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Analysis of the association between dietary 2
patterns and nonalcoholic fatty liver disease
in a county in Guangxi
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Abstract

Background This study aims to investigate the relationship between different dietary patterns and non-alcoholic
fatty liver disease (NAFLD).

Methods Residents over 30 years old in the ecological longevity cohort in Gongcheng Yao Autonomous County,
Guangxi Province were the research objects selected from 2018 to 2019. Physical examination, baseline population
survey, and food frequency questionnaire (FFQ) survey were conducted. Dietary patterns were analyzed by factor
analysis. Influencing factors of NAFLD were analyzed by multiple logistic regression.

Results NAFLD was diagnosed in 241 of 2664 participants based on ultrasonography, and the detection rate was
9.0%. Factor analysis yielded a total of three dietary patterns, namely, traditional Chinese, Western, and cereal-potato
dietary patterns. Results of multivariate logistic regression analysis showed that after adjusting for confounding
factors, participants in the highest quartile of the Western dietary pattern exhibited a higher prevalence of NAFLD
(OR=2.799; 95% Cl: 1.620-4.837; p < 0.05) than participants in the lowest quartile. Participants in the highest quartile
of the cereal-potato pattern exhibited a decreased risk of NAFLD compared with those in the lowest quartile
(OR=0.581;95% CI: 0.371-0.910, p < 0.05). The traditional Chinese patterns did not show any association with the risk
of NAFLD.

Conclusions The Western dietary pattern increases the risk of NAFLD, whereas the cereal-potato dietary pattern
reduces the risk of NAFLD. It is important for the prevention and control of NAFLD to adhere to the cereal-potato
dietary.
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Background

Nonalcoholic fatty liver disease (NAFLD) is a clinico-
pathological syndrome characterized by steatosis and fat
deposition in hepatic parenchymal cells with no history
of excessive alcohol consumption [1]. With the improve-
ment of living standards, the prevalence of NAFLD has
increased year by year to more than 25% worldwide [2],
and the prevalence among adults in Western countries
ranges from 20 to 33% [3]. This was 20.1% among Chi-
nese adults [4]. NAFLD increases the risk of developing
metabolic syndrome and cardiovascular disease [5, 6],
and if not detected, diagnosed, and treated early, it may
develop into advanced fibrosis, cirrhosis, and hepatocel-
lular carcinoma (HCC) [7]. Studies have shown that fatty
liver is the result of a combination of genetic and envi-
ronmental factors, with lifestyle concerns such as nutri-
tion [8—10]. The intake of dietary fat, carbohydrates, and
other nutrients is closely related to fat deposition in the
liver [11]. No clinically effective drugs are available for
the treatment of NAFLD, and the recommended treat-
ment is to change the lifestyle and dietary patterns, such
as controlling the intake of certain components and
increasing exercise [12-14]. The results of numerous
epidemiological studies have shown a strong association
between one or more nutrients or foods and NAFLD.
Compared with a single food or nutrient, dietary pat-
tern can comprehensively reflect the dietary exposure of
a group and predict disease occurrence as a comprehen-
sive indicator of individual dietary nutritional intake [15].
Therefore, it is necessary to investigate the relationship
between the occurrence of NAFLD and different dietary
patterns. The residents of Gongcheng Yao Autonomous
County, Guangxi are mostly from ethnic minorities, and
the area is the “hometown of longevity in China,” with
more long-lived elderly people and lower incidence of
metabolic syndrome and cardiovascular metabolic dis-
eases compared with northern areas [16]. To understand
the prevalence of NAFLD in this minority region and its
relationship with dietary patterns can provide a theoreti-
cal basis for the prevention and control of NAFLD and
for reasonable dietary guidance in this region.

Method

Research objects

From December 2018 to November 2019, the ecologi-
cal longevity cohort of residents over 30 years old in
Gongcheng Yao Autonomous County, Guangxi Province
was selected to conduct physical examination, baseline
population survey, and food frequency questionnaire
(FFQ) survey. The inclusion criteria were as follows: (1)
permanent residents of Gongcheng Yao Autonomous
County, Guangxi Zhuang Autonomous Region; (2) over
30 years old; and (3) be able to cooperate with the com-
pletion of all health examination items and questionnaire
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survey. We then excluded subjects who had not com-
pleted a physical examination and questionnaire, had
a history of viral hepatitis and cancer, and drank exces-
sively (men>20 g/ day, women>10 g/ day).The final study
included 2,664 subjects (1,016 men and 1,648 women)
(Fig. 1).

Demographic characteristics

A self-designed questionnaire was used to conduct an
interview survey by trained and qualified investiga-
tors. The contents included demographic characteristics
(gender, age, education level, marital status, occupation,
and others), lifestyle habits (smoking, drinking, physical
activity, and others), and medical history.

Clinical assessments

During the measurement, participants were barefoot and
did not wear a hat. Weight (kg) was measured by an elec-
tronic digital scale. Height (m) was measured by a safe
portable height meter, which was accurate to one deci-
mal place. Body mass index (BMI)=weight (kg)/height?
(m? was calculated according to the formula. Partici-
pants were classified as underweight (BMI<18.5 kg/m?),
normal weight (BMI 18.5-23.9 kg/m?), overweight (BMI
24.0-27.9 kg/m?), and obese (BMI>28.0 kg/m?) [17].
When the participant was breathing smoothly, the waist
circumference (WC) at the midpoint between the 12
lower costal margins and the upper iliac crest was mea-
sured by a uniformly trained medical examiner who used
an inelastic tape measure accurate to 1 mm. Hip circum-
ference is measured by circling the ruler at the highest
point of the hip. The waist-to-hip ratio (WHR) was cal-
culated as waist circumference (cm) divided by hip cir-
cumference (cm). Systolic and diastolic blood pressure
were measured twice, and average values were recorded.
Hypertension refers to systolic blood pressure (SBP) >140
mmHg (1 mmHg=0.133 kPa) or diastolic blood pressure
(DBP)>=90 mmHg or previously diagnosed hyperten-
sion. Diabetes mellitus refers to FBG=7.0 mmol/L or
HbA1c>6.5% or previously diagnosed diabetes mellitus
(all measuring instruments are strictly calibrated before
use).Physical activity levels were measured in minutes
per week, with adequate physical activity being defined as
2150 min per week and inadequate as less than 150 min
per week [18].

Laboratory tests

After fasting for 8—12 h, participants’ venous blood was
collected by a nurse at the local township health center
physical examination center. Subsequently, fasting blood
glucose (FBG), serum total cholesterol (TC), triglycer-
ides (TG), high-density lipoprotein cholesterol (HDL-C),
and LDL-C, fasting blood glucose (FPG), glycated hemo-
globin (HbA1C), glutathione aminotransferase (AST),
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Residents over 30 years old in
Gongcheng Yao Autonomous
County, Guangxi

n=3192
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Not all health check items and
questionnaires have been
: ,
completed
n=143
n=3049
Excessive alcohol consumption
(male > 20 g/day, female > 10
> C
g/day)
v n=270
n=2779
History of viral hepatitis and
> cancer
n=115

Fig. 1 Flowchart of the study participants

alanine aminotransferase (ALT), uric acid (UA), and oth-
ers were determined.

Dietary intake and extraction of dietary patterns

Food intake was obtained by using an FFQ [19] to obtain
the frequency of intake of various foods, mainly 109
foods that are frequently consumed by Chinese people,
and the intake amount of each food by the survey respon-
dents in the last year. For each food, respondents were
asked about the frequency of intake (never, 1-3 times
per month, 1-2 times per week, 3—4 times per week, 5-6
times per week, 1 time per day, 2 times per day, and 3
times per day) and the amount of each intake. Finally, the
average daily intake of each food group was calculated
for each person based on the intake and consumption
frequency of each food group. The Kaiser-Meyer-Olkin
(KMO) statistic and Bartlett’s spherical test were used
to determine whether the conditions for factor analysis
were met. The number of retained common factors was
determined by using the gravel plot and the characteris-
tic root>1 as the inclusion criteria. The food type of each
factor was represented by the components with a factor
loading of >0.3, or the dietary pattern was classified and
named according to the larger factor loadings, i.e., the
relevance of the food type to the diet and the food char-
acteristics after rotation. Each dietary pattern was clas-
sified into four levels (Q1, Q2, Q3, and Q4) according to
the quartiles of dietary factor scores. Q1 indicated the

least inclination to this dietary pattern, and Q4 indicated
the most inclination to this dietary pattern [20].

Definition of non-alcoholic fatty liver disease

NAFLD was defined as moderate to severe hepatic ste-
atosis found on ultrasound, no excessive alcohol con-
sumption (>20 g daily alcohol intake for men and >10 g
for women), no use of fat-forming drugs in the past 6
months, no exposure to hepatotoxins, and no history of
bariatric surgery [21].

Statistical analysis

Count data expressed as a percentage or forming ratio,
the normal distribution of measurement data to ; s. x*
test, Mann—Whitney U test or ANOVA were used for
comparison among the groups. Principal component
analysis was used to analyze dietary patterns, and mul-
tiple logistic regression was used to analyze and adjust
confounding factors, such as age, gender, smoking, alco-
hol consumption, blood pressure, and blood lipid, to
explore the relationship between each dietary pattern and
the risk of NAFLD. EpiData 3.1 was adopted to establish
a database for unified data entry. All statistical analyses
were performed using SPSS 28.0, and a p value of <0.05
was statistically significant.
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Table 1 Factor loadings of the three dietary patterns of 2664
study participants
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Table 2 Comparison of demographic characteristics between
participants with and without NAFLD

Food Dietary patterns

groups(% Traditional Western(13.12%) Cereal-po-
variance)  Chinese(22.52%) tato(8.77%)
Cerealand 0323 — 0.582"
potato

Vegetables 0627" — —
Fruits 0.668" 0.245 —
Bean 069" 0218 —
products

Nuts 0618" —
Preserved, 0.225 0.520" —
red meat &

offal

White 0.251 05617 —
meat

Aquatic — 0.668" 0212
products

Eggand  0539' — —
milk

Mush- 0617 — —
rooms

Alcoholic  — 0.609" —
drinks

Oil and salt 0.248 — —
Absolute values<0.2 were excluded for simplicity

tFood groups with factor load >0.50.

Results

Dietary patterns

The dimension reduction method of factor analysis was
used to conduct principal component analysis and the
classification of dietary types. The KMO test statistic
was 0.845, and Bartlett spherical test was p<0.001; it was
suitable for factor analysis. The number of common fac-
tors, i.e., the number of dietary patterns, was determined
according to the criteria of the lithorubble map and
the characteristic root>1. Three dietary patterns were
extracted, the characteristic roots were 2.703, 1.576, and
8.770 respectively, and the variance contribution rates
were 22.52%, 13.12%, and 8.77%, respectively. After the
factor component matrix was rotated by the method of
maximum variance orthogonal rotation, food categories
with a factor load of >0.50 had a strong relationship with
the dietary pattern, and the dietary pattern was named
according to the factor load and food component char-
acteristics. Factor 1 was the traditional Chinese model,
which mainly comprised vegetables, fruits, bean prod-
ucts, nuts, mushrooms, eggs, and milk. Factor 2 was the
Western model, which was characterized by high intake
of red meat, processed meat, offal, white meat, fish, sea-
food, and alcoholic beverages. Factor 3 was the cereal—
potato pattern, and the main components were whole
grains and tubers. The factor load matrix of these dietary
patterns is shown in Table 1.

Characteristics Total, NAFLD o]
n Yes No

Demographic 2664  241(9.0) 2423(91.0)

Age group, n (%) <0.001
30-59years 1302 142(589) 1160(47.9)
60-94years 1362 99(41.1) 1263(52.1)

Sex 0.685
Female 1648 152(63.1)  1496(61.7)

Male 1016 89(36.9) 927(38.3)

Ethnicity, n (%) 2664 0.392

Han 548 46(19.1) 502(20.7)

Yao 1987 187(77.6) 1800(74.3)

Others 129 8(3.3) 121(5.0)

Marital status, n (%) 0.239
Unmarried or divorced 436 33(13.7)  403(16.6)

Married or cohabiting 2228  208(86.3) 2020(83.4)
Educational Level, n (%) 0.553
Incomplete primary or lower 1109 96(39.8)  1013(41.8)
Completed primary or 1555 145(60.2) 1410(58.2)
higher
Physical activity 0.286
Inadequate 665 67(27.8)  598(24.7)

Adequate 1999  174(722) 1825(75.3)
Smoking, n (%) 0.003

No 2177 214(88.8) 1963(81.0)

Yes 487 27(11.2)  460(19.0)

Drinking, n (%)

No 1781 236(97.9) 1545(63.8) <0.001

Yes 883 5(2.1) 878(36.2)
Occupational, n (%) 0415

Farmers 2436 217(90.0) 2219(91.6)

Else 228 24(10.0) 204(8.4)

BMI (kg/mz) 2664  266+3.1 224+32 <0.001

WC, cm 2664  89.1+9.1 772+9.7 <0.001

Overweight/Obese (%) 699 165(68.5) 534(22.0) <0.001

Hypertension, n (%) 1113 127(52.7)  986(40.7) <0.001

Diabetes, n (%) 318 54(224)  264(109) <0.001

Continuous variables are presented as Mean+SD.

*P values for continuous variables (t test) and for categorical variables (chi-
square test).

Participant characteristics

A total of 2664 subjects were included, as follows: 1648
females (mean age: 56.6+11.1 years old) and 1016 males
(mean age: 58.6112.4 years old). A total of 241 patients
with NAFLD were detected with a detection rate of
9.0%. There were significant differences in age, smoking,
alcohol consumption, and overweight/obesity between
NAFLD patients and non-patients (p<0.05). There was
no significant difference in gender, marital status, educa-
tion level, physical activity, and occupation between par-
ticipants with and without NAFLD (p>0.05), as shown in
Table 2.
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The BMI, systolic and diastolic blood pressure, WC,
fasting blood glucose, HbAlc levels, ALT, total choles-
terol, low-density lipoprotein cholesterol, triglycerides,
and uric acid in the NAFLD group were higher than those
in the non-NAFLD group, and the differences were all
statistically significant (p<0.05). No significant difference
was found in AST and total energy intake between par-
ticipants with and without NAFLD (p>0.05). (Table 3)

Dietary pattern and NAFLD
Table 4 showed the demographic characteristics of the
study participants across the quartile categories of the
dietary pattern scores. Participants in the highest quar-
tile of the traditional Chinese dietary pattern were more
likely to be female, non-smokers, and non-drinkers. They
had plenty of physical exercise and a lower prevalence of
hypertension and diabetes. They had lower WHR, SBP,
DBP, FPG, HbA1C, AST, TC, HDL-C, TG, and UA values
than those in the lowest quartile. Compared with the low-
est quartile of the Western pattern dietary pattern, those
participants in the highest quartile were more likely to
be male, younger, smokers, and drinkers. They exhibited
higher BMI, WC, AST, ALT, and UA values. Participants
in the highest quintile of the cereal-potato pattern were
more likely to be older, non-smokers, and non-drinkers
and exhibited significantly higher systolic and diastolic
blood pressure. They had a higher prevalence of hyper-
tension and NAFLD than those in the lowest quartile.
Table 5 showed food and nutrient intakes across quar-
tiles (Q) of the dietary patterns. In the quartile of the tra-
ditional Chinese dietary pattern, there were significant
differences were found in the intake for each of the twelve
food groups, and participants in the top quartile of the
traditional Chinese dietary pattern had a higher intake

Table 3 Comparison of the main phenotypic characteristics
between participants with and without NAFLD

Variables Total, NAFLD p

n Yes No
BMI (kg/mz) 2664  266+3.1 224432 <0.001
WC (cm) 2664  89.1+£9.1 77.2+9.7 <0.001
SBP (mmHg) 2664  1394+249 135+23.9 0.007
DBP (mmHg) 2664  86.5+162 81.8+144 <0.001
FBG (mmol/L) 2664 53+1.7 49+12 0.001
HbA1C (%) 2664  6.2+12 58+08 <0.001
AST (IU/L) 2664  23+83 23482 0.955
ALT (IU/L) 2664  253+124 19.1+94 <0.001
TC (mmol/L) 2664  57+10 55+1.1 0.009
HDL-C (mmol/L) 2664 15+03 1.8+£04 <0.001
LDL-C (mmol/L) 2664  3.7+10 34£10 <0.001
TG (mmol/L) 2664  22+14 1311 <0.001
UA (mmol/L) 2664 354.7+896 3004+92.1 <0.001
Total energy intake 2664  1563.9+883.0 1624348540 0.296
(kcal)

Continuous variables are presented as Mean+SD.
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of energy, protein, fat, carbohydrate, and saturated fatty
acid than those in the lowest quartile. In addition, we did
not find a significant difference in the intake of nuts, egg,
and milk, and mushrooms intake across quartiles of the
Western dietary pattern. Meanwhile, no significant dif-
ference was observed in the intake of refined preserved,
red meat, and offal, mushrooms, and energy across quar-
tiles of this pattern.

Table 6 showed the associations between dietary pat-
terns and the risk of NAFLD. After adjusting for con-
founding factors, such as age, sex, smoking status, waist
circumference, total energy intake, diabetes, and hyper-
tension in Model 1, subjects in the highest quartile of the
Western pattern scores had greater prevalence ratios for
NAFLD (OR=2.799; 95% CI: 1.620-4.837; p<0.05) than
did those in the lowest quartile, whereas those in the
highest quartile of the cereal and potato pattern score
had lower OR for NAFLD (OR=0.581; 95% CI: 0.371—
0.910, p<0.05) than did those in the lowest quartile. In
the BMI-adjusted model 2, the Western model was still
positively associated with NAFLD and the cereal and
potato models were negatively associated with NAFLD.
However, the traditional Chinese dietary patterns showed
no association with the risk of NAFLD.

Discussion

Among the 2664 subjects included in the study, 241
patients with MAFLD were detected, with a detection
rate of 9.0%, which is lower than the prevalence of non-
alcoholic fatty liver disease in the United States aged
18-59 years (41.5% in men and 29.9% in women, respec-
tively)[22]. This may be due to the differences in region,
diet and age. In this study, people over 30 years old,
mainly female and ethnic minorities, were selected.

Diet is an important causative factor for NAFLD and
a manageable risk factor [23]. The treatment of NAFLD
still focuses on dietary and lifestyle interventions, such as
adjusting the healthy dietary structure, losing weight, and
increasing exercise, due to the lack of effective and safe
clinical treatments and drugs for NAFLD. These treat-
ment options are all based on the principle of controlling
total energy and sugar intake and reducing the burden on
liver cells by reducing liver fat accumulation to prevent
and treat NAFLD. The study extracted the data from the
questionnaire through factor analysis. Three main dietary
patterns were constructed: the traditional Chinese, the
Western, and the cereal-potato patterns. Further analysis
showed that food consumption in the “Western” dietary
pattern was associated with an increased risk of NAFLD.
That in the cereal-potato dietary pattern was associated
with a decreased risk of NAFLD. The traditional Chinese
dietary pattern was not associated with NAFLD. These
associations were independent of gender, age, physical
activity, BMI, smoking status, and blood pressure.
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Table 4 Characteristics of the study participants by quartile (Q) categories of dietary pattern scores

Traditional Chinese dietary P Western dietary pattern P Cereal-potato dietary P
pattern pattern
Q1 (n=666) Q4 (n=666) Q1(n=666) Q4 (n=666) Q1(n=666) Q4 (n=666)
Sex(%) 0.001 <.001 0.221
Female 363(54.5) 424(63.7) 545(81.8) 228(34.2) 381(57.2) 403(60.5)
Male 303(45.5) 242(36.3) 121(18.2) 438(65.8) 285(42.8) 263(39.5)
Age,y 62.12+£11.51 5508+£1221 <.001 5944+1245 5738+1202 0002 5685+11.763 5884+£12.101 0.02
Ethnicity,n (%) 0423 0.708 0916
Han 21(17.4) 253(20.9) 26(21.8) 251(20.7) 21(19.1) 251(20.5)
Yao 95(78.5) 886(73.2) 89(74.8) 901(74.3) 84(76.4) 911(74.5)
Others 5(4.1) 72(5.9) 4(34) 61(5.0) 5(4.5) 60(4.9)
Marital status, n (%) <.001 <.001 0.234
Unmarried or divorced 158(23.7) 77(11.6) 134(20.1) 84(12.6) 116(17.4) 100(15)
Married or cohabiting 508(76.3) 589(88.4) 532(79.9) 582(87.4) 550(82.6) 566(85)
Educational Level (n, %) 0.936 0.636 0.636
Incomplete primary or 52(43.0) 525(43.4) 53(44.5) 513(42.3) 53(44.5) 513(42.3)
lower
Completed primary or 69(57.0) 686(56.6) 66(55.5) 700(57.7) 66(55.5) 700(57.7)
higher
Physical activity <.001 0492 0.041
Inadequate 206(30.9) 149(22.4) 179(26.9) 168(25.2) 178(26.7) 146(21.9)
Adequate 460(69.1) 517(77.6) 487(73.1) 498(74.8) 488(73.3) 520(78.1)
Smoking, n (%) <.001 <.001 0.01
No 498(74.8) 557(83.6) 621(93.2) 429(64.4) 521(78.2) 558(83.8)
Yes 168(25.2) 109(16.4) 45(6.8) 237(35.6) 145(21.8) 108(16.2)
Drinking, n (%) <.001 <.001 0.002
No 390(58.6) 462(69.4) 583(87.5) 256(384) 404(60.7) 457(68.6)
Yes 276(41.4) 204(306) 83(12.5) 410(61.6) 262(39.3) 209(31.4)
Occupational, n (%) <.001 <.001 0212
Farmers 630(94.6) 575(86.3) 627(94.1) 580(87.1) 613(92) 600(90.1)
Else 36(5.4) 91(13.7) 39(5.9) 86(12.9) 53(8) 66(9.9)
Overweight/Obese (%) 167(25.1) 184(27.6) 029  176(264) 188(28.2) 0461 177(26.6) 191(28.7) 0391
NAFLD(%) 55(8.3) 66(9.9) 0294 76(11.4) 43(6.5) 0.02  44(6.6) 66(9.9) 0.029
Hypertension (%) 324(48.6) 245(36.8) <.001 295(44.3) 272(40.8) 0.202 242(36.3) 289(43.4) 0.009
Diabetes (%) 113(17.0) 64(9.6) <.001 74(11.0) 94(14.1) 0099 78(11.7) 79(11.9) 0932
BMI (kg/mz) 22.66+3.37 2298+3307 0081 2265+3454 23.04+3373 0036 2273+3419 2295+£3418 0.239
WC (cm) 782141067 78914982 0211 77.84+978 7929+959 0007 7883+1021 785241023 0586
WHR 0.89+£0.08 0.87+0.09 <.001 0.88+0.08 0.88+0.087 0.845 0.88+0.09 0.873£0.08 0.147
SBP (mmHg) 139.8+£24.87 1329442335 <.001 136812364 13444+2468 0074 131.81+£21.39 137.03+£25.05 <.001
DBP (mmHg) 83.52+14.66 8157+£1421 0014 8197+£14.18 8229+1439 069 81.03+1405 8272+1526 0.035
FPG (mmol/L) 517141 4.86+1.29 <.001 499+137 5+135 0877 491132 494+1.25 0.699
HbA1C(%) 592+1.01 5.77+087 0.004 5.85+095 583+084 0.702 5.78+093 5.84+083 0.192
AST (IU/L) 2491+8.85 2235+£7.96 <.001 224+66 2445+10.2 <.001 2325797 2252+6.72 0.073
ALT (IU/L) 20.87+10.88 19.77£10.2 0.059 19.05+8.84 2058+£10.62 0004 19.87£1034 19.69+9.92 0.746
TC (mmol/L) 566+1.15 543+1.06 <.001 55+1.08 559+1.05 0126 551+1.04 553+1.04 0.642
HDL-C (mmol/L) 1.83+£045 1.7+£0.38 <.001 1.75£041 1.79+0.46 014 1.76+043 1.74+041 0.531
LDL-C (mmol/L) 346+1.02 346+0.98 0977 341+0.99 344+0.95 0558 34+098 347+0.98 0.206
TG (mmol/L) 149+1.37 135+£1.02 0.044 137+097 1.5+1.59 0062 141+1.31 14+13 0.888
UA (mmol/L) 319.09£100.56 304.69+£8862 0006 290.03+£88.12 33751+9582 <.001 31285+94.26 30542+£9252 0.147

Note: According to the factor score quartile, from the lowest to the highest, it was Q1, Q2, Q3 and Q4 (Q4 was the most inclined to this type of diet, Q1 was the least
inclined to this type of diet), 666 people in each group

Categorical variables are presented as sum and percentages, and continuous variables are presented as Mean+SD
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Table 5 Food and nutriment intakes across quartiles (Q) of the dietary patterns at baseline in Guangxi Residents
Traditional Chinese dietary P Western dietary pattern P Cereal-potato dietary pattern P
pattern
Q1 (n=666) Q4 (n=666) Q1 (n=666) Q4 (n=666) Q1 (n=666) Q4 (n=666)
Cerealsand  241.53+19636  542.12+381.23 <.001 351.86+30244 456.77+37299 <.001 22538+18538 717.63+£37241 <.001
tubers, g/d
Vegetable, 13734410133 60457+413.74 <.001 281.014+31225 440.79+360.31 <.001 288.57+275.83 483.02+367.41 <.001
g/d
Fresh fruits,  79.6+87.64 53244440173 <.001 18813+£23505 35731439398 <.001 216.33+£251.38 372.13+£386.6 <.001
g/d
bean, g/d 863+11.18 79.23+77.02 <.001 21.15+3435 52.67+66.87 <.001T 29.23+46.62 4744+61.02 <.001
Nuts, g/d 3.15+6.24 3322+4395 <.001 17.34+3648 16.64+26.98 0.693 22.25+40.17 11.04+£16.55 <.001
Marinating,  47+70.08 9447 +95.65 <.001 24.12+2588 133.53+163.53 <.001 83.03+147.01 72.56+81.98 0.109
red meat
and offal,
g/d
White meat, 7.72+18.69 19.11+£28.06 <.001 3.19+4.77 26.98+42.81 <.001 11.48+23.15 16.71+34.79 0.001
g/d
Fish, seafood 13.17+40.16 25.08+31.65 <.001 3.85+595 40.89+53.18 <.001 1292+19.86 29.7+50.94 <.001
and aquatic
products,
g/d
Eggs, milk 2226+27.1 13064+12045 <.001 69.15+£93.03 75.99+92.89 0.18 79.71+£102.21 68.29+72.84 0.019
and yogur,
g/d
Mushrooms/ 1.09+2.08 13.89+£21.29 <.001 589+17.07 597+11.9 0928 575+£15.89 6.34+11.93 0439
fungi, g/d
Alcoholic 88.92+217.49 37+£91.76 <.001 1.85+1065 15095+233.28 <.001 84.26+214.63 35.16+97.24 <.001
Beverages,
g/d
Oiland 34.25+20.97 60.77 £60.66 <.001 37.32+2258 55.18+53.72 <.001 8238+58.18 30.54+17.08 <.001
seasoning,
g/d
Energy,g/d  1124.13+£62439 2400.15+968.16 <.001 119559+£655.89 2332.8+10213 <.001 1926.59+1021.07 184551+£82145 0.111
Protein,g/d  24.62+1567 73.17+35.04 <.001 31.83+234 65.82+39.45 <.001 44.87+34.62 56.01+30.28 <.001
Fat, g/d 46.11£29.75 107.99+66.39 <.001 50.99+33.63 10253+7153  <.001 109.56+71.7 62.68+35.35 <.001
Carbohy- 11946 +5848 284.77+£121.09 <.001 15804+9235 236.64+12295 <.001 16526+93.64 260.8+114.23 <.001
drate, g/d
Saturated 11.31£8.25 26.25+15.19 <.001 11.8+741 2647+19.68 <.001 2542+186 16.25+10.06 <.001
fatty acid,
g/d
Monounsat-  1841+12.49 39.92+27.2 <.001 1941249 39.55+29.59 <.001 4348+29.65 22.58+1341 <.001
urated fatty
acids, g/d
Polyunsatu-  11.27+6.65 27.58+19.97 <001 1443+1061 2307+17.599 <001 2941+19.42 1417+767 <.001
rated fatty
acids, g/d

Data are shown as mean § standard deviation.

In our analysis, the traditional Chinese model was
characterized by a high consumption of vegetables, fruits,
legumes, eggs, milk, and mushrooms. It was not associ-
ated with NAFLD risk. Our results are consistent with
those of Chao-Qun Yang et al. [24] but different from
those of Xiaonan Liu et al. [25]. The report claims that
the traditional Chinese model is associated with NAFLD
risk reduction. The complexity of dietary patterns may
explain the different results from study to study. This type
of dietary pattern contains a large amount of legumes.

On the one hand, legumes can reduce the level of total
cholesterol and are low-energy foods that can improve
lipid metabolism and reduce lipid peroxidation. They are
negatively correlated with the risk of NAFLD [26-28].
On the other hand, due to their low glycemic index (GI),
legumes reduce the rate of glucose absorption in the
intestine, thus reducing the risk of NAFLD [29]. In addi-
tion, vegetables and fruits in this dietary pattern are rich
in dietary fiber. High intake of dietary fiber is significantly
negatively correlated with insulin resistance in the body,
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Table 6 Multivariable models adjusted for non-alcohol fatty liver
disease across the quartile (Q) categories of the dietary patterns

Model 12 p Model 2 ® p
OR (95% ClI) OR (95% Cl)
Traditional 0.172 0.207
Chinese
Q1 1 (reference) 1 (reference)
Q2 0.762(0.497-1.167) 1.345(0.879-2.06)
Q3 1.233(0.769-1.977) 1.023(0.686-1.525)
Q4 0.947(0.554-1.62) 1.438(0.942-2.197)
Western 0.002 0.001
Q1 1 (reference) 0.434(0.28-0.674)
Q2 1.248(0.843-1.847) 0.488(0.313-0.76)
Q3 1.773(1.143-2.751) 0.667(0.419-1.06)
Q4 2.799(1.620-4.837) 0.79(0.51-1.25)
Cereal-potato 0.028 0.1
Q1 1 (reference) 1 (reference)
Q2 0.626(0.398-0.985) 1.598(1.034-2.469)
Q3 0.515(0.327-0.809) 1.053(0.696-1.593)
Q4 0.581(0.371-0.910) 0.963(0.64-1.45)

2 Adjusted for age, sex, smoking status, waist circumference, total energy
intake, diabetes, and hypertension

b Additionally adjusted for BMI

increasing the synthesis of fatty acids in the body and
hindering the synthesis of very low density lipoprotein.
The output of triglycerides in the liver is reduced, and vis-
ceral and liver fats accumulate. A large number of studies
have proved that insulin resistance is an important risk
factor for NAFLD [30, 31]. The protective effect of veg-
etable foods on NAFLD can be mediated by the effect of
beneficial ingredients on inflammatory markers (such as
C-reactive protein and tumor necrosis factor a) [32, 33]
due to the large amount of anti-inflammatory substances,
such as vitamin C, vitamin E, and folic acid. These anti-
oxidants can reduce the level of oxidative stress in the
body and thus prevent the occurrence and development
of NAFLD [34-36]. Fruit is rich in fructose. Excessive
fructose can stimulate fat generation and inhibit mito-
chondrial fatty acid oxidation. High fructose intake will
also increase the level of inflammation in the body [37],
further elevating the level of oxidative stress in the body,
leading to liver fibrosis, and increasing the risk of NAFLD
[38-40].

Western dietary patterns were positively correlated
with the risk of NAFLD, and our findings were consistent
with current research results [25]. Western dietary pat-
terns are characterized by high intake of red meat, pro-
cessed meat, offal, white meat, fish, seafood, and alcoholic
beverages. The intake of these foods may cause excess
energy, which accumulates in the liver in the form of free
fatty acids and promotes the synthesis of triacylglycerol.
When the amount of excess triacylglycerol exceeds the
transport capacity of the liver, it will gradually accumu-
late [41], which is the basic condition for the occurrence
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of fatty liver [42]. This phenomenon also increases the
risk of obesity. In addition, excessive intake of red meat
can increase the intake of saturated fatty acids and iron,
which can reduce the oxidation of lipids and increase
the synthesis of lipids and the accumulation of lipids in
the liver. It can also promote insulin secretion to a cer-
tain extent, whereas maintaining a high level of insulin in
the body for a long time can lead to B-cytotoxicity and
functional failure, resulting in reduced insulin sensitivity
and inducing insulin resistance [43—45]. Iron increases
the level of oxidative stress in the body, thus increasing
the risk of NAFLD [46]. Therefore, reducing the dietary
intake of saturated fatty acids is an important measure
for dietary prevention and treatment of NAFLD [47].

The cereal-potato dietary pattern is characterized by
a high intake of whole grains and potatoes, among oth-
ers. The cereal-potato dietary pattern was associated
with a reduced risk of NAFLD (OR=0.581, p<0.05).
First, high intake of whole grains promotes fat reduc-
tion [48, 49] and reduces the likelihood of obesity, which
has been confirmed to be an important risk factor in
NAFLD development [50]. Second, high intake of whole
grains reduces oxidative stress and inflammatory markers
[51], resulting in a decrease in liver enzymes and steato-
sis, thereby reducing the risk of NAFLD [52, 53]. Finally,
whole grain foods are a good source of micronutrients
such as copper, and NAFLD patients show a decrease in
hepatic copper concentration, which has a positive effect
on the reduction of the risk of NAFLD development.

The study has several limitations. First, meal frequency
status was obtained from self-reports of survey respon-
dents, making the data subject to some recall bias. Sec-
ond, although as many factors as possible were corrected
in the study, it may still be necessary to exclude the
effects of other confounding factors. Third, this study is
a cross-sectional survey study, but it is still not possible
to determine causality based on our results. A large-scale,
long-term longitudinal study may still be needed.

There are several strengths and limitations in this study.
First, the residents were mostly from ethnic minorities in
Gongcheng Yao Autonomous County, Guangxi, and the
area has been the “hometown of longevity in China,” to
the best of our knowledge, this was the first study inves-
tigating the relationships between different dietary pat-
terns and the risk of NAFLD in this area. Second, the use
of a validated semi-quantitative FFQ by a face-to-face
interview ensured that the data we collected were accu-
rate. Furthermore, for reliability, we had adjusted for
potential known confounders in our analyses. However,
there were several possible limitations. First, the lack of
biomarker information on fibrosis (e.g., FIB-4 or NALFD
fibrosis score) prevented us from assessing whether
dietary patterns could affect fibrosis and from predicting
patients’ long-term prognosis. Second, the present study
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was a cross-sectional study and could not determine
the causal relationship between dietary patterns and the
onset of NAFLD.

Conclusion

The current study suggests that the Western dietary pat-
tern is associated with increased risk of NAFLD, whereas
the cereal-potato dietary pattern is associated with
decreased risk of NAFLD. It is suggested that patients
with NAFLD or those at high risk for its development
should pay attention to controlling the intake of meat
and sugary foods, increasing the intake of whole grain
foods to improve the dietary structure and reduce the
risk of NAFLD. Our findings may provide a reference for
the preventive control of NAFLD. However, more stud-
ies examining longitudinal changes in NAFLD associated
with dietary patterns specific are needed to clarify and
build on the associations observed in the current study.
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