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Abstract

Objectives: Vegetarian diets have been shown to improve insulin resistance and reduce
body weight, but the effects on nonalcoholic fatty liver require further confirmation.
We aim to investigate the association between vegetarian diets, major food groups, and
nonalcoholic fatty liver, and to compare the degree of liver fibrosis between vegetarians
and nonvegetarians in those with fatty liver. Materials and Methods: We analyzed
cross‑sectional data from the Tzu Chi Health Study which included 2127 nonvegetarians
and 1273 vegetarians who did not smoke or habitually drink alcohol and had no hepatitis
B or hepatitis C. Fatty liver and liver fibrosis were determined using ultrasonography and
the nonalcoholic fatty liver disease fibrosis score, respectively. Diet was assessed through
a validated food frequency questionnaire. Results: Vegetarian diets were associated with
lower odds of fatty liver (odds ratio = 0.79, 95% confidence interval: 0.68–0.91) after
adjusting for age, gender, education, history of smoking and alcohol drinking. Adjustment
for body mass index (BMI) attenuated the protective association. Vegetarians had less
severe fibrosis than nonvegetarians. Replacing a serving of soy with a serving of meat
or fish was associated with 12%–13% increased risk, and replacing a serving of whole
grains with a serving of refined grains, fruits, and fruit juice was associated with 3%–12%
increased the risk of fatty liver. Conclusion: Vegetarian diets, replacing meat and fish with
soy, and replacing refined carbohydrates with whole grains, may be inversely associated
with nonalcoholic fatty liver related to BMI.
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Introduction

N

onalcoholic fatty liver disease (NAFLD) is emerging as a
global epidemic and is the most common form of chronic
liver disease worldwide, affecting of 20%–30% of the global
population [1,2]. It increases hepatic glucose production, exacerbates insulin resistance, and plays a mechanistic role in the
pathophysiology of diabetes, cirrhosis, and liver cancer [3,4].
NAFLD may range from simple steatosis, nonalcoholic steatohepatitis (NASH), and fibrosis to cirrhosis [5]. Compared
with simple steatosis, those with inflammation and NASH are
at higher risk of progressing to fibrosis and advanced hepatic
diseases [6].
Although NAFLD is major public health problem, there are
currently no approved medications or procedures for treatment.
As NAFLD is highly associated with metabolic syndrome and
obesity [7], diet and physical activity to promote weight loss
are the standard treatment for NAFLD, but the optimal diet to
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prevent and reverse NAFLD has yet to be determined [3,8].
Insulin resistance and oxidative stress are major contributors in
NAFLD progression [9], and thus may be key targets (besides
caloric reduction) in dietary considerations. Vegetarian diets
have been shown to improve insulin resistance [10] and reduce
body weight [11,12] more effectively than nonvegetarian therapeutic diets. Moreover, plant foods are the main sources of
antioxidants [13] and anti‑inflammatory phytochemicals [14],
which may ameliorate NAFLD [15].
In this cross‑sectional study, we aim to (1) study the association between vegetarian diets and nonalcoholic fatty liver, (2)
examine the relationship between specific dietary components
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and fatty liver, and (3) compare the degree of liver fibrosis
between vegetarians and nonvegetarians in those with fatty
liver. We hypothesize that vegetarian diets are associated with
reduced risks for nonalcoholic fatty liver and fibrosis.

Materials and Methods
Study population

A total of 4625 Tzu Chi volunteers (18–87 years old) were
recruited in the Tzu Chi Health Study from 2007 to 2009. Tzu
Chi volunteers are devoted Buddhists who abstain from alcohol
and tobacco, and about one‑third of these volunteers were
vegetarians. All participants received a comprehensive health
examination at Dalin Tzu Chi General Hospital, including
anthropometrics, blood chemistry, and abdominal sonography.
The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board at
Dalin Tzu Chi Hospital. All participants gave written informed
consent before enrollment.
Questionnaire interview and dietary assessment

Trained research assistants interviewed each participant
on personal data, family history of diseases, personal medical
history and use of medication, diet, and lifestyle. Their detailed
diet was assessed through a 64‑item quantitative food frequency questionnaire (FFQ) that had been validated with a
subpopulation of the cohort and showed good validity for
energy and major nutrients compared with diet records and
biomarkers [16]. The correlations (from the same validation
study) between the FFQ and diet records were 0.41, 0.46, 0.55,
0.47, 0.39, 0.47, 0.30, and 0.68 for soy, meat, fish, eggs, dairy,
vegetables, fruits, and grains, respectively. Vegetarians were
defined as those who completely avoided meat, fish, and all
animal flesh as determined in the FFQ interview. Each serving
of a protein‑rich food – soy, meat, fish, eggs, and dairy – was
defined as 7 g of protein. Each serving of a carbohydrate‑rich
food – whole grains, refined grains, fruit, and fruit juice – was
defined as 15 g of carbohydrates.
Assessment of cardiometabolic covariates and blood
chemistry

Height and weight were measured using a digital scale.
Body mass index (BMI) was calculated by dividing the
weight (kg) by the square of the height (m2). Waist circumference (WC) was measured at the navel with participants
standing in an upright position. Fasting glucose, total
cholesterol, high‑density lipoprotein (HDL) cholesterol, triglycerides (TG), albumin, gamma‑glutamyl transpeptidase (GGT),
aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were measured using the INTEGRA
800 system (Roche Diagnostics, Indianapolis, IN, USA);
platelets were measured using an automated hematology
system (Sysmex, Chuo‑ku, Kobe, Japan); hepatitis B virus
surface antigen and hepatitis C virus antibody were assessed
using the Johnson and Johnson Vitro Eci System (Ortho
Clinical Diagnostics, Raritan, NJ, USA); all biochemical tests
were performed by the hospital laboratory. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured
using the VP 1000 System (Colin Co, Ltd, Komaki, Japan).
Metabolic syndrome was defined by meeting at least three of

the risk criteria in the third report of the National Cholesterol
Education Program, Adult Treatment Panel III [17]: fasting
glucose ≥100 mg/dL or on hypoglycemic medication,
SBP ≥130 mmHg or DBP ≥85 mmHg or on antihypertensive medication, HDL <40 mg/dL for men or <50 mg/dL for
women, TG ≥150 mg/dL, WC ≥90 cm for men or ≥80 cm for
women (Taiwanese criteria). The presence of diabetes mellitus was determined through a questionnaire interview and
fasting blood glucose; details were reported in a previous
publication [18].
Assessment of fatty liver and liver fibrosis

Fatty liver was evaluated by abdominal sonography performed by hospital gastroenterologists, who compared the liver
echogenicity with that of the cortex of the kidney [19]. The
NAFLD fibrosis score was calculated according to the following formula [20].
−1.675 + 0.037 × age + 0.094 × BMI + 1.13 × impair
ed fasting glucose or diabetes (yes = 1, no = 0) +0.99×
(AST/ALT) –0.013 × platelet count (109/L) –0.66
albumin (g/dL)
A NAFLD fibrosis score <−1.455 is considered to be no
fibrosis to fibrosis stage 2 (low‑fibrosis score); −1.455–0.676 is
considered indeterminate fibrosis, while a score >0.676 is considered advanced fibrosis (stage 3 and 4). These cutoff points
were shown to have high accuracy in determining stages of
liver fibrosis when validated with liver biopsy [20].
Participant exclusion and statistical analysis

To eliminate cases of fatty liver caused by alcohol, smoking,
or other medical conditions and medications, participants were
excluded from the analysis if they reported current drinking of
alcohol (n = 169) or current smoking (n = 79), having positive
hepatitis B virus surface antigen or a reported history of hepatitis B (n = 818), having positive hepatitis C virus antibody
or a reported history of hepatitis C (n = 233), or a reported
history of cancer (n = 172). This left a total of 3400 participants in the final analysis. For the analyses of food groups
or food substitution, we attempted to improve our estimates
of the food – disease association and minimize errors associated with the FFQ by excluding 121 participants (n = 3279
included) with implausible caloric intake (men: energy
intake <800 kcal or >4000 kcal and women: energy intake <500
kcal or >3500 kcal) as assessed by the FFQ.
The independent sample t‑test (for continuous variables)
and the Chi‑square test (for categorical variables) were used to
compare personal and selected health characteristics between
vegetarians and nonvegetarians. TG, GGT, ALT, and AST were
loge transformed to improve normality before performing the
t‑test. Logistic regression analysis was used to study the association between (1) fatty liver and vegetarian diet, (2) fatty liver
and major food groups, and (3) fatty liver and food substitution. We examined these associations in two models, model 1
adjusted for age, gender, education, history of smoking, history
of alcohol drinking, and model 2 additionally adjusted for
BMI, as these factors differ between vegetarians and nonvegetarians and were associated with nonalcoholic fatty liver in
our study, and could potentially confound our analysis. Leisure
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time physical activities were not included in the final analysis
as they made no difference in the results. For food groups and
food substitution analyses, total energy intake and vegetarian
dietary patterns were also adjusted. For the association between
vegetarian diet and fatty liver, we also conducted subgroup
analyses by gender, diabetes status, history of alcohol drinking
and smoking, BMI, and metabolic syndrome status. In addition,
we conducted sensitivity analyses among those with hepatitis B
and hepatitis C (who were excluded from our main analyses).

proportion of participants with fatty liver (52% vs. 59%), and
had received less education. Vegetarians had lower levels of
liver enzymes (GGT, ALT, and AST), glucose, WC, and all
types of cholesterol, lower blood pressure values, and a lower
prevalence of diabetes while there was no significant difference in TG and metabolic syndrome. Although vegetarians
had lower HDL levels, their total to HDL cholesterol ratio was
actually lower than the nonvegetarians.

We estimated the effect of substitution of one food for
another in our substitution analysis (using logistic regression) [21,22], in which one of the foods and the sum of both
foods were included as independent, continuous variables in the
model, while adjusting for potential confounders (age, gender,
education, history of smoking, history of alcohol drinking,
energy, and vegetarian diet as covariates):

Association between vegetarian diet and fatty liver

Logit (P) = β0+ β1 × meat +β2× (soy + meat) +

∑α z
i

i i

Where P is the probability for a person to have fatty liver z,
zi is covariate.
In the above model, β1 is interpreted as the risk associated
with increasing one serving of meat while the total amount
of meat and soy is held constant. When the total amount of
soy and meat is held constant, an increase in one serving of
meat implies a simultaneous decrease in one serving of soy.
Therefore, β1 may be interpreted as the effect of substituting a serving of meat (7 g protein equivalent) for a serving of
soy (7 g protein equivalent) on loge (P/(1– P)). This substitution model has been described in more detail previously [21]
and was applied to all of our substitution analyses. All analyses
were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA).

Results
Personal and health characteristics

Table 1 compares the personal and health characteristics
of nonvegetarians and vegetarians. The vegetarian group was
older and less likely to have a history of smoking or alcohol
drinking, had a higher proportion of women, and a lower

a

Among the 3400 participants, 1911 were found to have
fatty liver on ultrasound. Logistic regression analysis of the
association between vegetarian diets and fatty liver is shown
in Table 2. Vegetarian diets were associated with a lower risk
of fatty liver (odds ratio [OR] = 0.79, 95% confidence interval [CI]: 0.68, 0.91) in model 1 (adjusted for age, gender,
education, history of smoking, and history of alcohol drinking).
This protective association attenuated after further adjustment
for BMI in model 2. Similar trends were observed in subgroup
analyses by gender, history of drinking or smoking, and presence of diabetes or metabolic syndrome. Stratification by BMI
also fully accounted for the protective association of vegetarian
diets (for BMI <24 kg/m2: OR = 0.91, 95% CI = 0.75, 1.11;
for BMI ≥24 kg/m2: OR = 1.10, 95% CI = 0.83, 1.45). In our
sensitivity analysis, vegetarian diets were inversely associated
with fatty liver (when BMI was not adjusted) among those
with hepatitis B (n = 718; model 1: OR = 0.68, 95% CI = 0.49,
0.91; model 2: OR = 0.86, 95% CI = 0.61, 1.23) but not those
with hepatitis C (n = 203; model 1: OR = 1.08, 95% CI = 0.59,
1.99; model 2: OR = 1.21, 95% CI = 0.63, 2.32).
Comparison of nonalcoholic fatty liver disease fibrosis
scores between vegetarians and nonvegetarians

Among the 1911 participants with fatty liver, only one
vegetarian and fourteen nonvegetarians had NAFLD fibrosis
scores >0.676 (advanced fibrosis). Vegetarians had a lower
mean score than nonvegetarians (−4.168 vs. −3.914) and were
less likely to have advanced fibrosis [Figure 1].

b

Figure 1: Comparison of nonalcoholic fatty liver disease fibrosis scores between nonvegetarians and vegetarians in 1911 participants with nonalcoholic fatty liver.
(a) Proportion of participants at different stages according to liver fibrosis scores. Low-fibrosis score: <−1.455, indeterminate fibrosis: −1.455–0.676, advanced fibrosis:
>0.676. (b) Nonalcoholic fatty liver disease fibrosis scores for nonvegetarians and vegetarians (mean and 95% confidence interval) (b)
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Table 1: Comparison of personal and health characteristics of vegetarians and nonvegetarians
Nonvegetarians (n=2127)
Mean or percentage
54
23.9
78.4
115
28
24
25
95
127
75
198
55
130
3.86
59
19
21
26
20
24
44

SD
10
3.2
8.9
75
24
11
17
20
17
11
36
15
33
1.18

Vegetarians (n=1273)
Mean or percentage
55
22.9
75.4
116
21
23
20
93
126
73
184
53
119
3.67
78
17
21
37
16
16
41

P
SD
9
3.0
8.2
75
17
7
11
16
17
10
33
14
29
1.09

Age (years)
<0.001
BMI (kg/m2)
<0.001
WC (cm)
<0.001
TG (mg/dL)
0.57*
GGT (units/L)
<0.001*
AST (units/L)
<0.001*
ALT (units/L)
<0.001*
Fasting glucose (mg/dL)
<0.001
SBP (mmHg)
0.006
DBP (mmHg)
<0.001
Total cholesterol (mg/dL)
<0.001
HDL (mg/dL)
<0.001
LDL (mg/dL)
<0.001
Total to HDL cholesterol ratio
<0.001
Female (%)
<0.001
MS (%)
0.15
Elevated TG (%)
0.89
Low HDL (%)
<0.001
High WC (%)
0.003
High fasting glucose (%)
<0.001
Elevated BP (%)
0.07
Education (%)
Elementary
23
29
<0.001
Secondary
52
50
College
25
20
LTPA (%)
<30 min
33
37
0.021
30‑180 min
33
33
>180 min
34
30
Diabetes† (%)
8
4
<0.001
Smoking (%)
Past
15
7
<0.001
Never
85
93
Alcohol drinking habit (%)
Past
11
7
0.001
Never
89
93
Fatty liver (%)
59
52
<0.001
*P‑value calculated based on loge transformed values. †Data available for 2119 nonvegetarians and all vegetarians (8 nonvegetarians with glucose
>126 mg/dL but no other data to confirm diabetes status were omitted). Elevated TG: ≥150 mg/dL, Low HDL: <40 mg/dL for men and <50 mg/dL for
women, High WC: ≥90 cm for men and ≥80 cm for women, Elevated fasting glucose: ≥100 mg/dL, Elevated BPs: SBP ≥130 mmHg or DBP ≥85 mmHg
or on antihypertensive medication. BMI: Body mass index, WC: Waist circumference, TG: Triglycerides, GGT: Gamma‑glutamyl transferase, ALT:
Alanine aminotransferase, AST: Aspartate aminotransferase, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HDL: High‑density lipoprotein
cholesterol, LDL: Low‑density lipoprotein cholesterol, MS: Metabolic syndrome as defined by ATP III criteria, LTPA: Leisure time physical activities,
BPs: Blood pressures, ATP: Adult Treatment Panel, SD: Standard deviation

Association between food groups and fatty liver

The association between food groups and fatty liver in
isocaloric conditions is presented in Table 3. Fatty liver was
associated with a higher intake of meat (OR = 1.09, 95%
CI = 1.01, 1.18), fish (OR = 1.09, 95% CI = 1.00, 1.20), and
fruits/fruit juice (OR = 1.07, 95% CI = 1.01, 1.13). Other
animal protein foods such as dairy and eggs were associated
with nonsignificant increases in risk. Whole grains appeared
to be protective (OR = 0.96, 95% CI = 0.94, 0.98), while
soy was associated with a nonsignificant protection, although
the magnitude of protection was comparable to whole grains.
Substituting meat or fish for soy and substituting refined grains

or fruits/fruit juice for whole grains were associated with
increased risk of fatty liver [Figure 2].

Discussion
We found that vegetarian diets were protectively associated with fatty liver likely due to lower BMI, as adjustment
for BMI attenuated the association. This finding was consistent across gender, history of smoking and alcohol drinking,
and status of diabetes, metabolic syndrome or hepatitis B.
Substituting soy for meat or fish, or substituting whole grains
for refined carbohydrates may be protective, independent of
the vegetarian dietary pattern. In addition, we found that the
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Table 2: Risk of nonalcoholic fatty liver in vegetarians versus
nonvegetarians

OR (95% CI)
Model 1
Model 2
0.79 (0.68‑0.91)
1.05 (0.89‑1.25)

All
Subgroup analyses
Men
0.74 (0.56‑0.97)
0.97 (0.70‑1.35)
Women
0.80 (0.67‑0.95)
1.08 (0.89‑1.31)
No diabetes
0.82 (0.71‑0.95)
1.08 (0.91‑1.28)
With diabetes
0.61 (0.29‑1.31)
1.10 (0.48‑2.65)
Never alcohol drinkers
0.78 (0.67‑0.91)
1.05 (0.88‑1.26)
Past alcohol drinkers
0.83 (0.49‑1.39)
1.04 (0.57‑1.90)
Never smokers
0.78 (0.67‑0.91)
1.04 (0.87‑1.24)
Past smokers
0.78 (0.48‑1.28)
1.16 (0.62‑2.16)
BMI <24
0.91 (0.75‑1.11)
0.98 (0.80‑1.21)
BMI ≥4
1.10 (0.83‑1.45)
1.20 (0.90‑1.59)
No MS
0.81 (0.69‑0.95)
0.98 (0.82‑1.18)
With MS
0.77 (0.47‑1.26)
1.32 (0.77‑2.29)
Model 1: Adjusted for age; gender; education; history of smoking, history of
alcohol drinking; and history of smoking, Model 2: Additional adjustment
for BMI. OR: Odds ratio, CI: Confidence interval, BMI: Body mass index,
MS: Metabolic syndrome defined by ATP III criteria, ATP: Adult Treatment
Panel

Table 3: Association between selected food groups and
nonalcoholic fatty liver
OR (95% CI)

Model 1
Model 2
Meat
1.09 (1.01‑1.18)
1.04 (0.95‑1.14)
Fish
1.09 (1.00‑1.20)
1.01 (0.91‑1.12)
Dairy
1.07 (0.98‑1.18)
1.02 (0.92‑1.14)
Eggs
1.05 (0.90‑1.23)
0.99 (0.82‑1.19)
Soy
0.96 (0.91‑1.03)
0.95 (0.88‑1.02)
Whole grains
0.96 (0.94‑0.98)
0.99 (0.96‑1.01)
Refined grains
1.00 (0.98‑1.02)
1.01 (0.99‑1.03)
Vegetables
1.01 (0.99‑1.04)
1.01 (0.98‑1.04)
Fruits/fruit juice
1.07 (1.01‑1.13)
1.02 (0.96‑1.08)
A total of 121 participants with extreme energy intake were excluded (men:
Energy intake <800 kcal or >4000 kcal, Women: Energy intake <500 kcal
or >3500 kcal). Model 1: Adjusted for age; gender; education; history of
smoking; history of alcohol drinking; total energy intake; and vegetarian diet,
Model 2: Additional adjustment for BMI. OR: Odds ratio, CI: Confidence
interval, BMI: Body mass index

prevalence of fatty liver was very high (>80%) in participants
with diabetes, metabolic syndrome, elevated TG, or high WC.
Vegetarians tended to have lower NAFLD fibrosis scores than
nonvegetarians.
Vegetarian diet and body mass index

The protective association before BMI adjustment found in
our study is consistent with a previous study in India where
a nonvegetarian pattern was associated with nonalcoholic fatty
liver [23]. BMI appeared to be an important mediator for the
protective association between a vegetarian diets and fatty
liver in our study. Controlling for BMI attenuated the protective association in both our study (through model adjustment
and stratification) and in Choi et al.’s study (through matching
for BMI and metabolic syndrome in the research design) [24].
Meta‑analyses of randomized controlled trials showed that
106

Substitute fish for soy

Substitute meat for soy

Substitute refined grains for whole grains
Substitute fruits / fruit juice for whole
grains
1.00

1.10

1.20

1.30

Odds Ratio (95% CI)

Figure 2: Odds ratios and 95% confidence intervals for food substitution associated
with nonalcoholic fatty liver. A total of 121 participants with extreme energy
intake (men: energy intake <800 kcal or >4000 kcal and women: energy intake
<500 kcal or >3500 kcal) were excluded. The model was adjusted for age, gender,
education, history of smoking, history of alcohol drinking, total energy intake,
and vegetarian diet

vegetarian diets tend to reduce BMI [11,12]. Plant‑based foods
such as whole grains, fruits, vegetables, and nuts are rich in
fiber, and were found to have 10%–20% lower metabolizable
energy than that calculated from the Atwater factors typically
used in food composition tables [25‑27]. The lower metabolizable (bioavailable) energy may therefore contribute to the
lower BMI in vegetarians.
Vegetarian diet and severity of fatty liver

Our results also indicate that vegetarian diets may be associated with less significant liver fibrosis, suggesting lower
severity of NAFLD. Vegetarian diets have consistently been
shown to reduce cholesterol levels [28], and cholesterol crystal
formation in liver fat droplets may drive the progression of
simple steatosis to NASH [29]. In addition, oxidative stress,
insulin resistance, and inflammation are important determinants
of NAFLD progression [9]. Iron from plant‑based foods is less
bioavailable than from meat [30], and vegetarians tend to have
lower iron stores than nonvegetarians [31]. Iron may increase
oxidative stress and insulin resistance [32,33], and iron overload may augment the risk of NASH [34]. On the other hand,
polyphenols from plant‑based foods may reduce oxidative
stress, inflammation, and insulin resistance, thereby reducing
NAFLD progression [15,35]. The lower NAFLD fibrosis score
in vegetarians found in our study may imply future reduction
in mortality, particularly cardiovascular mortality [36].
Fatty liver and different protein‑rich foods

Typical Taiwanese dietary patterns are centered on rice,
with many side dishes of stewed or stir‑fried vegetables, fish,
and meat. Vegetarians usually have a similar pattern, except
they replace meat and fish with soy. Our substitution analysis showed that replacing a serving of soy with a serving of
meat or fish is associated with an increased risk of fatty liver.
Meat consumption was associated with NAFLD independent of
BMI in an Israeli population [37]. A dietary pattern characterized by animal foods was also associated with NAFLD in a
middle‑aged Chinese population [38]. Meat and other animal
foods are major sources of cholesterol and saturated fat, which
may contribute to hepatic lipotoxicity [39,40]. A 7‑week clinical trial found that overfeeding saturated fat compared with
polyunsaturated fat causes fat accumulation in the liver [41].
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Dietary fat and cholesterol have also been shown to interact
synergistically to induce NASH [42]. On the other hand, soy
may reduce hepatic lipogenesis and isoflavone from soy may
enhance hepatic fat oxidation [43].
Fatty liver and different types of grains

Randomized controlled trials have demonstrated that
diets low in carbohydrates reduce liver fat more effectively
than high carbohydrate diets [44,45]. However, these trials
were not designed to distinguish between types of carbohydrates. While refined grains were associated with NAFLD,
whole grains may be associated with a lower likelihood
of NASH, possibly mediated through lowering of abdominal obesity and inflammation [46]. Whole grains are rich
in fiber, which stimulates gut microbiota production of
short chain fatty acids such as butyrates, thereby lowering inflammation and hepatic lipid synthesis [47‑49]. The
inverse association between whole grains and fatty liver in
our study further suggests that whole grains may be protective and should be used instead of refined grains as part of
a healthy diet.
Fatty liver and fruits and fruit juice

gain, possibly even before the onset of metabolic syndrome,
TG elevation, and diabetes.
Study limitations

One limitation of the current study is that the cross‑sectional design does not allow elucidation of causal relationship.
Another limitation is that the use of ultrasonography to determine the presence of fatty liver is subjective, and cannot
distinguish simple steatosis and NASH and fibrosis. Although
ultrasonography is not perfect, a meta‑analysis concluded
that it has good reliability and accuracy for detecting moderate to severe fatty liver, compared with a biopsy [58], which
is invasive and impractical, if not unethical, in epidemiological
settings. Future follow‑up to ascertain the incidence and progression of the liver condition is needed to more definitively
understand the impact of a vegetarian diet and its components
on NAFLD. By limiting our study participants to a specific
religious group, we could potentially reduce confounding
effects associated with religion‑related psychological and lifestyle factors, and thereby strengthen internal validity. The
generalizability of our results requires further confirmation in
other populations.

The positive association between fruits/fruit juice and fatty
liver in our study is inconsistent with another cross‑sectional
study in Hong Kong, which showed an inverse association
between fruits and NAFLD [50]. The effect of fruits on related
metabolic diseases, such as diabetes, has also been inconsistent
and inconclusive [51‑54]. One limitation of our study is that
fruits and fruit juices were combined into the same FFQ item,
and this hampered our ability to separate the effect of fruits
from fruit juice. Fruits and fruit juice are rich in fructose, and
excess fructose may stimulate lipogenesis and suppress mitochondrial fatty acid oxidation [55]. However, clinical trials
examining the effect of fructose on fatty liver tended to be confounded by excess energy intake, and researchers were unable
to make conclusions on the isocaloric effect of fructose [56].
To make sound recommendations on fruits for fatty liver prevention and management, more studies are needed to (1)
distinguish the lipogenic effects between different fruits and
fruit juices, and (2) find the threshold for fructose tolerance for
individuals at risk of fatty liver. This is especially important
given that fruits are essential to a healthy diet, and contain beneficial anti‑inflammatory and antioxidative polyphenols [14],
which may be essential in reducing inflammation and oxidative
stress in individuals with NAFLD.

Conclusion

Fatty liver in Asians
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A vegetarian diet was inversely associated with fatty liver
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