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The role played by serum folate in the progression of nonalcoholic fatty liver disease (NAFLD)

remains controversial. The purpose of this study was to investigate the association of serum folate
with NAFLD and advanced liver fibrosis (AHF). We conducted a cross-sectional study with 5417
participants using 2011-2018 NHANES data. Multiple logistic regression analysis and propensity score
matching analysis were used to investigate the association of serum folate with NAFLD and AHF.

In the completely adjusted model, participants in the high serum folate group had a 27% (OR 0.73,
95%Cl1 0.62, 0.87, p=0.0003) and 53% (OR 0.47, 95% C1 0.35, 0.63, p <0.0001) lower odds of suffering
from NAFLD and AHF, respectively, compared to the low serum folate group. The similar results in
propensity score matching further validated the above association. Stratified analysis showed that the
negative correlation of serum folate with NAFLD and AHF demonstrated a broad consistency across
populations. The results of this study indicate that higher serum folate level was associated with
lower odds of NAFLD and AHF among US adults. Further prospective studies are necessary due to the
limitations of cross-sectional studies.

Nonalcoholic fatty liver disease (NAFLD) is a widespread metabolic liver disease with excessive fat deposits in
the liver, excluding other factors of liver injury and significant alcohol consumption'. Intracellular triglycerides
are present in more than 5% of hepatocytes in NAFLD patients'. Advanced liver fibrosis (AHF) usually develops
from abnormal proliferation of intrahepatic connective tissue due to chronic liver injuries such as NAFLD and
is thought to be significantly associated with cirrhosis or liver failure. In the past several decades, the incidence
of NAFLD has grown rapidly and has become one of the prime causes of liver disease globally®. It is estimated
that the overall prevalence rate of NAFLD globally is 32.4%, showing obvious sex differences, with males having
a significantly higher prevalence rate than females®. Metabolic disorders such as central obesity, dyslipidemia,
hypertension, hyperglycemia, and continuous liver function abnormalities are closely related to NAFLD. Studies
have shown that NAFLD is an independent risk factor for type 2 diabetes, cardiovascular disease, and other liver-
related complications®. The association between NAFLD and hepatocellular liver cancer is becoming increasingly
apparent as the number of obese and type 2 diabetic patients increases globally’. In summary, NAFLD and AHF
pose a serious burden on human health. Although efforts are being made to find drugs to treat NAFLD and
AHE, there is no specific drug licensed that can completely reverse NAFLD or AHF®. Therefore, it is particularly
important to explore new intervention mechanisms, therapeutic agents and targets for NAFLD and AHE.
Folate is a water-soluble vitamin, and naturally occurring folate is a combination of pteroic acid and glutamic
acid. Folate deficiency causes megaloblastic anemia and hyperhomocysteinemia and increases the risk of ath-
erosclerosis, thrombosis and hypertension®. A past cohort study from China showed that low serum folate levels
contribute to NAFLD risk!?. According to a study by Tripathi et al. in mice, dietary intake of folic acid improved
liver tissue status in nonalcoholic steatohepatitis'!. In addition, their study showed that serum folate may play
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an important role in preventing or delaying disease progression in NASH as well as reversing liver inflammation
and fibrosis'. A recent study adopted both meta-analysis and Mendelian randomization analysis to demonstrate
a negative association between serum folate and the risk of NAFLD'2. However, past evidence has not always
been consistent. Two cross-sectional studies based on US populations associated with NAFLD both claimed
not to have observed a correlation between serum folate or dietary folate and NAFLD'>!. Although the major
subject of their study was not serum folate, it does suggest that the association of serum folate with NAFLD is
still controversial. In addition, studies on serum folate and AHF are still limited.

To our knowledge, there are no epidemiological studies on the association between serum folate and NAFLD
or AHF in US adults. Therefore, we conducted a cross-sectional study including 5417 participants based on
NHANES 2011-2018, aiming to investigate the association of serum folate with NAFLD and AHF. We believe
that this study will provide new ideas for the treatment and management of NAFLD.

Materials and methods

Data sources and study design. The sample for this study was obtained from the 2011-2018 National
Health and Nutrition Examination Survey (NHANES) data. NHANES is a nationally representative cross-
sectional research program on nutrition and health designed to collect information on demographics, dietary
assessments, health interviews, physical examinations, and laboratory tests in the noninstitutionalized popula-
tion of the United States. Demographic, health status, and laboratory data of participants were obtained by
trained professionals through questionnaires, health interviews, and laboratory tests. The dietary status of par-
ticipants was obtained through a 24-h dietary recall over two days, and physical examinations and blood samples
were collected in the mobile examination center (MEC).

Participant data marked as missing, refused, and did not know in the NHANES database were considered
missing data and excluded manually. To include participants meeting the study objectives, we developed exclu-
sion criteria: (1) age < 18 years; (2) positive for hepatitis B antibody, hepatitis C antibody or hepatitis C RNA; (3)
heavy alcohol consumption (> 30 g/day for males, > 20 g/day for females); (4) missing data for fatty liver index,
NAFLD fibrosis score, and serum folate; (5) abnormally high serum folate levels (> 50 ng/mL); and (6) missing
data for covariates such as education, poverty income ratio, smoking status, and dietary intake. The process of
inclusion and exclusion is shown in Fig. 1. A total of 5417 participants were eventually included in the analysis.

Measurement of serum folate. Measurement of serum folate was performed by isotope-dilution high-
performance liquid chromatography coupled to tandem mass spectrometry (LC—MS/MS). At the beginning of
the measurement, 150 uL of serum sample was combined with ammonium formate buffer as well as an internal
standard mixture. Subsequently, samples were extracted using automated 96-probe solid phase extraction (SPE)
with 96-well phenyl SPE plates. Folate forms were separated using isocratic mobile phase conditions and meas-
ured by LC—MS/MS.

Definition of NAFLD and AHF. The fatty liver index (FLI) was used to define NAFLD in this study. FLI
is a widely used surrogate marker to predict the risk of NAFLD and is recommended by European guidelines
for the management of NAFLD!>'®. Participants with an FLI score greater than or equal to 60 were considered
to have NAFLD'. The NAFLD fibrosis score (NFS) is a nondiffusion system for identifying nonalcoholic fatty
liver fibrosis, and participants in this study with NFS>0.676 were considered to have AHF'®. It is important to
note that the definitions of both NAFLD and AHF are based on non-invasive scores. The equations for FLI and
NFS are shown below'”'8,

FLI = <e0.953xloge(TG)+0.139><BMI+0.718xloge(GGT)+0.053><WC—15.745> /

(1 + e0.953><loge(TG)-Q—O.139><BMI+0.718><loge(GGT)+0.053><WC—15.745) x 100;

NFS= -1.675+0.037 x age + 0.094 x BMI + 1.13 x impaired fasting glycemia or diabetes (yes=1,
no=0)+0.99 x AST/ALT ratio— 0.013 x platelet — 0.66 x albumin.
TG, Triglycerides; GGT, gamma-glutamyl transferase; WC, waist circumference.

Covariates. Since the results of the study may be influenced by multiple factors, we included age, sex, race,
education level, poverty income ratio (PIR), BMI, smoking status, work activity status, recreational activity sta-
tus, dietary energy, protein, alcohol, folate intake, hypertension status, diabetes status and biochemical indica-
tors, including total cholesterol and HDL cholesterol, as covariates of the study. Five racial classifications, includ-
ing Mexican American, Other Hispanic, Non-Hispanic Black, Non-Hispanic White, and Other races, were used
to define the race variable. Education level is classified as<high school, high school, and >high school. The
poverty income ratio was categorized as<1, 1-3, and > 3. BMI was classified as <18.5 (underweight), 18.5-24.9
(healthy weight), or>25 (overweight or obesity)". Smoking status was categorized as never, former, and now.
Four scales, including no, vigorous, moderate and both, were used to evaluate the work or recreational activi-
ties status of participants. The dietary intake status used the sum of the dietary intake of the first and second
day. Participants using hypertensive medications or with past/current diagnosis of hypertension were diagnosed
with hypertension. Diabetes status was grouped as yes, no, impaired fasting glucose, impaired glucose tolerance
based on hypoglycemic medication status, diabetes diagnosis status, glycated hemoglobin, and fasting glucose.
All covariate data in this study were obtained from the NHANES website (https://www.cdc.gov/nchs/nhanes/
index.htm).
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Exclusion of participants with missing
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Exclusion of participants with missing
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Remaining participants
(n=7707)

Exclusion of participants with missing
covariates (education level, poverty
income ratio, smoking status, and dietary
intake) data (n=2289)

Participants ultimately
included in the analysis
(n=5417)

Figure 1. Flow chart for inclusion and exclusion of participants.

Statistics analysis. In participant characterization, continuous variables are expressed as "mean * standard
deviation" or "median (interquartile range)". The median (interquartile range) is used when the standard devia-
tion of a continuous variable is greater than half of the mean. Number and percentage (%) were used to describe
the categorical variables. The x* test and Kruskal—Wallis test were used to evaluate the statistical significance of
categorical and continuous variables.

Multiple logistic regression analysis was used to evaluate the association of serum folate with NAFLD or
AHE, and adjusted models were constructed based on the included covariates. No variables were adjusted in
the crude model. Model 1 was adjusted by age, sex, race, education level, and PIR. Model 2 further adjusted for
total cholesterol, HDL cholesterol, hypertension status and diabetes status. Model 3 is a fully adjusted model,
with the addition of adjusted smoking status, work activities status, recreational activities status, dietary energy
intake, dietary protein intake, dietary folate intake and dietary alcohol intake. In multiple logistic regression,
serum folate was trisected into low (1.8-12.6 ng/mL, n=1806), medium (12.7-20.5 ng/mL, n=1789) and high
(20.6-49.9 ng/mL, n=1822) groups, and the low serum folate group was used as the reference group. We cal-
culated the z score of serum folate and reported the odds ratios (OR) of NAFLD and AHF with each standard
deviation (SD) increase in serum folate. Subsequently, we visualized the association by plotting a smoothed fit
curve based on adjusted model 3 (In-transformed data).

Propensity score matching (PSM) has been widely used to control for selection bias in observational stud-
ies. In this study, based on a 1:1 nearest neighbor matching algorithm, we used PSM to match participants with
NAFLD or AHF to controls. Confounding factors, including age, sex, race, education level, poverty income ratio
(PIR), smoking status, work activity status, recreational activity status, dietary energy, protein, alcohol, folate
intake, hypertension status, diabetes status, total cholesterol, and HDL cholesterol, were chosen for matching.
In addition, stratified analyses were constructed based on age, sex, race, education, and PIR to examine the
stability of the association of serum folate (per SD increment) with NAFLD or AHE For all analyses, the level
of statistical significance was determined to be 2-sided p <0.05, and 95% confidence intervals were calculated
in this study. Using appropriate strata, clusters, and weights in the statistical analysis process to illustrate the
complex multistage stratified sampling design of NHANES. The researchers used the statistical packages R (The
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R Foundation; http://www.r-project.org; version 3.6.3) and Empower Stats software (www.empowerstats.net,
X&Y solutions, Inc. Boston, Massachusetts) to perform the data processing.

Ethics statement. The authors are accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. The study
was conducted in accordance with the Declaration of Helsinki (as revised in 2013). All information from the
NHANES program is available and free for public, so the agreement of the medical ethics committee board was
not necessary.

Results

Baseline characteristics of participants based on NAFLD stratification. NHANES data from 2011
to 2018 were used for this study, with a total of 5417 participants included in the analysis. The baseline char-
acteristics of the participants stratified based on NAFLD are shown in Table 1. Based on the FLI, NAFLD was
confirmed in 2361 participants. Compared to participants without NAFLD, those with NAFLD were more likely
to be older, male, non-Hispanic White, less educated, have a lower PIR, be past or current smokers, have more
intense work activity, lack recreational activity, have hypertension or diabetes, and have a higher waist circum-
ference or BML In terms of biochemical indicators, participants with NAFLD had higher levels of GGT, tri-
glycerides, total cholesterol, AST, and ALT. However, there were no significant differences observed in terms of
dietary energy and protein intake. More importantly, serum folate levels were lower in participants with NAFLD
[33.98 (24.01-50.06) vs 38.51 (26.27-55.72), p<0.001].

Baseline characteristics of participants based on serum folate stratification. As shown in
Table 2, all 5417 participants were divided into three groups according to serum folate tertile: low (1.8-12.6,
n=1806), middle (12.7-20.5, n=1789) and high (20.6-49.9, n=1822). Participants with middle or high serum
folate had lower rates of NAFLD or AHF than participants with low serum folate. Participants with high serum
folate were more likely to be older, female, non-Hispanic White, education level > high school, PIR >3, never
smokers, low work activity intensity, recreationally active, and lower waist circumference, or BMI, suggesting
that this group of participants may have better economic status and lifestyle habits. Notably, we observed a
higher percentage of participants with high serum folate who had hypertension or diabetes.

Association of serum folate with NAFLD or AHF.  Table 3 demonstrates the crude and adjusted odds
ratios of serum folate with NAFLD and AHE A negative association of serum folate with NAFLD was observed
in all models. In the completely adjusted model (model 3), participants in the high serum folate group exhibited
27% lower odds of NAFLD in comparison to the low serum folate group (OR 0.73, 95% CI 0.62, 0.87, p=0.0003),
and a similar odds reduction was observed in the medium serum folate group. In addition, for each standard
deviation increase in serum folate, the odds of NAFLD decreased by 15% in participants (OR 0.85, 95% CI 0.79,
0.91, p<0.0001).

For AHE, no association was observed between serum folate and AHF in the crude model. In adjusted model
3, participants in the high serum folate group exhibited 53% lower odds of AHF than those in the low serum
folate group (OR 0.47, 95% CI 0.35, 0.63, p<0.0001). For each standard deviation increase in serum folate, the
odds of AHF decreased by 23% in participants (OR 0.77, 95% CI 0.69, 0.86, p <0.0001).

In addition, age, sex, race, education, PIR, smoking status, physical activity status, hypertension status, diabe-
tes status, total cholesterol, HDL cholesterol, dietary protein intake, and dietary folate intake were significantly
associated with NAFLD status in adjusted model 3. Age, sex, race, education, PIR, smoking status, physical
activity status, hypertension status, diabetes status, total cholesterol, HDL cholesterol, and dietary folate intake
were significantly associated with AHF status (Appendix Table 1).

Figure 2 demonstrates a smoothed curve fit plot of the association, with serum folate showing a linear nega-
tive trend with both NAFLD and AHE

Propensity score matching. A comparable control group constructed based on nearest neighbor pro-
pensity score matching (1:1) was used to further explore the association of serum folate with NAFLD and AHF.
For NAFLD, 1640 participants were included in both the NAFLD and control groups after propensity score
matching. Figure 3 shows the results of the multivariate analysis before and after matching. After matching,
participants in middle and high serum folate group exhibited 16% (p=0.0475) and 21% (p =0.0053) lower odds
of NAFLD in comparison to the low serum folate group, respectively. For each standard deviation increase in
serum folate, the odds of NAFLD decreased by 11% in participants (OR 0.89, 95% CI 0.83, 0.95, p=0.0007).

For AHE 519 participants were included in both the AHF and control groups after propensity score matching.
Figure 4 shows the results of the multivariate analysis before and after matching. After matching, participants
in middle and high serum folate group exhibited 28% (p=0.0303) and 40% (p=0.001) lower odds of AHF in
comparison to the low serum folate group, respectively. For each standard deviation increase in serum folate,
the odds of AHF decreased by 16% in participants (OR 0.84, 95% CI 0.74, 0.95, p=0.0054).

Stratified analysis. We constructed stratified analyses based on age, sex, race, education level, PIR, BMI,
smoking status, work activities status, recreational activities status, dietary energy intake, dietary protein intake,
dietary folate intake, hypertension status, diabetes status, total cholesterol, and HDL cholesterol. The results of
the stratified analysis are shown in Fig. 5, and the negative correlation of serum folate with NAFLD and AHF
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NAFLD
Characteristic No Yes p-value
N 3056 2361
Demographics
Age (year), mean+SD 47.84+18.12 51.06+15.97 <0.001
Sex
Male 1318 (43.13%) 1133 (47.99%)
Female 1738 (56.87%) 1228 (52.01%)
Race <0.001
Mexican American 342 (11.19%) 388 (16.43%)
Other Hispanic 302 (9.88%) 263 (11.14%)
Non-Hispanic White 1188 (38.87%) 1024 (43.37%)
Non-Hispanic Black 613 (20.06%) 484 (20.50%)
Other race—including multi-racial 611 (19.99%) 202 (8.56%)
Education level <0.001
<High school 555 (18.16%) 513 (21.73%)
High school 613 (20.06%) 575 (24.35%)
>High school 1888 (61.78%) 1273 (53.92%)
PIR <0.001
<=1 628 (20.55%) 549 (23.25%)
1-3 1213 (39.69%) 1059 (44.85%)
>3 1215 (39.76%) 753 (31.89%)
Behavioral characteristics
Smoking status <0.001
Never 1929 (63.12%) 1285 (54.43%)
Now 488 (15.97%) 421 (17.83%)
Former 639 (20.91%) 655 (27.74%)
Work activities status 0.048
No 1813 (59.33%) 1312 (55.57%)
Moderate 662 (21.66%) 559 (23.68%)
Vigorous 118 (3.86%) 94 (3.98%)
Both 463 (15.15%) 396 (16.77%)
Recreational activities status <0.001
No 1349 (44.14%) 1359 (57.56%)
Moderate 858 (28.08%) 624 (26.43%)
Vigorous 279 (9.13%) 122 (5.17%)
Both 570 (18.65%) 256 (10.84%)
Dietary characteristics
Dietary energy intake (kcal), Mean +SD 3934.68 +1481.90 3989.11+1616.94 0.198
Dietary protein intake (mg), mean +SD 156.71+£66.36 160.26 £70.70 0.058
Dietary folate intake (mcg), median (Q1-Q3) 710.00 (500.00-985.25) | 673.00 (476.00-928.00) 0.012
Related disease conditions
Hypertension status <0.001
No 2084 (68.19%) 1053 (44.60%)
Yes 972 (31.81%) 1308 (55.40%)
Diabetes status <0.001
No 2276 (74.48%) 1075 (45.53%)
Yes 352 (11.52%) 788 (33.38%)
IGT 210 (6.87%) 194 (8.22%)
IFG 218 (7.13%) 304 (12.88%)
Anthropometric measurements
Waist circumference (cm), mean +SD 89.16+9.84 114.25+13.50 <0.001
BMI (kg/m?), mean +SD 25.13+3.68 35.23+6.55 <0.001
Biochemical indicators
GGT (IU/L), median (Q1-Q3) 16.00 (12.00-21.00) 24.00 (18.00-38.00) <0.001
Triglycerides (mg/dL), median (Q1-Q3) 78.00 (56.00-108.00) 130.00 (91.00-187.00) <0.001
Total cholesterol (mg/dL), mean +SD 185.00+39.41 194.28 £41.41 <0.001

Continued
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NAFLD
Characteristic No Yes p-value
HDL cholesterol (mg/dL), mean +SD 58.13+15.51 46.82+11.87 <0.001
AST (u/L), median (Q1-Q3) 21.00 (18.00-25.00) 22.00 (19.00-28.00) <0.001
ALT(u/L), median (Q1-Q3) 18.00 (14.00-23.00) 23.00 (17.00-32.00) <0.001
Serum folate (nmol/L), median (Q1-Q3) 38.51 (26.27-55.72) 33.98 (24.01-50.06) <0.001

Table 1. Baseline characteristics of participants based on NAFLD stratification. NAFLD Nonalcoholic Fatty
Liver Disease, PIR Poverty Income Ratio, IFG Impaired Fasting Glycemia, IGT Impaired Glucose Tolerance,
BMI Body Mass Index, GGT Gamma glutamyl transferase, AST Aspartate Transaminase, ALT Alanine
Aminotransferase.

exhibited a broad consistency across populations. No significant interaction was found in this study (p-interac-
tion<0.05).

Discussion

This study analyzed NHANES data from 2011 to 2018 and elucidated the association between serum folate and
NAFLD and AHF in US adults based on epidemiological studies for the first time. We found that higher serum
folate level was associated with lower odds of NAFLD and AHF after controlling for confounding factors. Sub-
sequently, a stratified analysis was conducted to explore the stability of the association across populations. The
results of stratified analysis indicated that the association between serum folate and NAFLD and AHF exhibited
excellent stability, with similar associations observed in almost all subgroups. Although results contradicting
the findings were observed in a very small number of subgroups, none were statistically significant. There were
no interactions for any of the covariates included in this study.

The association between folate and NAFLD is not the first time that attention has been drawn to it, so some
of the previous relevant studies should not be overlooked. A randomized controlled trial of dietary intervention
in Israel observed greater reductions in intrahepatic fat (IHF) in subjects with the most significant elevations
in serum folate, suggesting that serum folate is effective in reducing the risk of developing NAFLD*. Mahamid
et al. found that low folate levels were significantly associated with the severity of fibrosis®!. The risk of NAFLD
was negatively associated with serum folate in a recent meta-analysis'>. The above findings were consistent
with our study’s conclusions. Nevertheless, two past studies based on US populations reached conclusions that
contradict this study. Li Li et al. studied the association of vitamin B12 markers with NAFLD with data from
NHANES 1999-2004 and claimed that serum folate was not associated with NAFLD'. Sources of inconsist-
ency in the conclusions are the differences in year and adjustment models, and we added variables adjusting for
physical activity, smoking, and dietary intake of the participants. Xiaohui Liu et al. researched the association
between vitamins and NAFLD, but no association was found between dietary intake of folic acid and NAFLD?,
We considered that differences in dietary intake of folic acid and serum folate level were the main reason for the
different conclusions. Overall, we have strong confidence in the findings of this study due to the well-adjusted
model, detailed stratification study and large sample size.

The current research on the possible mechanisms by which folic acid reduced the risk of NAFLD and AHF
focused on improving abnormalities in lipid metabolism. Cellular AdoMet-dependent methylation reactions
are required for the synthesis of phosphatidylcholine (PC), which is normally converted to triglycerides (TG)*.
High levels of serum folate help to control or reduce AdoMet concentrations so that PC synthesis is inhibited to
reduce the accumulation of triglycerides in the liver. Moreover, it has been shown that phosphatidylethanola-
mine (PE) is mediated by AdoMet via N-methyltransferase (PEMT) to accelerate PC synthesis, followed by the
induction of hepatic steatosis??. In contrast, high serum folate levels can reduce AdoMet concentrations and in
turn inhibit the above PC synthesis pathway, ultimately improving abnormalities in hepatic lipid metabolism?’.
The protective effect of folic acid against oxidative stress in hepatocytes may also be a potential mechanism?.
Serum folate promoted mitochondrial beta oxidation, reduced oxidative stress in vivo and inhibited peroxisome
proliferator-activated receptor y (PPARy). PPARYy is the key factor in regulating adipogenesis and decreasing
TG accumulation in the liver, thus reducing hepatic steatosis®®. In addition, the severity of NAFLD and the pro-
gression of AHF were associated with higher systemic levels of some cytokines, such as IL-6 and TNF-a?. High
serum folate levels can help to reduce the expression of proinflammatory cytokines and inhibit the recruitment
and activation of Kupffer cells, thereby lowering the risk of NAFLD and AHF?"%,

In this study, age, sex, race, education, PIR, smoking status, physical activity status, hypertension status,
diabetes status, total cholesterol, HDL cholesterol, dietary protein intake and dietary folate intake were signifi-
cantly associated with NAFLD status. Previous studies have shown that hypertension and diabetes are important
risk factors for NAFLD?. Smoking is positively associated with NAFLD and the underlying mechanisms have
been initially elucidated®®?'. The association between physical activity status and NAFLD has also been previ-
ously reported, with exercise helping to reduce functional adaptations in patients with NAFLD*>%. In addition,
race, education, and PIR are important social determinants of NAFLD*-%. Of note, dietary folate intake was
significantly associated with NAFLD and AHF. Participants with high dietary folate intake had 20% lower odds
of suffering from NAFLD (OR 0.80, 95% CI 0.66, 0.98, p=0.031) and 36% lower odds of suffering from AHF
(OR 0.64, 95% CI 0.46, 0.90, p=0.0109) compared to participants with low dietary folate intake. The intake of
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Serum folate

Characteristic Low Middle High p-value
N 1806 1789 1822
Demographics
Age (year), mean+SD 45.89+16.20 47.74+17.20 54.04+17.38 <0.001
Sex <0.001
Male 876 (48.50%) 851 (47.57%) 724 (39.74%)
Female 930 (51.50%) 938 (52.43%) 1098 (60.26%)
Race <0.001
Mexican American 245 (13.57%) 266 (14.87%) 219 (12.02%)
Other Hispanic 170 (9.41%) 219 (12.24%) 176 (9.66%)
Non-Hispanic White 628 (34.77%) 674 (37.67%) 910 (49.95%)
Non-Hispanic Black 535 (29.62%) 339 (18.95%) 223 (12.24%)
Other race—including multi-racial 228 (12.62%) 291 (16.27%) 294 (16.14%)
Education level <0.001
<High school 398 (22.04%) 343 (19.17%) 327 (17.95%)
High school 457 (25.30%) 379 (21.19%) 352 (19.32%)
> High school 951 (52.66%) 1067 (59.64%) 1143 (62.73%)
PIR <0.001
<1 466 (25.80%) 368 (20.57%) 343 (18.83%)
1-3 799 (44.24%) 778 (43.49%) 695 (38.14%)
>3 541 (29.96%) 643 (35.94%) 784 (43.03%)
Behavioral characteristics
Smoking status <0.001
Never 977 (54.10%) 1089 (60.87%) 1148 (63.01%)
Now 449 (24.86%) 272 (15.20%) 188 (10.32%)
Former 380 (21.04%) 428 (23.92%) 486 (26.67%)
Work activities status 0.007
No 1015 (56.20%) 1047 (58.52%) 1063 (58.34%)
Moderate 391 (21.65%) 388 (21.69%) 442 (24.26%)
Vigorous 88 (4.87%) 61 (3.41%) 63 (3.46%)
Both 312 (17.28%) 293 (16.38%) 254 (13.94%)
Recreational activities status <0.001
No 991 (54.87%) 892 (49.86%) 825 (45.28%)
Moderate 438 (24.25%) 460 (25.71%) 584 (32.05%)
Vigorous 131 (7.25%) 136 (7.60%) 134 (7.35%)
Both 246 (13.62%) 301 (16.83%) 279 (15.31%)
Dietary characteristics
Dietary energy intake (kcal), mean + SD 3947.76 £1566.43 4024.92+1575.39 3903.65+1482.64 0.058
Dietary protein intake (mg), mean +SD 155.46 £ 68.45 161.88+£67.71 157.49+68.61 0.016
Dietary folate intake (mcg), median (Q1-Q3) | 593.50 (433.00-837.00) | 712.00 (505.00-975.00) | 776.00 (543.00-1053.75) | <0.001
Disease conditions
NAFLD <0.001
No 930 (51.50%) 1020 (57.02%) 1106 (60.70%)
Yes 876 (48.50%) 769 (42.98%) 716 (39.30%)
AHF 0.937
No 1631 (90.31%) 1614 (90.22%) 1650 (90.56%)
Yes 175 (9.69%) 175 (9.78%) 172 (9.44%)
Hypertension status <0.001
No 1096 (60.69%) 1052 (58.80%) 989 (54.28%)
Yes 710 (39.31%) 737 (41.20%) 833 (45.72%)
Diabetes status <0.001
No 1166 (64.56%) 1107 (61.88%) 1078 (59.17%)
Yes 325 (18.00%) 396 (22.14%) 419 (23.00%)
IGT 127 (7.03%) 112 (6.26%) 165 (9.06%)
IEG 188 (10.41%) 174 (9.73%) 160 (8.78%)

Anthropometric measurements

Continued
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Serum folate

Characteristic Low Middle High p-value
Waist circumference (cm), mean +SD 102.31+18.12 100.04+17.10 97.96+£15.39 <0.001
BMI (kg/m?), mean+SD 30.66+£7.94 29.55+£7.06 28.39+6.25 <0.001
Biochemical indicators

GGT (IU/L), median (Q1-Q3) 19.00 (14.00-29.00) 19.00 (14.00-28.00) 18.00 (13.00-26.00) 0.019
Triglycerides (mg/dL), median (Q1-Q3) 96.00 (65.00-146.00) 94.00 (64.00-138.00) 98.50 (67.00-141.00) 0.355
Total cholesterol (mg/dL), mean +SD 189.26 £40.77 186.88 £40.62 190.97 £40.19 <0.001
HDL cholesterol (mg/dL), mean +SD 50.88+14.10 53.05+15.09 55.65+15.75 <0.001
AST (u/L), median (Q1-Q3) 21.00 (17.00-25.00) 22.00 (18.00-26.00) 23.00 (19.00-27.00) 0.002
ALT(u/L), median (Q1-Q3) 19.00 (14.00-27.00) 20.00 (15.00-28.00) 20.00 (16.00-26.00) 0.195

Table 2. Baseline characteristics of participants based on serum folate stratification. NAFLD Nonalcoholic
fatty liver disease, AHF advanced hepatic fibrosis, PIR poverty income ratio, IFG impaired fasting glycemia,
IGT impaired glucose tolerance, BMI body mass index, GGT gamma glutamyl transferase, AST aspartate
transaminase, ALT alanine aminotransferase.

NAFLD AHF
Models OR (95% CI) p-value | OR (95% CI) p-value
Crude model
Tertiles of serum folate
Low Ref Ref
Middle 0.80 (0.70, 0.91) 0.0009 | 1.01(0.81, 1.26) 0.9258
High 0.69 (0.60, 0.78) | <0.0001 | 0.97 (0.78,1.21) 0.7982
Serum folate, per SD increase 0.85 (0.81,0.90) | <0.0001 | 1.06 (0.97,1.15) 0.2294

Adjusted model 1

Tertiles of serum folate

Low Ref Ref
Middle 0.80 (0.70, 0.91) 0.0011 | 0.86 (0.67, 1.10) 0.2283
High 0.65 (0.56, 0.75) | <0.0001 |0.50 (0.39,0.64) | <0.0001
Serum folate, per SD increase 0.82 (0.77,0.87) | <0.0001 | 0.76 (0.69,0.84) | <0.0001
Adjusted model 2
Tertiles of serum folate
Low Ref Ref
Middle 0.84(0.72,0.98) | 0.0314 |0.67(0.51,0.88) | 0.0039
High 0.73 (0.62, 0.86) 0.0002 | 0.47 (0.35,0.62) | <0.0001
Serum folate, per SD increase 0.85(0.79,0.91) | <0.0001 | 0.77 (0.69,0.85) | <0.0001
Adjusted model 3
Tertiles of serum folate
Low Ref Ref
Middle 0.83 (0.71, 0.98) 0.0254 | 0.66 (0.50, 0.87) 0.0037
High 0.73 (0.62,0.87) | 0.0003 |0.47 (0.35,0.63) | <0.0001

Serum folate, per SD increase 0.85(0.79,0.91) | <0.0001 | 0.77 (0.69,0.86) | <0.0001

Table 3. Association of serum folate with NAFLD and AHFE. NAFLD Nonalcoholic fatty liver disease, AHF
advanced hepatic fibrosis, PIR poverty income ratio. Crude model was not adjusted. Adjusted model 1

adjusted for age, sex, race, education level, PIR. Adjusted model 2 adjusted for model 1 + total cholesterol, HDL
cholesterol, Hypertension status, Diabetes status. Adjusted model 3 adjusted for model 2 + smoking status,
work activities status, recreational activities status, dietary energy intake, dietary protein intake, dietary alcohol
intake, dietary folate intake.

dietary folate is a significant source of serum folate supplementation. The association between dietary folate and
both NAFLD and AHF provides partial support for the findings of this study.

Notably, this study observed significant sex differences in the correlation between serum folate and NAFLD,
which was lacking in previous studies. One possible explanation may be that higher levels of estrogen in women
exerted a protective effect. A study by Nemoto et al. found that estrogen supplementation prevented the pro-
gression of hepatic steatosis adenopathy in estrogen-deficient mice, suggesting that estrogen receptor-mediated
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Figure 2. Smoothing curve fitting plot.

signaling pathways may play a key role in lipid metabolism in the liver®”*%. Additionally, Kupffer cells in men
expressed higher levels of TLR4 than those in women to the extent that they produced more proinflammatory
cytokines, further activating liver inflammation and fibrosis®. Unlike men, Kupffer cells in women exhibited
more anti-inflammatory and anti-fibrotic properties.

A highlight of this study is the larger and scientifically designed sample source, which enhanced the credibility
and universality of the findings. In addition, the well-established adjustment model and stratified analysis make
the conclusions more reliable. However, there are still some limitations of our study that cannot be ignored. First,
due to the nature of cross-sectional studies, we cannot establish a causal relationship between serum folate and
NAFLD and AHE, and further prospective cohort studies are necessary. Second, although we included as many
covariates as possible to exclude bias from confounding factors, there may still be potential confounders that were
not included in the analysis. Third, all participants in this study were from the United States, and the applicability
of the results to populations in other countries needs to be carefully considered, given the differences in physical
condition, dietary habits and environmental factors that exist between populations. In addition, although FLI
showed a high diagnostic value, it is not a substitute for biopsy. The diagnosis of NAFLD in this study is not a
clinical diagnosis, and further studies are still needed in the future. Overall, despite the strong statistical efficacy
of this study, there is a requirement for greater modesty and caution in interpreting the results due to the limita-
tions of cross-sectional studies as well as the diagnosis of NAFLD.

Conclusions
The results of this study indicate that higher serum folate level was associated with lower odds of NAFLD and
AHF among US adults. Future prospective cohort studies are still necessary to validate our conclusions.
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Exposure variables

Before matching

After matching

OR (95%Cl) P value OR (95%Cl) P value

Age (year) 1.01(1.01, 1.01) ] <0.0001  1.00 (1.00, 1.00) ] 0.6812
Sex : :

Male 1 * 1 *

Female 0.82 (0.74, 0.92) ) 0.0004 0.92 (0.80, 1.06) m 0.248
Race : :

Mexican American 1 L] 1 ]

Other Hispanic 0.77 (0.62, 0.96) L] : 0.0185 0.88 (0.67, 1.15) L] : 0.3448

Non-Hispanic White 0.76 (0.64, 0.90) n : 0.0013 1.04 (0.85, 1.29) Ih 0.6819

Non-Hispanic Black 0.70 (0.58, 0.84) L | 0.0002 1.27 (1.00, 1.60) [ 0.0481

Other Race - Including Multi-Racial  0.29 (0.23, 0.36) : <0.0001 0.61(0.46, 0.79) L] : 0.0003
Education level ! !

<High school 1 * 1 *

High school 1.01 (0.86, 1.20) Ii 0.8617 1.29 (1.05, 1.59) : ] 0.0166

>High school 0.73 (0.63, 0.84) L SN} <0.0001 1.05 (0.88, 1.25) - 0.5896
PIR : :

<=1 1 ] 1 ]

18 1.00 (0.87, 1.15) * 0.9853 1.08 (0.90, 1.28) :l 0.419
>3 0.71(0.61, 0.82) n : <0.0001  0.96 (0.80, 1.16) il 0.702
HDL cholesterol (mg/dL) 1.01(1.00, 1.01) ] <0.0001 1.00 (1.00, 1.00) L] 0.0751
Total cholesterol (mg/dL) 0.94 (0.93, 0.94) -: <0.0001 0.9 (0.98, 0.99) + <0.0001

Hypertension status ! !

No 1 * 1 *

Yes 2.66 (2.38, 2.98) : <0.0001  1.16 (1.01, 1.33) : n 0.0383
Diabetes status | |

No 1 + 1 +

Yes 4.74 (4.10, 5.48) ! <0.0001 2.37 (1.99, 2.82) ! ] <0.0001
IGT 1.96 (1.59, 2.41) : L] <0.0001 1.01(0.78, 1.30) I! 0.9684
IFG 2.95 (2.45, 3.56) : m<0.0001  1.09(0.86, 1.38) :- 0.4966
Smoking status [} [}

Never 1 + 1 +

Now 1.30 (1.12, 1.50) L ] 0.0006 0.87 (0.72, 1.05) u! 0.1599

Former 1.54 (1.35, 1.75) : L] <0.0001 1.09 (0.93, 1.29) :l 0.2893
Work activities status : :

No 1 [ ] 1 L]

Moderate 1.17 (1.02, 1.33) : L] 0.0231 1.17 (0.98, 1.38) : L] 0.0771

Vigorous 1.10 (0.83, 1.46) 'm 0.5016 1.03 (0.72, 1.49) [] 0.8631

Both 1.18 (1.02, 1.38) : n 0.031 0.98 (0.81, 1.18) ql 0.8086
Recreational activities status : :

No 1 L} 1 [ ]

Moderate 0.72 (0.64, 0.82) L] : <0.0001 0.97 (0.82, 1.14) 1‘ 0.6763

Vigorous 0.43 (0.35, 0.54) | <0.0001  0.79 (0.59, 1.04) m! 0.0975

Both 0.45 (0.38, 0.53) : <0.0001  0.92(0.74, 1.13) l: 0.4136
Dietary energy intake (kcal) 1.00 (1.00, 1.00) + 0.1979 1.00 (1.00, 1.00) + 0.8158
Dietary protein intake (mg) 1.00 (1.00, 1.00) L 0.0582 1.00 (1.00, 1.00) ] 0.5627
Dietary alcohol intake (g) 0.99 (0.99, 1.00) + 0.0001 1.00 (0.99, 1.01) + 0.8841
Dietary folate intake (mcg) 1.00 (1.00, 1.00) h 0.0118 1.00 (1.00, 1.00) - 0.7996
Tertiles of serum folate : :

Low 1 + 1 +

Middle 0.80 (0.70, 0.91) L 0.0009 0.84 (0.71, 1.00) L B} 0.0475

High 0.69 (0.60, 0.78) L] : <0.0001 0.79 (0.67, 0.93) L] : 0.0053
Serum folate, per SD increase 0.85 (0.81, 0.90) ! <0.0001 0.89 (0.83, 0.95) (1 0.0007

| S B S S B S
Figure 3. Multivariate analysis before and after matching for NAFLD.
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Exposure variables

Before matching

After matching

OR (95%Cl) P value OR (95%Cl) P value

Age (year) 1.09 (1.08, 1.10) - <0.0001 1.02 (1.01,1.03) n <0.0001
Sex : :

Male 1 + 1 +

Female 0.78 (0.65, 0.94) L | 0.0078 0.77 (0.61, 0.99) L B 0.0404
Race : :

Mexican American 1 L] 1 [ ]

Other Hispanic 1.18 (0.80, 1.74) : L] 0.4101 1.18 (0.69, 2.01) : L] 0.5558

Non-Hispanic White 1.48 (1.10, 1.99) : n 0.0093 1.04 (0.70, 1.55) Ih 0.8569

Non-Hispanic Black 1.45 (1.05, 2.01) [} L] 0.0253 1.17 (0.75, 1.82) . 0.4924

Other Race - Including Multi-Racial ~ 0.45 (0.29, 0.70) L] : 0.0005 0.54 (0.31, 0.96) L] : 0.0345
Education level ! !

<High school 1 * 1 *

High school 0.89 (0.69, 1.15) -: 0.3845 1.22 (0.87, 1.71) : n 0.2576

>High school 0.60 (0.48, 0.74) L] | <0.0001 1.07 (0.79, 1.43) - 0.6709
PIR : :

<=1 1 L] 1 L]

1-3 1.27 (1.00, 1.61) : L 0.0487 1.27 (0.92, 1.74) : L 0.1434

>3 0.88 (0.68, 1.14) -: 0.3241 1.02 (0.73, 1.43) Ii 0.9087
HDL cholesterol (mg/dL) 0.99 (0.99, 0.99) n <0.0001  0.99 (0.98, 1.00) n 0.0085
Total cholesterol (mg/dL) 0.98 (0.98, 0.99) + <0.0001 0.99 (0.99, 1.00) + 0.0006
Hypertension status | [}

No 1 ; 1 ;

Yes 5.71 (4.61,7.08) : <0.0001 1.45 (1.10, 1.93) : [ 0.0088
Diabetes status | |

No 1 + 1 +

Yes 25.90 (19.28, 34.78) | <0.0001  7.19(5.05, 10.23) | <0.0001
IGT 3.12 (1.85, 5.26) : <0.0001  0.97 (0.54, 1.73) ql 0.9125
IFG 14.73 (10.46, 20.75) : <0.0001  3.65(2.42,5.51) : <0.0001
Smoking status [} [}

Never 1 + 1 +

Now 0.54 (0.39, 0.75) ! 0.0003 0.46 (0.31, 0.70) | 0.0002

Former 2.22(1.83, 2.69) : <0.0001 1.28 (0.98, 1.67) : L] 0.0696
Work activities status : :

No 1 L 1 L

Moderate 0.91(0.73, 1.13) l: 0.3938 1.10 (0.81, 1.49) :l 0.5298

Vigorous 0.42 (0.22, 0.79) ] ! 0.0078 0.70 (0.31, 1.60) n ! 0.3997

Both 0.64 (0.48, 0.85) L] : 0.0023 0.79 (0.54, 1.14) L] : 0.2072
Recreational activities status : :

No 1 ] 1 ]

Moderate 0.63 (0.51, 0.78) L] : <0.0001 0.78 (0.59, 1.03) L] : 0.083

Vigorous 0.24 (0.14, 0.41) ! <0.0001 0.68 (0.33, 1.39) n ! 0.2924

Both 0.17 (0.11,0.27) : <0.0001 0.41(0.24, 0.70) : 0.0012
Dietary energy intake (kcal) 1.00 (1.00, 1.00) + <0.0001 1.00 (1.00, 1.00) + 0.9686
Dietary protein intake (mg) 1.00 (1.00, 1.00) L] <0.0001 1.00 (1.00, 1.00) L] 0.6623
Dietary alcohol intake (g) 0.97 (0.96, 0.99) q' <0.0001  0.98(0.97,0.99) q' 0.0046
Dietary folate intake (mcg) 1.00 (1.00, 1.00) ] <0.0001 1.00 (1.00, 1.00) ] 0.2958
Tertiles of serum folate : :

Low 1 + 1 +

Middle 1.01 (0.81, 1.26) " 0.9258 0.72 (0.53, 0.97) - 0.0303

High 0.97 (0.78, 1.21) q' 0.7982 0.60 (0.45, 0.82) n : 0.001
Serum folate, per SD increase 1.06 (0.97, 1.15) ] 0.2294 0.84 (0.74, 0.95) ! 0.0054
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Figure 4. Multivariate analysis before and after matching for AHE
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NAFLD AHF
Stratified variables N
OR (95%CI) P-value OR (95%CI) P-value
Age
20-39 1721 0.7874 (0.6630, 0.9353) - 0.0065 0.4409 (0.0862, 2.2542) = 0.3253
40-59 1838 0.8849 (0.7755, 1.0098) Hu— 0.0695 0.8654 (0.6562, 1.1412) —a—— 0.3057
60 - 80 1858 0.8493 (0.7684, 0.9387) HiH 0.0014 0.8116 (0.7196, 0.9154) HH 0.0007
Sex
Male 2451 0.9971 (0.8908, 1.1161) s 0.9601 0.7705 (0.6511, 0.9118) i 0.0024
Female 2966 0.7599 (0.6908, 0.8360) HH <0.0001 0.7743 (0.6638, 0.9032) . 0.0011
Race
Mexican American 730 0.9454 (0.7584, 1.1785) i 0.6174 0.5600 (0.3702, 0.8471) —a— 0.006
Other Hispanic 565 0.8301 (0.6518, 1.0572) ——t 0.1312 0.6884 (0.4416, 1.0729) —a— 0.0991
Non-Hispanic White 2212 0.8142 (0.7334, 0.9038) HH 0.0001 0.8297 (0.7129, 0.9656) i 0.0159
Non-Hispanic Black 1097 0.8336 (0.7022, 0.9896) —a— 0.0376 0.7543 (0.5740, 0.9911) —a— 0.0429
Other Race - Including Multi-Racial 813 0.9117 (0.7255, 1.1457) - 0.4278 0.6041 (0.3694, 0.9879) —a—A 0.0446
Education level
<High school 1068 0.9302 (0.7900, 1.0953) - 0.3853 0.7871 (0.6208, 0.9981) ——] 0.0482
High school 1188 0.8611 (0.7394, 1.0029) L 0.0544 0.7159 (0.5653, 0.9067) —— 0.0056
>High school 3161 0.8185 (0.7440, 0.9006) HEH <0.0001 0.7548 (0.6435, 0.8854) i 0.0006
PIR
<1 177 0.8827 (0.7506, 1.0381) - 0.1317 0.7010 (0.5352, 0.9180) —— 0.0098
13 2272 0.8363 (0.7487,0.9341) HE— 0.0015 0.6994 (0.5911, 0.8276) i <0.0001
>3 1968 0.8475 (0.7523, 0.9546) HiH 0.0065 0.8861 (0.7272, 1.0797) - 0.2305
BMI
<I8.5 90
18.5-24.9 1423 0.8399 (0.4606, 1.5318) L 0.5694 0.6793 (0.4202, 1.0984) —— 0.1148
>=25 3904 0.8798 (0.8109, 0.9544) HH 0.002 0.7872 (0.6992, 0.8864) HEH <0.0001
Total cholesterol
69 - 169 1800 0.8981 (0.7864, 1.0257) i 0.1128 0.7412 (0.6154, 0.8929) i 0.0016
170 - 203 1796 0.8516 (0.7525, 0.9638) Hi— 0.0109 0.8039 (0.6613, 0.9774) ] 0.0285
204 - 463 1821 0.8083 (0.7167,0.9117) i 0.0005 0.7582 (0.6052, 0.9499) - 0.0161
HDL cholesterol
10 - 44 1677 1.0255 (0.8994, 1.1693) e 0.7066 0.7765 (0.6378, 0.9454) - 0.0117
45-56 1823 0.8119 (0.7218, 0.9133) - 0.0005 0.7266 (0.5935, 0.8897) i 0.002
57-173 1917 0.7264 (0.6382, 0.8266) i <0.0001 0.7323 (0.5973, 0.8979) . 0.0027
Hypertension status
No 3137 0.8004 (0.7181, 0.8922) HH <0.0001 0.6187 (0.4786, 0.8000) - 0.0002
Yes 2280 0.9021 (0.8187, 0.9939) HiH 0.0372 0.8165 (0.7206, 0.9252) - 0.0015
Diabetes status
No 3351 0.8244 (0.7471, 0.9097) HiH 0.0001 0.6562 (0.4738, 0.9088) —— 0.0112
Yes 1140 0.8846 (0.7664, 1.0210) i 0.0936 0.7737 (0.6702, 0.8933) i 0.0005
IGT 404 0.7777 (0.6017, 1.0052) —— 0.0548 0.7434 (0.4177, 1.3230) i 0.3134
IFG 522 1.0128 (0.7979, 1.2857) —.— 0.9165 0.9069 (0.6946, 1.1841) —a 0.4727
Smoking status
Never 3214 0.8074 (0.7329, 0.8895) HH <0.0001 0.7274 (0.6199, 0.8537) i <0.0001
Now 909 0.9893 (0.8157, 1.1998) —a— 0.9128 0.5698 (0.3528, 0.9202) —— 0.0214
Former 1294 0.8420 (0.7345, 0.9653) i 0.0136 0.8185 (0.6833, 0.9806) | 0.0298
Work activities status
No 3125 0.8292 (0.7557, 0.9098) HEH <0.0001 0.7875 (0.6846, 0.9059) i 0.0008
Moderate 1221 0.8233 (0.7070, 0.9587) - 0.0123 0.7956 (0.6188, 1.0229) —a— 0.0745
Vigorous 212 1.0681 (0.6540, 1.7443) e 0.7924
Both 859 0.9321 (0.7636, 1.1379) - 0.4899 0.6414 (0.4407, 0.9337) —a— 0.0205
Recreational activities status
No 2708 0.8572 (0.7775, 0.9450) HiH 0.002 0.7508 (0.6525, 0.8639) i <0.0001
Moderate 1482 0.7911 (0.6919, 0.9047) i 0.0006 0.8269 (0.6692, 1.0218) —a— 0.0783
Vigorous 401 1.2380 (0.8781, 1.7455) —— 0.2231 0.3741 (0.1000, 1.3997) i 0.1442
Both 826 0.8414 (0.6693, 1.0576) — 0.1389 0.9965 (0.5016, 1.9798) . — N V217
Dietary energy intake
193 - 3181 1806 0.8056 (0.7132, 0.9100) Hi 0.0005 0.7702 (0.6448, 0.9200) i 0.004
3182 - 4396 1804 0.8329 (0.7372, 0.9410) i 0.0033 0.7710 (0.6351, 0.9360) —a— 0.0086
4397 - 18959 1807 0.9379 (0.8194, 1.0736) [l 0.3525 0.7776 (0.6144, 0.9841) —a—] 0.0363
Dietary protein intake
4.24-12327 1806 0.8568 (0.7604, 0.9654) i 0.0111 0.8150 (0.6827, 0.9729) — 0.0236
123.29 - 175.01 1805 0.8302 (0.7320, 0.9415) i 0.0037 0.7087 (0.5762, 0.8718) —a— 0.0011
175.07 - 908.97 1806 0.8896 (0.7778, 1.0174) Lo 0.0877 0.8335 (0.6666, 1.0422) —a—4 0.1101
Dietary folate intake
21 - 548 1806 0.7697 (0.6809, 0.8701) i <0.0001 0.7868 (0.6563, 0.9433) — 0.0096
549 - 854 1804 0.8238 (0.7263, 0.9343) i 0.0025 0.8178 (0.6691, 0.9995) — 0.0494
855 - 5009 1807 1.0022 (0.8800, 1.1413) L ] 0.9739 0.6971 (0.5609, 0.8663) - 0.0011
0 05 1 15 2 0 05 1 15 2

Figure 5. Stratified analysis. NAFLD Nonalcoholic fatty liver disease, AHF advanced liver fibrosis. The adjusted
model in the stratification analysis was constructed based on model 3, adjusted for age, sex, race, education level,
PIR, total cholesterol, HDL cholesterol, Hypertension status, Diabetes status, smoking status, work activities
status, recreational activities status, dietary energy intake, dietary protein intake, dietary folate intake and
dietary alcohol intake. Stratification variables were excluded from the adjusted model.
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