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Abstract

Background: The health benefits of dietary fibre (DF) intake on non-alcoholic fatty liver disease (NAFLD) are
controversial. Thus, this large cross-sectional study aimed to determine the associations between DF intake and the
prevalence of newly-diagnosed NAFLD in a large general population.

Methods: A total of 23,529 participants were enrolled in the analyses. Newly-diagnosed NAFLD was diagnosed
according to liver ultrasonography and history of alcohol intake. DF intake was assessed using a validated self-
administered food frequency questionnaire. Logistic regression analysis was applied to estimate the associations
between DF intake and NAFLD.

Results: In total, 18.81% (n = 4426) of the participants were newly diagnosed with NAFLD. Compared with the
participants in the lowest quartile of DF intake, the ORs (95% CI) for the participants in the highest quartile were
0.81 (0.67, 0.97), 0.78 (0.62, 0.99), and 0.85 (0.62, 1.17) for all participants, men, and women, respectively. Compared
with the participants in the lowest quartile of insoluble DF intake, the ORs (95% CI) for the participants in the
highest quartile were 0.70 (0.58, 0.85), 0.60 (0.47, 0.76), and 0.95 (0.68, 1.32) in all participants, men, and women,
respectively. No association was observed between soluble DF intake and NAFLD. DF from whole grain, soy foods,
vegetables, and nuts but not fruits were negatively associated with NAFLD.

Conclusions: A higher intake of insoluble DF is associated with lower prevalence of newly-diagnosed NAFLD in
men. Moreover, intake DF from whole grain, soy foods, vegetables, and nuts, but not fruits have favorable effect on
the prevalence of newly diagnosed NAFLD. Further cohort studies and randomized controlled trials are needed to
validate this finding.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is a liver disease
associated with obesity, insulin resistance, type 2 diabetes
mellitus, hypertension, hyperlipidaemia, and metabolic
syndrome [1]. NAFLD has a potentially progressive course
that leads to liver fibrosis, cirrhosis, hepatocellular carcin-
oma and liver transplantation [2]. In 2018, approximately
25% of the global population has NAFLD [3]. Urbanisa-
tion of many Asian countries in the past 2 decades has led
to the prevalence of sedentary lifestyles and overnutrition,
setting the stage for the epidemic of obesity and conse-
quently NAFLD [2]. We previously found that NAFLD is
prevalent in 30.7% of Chinese adults [4]. Considering the
disease burden and high prevalence of NAFLD, it is im-
portant to identify modifiable risk factors and develop pre-
ventive strategies. However, medications for treating
NAFLD lack efficacy and safety, and lifestyle management,
including sustained weight loss, health dietary, and in-
creased physical activity, remains an important approach
in treating NAFLD [5].
Previous studies found that consumption of dietary

components is associated with the prevalence of NAFLD
[4, 6, 7]. One study reported lower intakes of dietary fibre
(DF) and higher intakes of carbohydrates, saturated fats,
cholesterol, fructose, and animal protein, as well as greater
n-6:n-3 ratios in the NAFLD population [8]. DF is a kind
of non-starch polysaccharide carbohydrate which usually
includes cellulose, insoluble hemicelluloses, and lignin [9].
A case-control study, of 25 non-alcoholic steatohepatitis
(NASH) patients and 25 matched healthy controls found
that the mean daily DF intake was almost 50% lower in
the NASH patients versus controls without adjusting for
confounding factors [10]. Subsequent studies also demon-
strated that DF intake is inversely associated with NAFLD
and the risk factors of NAFLD [11–13]. However, these
studies are limited by small sample size, incomplete ad-
justment, or use NASH and hepatic fat fraction as end-
points rather than NAFLD. A recent cross-sectional study
of 3882 participants found that there is no consistent asso-
ciation between DF intake and NAFLD [14]. However, the
analyses were conducted in an aging population, which
would limit the generalisation of their findings.
Thus, this study aimed to explore the associations be-

tween DF consumption and the prevalence of newly diag-
nosed NAFLD in a large general adult population in
China.

Materials and methods
Study design and population
This cross-sectional study is based on the Tianjin
Chronic Low-grade Systemic Inflammation and Health
Cohort Study, which is a large prospective dynamic co-
hort study focusing on the relationships between chronic
low-grade inflammation and the health status of a

general population living in Tianjin, China. The design
and data collection of this cohort study has been de-
scribed in detail previously [15]. The present study has
been approved by the Institutional Review Board of the
Tianjin Medical University and has been performed in
accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.
All participants gave written informed consent prior to
study inclusion.
In total, 32,165 participants who underwent abdominal

ultrasound and completed a study questionnaire reporting
personal information, dietary intake, lifestyles and health
condition between May 2013 to December 2016 were in-
cluded. We excluded participants who had a history of CVD
(cardiovascular disease) (n= 1579) or cancer (n= 254), or
those with missing data (n= 1130). In addition, we excluded
participants who had a history of NAFLD (n= 4437), alco-
holic fatty liver disease (n= 1110), chronic hepatitis B or C,
autoimmune liver disease, and those who had previous liver
surgery (n= 126). Finally, 23,529 participants were included
in the analysis.

Assessment of dietary data
Dietary intake was assessed using a modified version of
the food frequency questionnaire (FFQ) that included
100 food items (the initial version of the FFQ included
81 food items [4]) with specified serving sizes one time.
The FFQ included seven frequency categories ranging
from ‘almost never’ to ‘twice or more per day’ for foods
and eight frequency categories ranging from ‘almost
never’ to ‘four or more times per day’ for beverages in
the last month. The reproducibility and validity of the
questionnaire were assessed in a random sample of 150
participants from our cohort using data from repeated
measurements of the FFQ approximately 3 months apart
and 4-d weighed diet records (WDR). The Spearman
rank correlation coefficient for energy intake between
two FFQs administered 3 months apart was 0.68
(P < 0.05). The correlation coefficients for food items
(i.e. fruits, vegetables, fish, meat and beverages) between
two FFQs administered 3 months apart ranged from 0.62
to 0.79 (all P < 0.05). Meanwhile, the Spearman’s rank
correlation coefficient for energy intake by the WDR
and the FFQ was 0.49 (P < 0.05). Correlation coefficients
for nutrients (i.e. vitamin C, vitamin E, PUFA, SFA,
carbohydrate and Ca) using the WDR and the FFQ
ranged from 0.35 to 0.54 (DF, 0.44; insoluble DF, 0.49;
soluble DF, 0.42) (all P < 0.05).
The mean daily intake of nutrients, including DF, was

calculated by using an ad hoc computer program devel-
oped to analyses the questionnaire. Consumption of
food items was calculated by multiplying the portion size
(g/time) by the frequency of each food item consumed
per day. Furthermore, the Chinese food composition
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tables [16] were used as the nutrient database to cal-
culate the intake of nutrients. Nutrients intake was
calculated by first multiplying the gram of consump-
tion for each food item by its nutrient content per
gram and then adding the nutrient contributions
across all food items.

Assessment of newly-diagnosed NAFLD
Liver ultrasonography was conducted by trained sono-
graphers using a TOSHIBA SSA-660A ultrasound ma-
chine (Toshiba, Tokyo, Japan), with a 2–5-MHz curved
array probe. Drinking habit was assessed according to
the revised definition and treatment guidelines for
NAFLD by the Chinese Association for the Study of
Liver Disease in 2010 [17], with ‘heavy drinking’ defined
as > 140 g alcohol intake per week in men and > 70 g per
week in women. Total alcohol intake in the past week
was assessed by using the FFQ. Participants were diag-
nosed as having NAFLD using abdominal ultrasonog-
raphy (brightness of liver and a diffusely echogenic
change in the liver parenchyma) and no history of heavy
drinking. Participants with a self-reported history of or
were previously diagnosed with NAFLD were excluded
in the present study. Thus, all participants with NAFLD
in the present study were newly diagnosed.

Assessment and definition of other variables
Information on the sociodemographic variables, includ-
ing sex, age, educational level, employment, smoking sta-
tus, drinking status, and household income, was
collected using a questionnaire. Physical activity (PA) in
the most recent week was assessed using the short form
of the International Physical Activity Questionnaire [18].
The questionnaire asked whether subjects had per-
formed any activities from the following categories dur-
ing the previous week: walking; moderate activity
(household activity or child care); and vigorous activity
(running, swimming, or other sports activities). Meta-
bolic equivalent (MET) hours per week were calculated
using corresponding MET coefficients (3.3, 4.0 and 8.0,
respectively) according to the following formula: MET
coefficient of activity × duration (hours) × frequency
(days). Total PA levels were assessed by combining the
scores for different activities.
Body mass index (BMI) was calculated as weight in kilo-

grams divided by the square of height in meters (kg/m2).
Blood pressure (BP) was measured twice from the upper
left arm using a TM-2655P automatic device (A&D CO.,
Tokyo, Japan) after 5min of rest in a seated position. The
mean of these 2 measurements was taken as the BP value.
Hypertension was defined as average systolic BP ≥ 140
mmHg or average diastolic BP ≥ 90mmHg or use of anti-
hypertension medications [19]. Fasting blood samples
were collected via venipuncture of the cubital vein and

immediately mixed with EDTA. Fasting blood glucose
(FBG) and lipids were collected in siliconised vacuum
plastic tubes. FBG was measured using the glucose oxidase
method, triglycerides (TG) and total cholesterol (TC) were
measured using enzymatic methods, and high-density
lipoprotein cholesterol was measured via the chemical
precipitation method using reagents from Roche Diagnos-
tics on an automatic biochemistry analyzer (Roche Cobas
8000 modular analyzer, Mannheim, Germany). HbA1c
separation and quantification were conducted using a
high-performance liquid chromatography analyzer (HLC-
723 G8; Tosoh, Tokyo, Japan). In addition, an oral glucose
tolerance test was performed, and postprandial glucose
was determined in blood samples obtained 2 h after oral
administration of a standard 75 g glucose solution. Type 2
diabetes was defined according to the 2014 American Dia-
betes Association criteria as fasting blood glucose ≥7.0
mmol/, or 2-h postprandial blood glucose ≥11.1mmol/l,
or HbA1c ≥ 6.5% (48mmol/mol), or a history of diabetes
[20]. Hyperlipidaemia was defined as TC ≥ 5.20mmol/L,
or TG ≥ 1.70mmol/L, or self-reported clinically diagnosed
hyperlipidaemia according to 2016 Chinese guidelines for
the management of dyslipidaemia in adults [21].

Statistical analysis
Population characteristics were described according to
the quartiles of dietary fiber intake in men and women.
Continuous variables were presented as least-square
means and 95% confidence interval (CI). Categorical var-
iables were presented as percentage. Analysis of variance
or logistic regression test were used to evaluate differ-
ences in continuous variables and categorical variables,
between participants with and without NAFLD. Quar-
tiles were categorised across the intake of DF based on
the distribution of the intake of DF by sex. The quartile
1 to 4 in total participants were combined from the
same quartiles in women and men. Associations between
quartile categories of DF intake and NAFLD status were
examined using logistical regression analysis. Newly-
diagnosed NAFLD status was used as a dependent vari-
able, and quartile categories of DF intake were used as
independent variables. Odds ratio (OR) and 95% CI were
calculated. The linear trend cross increasing quartiles
was tested using the median value of each quartile as a
continuous variable based on logistic regression. The
crude model was used to calculate the crude OR without
any adjustment. Model 1 adjusted for age, sex, and BMI.
Model 2 was additionally adjusted for type 2 diabetes
(yes/no), hypertension (yes/no), hyperlipidaemia (yes/
no), physical activity (Mets × hours/week), educational
level (≥ college graduate or not), household income (≥
10,000 yuan per month or not), smoking status (current
smoker, ex-smoker, or non-smoker), drinking status
(drinking every day, drinking sometimes, ex-drinker, or
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non-drinker), employment status (managers, profes-
sionals, or other), energy intake (kcal/d), total carbohy-
drate intake (g/d), total fat intake (g/d), sweet foods
intake (g/d), red meat intake (g/d), white meat intake (g/
d), DHA + EPA intake (g/d), and family history of CVD
(yes/no), hypertension (yes/no), and diabetes (yes/no)
based on model 1. Multivariate logistic regression collin-
earity diagnosis analysis was performed for adjustment
models and no collinearity between variables was found.
All analyses were performed using the Statistical Ana-
lysis System 9.3 edition for Windows (SAS Institute
Inc.). All P values were two-tailed and the difference was
defined to be significant when P < 0.05.

Results
Participant characteristics
Among the 23,529 participants who were eligible for the
final analyses, 4426 (18.81%) had newly-diagnosed
NAFLD. The socio-demographic, behavioural, anthropo-
metric, dietary, and clinical characteristics according to
the quartiles of DF intake in men and women are shown
in Table 1. In men, participants who had higher intake
of DF tended to be non-smoker, non-drinker, and man-
agers, who had higher levels of BMI, physical activity,
and educational status, but lower chance to have hyper-
lipidaemia and family history of CVD. In women, partici-
pants who had higher intake of DF tended to be older,
non-smoker, and non-drinker, who had higher level of
alanine aminotransferase, aspartate aminotransferase,
physical activity, but lower change to be managers, low
proportion to have type 2 diabetes, and family history of
CVD and diabetes. Moreover, both in men and women,
participants who had higher intake of DF tended to had
higher intake of total energy, DF, soluble DF, insoluble
DF, carbohydrate, fat, whole grain, soy foods, vegetables,
fruits, nuts, sweet foods, red meat, white meat, and doc-
osahexaenoic acid + eicosapentaenoic acid (all P < 0.05).

DF consumption and NAFLD
Table 2 presents the associations between DF consump-
tion and newly diagnosed NAFLD. After multivariable
adjustments, higher consumption of DF was associated
with lower prevalence of newly diagnosed NAFLD (P for
trend < 0.01). Compared with the participants in the
lowest quartile, the ORs (95% CIs) across increasing
consumption of DF were 0.94 (0.82, 1.07), 0.82 (0.70,
0.95), and 0.81 (0.67, 0.97). The same negative associ-
ation between DF intake and NAFLD was observed in
men (P for trend = 0.01). The ORs (95% CIs) across in-
creasing consumption of DF were 1 (reference), 0.93
(0.79, 1.01), 0.78 (0.65, 0.94), and 0.78 (0.62, 0.99). How-
ever, DF consumption was not significantly associated
with newly diagnosed NAFLD in women.

Soluble and insoluble DF consumption and NAFLD
Table 3 presents the associations between soluble and
insoluble DF intake and newly-diagnosed NAFLD. Insol-
uble DF intake was negatively associated with the preva-
lence of newly-diagnosed NAFLD in the overall
population (P for trend < 0.001) and men (P for trend <
0.0001), but not women (P for trend = 0.16) after multi-
variable adjustments. Compared with the participants in
the lowest quartile, the ORs (95% CIs) for the partici-
pants in the highest quartile were 0.70 (0.58, 0.85) and
0.60 (0.47, 0.76) in the overall population and men, re-
spectively. No significant association was observed be-
tween soluble DF intake and NAFLD.

Different sources of DF consumption and NAFLD
Figure 1 presents the associations between different
sources of DF intake and the prevalence of newly diag-
nosed NAFLD. In all participants, compared with the
participants in the lowest quartile, the ORs (95% CIs) for
the participants in the highest quartile of DF intake from
whole grain, soy foods, vegetables, and nuts were 0.82
(0.75, 0.90), 0.72 (0.64, 0.82), 0.70 (0.61, 0.81), and 0.76
(0.67, 0.86) after multivariable adjustments. In men,
compared with the participants in the lowest quartile,
the ORs (95% CIs) for the participants in the highest
quartile of DF intake from whole grain, soy foods, vege-
tables, and nuts were 0.79 (0.70, 0.88), 0.74 (0.64, 0.85),
0.68 (0.57, 0.81), and 0.75 (0.65, 0.88) after multivariable
adjustments. No significant association was observed be-
tween DF from fruits intake and NAFLD in the overall
population and men. In women, DF from vegetables (Q4
VS Q1: OR, 0.73; 95% CI, 0.57–0.94) and nuts (Q4 VS
Q1: OR, 0.75; 95% CI, 0.60–0.94) intake were negatively
associated with the prevalence of newly diagnosed
NAFLD after multivariable adjustments. No significant
association was observed between other sources of DF
intake and NAFLD in women.

Sensitivity analyses
We further excluded participants who had a history of
type 2 diabetes or hyperlipidaemia. The associations be-
tween DF, soluble DF, and insoluble DF intake and the
prevalence of NAFLD in all participants, men, and
women were presented in Additional file 1: Table S1.
The results between insoluble DF intake and NAFLD
were consistent after multivariable adjustments. Com-
pared with the participants in the lowest quartile, the
ORs (95% CIs) for participants in the highest quartile of
insoluble intake were 0.60 (0.44, 0.80), 0.48 (0.33, 0.70),
and 0.83 (0.51, 1.35) in the overall population, men, and
women, respectively. However, no significant association
was observed between soluble or total DF intake and
newly diagnosed NAFLD.
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Table 1 Participant characteristics according to fibre intakea

Categories of dietary fibre intake P for trend b

Men (n = 10,998) Level 1 (n = 2750) Level 2 (n = 2749) Level 3 (n = 2749) Level 4 (n = 2750)

Intake of dietary fibre (range, g/d) 0.839, 17.417 17.420, 24.134 24.135, 33.692 33.697, 173.414

NAFLD (%) 30.1 28.3 28.0 28.5 0.31

Age (years) 39.5 (39.0, 39.9) c 39.2 (38.7, 39.6) 39.4 (39.0, 39.8) 39.3 (38.9, 39.7) 0.80

BMI 24.9 (24.8, 25.0) 24.8 (24.7, 25.0) 25.1 (24.9, 25.2) 25.1 (24.9, 25.2) 0.02

ALT (U/L) 23.2 (22.7, 23.6) 22.8 (22.3, 23.2) 23.0 (22.6, 23.5) 22.7 (22.3, 23.2) 0.26

AST (U/L) 20.0 (19.5, 20.4) 20.0 (19.6, 20.4) 20.1 (19.6, 20.5) 20.4 (20.0, 20.9) 0.14

Type 2 diabetes (%) 4.4 3.6 3.8 3.8 0.36

Hypertension (%) 26.7 26.7 26.5 25.9 0.47

Hyperlipidaemia (%) 49.2 45.9 46.6 44.9 < 0.01

Physical activity (Mets × hours/week) 9.3 (8.8, 9.7) 11.1 (10.5, 11.6) 13.2 (12.6, 13.9) 14.3 (13.6, 15.0) < 0.0001

Energy intake (kcal/d) 1666.3 (1652.1,
1680.5)

2103.2 (2085.3,
2121.2)

2247.8 (2228.7,
2267.1)

2346.3 (2326.4,
2366.4)

< 0.0001

Total fibre intake (g/d) 12.8 (12.7, 12.9) 20.6 (20.5, 20.8) 28.3 (28.1, 28.5) 46.4 (46.0, 46.7) < 0.0001

Soluble fibre intake (g/d) 5.3 (5.2, 5.4) 9.1 (9.0, 9.2) 13.2 (13.1, 13.4) 24.2 (24.0, 24.5) < 0.0001

Insoluble fibre intake (g/d) 7.4 (7.3, 7.5) 11.2 (11.1, 11.3) 14.5 (14.4, 14.7) 21.0 (20.8, 21.2) < 0.0001

Total carbohydrate intake (g/d) 259.2 (256.0, 262.3) 345.3 (341.1, 349.5) 411.5 (406.5, 416.6) 541.2 (534.6, 547.9) < 0.0001

Total fat intake (g/d) 35.2 (34.7, 35.7) 46.0 (45.3, 46.6) 54.4 (53.6, 55.2) 69.6 (68.6, 70.6) < 0.0001

Whole grain intake (g/d) 6.8 (6.5, 7.1) 11.4 (10.9, 11.9) 14.8 (14.2, 15.4) 19.0 (18.3, 19.9) < 0.0001

Soy foods intake (g/d) 12.7 (12.2, 13.1) 23.0 (22.2, 23.9) 28.5 (27.5, 29.6) 34.2 (32.9, 35.5) < 0.0001

Vegetables intake (g/d) 162.2 (159.6, 164.9) 239.4 (235.5, 243.3) 296.6 (291.8, 301.4) 389.4 (383.1, 395.8) < 0.0001

Fruits intake (g/d) 119.4 (116.6, 122.2) 227.5 (222.2, 232.9) 335.6 (327.8, 343.5) 607.7 (593.7, 622.1) < 0.0001

Nuts intake (g/d) 3.4 (3.2, 3.5) 5.5 (5.3, 5.7) 7.2 (6.9, 7.4) 9.3 (8.9, 9.6) < 0.0001

Sweet foods intake (g/d) 8.3 (7.8, 8.7) 14.3 (13.5, 15.1) 18.0 (17.0, 19.1) 29.5 (27.9, 31.3) < 0.0001

Red meat intake (g/d) 26.3 (25.3, 27.4) 32.5 (31.3, 33.8) 34.6 (33.3, 36.0) 34.1 (32.8, 35.5) < 0.0001

White meat intake (g/d) 16.6 (15.9, 17.4) 21.0 (20.1, 21.9) 23.9 (22.9, 24.9) 26.6 (25.5, 27.7) < 0.0001

DHA + EPA intake (g/d) 3.2 (3.1, 3.3) 4.0 (3.9, 4.1) 4.5 (4.4, 4.6) 5.6 (5.5, 5.7) < 0.0001

Education (≥ College graduate, %) 64.6 69.9 70.1 69.0 < 0.01

Household income (≥ 10,000 Yuan, %) 32.1 37.9 37.0 35.1 0.17

Smoking status (%)

Smoker 39.7 35.8 34.0 32.4 < 0.0001

Ex-smoker 9.3 8.8 9.4 8.3 0.28

Non-smoker 51.0 55.4 56.7 59.3 < 0.0001

Drinker (%)

Everyday 7.0 6.7 5.6 6.0 0.07

Sometime 71.3 72.9 73.4 70.3 0.31

Ex-drinker 11.0 9.6 11.3 10.7 0.73

Non-drinker 10.8 10.8 9.8 13.0 0.01

Employment status (%)

Managers 39.3 42.1 43.4 44.9 < 0.0001

Professionals 21.9 21.7 21.3 20.5 0.20

Other 38.9 36.2 35.3 34.6 < 0.01

Family history of diseases (%)

CVD 25.0 25.5 25.8 22.3 0.02
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Table 1 Participant characteristics according to fibre intakea (Continued)

Categories of dietary fibre intake P for trend b

Men (n = 10,998) Level 1 (n = 2750) Level 2 (n = 2749) Level 3 (n = 2749) Level 4 (n = 2750)

Hypertension 45.1 44.9 47.3 43.2 0.33

Diabetes 22.6 22.2 22.3 21.0 0.18

Women (n = 12,531) Level 1 (n = 3133) Level 2 (n = 3133) Level 3 (n = 3132) Level 4 (n = 3133)

Intake of dietary fibre (range, g/d) 0.400, 16.161 16.164, 22.284 22.287, 30.760 30.764, 193.433

NAFLD (%) 10.0 9.8 10.4 10.2 0.89

Age (years) 38.0 (37.7, 38.4) 38.6 (38.2, 39.0) 39.1 (38.8, 39.5) 39.1 (38.7, 39.5) < 0.01

BMI 22.5 (22.4, 22.6) 22.6 (22.4, 22.7) 22.6 (22.5, 22.7) 22.6 (22.5, 22.7) 0.07

ALT (U/L) 14.3 (14.1, 14.5) 14.4 (14.2, 14.6) 14.5 (14.3, 14.8) 14.6 (14.4, 14.8) 0.04

AST (U/L) 17.4 (17.1, 17.8) 17.8 (17.4, 18.1) 17.9 (17.5, 18.2) 18.3 (17.9, 18.7) < 0.001

Type 2 diabetes (%) 2.1 1.7 1.5 1.3 0.01

Hypertension (%) 11.8 11.8 12.6 12.5 0.25

Hyperlipidaemia (%) 31.5 31.8 33.0 33.0 0.21

Physical activity (Mets × hours/week) 7.1 (6.8, 7.4) 9.1 (8.7, 9.5) 9.3 (8.9, 9.7) 10.2 (9.7, 10.7) < 0.0001

Energy intake (kcal/d) 1456.3 (1443.7,
1469.0)

1906.6 (1890.1,
1923.2)

2134.7 (2116.2,
2153.3)

2304.6 (2284.7,
2324.7)

< 0.0001

Total fibre intake (g/d) 11.9 (11.8, 12.0) 19.1 (19.0, 19.3) 26.0 (25.8, 26.2) 42.8 (42.4, 43.1) < 0.0001

Soluble fibre intake (g/d) 4.9 (4.8, 5.0) 8.3 (8.2, 8.4) 12.0 (11.8, 12.1) 21.8 (21.6, 22.0) < 0.0001

Insoluble fibre intake (g/d) 6.8 (6.7, 6.9) 10.5 (10.4, 10.6) 13.5 (13.4, 13.6) 19.9 (19.7, 20.1) < 0.0001

Total carbohydrate intake (g/d) 237.6 (234.9, 240.3) 316.5 (313.0, 320.2) 372.1 (367.9, 376.4) 493.1 (487.5, 498.7) < 0.0001

Total fat intake (g/d) 29.2 (28.8, 29.6) 38.1 (37.6, 38.6) 44.5 (43.9, 45.1) 57.8 (57.1, 58.6) < 0.0001

Whole grain intake (g/d) 6.6 (6.4, 6.9) 11.2 (10.8, 11.6) 13.8 (13.3, 14.3) 17.2 (16.6, 17.8) < 0.0001

Soy foods intake (g/d) 11.8 (11.4, 12.2) 20.7 (20.0, 21.4) 26.3 (25.4, 27.2) 33.4 (32.3, 34.6) < 0.0001

Vegetables intake (g/d) 149.2 (146.9, 151.6) 217.1 (213.7, 220.6) 271.0 (266.7, 275.3) 367.5 (361.7, 373.4) < 0.0001

Fruits intake (g/d) 147.1 (144.3, 150.0) 255.4 (250.5, 260.4) 359.1 (352.1, 366.2) 626.2 (614.1, 638.6) < 0.0001

Nuts intake (g/d) 3.2 (3.1, 3.3) 5.0 (4.9, 5.2) 6.5 (6.3, 6.7) 8.2 (7.9, 8.4) < 0.0001

Sweet foods intake (g/d) 12.1 (11.6, 12.8) 17.8 (16.9, 18.7) 21.6 (20.5, 22.7) 30.4 (28.9, 32.0) < 0.0001

Red meat intake (g/d) 15.9 (15.3, 16.6) 19.3 (18.5, 20.1) 20.2 (19.4, 21.0) 20.6 (19.8, 21.4) < 0.0001

White meat intake (g/d) 12.1 (11.6, 12.6) 14.0 (13.5, 14.6) 16.0 (15.4, 16.7) 17.8 (17.0, 18.5) < 0.0001

DHA + EPA intake (g/d) 2.9 (2.8, 3.0) 3.4 (3.3, 3.5) 3.8 (3.7, 3.9) 4.7 (4.6, 4.8) < 0.0001

Education (≥ College graduate, %) 61.3 67.4 65.0 64.0 0.35

Household income (≥ 10,000 Yuan,
%)

32.0 35.9 34.8 33.6 0.55

Smoking status (%)

Smoker 2.3 1.4 1.2 1.3 < 0.01

Ex-smoker 0.8 0.6 0.7 0.7 0.94

Non-smoker 96.9 98.1 98.1 98.0 0.02

Drinker (%)

Everyday 0.4 0.6 0.8 1.0 < 0.01

Sometime 42.3 40.0 39.5 37.4 < 0.001

Ex-drinker 9.7 10.0 9.2 10.0 0.88

Non-drinker 47.6 49.4 50.6 51.6 < 0.01

Employment status (%)

Managers 36.1 41.4 45.0 41.6 < 0.0001

Professionals 12.5 13.6 11.9 13.2 0.89
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Discussion
The present study investigated the associations between
DF consumption and the prevalence of newly-diagnosed
NAFLD in a large general population. The results indi-
cate that DF consumption is associated with lower
prevalence of newly-diagnosed NAFLD independent of
socio-demographic, behavioural, anthropometric, dietary,
and clinical confounding factors in men, but not in
women.

Previous clinical-based studies have reported the asso-
ciations between DF intake and NAFLD [10–13, 22, 23].
Three clinical-based studies (n = 50–143) found that DF
intake is inversely associated with NASH [10], NAFLD
[11], and degree of hepatic steatosis [13]. Yet, another
study did not find a difference of DF intake between
NAFLD patients and healthy participants in 229 elderly
Brazilian (P = 0.76) [23]. A case-control study conducted
in 36 Chinese participants also suggested that there is

Table 1 Participant characteristics according to fibre intakea (Continued)

Categories of dietary fibre intake P for trend b

Men (n = 10,998) Level 1 (n = 2750) Level 2 (n = 2749) Level 3 (n = 2749) Level 4 (n = 2750)

Other 51.4 45.0 43.1 45.2 < 0.0001

Family history of diseases (%)

CVD 30.7 29.2 29.3 27.5 < 0.01

Hypertension 50.6 49.4 49.8 48.0 0.06

Diabetes 26.6 26.7 26.2 22.4 < 0.0001

a NAFLD Non-alcoholic fatty liver disease, CVD Cardiovascular disease, BMI Body mass index, ALT Alanine aminotransferase, AST Aspartate aminotransferase DHA
Docosahexaenoic acid, EPA Eicosapentaenoic acid
b Analysis of variance or logistic regression
c Least square mean (95% confidence interval) (all such values)

Table 2 Associations between total dietary fibre intake and NAFLD by sex a

Categories of dietary fibre intake P for trend b

All participants (n = 23,529) Level 1 Level 2 Level 3 Level 4

No. of participants 5883 5882 5881 5883

No. of participants with NAFLD 1141 1087 1096 1102

Crude model Ref 0.94 (0.86, 1.03) b 0.95 (0.87, 1.04) 0.96 (0.87, 1.05) 0.42

Adjusted model 1 d Ref 0.97 (0.87, 1.09) 0.89 (0.79, 1.00) 0.91 (0.81, 1.02) 0.04

Adjusted model 2 e Ref 0.94 (0.82, 1.07) 0.82 (0.70, 0.95) 0.81 (0.67, 0.97) < 0.01

Men (n = 10,998) Level 1 Level 2 Level 3 Level 4

Intake of dietary fibre (range, g/d) 0.839, 17.417 17.420, 24.134 24.135, 33.692 33.697, 173.414

No. of participants 2750 2749 2749 2750

No. of participants with NAFLD 828 779 770 783

Crude model Ref 0.92 (0.82, 1.03) 0.90 (0.80, 1.02) 0.92 (0.82, 1.04) 0.24

Adjusted model 1 d Ref 0.96 (0.84, 1.01) 0.83 (0.72, 0.96) 0.86 (0.75, 0.99) 0.01

Adjusted model 2 e Ref 0.93 (0.79, 1.01) 0.78 (0.65, 0.94) 0.78 (0.62, 0.99) 0.01

Women (n = 12,531) Level 1 Level 2 Level 3 Level 4

Intake of dietary fibre (range, g/d) 0.400, 16.161 16.164, 22.284 22.287, 30.760 30.764, 193.433

No. of participants 3133 3133 3132 3133

No. of participants with NAFLD 313 308 326 319

Crude model Ref 0.98 (0.83, 1.16) 1.05 (0.89, 1.23) 1.02 (0.87, 1.20) 0.65

Adjusted model 1 d Ref 0.95 (0.77, 1.16) 0.95 (0.77, 1.16) 0.96 (0.79, 1.17) 0.76

Adjusted model 2 e Ref 0.94 (0.74, 1.19) 0.88 (0.68, 1.15) 0.85 (0.62, 1.17) 0.32
a NAFLD Non-alcoholic fatty liver disease, CVD Cardiovascular disease, BMI Body mass index, DHA Docosahexaenoic acid, EPA Eicosapentaenoic acid
b Multiple logistic regression analysis
c Odds ratios (95% confidence interval) (all such values)
d Adjusted for age, sex (only for all participants), and BMI
e Adjusted for age, sex (only for all participants), BMI, type 2 diabetes, hypertension, hyperlipidaemia, physical activity, educational level, household income,
smoking status, drinking status, employment status, energy intake (kcal/d), total carbohydrate intake (g/d), total fat intake (g/d), sweet foods intake (g/d), red meat
intake (g/d), white meat intake (g/d), DHA + EPA intake (g/d), and family history of CVD, hypertension, and diabetes
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Table 3 Associations between different kinds of dietary fibre intake and NAFLD by sex a

Categories of dietary fibre intake P for trend b

All participants (n = 23,529) Level 1 Level 2 Level 3 Level 4

Soluble dietary fibre

Adjusted model d Ref 1.00 (0.88, 1.14) c 0.90 (0.78, 1.03) 0.91 (0.77, 1.08) 0.13

Insoluble dietary fibre

Adjusted model d Ref 0.91 (0.79, 1.04) 0.86 (0.74, 1.01) 0.70 (0.58, 0.85) < 0.001

Men (n = 10,998) Level 1 Level 2 Level 3 Level 4

Soluble dietary fibre (range, g/d) 0.318, 7.393 7.394, 10.838 10.839, 16.636 16.637, 86.605

Adjusted model d Ref 1.00 (0.85, 1.17) 0.85 (0.72, 1.02) 0.95 (0.78, 1.16) 0.54

Insoluble dietary fibre (range, g/d) 0.839, 9.382 9.384, 12.561 12.563, 16.841 16.842, 88.567

Adjusted model d Ref 0.86 (0.73, 1.02) 0.80 (0.67, 0.97) 0.60 (0.47, 0.76) < 0.0001

Women (n = 12,531) Level 1 Level 2 Level 3 Level 4

Soluble dietary fibre (range, g/d) 0.143, 6.702 6.703, 9.874 9.875, 14.948 14.951, 93.307

Adjusted model d Ref 0.98 (0.78, 1.23) 0.97 (0.76, 1.23) 0.83 (0.62, 1.11) 0.16

Insoluble dietary fibre (range, g/d) 0.257, 8.762 8.765, 11.798 11.799, 15.689 15.691, 99.987

Adjusted model d Ref 1.00 (0.79, 1.27) 0.98 (0.75, 1.29) 0.95 (0.68, 1.32) 0.72
a NAFLD Non-alcoholic fatty liver disease, CVD Cardiovascular disease, BMI Body mass index, DHA Docosahexaenoic acid, EPA Eicosapentaenoic acid
b Multiple logistic regression analysis
c Odds ratios (95% confidence interval) (all such values)
d Adjusted for age, sex (only for all participants), BMI, type 2 diabetes, hypertension, hyperlipidaemia, physical activity, educational level, household income,
smoking status, drinking status, employment status, energy intake (kcal/d), total carbohydrate intake (g/d), total fat intake (g/d), sweet foods intake (g/d), red meat
intake (g/d), white meat intake (g/d), DHA + EPA intake (g/d), and family history of CVD, hypertension, and diabetes

Fig. 1 Associations between different sources of dietary fibre intake and NAFLD by sexAdjusted for age, sex (only for all participants), BMI, type 2
diabetes, hypertension, hyperlipidaemia, physical activity, educational level, household income, smoking status, drinking status, employment
status, energy intake (kcal/d), total carbohydrate intake (g/d), total fat intake (g/d), sweet foods intake (g/d), red meat intake (g/d), white meat
intake (g/d), DHA + EPA intake (g/d), and family history of CVD, hypertension, and diabetes.
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no difference in DF intake between NAFLD patients and
healthy controls [22]. The mean (standard deviation) in-
take of DF in cases and control were 21.45 (6.21) and
19.67 (5.47) grams per day [22]. Another study which in-
cluded 140 Iranians explored the associations between
DF intake and NAFLD with adjustments of energy in-
take, age, and sex [12]. The results suggested that daily
DF intake are different in NAFLD patients (mean, 31.2 g;
standard deviation, 18.9 g) and healthy controls (mean,
35.3 g; standard deviation, 17.2 g) (P = 0.04) [12]. Yet,
there are other important confounding factors, such as
BMI [24], physical activity [25], and consumption of
other nutrients [26], which could affect the associations
between DF intake and NAFLD. However, the results
from these clinical-based studies were limited by un-
adjusted statistical analyses, small sample size and
clinical-based design. A recent cross-sectional study on
the associations between dietary macronutrient compos-
ition and the prevalence of NAFLD in a large population
with well-adjusted statistical models [14] demonstrated
that there is no consistent association between DF intake
and the prevalence of NAFLD [14]. However, this study
was conducted in an aging population which could also
limit the generalisability of their findings. Moreover, due
to the nature of the cross-sectional study design, the re-
verse causation (i.e. participants with NAFLD changed
their diet) would affect the associations between DF in-
take and the prevalence of NAFLD.
Consistent with the findings of previous studies, our

findings suggest that higher DF intake, especially insol-
uble DF, is associated with lower prevalence of newly-
diagnosed NAFLD in men even though previous studies
may have potential inaccurate results due to small sam-
ple size and uncompleted adjustment models [10–13]. A
previous study suggested that the associations between
dietary factors and NAFLD may be mediated by BMI
[14]. However, in the current study, DF intake was still
significantly associated with the prevalence of newly di-
agnosed NAFLD after adjusting for confounders includ-
ing BMI. Moreover, in the subgroup analysis, we found
that insoluble DF, but not soluble DF, contributed to the
negative associations between DF intake and the preva-
lence of NAFLD. There are two plausible explanations
for this finding. First, the mechanism that to explain the
negative association between insoluble DF intake and
NAFLD could be related to SCFAs (short-chain fatty
acids). Insoluble DF could be fermented by gut microbe
and generate SCFAs, such as butyrate. SCFAs plays an
important role in the process of gluconeogenesis which
is involved in the development of NAFLD [27]. Mean-
while, SCFAs may inhibit the development of NASH at
the epigenetic level as inhibitors of histone deacetylases
[27]. A previous study also demonstrated that butyrate
may suppress inflammation and thus be associated with

a lower prevalence of NAFLD [28]. Furthermore, butyr-
ate could act on the gut-brain neural circuit to improve
energy metabolism through enhancing fat oxidation by
activating brown adipose tissue [29]. Brown adipose tis-
sue has been found associated with a lower likelihood of
NAFLD independently [30]. Second, most of the DF in
vegetables and whole grain are insoluble DF, but not sol-
uble DF. Meanwhile, previous studies found that con-
sumption of vegetables and grains favorably affected
NAFLD [26, 31].
Moreover, the results between different sources of DF

intake and NAFLD suggested that DF intake from whole
grain, soy foods, vegetables, and nuts, but not fruits,
were negative associated with the prevalence of NAFLD
in all participants and men. The non-significant associ-
ation between fruits intake and NAFLD could be ex-
plained by the fructose content in fruits. Fructose has
been established as a major risk factor for NAFLD [32].
In the liver, fructose bypasses that whole machinery be-
cause it does need phosphofructokinase. Furthermore,
most of the fructose that is consumed gets converted to
fat [33]. Thus, the content of fructose may in fruits cover
up the associations between DF and NAFLD.
However, we did not find a significant association be-

tween DF intake and the prevalence of newly diagnosed
NAFLD in women consistent with the findings of a pre-
vious study that DF intake was significantly correlated
with perceived general health status and immune func-
tioning in men, but not women [34]. The underlying
mechanisms for sex difference in the associations be-
tween DF intake and NAFLD remain uncertain. How-
ever, as shown in Fig. 1, the associations between
different sources of DF intake and NAFLD tended to be
similar in men to those in women. Thus, the null signifi-
cant associations might be due to smaller number of
NAFLD cases in women than in men. Further studies
are needed to explore the differences in the associations
between DF intake and NAFLD.
The present study has several strengths. First, the ana-

lysis on the associations between DF intake and the
prevalence of newly diagnosed NAFLD was adjusted for
as many confounding factors, including sociodemo-
graphic, behavioural, anthropometric, dietary, and clin-
ical confounding factors, as possible. Second, we
excluded participants who were clinically diagnosed with
NAFLD or those with self-reported NAFLD. Thus, the
participants with NAFLD enrolled in the present study
were not aware of having NAFLD when filling in the
FFQ, and the reverse causation has been minimized as
much as possible. Third, the large sample size (23,529)
provided sufficient statistical power to detect the associ-
ations between DF intake and the prevalence of newly
diagnosed NAFLD. Fourth, we further explored the asso-
ciations between different kinds of DF and DF sources
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and the prevalence of newly diagnosed NAFLD. The re-
sults suggest that insoluble DF and DF from gains, soy
foods, vegetables, and nuts were better sources of DF in-
take. Fifth, we did not collect the information about the
amount per once drinking which could be a confound-
ing factor.
Nevertheless, this study also has some limitations.

First, there was recall bias, and the food intake reported
may be inaccurate due to the nature of the self-report
questionnaire. Second, it is impossible to infer causality
due to the cross-sectional study design. Third, even
though many covariates have been considered, we can-
not rule out the possibility that residual and unmeasured
factors might contribute to the association observed.
Fourth, due to the apparently healthy study population,
we used hepatic ultrasonography to detect NAFLD in-
stead of liver biopsy which is the gold standard in the
diagnosis of NAFLD. However, hepatic ultrasonography
has a sensitivity of 89% and a specificity of 93% in de-
tecting NAFLD and is widely used in population-based
studies because of its noninvasiveness and easy accessi-
bility [35].

Conclusion
A higher intake of insoluble DF is associated with lower
prevalence of newly diagnosed NAFLD in men. More-
over, intake DF from whole grain, soy foods, vegetables,
and nuts, but not fruits have favorable effect on the
prevalence of newly diagnosed NAFLD. Further cohort
studies and randomized controlled trials are needed to
clarify this finding.
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