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Background and Objectives: To study the effects of a low-carbohydrate and high-fiber diet and education on
patients with nonalcoholic fatty liver disease. Methods and Study Design: We randomly divided 44 patients
with nonalcoholic fatty liver disease into two groups: low-carbohydrate and high-fiber diet and education (inter-
vention group), and education alone (control group). Liver and kidney function, fasting plasma glucose, insulin
resistance index, body composition, and controlled attenuation parameter were detected before and after the in-
tervention. Results: After 2 months, the body fat, body weight, abdominal circumference, and visceral fat area,
fasting plasma glucose, insulin resistance index, and levels of serum alanine aminotransferase, aspartate transam-
inase, uric acid, and insulin of the intervention group were significantly lower than before (p<0.05). In the female
intervention group, the insulin resistance index and levels of serum alanine aminotransferase, uric acid, triglycer-
ide, fasting plasma glucose, and C-peptide were lower and the level of serum high-density lipoprotein cholesterol
was higher than in the female control group (p<0.05). In the male intervention group, the levels of serum alanine
aminotransferase, triglyceride, and fasting plasma glucose were lower and the level of serum high-density lipo-
protein cholesterol was higher compared with the male control group (p<0.05). Conclusions: A low-carbohydrate
and high-fiber diet and education can effectively reduce the body weight and body fat of patients with nonalco-
holic fatty liver disease and improve metabolic indicators such as liver enzymes, blood glucose, blood lipid, and
uric acid. Our female patients showed significantly better improvement in the indicators than our male patients.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is becoming a
global public health problem.!:? The prevalence of
NAFLD in European and American countries currently
ranges from 24% to 42%, whereas its prevalence in Asian
countries ranges from 5% to 40%. Moreover, a trend is
occurring in which the disease is developing at younger
ages.>”® The prevalence of NAFLD in adults was reported
to reach 15% in Shanghai, Hong Kong, and other devel-
oped areas of China.® NAFLD is now considered the he-
patic manifestation of metabolic syndrome, which is
closely associated with dyslipidemia, obesity, insulin re-
sistance, and hypertension.” However, consensus remains
lacking regarding the appropriate medication for NAFLD.
Several studies have revealed that personal behavior
guidance including that related to changes in living habits,
appropriate and regular physical exercise, and weight loss
is beneficial to the alleviation of insulin resistance, there-
by achieving the goals of treating metabolic syndrome
and resolving NAFLD.” However, dietary recommenda-
tions for patients with NAFLD vary. According to the
recommendations of the American Diabetes Associa-

tion, reductions in energy, carbohydrate, and fat intake
may be beneficial to resolving NAFLD. In addition to the
intake amount, the quality or type of carbohydrates and
lipids may also affect the development of NAFLD.? This
paper discusses the possible effects of health education
and a low-carbohydrate and high-fiber diet on clinical
metabolic indicators, inflammatory status, and hepatic fat
deposition in patients with NAFLD based on the low-
carbohydrate dietary pattern.

METHODS

Reagents and apparatus

Nutrition bars, mixed protein drinks (each unit contained
net cap 2 g, which had energy of 80 kcal), and dietary
fiber (200 g/can) were purchased from Nutriease Health
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Technology Co. Ltd. (Zhejiang, China). We used the
Mindray BC-6900 automatic hematology analyzer; Cobas
8000 automatic biochemical analyzer; MAGLUMI 4000
automated chemiluminescence immunoassay analyzer;
Inbody 230 body composition analyzer (Inbody 720 mod-
el); human interleukin-1f kit, human interleukin-6 kit,
and human interleukin-10 kit; and a quantitative tester of
liver steatosis, the FibroScan 502 (M probe: 3.5 MHz).

Study subjects

Forty-four patients with NAFLD who were admitted to
and examined at the clinic of Huadong Hospital affiliated
to Fudan University between October 2015 and May
2017 were enrolled. We used the following inclusion cri-
teria: having NAFLD and meeting the diagnostic criteria
in the Guidelines for Diagnosis and Treatment of Nonal-
coholic Fatty Liver Diseases (2010)%; age 8-60 years; and
BMI >25 kg/m?. All patients provided informed consent.
The following exclusion criteria were used: secondary
obesity, such as hypothyroid obesity, pituitary obesity,
Cushing-syndrome-induced obesity, hypothalamic obesi-
ty, and hypogonadal obesity; diseases that require con-
trolled protein intake, such as renal disease; psychiatric
disease and malignancy; severe gastrointestinal disease;
currently on a weight-loss diet or medical treatment or
having undergone surgery in the preceding 3 months;
weight fluctuations of more than 5 kg over the preceding
2 months; history of food allergy; in the gestation, pre-
conception, or lactation period; perimenopausal or post-
menopausal; and malformations or chronic infectious
diseases. The study subjects were randomized to the in-
tervention (diet intervention + education) or control (edu-
cation) group by the investigators according to a random
number table to ensure that all subjects had equal oppor-

tunities to be assigned to the treatment and control groups.

Study methods

The intervention group was given a diet intervention and
education, whereas the control group was given education
alone. The intervention lasted for 2 months. The study
complied with the regulations outlined in the Declaration
of Helsinki, and approval was obtained for the study pro-
tocol from the Ethics Committee of Huadong Hospital
affiliated to Fudan University (Approval No.: 20150094).

Education

The main form of education was face-to-face counseling,
which was divided into dietary guidance, physical activity
guidance, and psychological behavioral counseling. Each
patient received follow-ups in the form of a weekly phone
call from a fixed and trained dietitian. The patients could
obtain answers to questions as well as psychological and
technical support on WeChat, and the dietitian provided

prompt guidance based on the feedback from each patient.

Diet intervention

The low-carbohydrate and supplemental fiber dietary
pattern was employed to limit the energy intake of pa-
tients during the weight reduction period of the interven-
tion. The percentage of energy from carbohydrates was
20%—25%, and food with a low glycemic index was pri-
marily selected. The percentage of energy from dietary

protein was 40%-45%, and the main sources of protein
were beans, bean products, nuts, soy milk, chicken, and
fish. The percentage of energy from lipids was 30%—35%,
and the lipids were mainly n-3 and n-6 polyunsaturated
fatty acids. The intake of saturated fatty acids was low.

Nutrition bars were prepared for use as staple food sub-
stitutes by using food processing techniques. The daily
staple food of the participants was substituted by the nu-
trition bars (Zhejiang Nuote Health Technology Co. Ltd.)
provided by the researchers, and the patients were given 5
g of dietary fiber supplement (Zhejiang Nuote Health
Technology Co. Ltd.) that was mixed in the protein drink
(Zhejiang Nuote Health Technology Co. Ltd.) and con-
sumed after stirring of the drink. Calcium and magnesium
tablets and multivitamins (Zhejiang Nuote Health Tech-
nology Co. Ltd.) were taken by the participants twice a
day. Subsidiary food, selected under the guidance of the
dietitian, was defined as nonstaple food, such as chicken,
duck, fish, fruits, and vegetables; it did not include staple
food such as rice and noodles. In the diet in which energy
intake was limited, the daily energy intake of a participant
was limited to 1000-1200 kcal. Intake of 400 g of vegeta-
bles and 1800 mL of water a day was guaranteed.

Intervention phase

Subjects were given an adaptive period of approximately
1 week before the start of the intervention. During this
period, irregular dietary behaviors were avoided and basic
dietary habits were maintained. In the dietary intervention
group, the subjects were given energy-limiting nutrition
bars as a low-carbohydrate staple food substitute. The
intake of nonstaple food was limited. Simultaneously,
nutrition education was conducted, and the content and
form of this education were the same as those in the edu-
cation (control) group. The intervention lasted for 2
months. Relevant indicators were tested before and after
the intervention, and the intervention effects and compli-
ance indicators were tracked.

Observational indicators
The following indicators were tested at enrollment and
after 2 months of the study.

Tests of blood, biochemistry, lipid metabolism, and
other indicators

Routine blood work, complete biochemical analysis, and
tests of lipid metabolism, insulin level, and other indica-
tors were performed. The homeostasis model assessment—
insulin resistance (HOMR-IR) index was calculated ac-
cording to the formula HOMR-IR = Fasting insulin X
Fasting plasma glucose / 22.5.

Test of inflammatory cytokines IL-18, IL-10, and IL-6
Interleukin-1B (IL-1B), interleukin-10 (IL-10), and inter-
leukin-6 (IL-6) levels were tested using human IL-18, IL-
10, and IL-6 kits purchased from Maigeer Bioscience and
Technology, Ltd. Co. (Wuhan, China).

Test of body composition

Body composition was tested using the Inbody 720 hu-
man body composition analyzer purchased from Biospace
(South Korea).
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Quantitative measurement of hepatic steatosis

The controlled attenuation parameter (CAP) was meas-
ured according to the standard protocol by using the Fi-
broScan 502 M detector purchased from Echosens
(France). The patient lay on his or her back with the right
hand by the head to maximally stretch the intercostal
space. The seventh, eighth, and ninth intercostal arecas
between the anterior axillary line and midaxillary line on
the right side were examined. The detector was placed
perpendicular to the skin surface in the intercostal space.
The examination did not start until the pressure indicator
appeared green, the intensity M wave was consistent and
evenly distributed on the screen, and the A wave was lin-
ear. Each subject was guaranteed to be successfully ex-
amined more than 10 times. The CAP was displayed in
dB/m, and the medians of the valid measurements were
selected to represent the final results. The examiners were
physicians with special training and FibroScan certifica-
tions. All the examinations followed the manufacturer’s
manual. The optimal thresholds were determined on the
basis of the CAP and references of histopathological stag-
ing: S1 >237.7 (hepatic steatosis >11%), S2 >259.4 (he-
patic steatosis >34%), and S3 >292.3 (hepatic steatosis
>67%). The treatment effect was determined according to
the two histopathological stages. If the first histopatho-
logical stage was greater than the second histopathologi-
cal stage, improvement was considered to have occurred,
and if not, improvement had not occurred.

Statistical analysis

The data analysis was performed using SPSS 22.0. Con-
tinuous data are represented as X £ s. The t test was used
to compare the two groups regarding changes in their
variables. The difference between before and after the
intervention was examined using a paired t test. Nonnor-
mally distributed data were statistically analyzed using
the rank-sum test. Countable data are described by n (%)
and examined using the chi-square test. Categorical data
are displayed as n (%) and tested using the rank-sum test.
The difference between before and after treatment was
examined using the paired rank-sum test. We considered
p<0.05 as statistically significant.

RESULTS

Baseline comparison

Altogether, 44 patients were included in our study, among
which 28 were men and 16 were women. The average age
was 38.1+9.4 years. No significant differences were ob-
served in the white blood cell (WBC) count, hemoglobin
count, platelet count, liver function, renal function, blood
lipids, fasting blood glucose, fasting insulin, fasting C-
peptide level, or HOMR-IR between the male control,
male intervention, female control, and female interven-
tion groups. Additionally, no significant differences in
inflammatory cytokine levels, body composition, and
liver CAP values were observed (p>0.05).

Comparative analysis of regular blood tests, liver and
renal function, and glucose and lipid metabolism be-
tween the two groups of patients before and after treat-
ment

After the 2-month intervention, the number of WBCs and

fasting blood glucose level in the intervention group were
significantly lower than those in the control group
(»<0.05); however, no significant differences were ob-
served in the rest of indicators (Table 1). The 2-month
intervention significantly decreased the WBC and plate-
let counts and levels of aminotransferase (ALT), aspartate
transaminase (AST), uric acid (UA), total cholesterol,
triglyceride, and fasting plasma glucose (FPG) (p<0.05)
but increased blood HDL level (p<0.05). No significant
changes were observed in the rest of the indicators. He-
moglobin, ALT, and AST levels were significantly lower
after treatment compared with before treatment in the
control group (p<0.05), whereas the other indicators were
not found to change significantly (Table 1).

After the 2-month intervention, the number of WBCs,
FPG, HOMR-IR, and levels of ALT, creatinine, UA, tri-
glyceride, insulin, and C-peptide were significantly lower
in the female intervention group than in the female con-
trol group whereas the HDL level was significantly high-
er (p<0.05). The FPG and levels of hemoglobin, ALT,
and triglyceride were significantly lower in the male in-
tervention group than in the male control group, whereas
the opposite was seen regarding the HDL level (p<0.05;
Table 2).

In the female intervention group, the FPG, HOMR-IR,
and levels of ALT, AST, UA, and insulin were signifi-
cantly reduced after the intervention (p<0.05); in the male
intervention group, the levels of hemoglobin, ALT, and
AST were significantly reduced (p<0.05), whereas no
significant differences were observed in the rest of the
indicators (Table 3). The number of WBCs was signifi-
cantly increased in the female control group (p<0.05). No
significant changes were observed in the rest of the indi-
cators. In the male control group, although changes were
observed in blood lipid level, liver and renal function, and
other indicators after treatment, the differences were non-
significant (p>0.05, Table 3).

Changes in human body composition
After the 2-month intervention, both groups exhibited a
significant reduction in body fat mass (BFM), body
weight, skeletal muscle mass, BMI, abdominal circumfer-
ence, and visceral fat area (VFA) (p<0.05). However, no
significant differences were observed in body weight,
skeletal muscle mass, BMI, abdominal circumference,
BFM, and VFA between the intervention and control
groups (Table 1).
The sex-specific comparisons showed that after the 2-
month diet intervention and education, BFM, body weight,
abdominal circumference, and VFA were significantly
reduced in the female intervention group (p<0.05),
whereas BFM, body weight, skeletal muscle mass, BMI,
abdominal circumference and VFA were significantly
reduced in the male intervention group, (p<0.05). In the
control group, BFM, body weight, BMI, and abdominal
circumference were significantly reduced in the female
patients (p<0.05), whereas body weight, skeletal muscle
mass, BMI, abdominal circumference, and VFA were
significantly reduced in the male patients (p<0.05).

After the 2-month diet intervention and education, the
female intervention group had lower BFM and body
weight (p<0.05) but larger abdominal circumference



486

J Chen, Y Huang, H Xie, H Bai, G Lin, Y Dong et al

Table 1. Before- and after-treatment comparisons in the intervention and control groups (n=22)"

Intervention group

Control group

Before treatment After treatment t p Before treatment After treatment t p
WBC (10°/L) 7.34+1.96 6.34+1.89 2.136 0.045 6.93£1.15 7.28+0.96 -1.220 0.236
HGB (g/L) 155+12.6 148+16.5 2.062 0.052 145+19.4 137+20.9 2.601 0.017
PLT (109/L) 256+39.2 237+49.3 2.273 0.034 264+45.8 257+49.9 1.161 0.259
ALT (U/L) 41.8+20.7 20.5+10.7 4.890 0.000 43.4431.6 26.8+17.0 2.362 0.028
AST (U/L) 26.0+10.8 17.7+4.99 4.049 0.001 25.9+11.3 18.7+6.32 2.623 0.016
Total bilirubin (umol/L) 12.7+£3.92 11.9+4.8 0.908 0.374 11.2+5.89 9.57+2.72 1.452 0.161
Direct bilirubin (umol/L) 3.62+1.06 4.02+1.6 -1.296 0.209 3.19+1.32 3.43£0.8 -0.797 0.434
Indirect bilirubin (umol/L) 9.1£3.05 7.79+3.48 1.889 0.073 8.05+4.67 6.15+2.26 2.120 0.046
Creatinine (umol/L) 75.1£15.6 69.7+12.4 2.000 0.059 74.7+15.0 72.949.48 0.573 0.573
UA (umol/L) 413£107 352+112 2.557 0.018 417497.1 385+96.6 1.947 0.065
Total cholesterol (mmol/L) 5.15+0.9 4.84+0.8 2.662 0.015 5.02+1.18 4.79+0.84 1.041 0.310
Triglyceride (mmol/L) 1.64+0.81 1.19+0.91 2.493 0.021 1.78+1.22 1.59+1.01 0.779 0.445
LDL (mmol/L) 3.33+0.97 2.98+0.69 1.972 0.062 2.93+0.93 2.85+0.77 0.455 0.654
HDL (mmol/L) 1.29+0.26 1.41£0.27 -2.365 0.028 1.36+0.18 1.76+1.42 -1.328 0.198
Insulin (mIU/L) 15.7+7.46 16.6+38.4 -0.119 0.907 17.2+12.4 14.5+10.2 0.848 0.406
C-peptide (ng/mL) 2.44+0.84 2.09+1.4 1.157 0.260 2.63+1.01 2.48+0.93 0.713 0.484
FPG (mmol/L) 5.21+0.5 4.74+0.46 3.578 0.002 5.28+0.81 5.2740.59 0.106 0.916
HOMR-IR 3.58+1.54 3.95+10.3 -0.174 0.864 4.19+3 .45 3.35£2.26 1.064 0.299

WBC: white blood cell; HGB: handelsgesetzbuch; PLT: platelet; ALT: alanine aminotransferase; AST: aspartate transaminase; UA: uric acid; LDL: low-density lipoprotein in cholesterol; HDL: high-density lipo-
protein in cholesterol; FPG: fasting plasma glucose; HOMR-IR: insulin resistance index.
"The difference between before and after the intervention was examined using a paired t test. The difference of Insulin and HOMR-IR between before and after the intervention was statistically analyzed using the
rank-sum test; others were examined using a paired t test.
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Table 2. Comparisons of the control and intervention groups after treatment?

Female (n=16) Male (n=28)
Control group  Intervention group p Control group  Intervention group p
WBC (10°/L) 7.2+0.97 5.46+1.72 0.026 7.32+0.99 6.84+1.85 0.399
HGB (g/L) 119+20.8 132+16.9 0.166 148+12.4 157+7.56 0.022
PLT (10°L) 283£71.2 227+61.0 0.112 2424253 2424427 0.986
ALT (U/L) 19.3£13.0 14.8+5.55 0.037 31.1£17.9 23.8+11.7 0.021
AST (U/L) 18.0+5.67 14.8+3.88 0.205 19.1£6.83 19.4+4.85 0.895
Total bilirubin (umol/L) 8.02+2.14 9.66+4.84 0.393 10.4+£2.67 13.2+4.45 0.061
Direct bilirubin (umol/L) 3.23+0.54 3.39+1.59 0.798 3.54+0.92 4.38+1.55 0.091
Indirect bilirubin (umol/L) 4.8+1.74 6.28+3.54 0.307 6.92+2.21 8.66+3.25 0.109
Creatinine (umol/L) 64.0+7.83 56.9+4.44 0.041 77.9+6.07 77.2+8.79 0.773
UA (umol/L) 337+135 237+£72.4 0.009 411£55.4 418+67.7 0.777
Total cholesterol (mmol/L) 4.6+0.84 4.74+0.59 0.705 4.91+0.86 4.9+0.91 0.992
Triglyceride (mmol/L) 0.87+0.36 0.69+0.27 0.028 2.01£1.03 1.47+1.03 0.018
LDL (mmol/L) 2.64+0.84 2.69+0.51 0.900 2.97+0.73 3.14+0.73 0.556
HDL (mmol/L) 1.51£0.23 1.65+0.34 0.033 1.91£1.78 2.41+4.43 0.007
Insulin (mIU/L) 14.4+£9.43 8.2+1.93 0.009 14.5£11.0 21.44+48.0 0.607
C-peptide (ng/mL) 2.61£1.44 1.83+0.71 0.019 2.41+0.51 2.25+1.68 0.730
FPG (mmol/L) 5.234+0.51 4.63+0.38 0.019 5.30+0.64 4.80+0.51 0.033
HOMR-IR 3.35£2.13 1.69+0.39 0.048 3.36+£2.41 5.25+2.94 0.596

WBC: white blood cell; HGB: handelsgesetzbuch; PLT: platelet; ALT: alanine aminotransferase; AST: aspartate transaminase; UA: uric
acid; LDL: low-density lipoprotein in cholesterol; HDL: high-density lipoprotein in cholesterol; FPG: fasting plasma glucose; HOMR-IR:

insulin resistance index.

"The difference of Insulin was statistically analyzed using the rank-sum test in the male population; others were examined using a t test

and VFA than the female control group (p<0.05); no sig-
nificant differences were observed in the rest of the indi-
cators. No significant differences were found in ab-
dominal circumference, VFA, BFM, body weight, skele-
tal muscle mass, and BMI between the male intervention
and control groups (Table 1).

Differences in the levels of inflammatory cytokines be-
tween the two groups before and after treatment

After the 2-month intervention, the plasma levels of in-
flammatory cytokines IL-18, IL-6, and IL-10 were not
significantly different between the intervention and con-
trol groups (p>0.05). Additionally, no significant changes
in plasma IL-1B, IL-6, and IL-10 levels were observed in
either group (p>0.05).

Changes in fatty infiltration of the liver

After the 2-month diet intervention and education, the
intervention group showed a significantly different CAP
distribution from the control group (z=2.31, p=0.021,
Table 3). The intervention group comprised 22 patients,
among which 16 showed improvement (72.7%) and 6
showed no improvement (27.3%). Among the 22 patients
of the control group, 8 patients showed improvement
(36.4%), whereas 14 patients did not (63.6%). The per-
centage of patients showing improvement was signifi-
cantly different between the two groups (x*=5.87,
p=0.015).

Among the male patients, 12 patients in total showed
improvement (42.9%); 8 of the 14 male patients in the
intervention group showed improvement (57.1%), where-
as 4 of the 14 male patients in the control group showed
improvement (28.6%). The difference between the groups
was nonsignificant (x*>=2.33, p=0.127). Among the fe-
male patients, 12 in total showed improvement (42.9%).
All eight female patients in the intervention group im-
proved, whereas four of eight female patients in the con-

trol group showed improvement (50%). The difference
between the two groups was significant (x*=5.33,
p=0.021).

DISCUSSION

Research on how a low-carbohydrate diet (LCD), in
which carbohydrates provide 20%—40% of the daily ener-
gy supply, can reduce the body weight of patients with
NAFLD and subsequently treat NAFLD has drawn sub-
stantial attention in recent years. LCD not only reduces
body weight and the fat content of the liver but also im-
proves metabolic indicators in patients with obesity.’
Conversely, a high-fiber diet can decrease the absorption
of carbohydrates, promote secretion of insulin and in-
cretin, and thus alleviate insulin resistance and hepatic
steatosis in patients with NAFLD.!? In this study, we
found that an LCD combined with high dietary fiber
could significantly improve human body composition
indicators - such as BFM, body weight, skeletal muscle
mass, BMI, abdominal circumference, and VFA - as well
as blood markers, such as the number of WBCs and plate-
lets and levels of ALT, AST, UA, total cholesterol, tri-
glyceride, and FPG in patients with NAFLD. Moreover,
the combined diet significantly alleviated hepatic steato-
sis in the patients. These findings suggest that personal
behavior changes are effective means of improving body
composition and promoting the health of patients. Com-
bining other methods with the LCD/high-fiber interven-
tion could efficiently improve the body weight and BFM
of patients with NAFLD. Moreover, sex-specific analysis
showed that the female intervention group showed better
improvement in HOMR-IR and levels of ALT, UA, creat-
inine, triglyceride, fasting blood glucose, C-peptide, and
FPG than the female control group, whereas among the
male patients, only the ALT, triglyceride, and FPG levels
were significantly improved in the intervention group
compared with the control group. This has three possible
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Table 3. Sex-specific before- and after-treatment comparisons in the intervention and control groups'

Intervention group Control group
Female (n=8) Male (n=14) Female (n=8) Male (n=14)
Before After Before After Before After Before After
treatment treatment p treatment treatment p treatment treatment p treatment treatment p
WBC (10°/L) 6.68+1.01 5.46+1.72  0.129 7.72+£2.29 6.84+1.85 0.189 6.05+0.9 7.2+0.97 0.042 7.43+£0.98 7.32+0.99 0.721
HGB (g/L) 145+14.1 133+16.9 0.206 161+7.41 157+7.56 0.015 128+19.6 119+20.8 0.107 154+11.6 148+12.4 0.095
PLT (10°L) 261+37.6 227+61.0 0.129  253+41.2 2424427 0.119  290+64.7 283+71.2 0.519 250422.1 2424253 0.381
ALT(U/L) 40.84+27.3 14.8+5.55 0.031 42.4+16.9 23.8+11.7 0.001 31+17.1 19.3£13.0 0.087 50.5+36.2 31.1£17.9 0.091
AST(U/L) 26.6+14.8 14.8+3.88 0.033 25.6+8.25 19.4+4.85 0.006 22.8+6.34 18.0+5.67 0.112 27.7+£13.2 19.1+6.83 0.055
Total bilirubin 10.4+3.76 9.66+4.84  0.630 14.1+£3.43 13.2+4.45 0.477 9.234+3.63 8.02+£2.14 0.326 12.4+6.71 10.5+2.67 0.281
(umol/L)
Direct bilirubin 2.99+1.1 3.39+1.59  0.441 3.98+0.88 4.38+1.55 0.347 2.8+0.9 3.23+0.54 0.162 3.42+1.49 3.54+0.92 0.787
(umol/L)
Indirect bilirubin 7.36+£2.71 6.2843.54  0.312 10.1£2.85 8.66+3.25 0.156 6.44+2.79 4.8+1.74 0.109 8.98+5.33 6.92+2.21 0.149
(umol/L)
Creatinine 64.1£11.3 56.9+4.44 0.086 81.4+t14.4 77.1£8.79 0.269 61.3+5.51 64.0+7.83 0.445 82.3+13.2 77.9+£6.07 0.337
(umol/L)
UA (umol/L) 350+73.0 236.9+72.4 0.026  450+108 418+67.6 0.279  357+127 337+135 0.519  451£55.9 411.6£55.4 0.077
Total cholesterol 5.14+0.68 4.74+£0.59  0.059 5.15+1.03 4.9+0.91 0.122 4.75+0.97 4.6+0.84 0.284 5.18+1.3 4.91+0.86 0.440
(mmol/L)
Triglyceride 1.36+0.66 0.69+0.27  0.052 1.79+0.87 1.47+1.03 0.188 1.08+0.42 0.87+0.36 0.106 2.18+1.35 2.01£1.03 0.657
(mmol/L)
LDL(mmol/L) 3.47£1.19 2.69+0.51  0.070 3.25+0.87 3.14+0.73 0.518 2.74+1.03 2.64+0.84 0.497 3.04+0.9 2.97+0.73 0.809
HDL(mmol/L) 1.46+0.24 1.65+0.34  0.347 1.2+0.23 2.41+4.43 0.322 1.51+0.17 1.51+0.23 0.967 1.27+0.13 1.91+1.78 0.200
Insulin(mIU/L) 13.1+4.39 8.2+1.93 0.028 17.1+£8.55 21.44+48.0 0.733 16.5+10.8 14.44+9.43 0.464 17.5+13.6 14.5+11.0 0.542
C-peptide 2.25+0.65 1.83+0.71  0.232 2.55+0.94 2.25+1.68 0.505 2.43+1.24 2.61+1.44 0.446 2.74+0.88 2.41+0.51 0.272
(ng/mL)
FPG (mmol/L) 5.36+£0.47 4.63+0.38  0.003 5.13+£0.51 4.80+0.51 0.087 5.36+0.77 5.234+0.51 0.627 5.24+0.86 5.30+0.64 0.682
HOMR-IR 3.13£1.10 1.69+0.39  0.016 3.84+1.73 5.25+2.94 0.681 4.13+£3.10 3.35+2.13 0.221 4.2343.75 3.36+2.41 0.487

WBC: white blood cell; HGB: handelsgesetzbuch; PLT: platelet; ALT: alanine aminotransferase; AST: aspartate transaminase; UA: uric acid; LDL: low-density lipoprotein in cholesterol; HDL: high-density lipo-
protein in cholesterol; FPG: fasting plasma glucose; HOMR-IR: insulin resistance index.
"The difference of insulin between before and after the intervention was statistically analyzed using the rank-sum test in the male population; others were examined using a paired t test.
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explanations: the incidence of NAFLD is higher in men
than in women; the female participants in this study were
mostly premenopausal, and the effects of estrogen on the
regulation of blood lipid metabolism and fat distribution
were not considered, possibly leading to biased results'';
and better compliance of the female patients may also
have led to biased results.

Inflammatory cytokines, such as tumor necrosis factor
and transforming growth factor B, are a group of small-
molecule proteins secreted by immune cells, such as
monocytes and macrophages, as well as nonimmune
cells-such as endothelial cells, epithelial cells, and fibro-
blasts—during the body’s inflammatory response. They
regulate immune responses, cell differentiation, and pro-
liferation and are categorized mainly into interleukins,
chemokines, growth factors, colony-stimulating factors,
and interferons. IL-18 reportedly plays a role in the path-
ogenesis and progression of NAFLD. The pathogenesis
may include lipid accumulation in hepatocytes, promotion
of hepatic steatosis, and promotion of apoptosis-inducing
gene Bax expression.!>!* However, after a 2-month diet
and education intervention, the levels of IL-1, IL-6, and
IL-10 were nonsignificantly different between the two
groups and between sexes. Standard values may not exist
for plasma levels of inflammatory factors. Moreover, the
variation among individuals is large and can be affected
by multiple factors. Additionally, low-degree chronic
inflammation is common in patients with NAFLD exhib-
iting increased expression of multiple inflammatory fac-
tors.!* The relatively short intervention period in our study
may not have been sufficient to induce significant chang-
es in the expression of plasma inflammatory factors.

Previous large-scale clinical trials have shown that per-
sonal behavior intervention can improve hepatic histology.
Promarat et al performed a randomized controlled trial of
31 participants with overweight and reported that a 48-
week intervention led to an average weight loss of 9.3%
in the experimental group and 0.2% in the control group
(p=0.003). Significant histological improvement was ob-
served in the participants with a weight loss of >7%."
Lazo et al. confirmed this with their study of hepatic stea-
tosis in 96 patients with overweight and type II diabetes.'®
However, as the gold standard, liver biopsy is an invasive
method of examination and has risks and complications.
It is not well accepted by patients and is difficult to per-
form repeatedly for tracing and diagnosis. FibroScan, a
novel device used to measure the stiffness of the liver,
can dynamically monitor the progression of NAFLD.!?
The CAP can quantify the degree of human hepatic stea-
tosis. As indicated by Sasso et al., CAP values measured
from various degrees of hepatic steatosis are significantly
different, and the change in CAP is significantly correlat-
ed with the degree of hepatic steatosis.'® Chen et al ob-
served that CAP values could be used to accurately eval-
uate various degrees of hepatic steatosis and are highly
valuable in diagnosis.'” The larger the CAP, the worse the
steatosis. In this study, we used the FibroScan to quantita-
tively measure hepatic fat before and after an intervention
in two groups of patients. We observed that after the in-
tervention of an LCD combined with high fiber, 72.7% of
the patients in the intervention group showed improve-
ment in liver fat accumulation, whereas only 36.4% of the

patients in the control group, who received only education,
showed improvement. The difference was significant. All
the patients in the female intervention group showed im-
provement, whereas only 50% of the patients in the fe-
male control group improved. The significant difference
between the two groups suggested that the dietary inter-
vention helped lessen liver fat accumulation in patients
with NAFLD, especially in women.

Our study has limitations, such as being performed in a
single center and having a small sample. In addition, we
focused mainly on patients with overweight and NAFLD.
For the minority of normal-weight patients with NAFLD,
whether the intervention of an LCD combined with high
fiber is suitable for improving NAFLD remains to be in-
vestigated. The effect of the intervention of an LCD com-
bined with high fiber on NAFLD requires more multi-
layered studies with larger samples. However, our study
has contributed to the theoretical basis of nonpharmaco-
logical interventions used to treat patients with NAFLD
clinically and has provided new data, shedding light on
the clinical treatment of NAFLD.
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