1.54 1.06, 2.23 0.0229 1.52 1.03, 2.23 0.0347 1.42 0.95,2.12 0.0909

>10.6 1.18 0.80, 1.75 0.4054 1.08 0.72,1.64 0.7024 1 0.65, 1.54 0.9988
P for trend 1.08 0.90, 1.30 0.4292 1.03 0.85, 1.25 0.7515 0.99 0.81, 1.22 0.9272

2 Model 1 was constructed without adjusting. °, Model 2 was created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.
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Table S3 Odds ratios (95% confidence intervals) for NAFLD according to serum bilirubin levels quartiles in males

Model 1° Model 2° Model 3°
Variables
OR 95% Cl P OR 95% ClI P OR 95% ClI P

TBIL (umol/L)

<9.5) 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1.11 0.77,1.59 0.5798 1.01 0.69, 1.47 0.9786 1.02 0.68, 1.52 0.9322

>13.7 0.93 0.65, 1.33 0.6891 0.83 0.57,1.21 0.3403 0.94 0.63, 1.40 0.7538
P for trend 0.96 0.80, 1.14 0.6446 0.91 0.75,1.10 0.3159 0.97 0.79,1.18 0.7367
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 0.87 0.62, 1.24 0.4518 0.84 0.58, 1.21 0.3362 0.95 0.65, 1.40 0.7973

>3.3 0.73 0.51,1.05 0.0899 0.66 0.45, 0.96 0.0306 0.93 0.62, 1.41 0.741
P for trend 0.86 0.72, 1.02 0.0891 0.81 0.67, 0.98 0.0301 0.97 0.79,1.19 0.7405
IBIL (umol/L) 1.02 0.88, 1.17 0.8377 0.99 0.85, 1.15 0.8758 0.96 0.82,1.14 0.674

<7.3 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 1.17 0.81, 1.68 0.4107 1.09 0.74,1.59 0.6753 1.038 0.69, 1.53 0.8965

>10.6 1.02 0.71, 1.46 0.9123 0.92 0.63, 1.34 0.6742 0.93 0.63, 1.38 0.7158
P for trend 1 0.84, 1.20 0.963 0.96 0.79,1.15 0.6298 0.96 0.79,1.17 0.6925

2 Model 1 was constructed without adjusting. °, Model 2 was created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.
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Table S4 Odds ratios (95% confidence intervals) for NAFLD according to serum bilirubin levels quartiles in females

Model 1° Model 2° Model 3°
Variables
OR 95% ClI P OR 95% ClI P OR 95% ClI P

TBIL (umol/L)

<9.5) 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1.16 0.83, 1.61 0.3788 1.17 0.83, 1.64 0.3806 1.28 0.90, 1.83 0.1661

>13.7 0.9 0.62, 1.31 0.5955 0.88 0.60, 1.30 0.5292 0.96 0.64, 1.44 0.8579
P for trend 0.97 0.81,1.15 0.7006 0.96 0.79,1.15 0.6387 1 0.83, 1.22 0.9829
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 0.96 0.70, 1.32 0.8126 1.02 0.73, 1.42 0.9254 1.12 0.79, 1.59 0.5146

>3.3 0.61 0.41, 0.91 0.0148 0.65 0.43,0.98 0.0402 0.83 0.54,1.27 0.3903
P for trend 0.81 0.67, 0.97 0.0228 0.83 0.69, 1.01 0.0642 0.94 0.77,1.15 0.5344
IBIL (umol/L)

<7.3 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 1.2 0.86, 1.67 0.2936 1.19 0.84, 1.69 0.3189 1.28 0.89, 1.83 0.1775

>10.6 1.05 0.73, 1.52 0.7765 1.05 0.72,1.54 0.8053 1.07 0.72,1.59 0.7295
P for trend 1.04 0.87,1.24 0.7041 1.03 0.86, 1.25 0.7351 1.05 0.86, 1.27 0.6431

2 Model 1 was constructed without adjusting. °, Model 2 was created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.
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Table S5 Odds ratios (95% confidence intervals) for NAFLD by serum bilirubin levels quartiles among individuals with medical histories of

hypertension
Model 1° Model 2° Model 3°
Variables
OR 95% ClI P OR 95% Cl P OR 95% Cl P

TBIL (umol/L)

<9.5) 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1 0.57,1.76 0.9907 0.9 0.49, 1.66 0.746 1.09 0.58, 2.07 0.7833

>13.7 1.32 0.75,2.32 0.3391 1.12 0.60, 2.07 0.7292 1.47 0.76, 2.81 0.2502
P for trend 1.15 0.86, 1.53 0.3446 1.06 0.77,1.45 0.7313 1.21 0.87, 1.68 0.2503
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 0.96 0.55, 1.67 0.8756 0.9 0.49, 1.67 0.7453 1.04 0.55, 1.98 0.9049

=3.3 1.24 0.71,2.17 0.4395 1.11 0.60, 2.03 0.7417 1.46 0.77,2.80 0.2498
P for trend 1.11 0.84,1.47 0.467 1.05 0.77,1.42 0.7672 1.2 0.87, 1.67 0.2664
IBIL (umol/L)

<7.3 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 1.3 0.73,2.30 0.3723 1.22 0.66, 2.25 0.5212 1.49 0.78,2.84 0.2269

>10.6 1.48 0.83, 2.64 0.1785 1.3 0.70, 2.43 0.4082 1.61 0.83, 3.11 0.1577
P for trend 1.22 0.91, 1.62 0.1785 1.14 0.84, 1.55 0.4102 1.26 0.91,1.74 0.1615

2 Model 1 was constructed without adjusting. °, Model 2 was created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.
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Table S6 Odds ratios (95% confidence intervals) for NAFLD by serum bilirubin levels quartiles among individuals without medical histories of

hypertension
Model 1° Model 2° Model 3°
Variables
OR 95% Cl P OR 95% Cl P OR 95% ClI P

TBIL (umol/L)

<9.5) 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1.17 0.89, 1.54 0.2485 1.16 0.88, 1.53 0.2937 1.22 0.91, 1.63 0.1801

>13.7 0.88 0.66, 1.18 0.3944 0.84 0.63, 1.14 0.2671 0.94 0.69, 1.28 0.6934
P for trend 0.94 0.82, 1.09 0.4236 0.92 0.80, 1.07 0.2911 0.97 0.84,1.13 0.7362
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 0.95 0.73,1.23 0.7019 0.93 0.71,1.22 0.608 1.07 0.80, 1.41 0.6583

=3.3 0.63 0.47,0.84 0.0021 0.62 0.46, 0.84 0.0024 0.84 0.60, 1.16 0.2935
P for trend 0.8 0.70, 0.93 0.0028 0.8 0.69, 0.93 0.0031 0.93 0.79, 1.09 0.3568
IBIL (umol/L)

<7.3 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 1.16 0.88, 1.53 0.2788 1.16 0.87, 1.53 0.316 1.17 0.87, 1.56 0.3048

>10.6 0.99 0.74,1.31 0.9299 0.96 0.72,1.30 0.8126 0.98 0.72,1.33 0.8751
P for trend 1 0.87,1.14 0.9487 0.98 0.85, 1.14 0.8306 0.99 0.85, 1.15 0.888

2 Model 1 was constructed without adjusting. °, Model 2 was created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol. and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.
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Table S7 Odds ratios (95% confidence intervals) for NAFLD by serum bilirubin levels quartiles among individuals with medical histories of
diabetes mellitus

Model 1* Model 2° Model 3°
Variables
OR 95% Cl P OR 95% Cl P OR 95% Cl P

TBIL (umol/L)

<9.5) 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1.54 0.57,4.18 0.3927 1.15 0.30, 4.48 0.8384 1.43 0.28, 7.33 0.6677

>13.7 0.86 0.33,2.23 0.7607 0.55 0.15, 1.98 0.3565 0.57 0.13,2.57 0.4653
P for trend 0.93 0.59, 1.48 0.7629 0.74 0.39, 1.40 0.351 0.74 0.35, 1.54 0.4162
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 1.41 0.52, 3.85 0.5025 0.8 0.21,3.12 0.7511 0.72 0.14,3.74 0.6935

=3.3 0.82 0.32, 2.09 0.6798 0.62 0.17,2.25 0.4698 0.74 0.16, 3.43 0.7045
P for trend 0.91 0.58, 1.44 0.6909 0.79 0.41,1.50 0.4698 0.87 0.40, 1.86 0.7133
IBIL (umol/L)

<7.3 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 1.23 0.45, 3.36 0.6864 1.18 0.30, 4.71 0.8111 1.4 0.28, 7.05 0.6868

>10.6 0.94 0.37,2.40 0.8961 0.55 0.15, 1.97 0.3563 0.5 0.11,2.23 0.3672
P for trend 0.97 0.61, 1.54 0.8927 0.74 0.39, 1.40 0.3558 0.7 0.34,1.47 0.3465

2 Model 1 was constructed without adjusting. °, Model 2 was created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.
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Table S8 Odds ratios (95% confidence intervals) for NAFLD by serum bilirubin levels quartiles among individuals without medical histories of
diabetes mellitus

Model 1° Model 2° Model 3°
Variables
OR 95% Cl P OR 95% ClI P OR 95% Cl P

TBIL (umol/L)

<9.5) 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

9.6-13.6 1.15 0.90, 1.49 0.2677 1.09 0.84,1.42 0.5067 1.16 0.89, 1.52 0.2754

>13.7 0.94 0.72,1.23 0.6761 0.91 0.69, 1.20 0.4972 1.038 0.77,1.37 0.8416
P for trend 0.98 0.86, 1.11 0.7032 0.96 0.83, 1.09 0.516 1.02 0.88, 1.17 0.8163
DBIL (umol/L)

<2.2 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

2.2-3.2 0.94 0.74,1.20 0.6083 0.92 0.72,1.19 0.5391 1.05 0.81, 1.36 0.7333

>3.3 0.69 0.52, 0.90 0.0071 0.69 0.52, 0.91 0.0095 0.93 0.69, 1.25 0.6251
P for trend 0.84 0.73, 0.96 0.0086 0.84 0.73, 0.96 0.0111 0.97 0.84,1.12 0.6787
IBIL (umol/L)

<7.3 1 1.00, 1.00 1 1.00, 1.00 1 1.00, 1.00

7.4-10.5 1.21 0.94, 1.57 0.1385 1.18 0.90, 1.53 0.2279 1.2 0.92, 1.58 0.1869

>10.6 1.06 0.82, 1.39 0.6451 1.04 0.79,1.37 0.7862 1.08 0.81,1.44 0.6035
P for trend 1.03 0.91,1.18 0.633 1.02 0.89, 1.17 0.7749 1.04 0.90, 1.20 0.5967

2 Model 1 was constructed without adjusting. °, Model 2 was created after adjusting age, sex, education, income, occupation, smoking,
medical histories of hypertension and diabetes mellitus, BMI, and waist circumference. °, Model 3 was constructed after additionally
adjusting for ALT, AST, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and blood
glucose. The OR for the control group was taken as 1, and each group was compared with the control group. NAFLD, nonalcoholic fatty
liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin.

© Annals of Translational Medicine. All rights reserved. https://dx.doi.org/10.21037/atm-22-1187


file:///D:/JTD/2022%e5%b9%b4/JTD-V14N4/JTD-V14N4/javascript:;
file:///D:/JTD/2022%e5%b9%b4/JTD-V14N4/JTD-V14N4/javascript:;
file:///D:/JTD/2022%e5%b9%b4/JTD-V14N4/JTD-V14N4/javascript:;
file:///D:/JTD/2022%e5%b9%b4/JTD-V14N4/JTD-V14N4/javascript:;

	atm-10-09-522
	error field522-ATM-22-1187-Supplementary.

