
Frontiers in Immunology

OPEN ACCESS

EDITED BY

Liang Zhao,
Beijing Technology and Business
University, China

REVIEWED BY

Arshad Mehmood,
Beijing Technology and Business
University, China
Jianan Zhang,
University of North Carolina at Chapel
Hill, United States

*CORRESPONDENCE

Jinwen Ge
001267@hnucm.edu.cn

†These authors share first authorship

SPECIALTY SECTION

This article was submitted to
Nutritional Immunology,
a section of the journal
Frontiers in Immunology

RECEIVED 21 May 2022
ACCEPTED 21 July 2022

PUBLISHED 09 September 2022

CITATION

Yang K, Chen J, Zhang T,
Yuan X, Ge A, Wang S, Xu H,
Zeng L and Ge J (2022) Efficacy
and safety of dietary polyphenol
supplementation in the treatment of
non-alcoholic fatty liver disease: A
systematic review and meta-analysis.
Front. Immunol. 13:949746.
doi: 10.3389/fimmu.2022.949746

COPYRIGHT

© 2022 Yang, Chen, Zhang, Yuan, Ge,
Wang, Xu, Zeng and Ge. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Systematic Review
PUBLISHED 09 September 2022

DOI 10.3389/fimmu.2022.949746
Efficacy and safety of dietary
polyphenol supplementation in
the treatment of non-alcoholic
fatty liver disease: A systematic
review and meta-analysis
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Background: Dietary polyphenol treatment of non-alcoholic fatty liver disease

(NAFLD) is a novel direction, and the existing clinical studies have little effective

evidence for its therapeutic effect, and some studies have inconsistent results.

The effectiveness of dietary polyphenols in the treatment of NAFLD is still

controversial. The aim of this study was to evaluate the therapeutic efficacy of

oral dietary polyphenols in patients with NAFLD.

Methods: The literature (both Chinese and English) published before 30 April

2022 in PubMed, Cochrane, Medline, CNKI, and other databases on the

treatment of NAFLD with dietary polyphenols was searched. Manual

screening, quality assessment, and data extraction of search results were

conducted strictly according to the inclusion and exclusion criteria. RevMan

5.3 software was used to perform the meta-analysis.

Results: The RCTs included in this study involved dietary supplementation with

eight polyphenols (curcumin, resveratrol, naringenin, anthocyanin, hesperidin,

catechin, silymarin, and genistein) and 2,173 participants. This systematic review

and meta-analysis found that 1) curcumin may decrease body mass index (BMI),

Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Triglycerides

(TG) total cholesterol (TC), and Homeostasis Model Assessment-Insulin Resistance

(HOMA-IR) compared to placebo; and curcumin does not increase the

occurrence of adverse events. 2) Although the meta-analysis results of all

randomized controlled trials (RCTs) did not reveal significant positive changes,

individual RCTs showed meaningful results. 3) Naringenin significantly decreased

the percentage of NAFLD grade, TG, TC, and low-density lipoprotein cholesterol
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(LDL-C) and increased high-density lipoprotein cholesterol (HDL-C) but had no

significant effect on AST and ALT, and it is a safe supplementation. 4) Only one

team presents a protocol about anthocyanin (from Cornus mas L. fruit extract) in

the treatment of NAFLD. 5) Hesperidin may decrease BMI, AST, ALT, TG, TC,

HOMA-IR, and so on. 6) Catechin may decrease BMI, HOMA-IR, and TG level, and

it was well tolerated by the patients. 7) Silymarin was effective in improving ALT and

AST and reducing hepatic fat accumulation and liver stiffness in NAFLD patients.

Conclusion: Based on current evidence, curcumin can reduce BMI, TG, TC,

liver enzymes, and insulin resistance; catechin can reduce BMI, insulin

resistance, and TG effectively; silymarin can reduce liver enzymes. For

resveratrol, naringenin, anthocyanin, hesperidin, and catechin, more RCTs are

needed to further evaluate their efficacy and safety.
KEYWORDS

non-alcoholic fatty liver disease, systematic review, meta-analysis, dietary
polyphenol, natural plant active ingredients
1 Introduction

Non-alcoholic fatty liver disease (NAFLD) refers to a

pathological syndrome characterized by excessive lipid deposition

in liver cells caused by alcohol and other definite liver damage factors

(mainly including drugs, viral infections, and autoimmunity). It is

caused by an imbalance between the input and output of free fatty

acid metabolism in the liver (1, 2). Epidemiological surveys have

shown that the overweight and obese population is increasing due to

huge changes in the global human diet and lifestyle (3, 4). The

prevalence of obesity-related chronic diseases such as type 2 diabetes,

cardiovascular disease, metabolic syndrome, and NAFLD is also

increasing (3, 4). Currently, the global incidence of NAFLD is about

25%,with the highest rates in SouthAmerica and theMiddle East (3,

4). It is particularly noteworthy that the number of NAFLD patients

in China has increased dramatically from 18% to nearly 30% in 10

years, and the prevalence rate is more than twice that of developed

countries (5). It is estimated that by 2030, the global prevalence of

NAFLDpatients over 15 years of agewill reach 33.5% (6). Therefore,

it is of great practical significance to studyhow to effectively intervene

in NAFLD.

NAFLD can be divided into simple fatty liver, non-alcoholic

steatohepatitis (NASH), and cirrhosis (7). An early feature of liver

cirrhosis is liver fibrosis. At this time, if the patient receives effective

treatment, the fibrosis can be alleviated or even cured. However,

once fatty liver develops into liver cirrhosis, it will not only increase

the risk of liver cancer but also become irreversible for life (8). The

results of global epidemiological studies have shown that patients

with NAFLD, regardless of whether they have other conditions of

metabolic syndrome, are more likely to have heart disease than

healthy people, and the probability of dying from myocardial
02
infarction is also higher (9). NAFLD is a highly heterogeneous

disease, closely related to genetics, environment, diet, etc. (10). In

the natural history of NAFLD, improving NASH can effectively

prevent the progression of the disease. The specific pathogenesis of

NAFLD/NASH is unclear. The “second hit” theory believes that

peripheral adipose tissue dysfunction in insulin resistance leads to

lipid breakdown and increases in free fatty acid levels in the blood.

Bad living habits also further increase the level of fatty acids in the

blood, and excessive fatty acids are transported to the liver,

exceeding their transport capacity, and deposited in the liver,

resulting in steatosis in the liver (11, 12), which is the “first

blow.” Long-term excessive fat deposition induces endoplasmic

reticulum stress, mitochondrial dysfunction, and oxidative stress,

leading to the release of inflammatory factors, further aggravating

liver cell damage and promoting the transformation of simple fatty

liver to NASH, which is the “second blow” (13, 14). The peripheral

adipose tissue with insulin resistance reduces the secretion of

adiponectin and increases the pro-inflammatory factors, which

further promote the body’s inflammatory response, aggravate

insulin resistance, and form a vicious circle (15, 16). In addition,

hepatocyte death, including hepatocyte apoptosis, also plays an

important role in the development of NASH. With the progress of

research, it is found that the pathogenesis of NAFLD/NASH is

extremely complex, and the current view has changed from the

“second hit” to the “multiple parallel hit” theory. Various factors

such as insulin resistance, adipokines, gut microbiota, genes, and

epigenetics may be involved simultaneously (17, 18).

At present, the treatment methods recommended by the latest

guidelines at home and abroad include lifestyle intervention, drug

treatment, and surgical treatment (19, 20). Polyphenol-rich extracts

or isolated polyphenolic monomers from diets have recently
frontiersin.org
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received extensive attention for their various biological properties,

such as improving metabolism, inhibiting inflammation and

oxidative stress, and improving insulin resistance (20, 21). A

growing number of randomized controlled trials (RCTs) have

shown that dietary polyphenols can improve various pathological

indicators in NAFLD patients through multiple pathways (gut,

brain, liver, and their interconnected pathways) (22–25).

However, the evidence for the treatment of NAFLD with these

dietary polyphenols has not been comprehensively evaluated.

Therefore, this study conducted a systematic review and meta-

analysis of RCTs on the treatment of NAFLD with dietary

polyphenols to provide a clinical reference information.
2 Materials and methods

2.1 Search criteria

2.1.1 Participants
Patients were diagnosed with NAFLD by accepted criteria at

the time of publication. There are no restrictions on the patient’s

gender, age, ethnicity, and the region where they live and work.

2.1.2 Intervention methods
Theexperimental groupwascomposedofpolyphenolmonomers

(such as curcumin and resveratrol) or polyphenol-rich plant extracts

(such asC.masL. fruit extract) with or without other treatments. The

control group was composed of polyphenol-free intervention.

2.1.3 Outcomes
The outcomes were key indicators of NAFLD, including body

mass index (BMI),HomeostasisModelAssessment-InsulinResistance

(HOMA-IR), liver enzymes (ALT and AST), blood lipids [total

cholesterol (TC), TG, high-density lipoprotein cholesterol (HDL-C),

low-density lipoprotein cholesterol (LDL-C)], and adverse events.

2.1.4 Study design
The RCTs of polyphenols for the treatment of NAFLD have

no restrictions on language, publication time, etc.

2.1.5 Exclusion criteria
1) Conference abstracts, reviews, and other documents; 2)

Duplicate publications of the same research; 3) Documents

inconsistent with the research theme; 4) Animal experiments.
2.2 Literature retrieval strategy

English databases (including Embase, Medline, PubMed,

and Web of Science) and Chinese databases (including CNKI,

VIP database, Wanfang Database, Sinomed) were searched to

collect the RCTs. The retrieval time was from the establishment

of the database to 30 April 2022. Cochrane Library and
Frontiers in Immunology 03
ClinicalTrials.gov were also searched. The research retrieval

strategy of Embase and PubMed was shown in Table S1.
2.3 Literature screening, extraction, and
quality assessment

The process of literature screening, data extraction, and quality

assessment was carried out independently by two researchers. The

preliminary searchwas performed in the above databases according to

the search strategy, and literature unrelated to dietary polyphenols in

the treatmentofNAFLDwasexcludedbyreading the title andabstract.

Then, the full text of the literature was read, and the literature was

further screened according to the search strategy to identify included

and excluded literature (26). The risk of bias was independently

assessed by two researchers in accordance with The Cochrane Risk

BiasAssessmentFormprovidedbytheCochraneCollaboration(27). If

there was a disagreement between the two researchers, it would be

resolved through consultation with all researchers.
2.4 Statistical analysis

Data analysis was performed using RevMan5.3 software

provided on the Cochrane website (28). Due to natural

differences in the included literature, the I² statistic and H statistic

test were used to detect heterogeneity before synthesizing the

outcome indicators. When the heterogeneity among the included

studies was small (P value >0.1, I² value <50%), the fixed-effects

model was selected. When the heterogeneity between studies was

large (P value ≤0.1, I² value ≥50%), a random-effects model was

used. For continuous variables, mean difference (MD) pooled effect

sizes were used, and 95% confidence interval (CI) was used to assess

differences in outcome indicators.
3 Results

3.1 Search results

After a preliminary search, 1,098 articles were obtained, and

1,050 articles not related to polyphenol supplementation in the

treatment of NAFLD were excluded after reading the titles and

abstracts. Then, we conducted further screening according to the

search criteria and collected a total of 46 records according to the

search criteria (29–74), while two recordswere excluded by reasons

(75, 76). The literature screening process is shown in Figure 1.
3.2 Description of included trials

The RCTs included in this study involved dietary

supplementation with eight polyphenols: curcumin, resveratrol,
frontiersin.org
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naringenin, anthocyanin, hesperidin, catechin, silymarin, and

genistein. Some records are merged together because they belong

to the sameRCTs: suchasKalhori et al. (29–31),Mirhafez et al. (33–

39), Saadati et al. (43, 44), Panahi et al. (47, 48), Farzin et al. (53, 54),

Faghihzadeh et al. (55, 56), and Namkhah et al. (58, 59). Among

those RCTs, Sangsefidi et al. (60) is a the protocol. Those RCTs

came from seven different countries, Iran, Denmark, China,

Australia, Pakistan, Italy, and Malaysia, and most of them came

from Iran. The study characteristics were shown in Table 1.
3.3 Risk of bias assessment

The RCTs were assessed by “risk of bias” assessment tools.

The summary and graph of risk of bias were shown in Figure 2.
3.4 Outcomes of curcumin

3.4.1 Body mass index
A total of seven RCTs provided evaluable BMI data,

involving 228 participants in the experimental group and 234

participants in the control group. The heterogeneity test result
Frontiers in Immunology 04
was P = 0.47, I2 = 0%, suggesting that the heterogeneity among

RCTs was low, and the fixed-effects model was used for analysis.

The results showed that curcumin reduced BMI compared with

placebo [weighted mean difference (WMD) = -0.49, 95% CI

(-0.81, -0.18), P = 0.002] (Figure 3A). This suggests that

curcumin may improve obesity in patients with NAFLD.
3.4.2 Homeostasis model assessment-insulin
resistance

A total of five RCTs provided evaluable HOMA-IR data,

involving 174 participants in the experimental group and 169

participants in the control group. The heterogeneity test result

was P = 0.19, I2 = 34%, suggesting that the heterogeneity among

RCTs was low, and the fixed-effects model was used for analysis.

The results showed that curcumin reduced HOMA-IR

compared with placebo [WMD = -0.28, 95% CI (-0.36, -0.20),

P < 0.00001] (Figure 3B). This suggests that curcumin may

improve insulin resistance in patients with NAFLD.

3.4.3 Liver enzymes
A total of 10 RCTs provided evaluable ALT and AST data.

For ALT, 319 participants in the experimental group and 320
FIGURE 1

Flow diagram.
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TABLE 1 The characteristics of the included studies.

Polyphenol Study Trial registration
number

Country Sample size Intervention Relevant outcomes Mean age (years) Duration

ntrol
up

Trial group Control group

cebo
0 mg

BMI, AST, ALT, blood
lipid, HOMA-IR

40.38 ± 9.26 42.09 ± 7.23 12 weeks

cebo
0 mg

ALT, AST, blood lipid 44.12 ± 8.35 38.56 ± 10.43 12 weeks

cebo 250 BMI, ALT, AST, blood
lipid, adverse events

45.0 ± 11.1 43.1 ± 11.6 8 weeks

cebo BMI, ALT, AST, blood
lipid

18–70 8 weeks

cebo ALT, AST, blood lipid,
HOMA-IR, adverse
events

54 ± 3 53 ± 5 8 weeks

cebo or
stance
ning

BMI Curcumin + resistance
training: 64.09 ± 3.33;
Curcumin: 66.72 ± 3.03

Placebo: 64.36 ± 2.97;
Resistance training:
65.91 ± 3.31

12 weeks

cebo ALT, AST, blood lipid,
HOMA-IR

46.19 ± 11.5 45.13 ± 10.9 12 weeks

cebo ALT, AST, blood lipid,
adverse events

46.63 ± 2.21 47.51 ± 2.45 12 weeks

cebo ALT, AST, blood lipid,
HOMA-IR, adverse
events

41.8 ± 5.6 42.5 ± 6.2 12 weeks

cebo ALT, AST, blood lipid,
HOMA-IR, adverse
events

44.98 ± 12.59 47.21 ± 10.29 8 weeks

cebo BMI, ALT, AST, blood
lipid, adverse events

46.37 ± 11.57 48.95 ± 9.78 8 weeks

cebo BMI, HOMA-IR, ALT,
AST, blood lipid,
adverse events

18–70 24 weeks

cebo BMI, HOMA-IR, ALT,
AST, blood lipid,
adverse events

45.2 ± 10.0 43.5 ± 11.0 12 weeks

cebo BMI, HOMA-IR, ALT,
AST, blood lipid,
adverse events

48.8 ± 12.2 47.5 ± 11.2 8 weeks

cebo BMI, ALT, AST,
adverse events

39.78 ± 8.09 38.71 ± 5.76 12 weeks

cebo BMI, ALT, AST, blood
lipid, adverse events

44.04 ± 10.10 46.28 ± 9.52 12 weeks

cebo ALT, AST, blood lipid,
HOMA-IR

18–70 12 weeks

cebo BMI, ALT, AST, blood
lipid

44.7 ± 10.7 47 ± 9 4 weeks

cebo Protocol – – 12 weeks

(Continued)

Y
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e
t
al.

10
.3
3
8
9
/
fi
m
m
u
.2
0
2
2
.9
4
9
74

6

Fro
n
tie

rs
in

Im
m
u
n
o
lo
g
y

fro
n
tie

rsin
.o
rg

0
5

Trial group Control
group

Trial group Co
gro

Curcumin Kalhori et al. (29–31) IRCT201406183664N12 Iran 21 21 Turmeric 3,000 mg Pla
3,0

Jarhahzadeh et al. (32) IRCT2015092924262N1 Iran 32 32 Turmeric 2,000 mg Pla
2,0

Mirhafez et al. (33–39) IRCT2015052322381N1 Iran 35 37 Curcumin 250 mg Pla
mg

Saberi-Karimian et al. (40) IRCT201702209662N12 Iran 27 28 Curcuminoids 500 mg + piperine 5 mg Pla

Cicero et al. (41) – Iran 40 40 Curcumin 200 mg + phosphatidylserine
120 mg + phosphatidylcholine 480 mg
+ piperine 8 mg

Pla

Moradi Kelardeh et al. (42) IRCT20190103042219N1 Iran 22 23 Curcumin 80 mg + resistance training
or Curcumin 80 mg only

Pla
res
tra

Saadati et al. (43, 44) IRCT20100524004010N24 Iran 27 23 Curcumin 1,500 mg Pla

Panahi et al. (45) UMIN000033774 Iran 35 35 Curcuminoids 500 mg + piperine 5 mg Pla

Jazayeri-Tehrani et al. (46) IRCT2016071915536N3 Iran 42 42 Nanocurcumin 80 mg Pla

Panahi et al. (47, 48) IRCT2015122525641N2 Iran 44 43 Curcumin 1,000 mg Pla

Rahmani et al. (49) IRCT2014110511763N18 Iran 37 40 Curcumin formulation 500 mg Pla

Resveratrol Heebøll et al. (50) NCT01464801 Denmark 13 13 Resveratrol 1,500 mg Pla

Chen et al. (51) – China 30 30 Resveratrol 300 mg Pla

Chachay et al. (52) – Australia 10 10 Resveratrol 3,000 mg Pla

Farzin et al. (53, 54) IRCT201511233664N16 Iran 25 25 Resveratrol 600 mg Pla

Faghihzadeh et al. (55, 56) NCT02030977 Iran 25 25 Resveratrol 500 mg Pla

Kantartzis et al. (57) NCT01635114 Denmark 53 52 Resveratrol 150 mg Pla

Naringenin Namkhah et al. (58, 59) IRCT20131125015536N12 Iran 22 22 Naringenin 200 mg Pla

Anthocyanin Sangsefidi et al. (60) IRCT20180419039359N1 Iran – – Cornus mas L. fruit extract Pla
0

0

i
i
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TABLE 1 Continued

Polyphenol Study Trial registration
number

Country Sample size Intervention Relevant outcomes Mean age (years) Duration

trol
up

Trial group Control
group

Trial group Control group

ed:

bo:

Hesperidin 1,000 mg + Flaxseed 30,000
mg; Hesperidin 1,000 mg

Flaxseed or
Placebo

BMI, ALT, AST, blood
lipid, HOMA-IR

Hesperidin + Flaxseed: 44.85
± 10.93; Hesperidin: 45.82 ±
11.69

Flaxseed: 45.04 ±
11.02; Placebo: 46.11
± 11.63

12 weeks

Hesperidin 1,000 mg Placebo ALT, AST, blood lipid,
HOMA-IR

47.32 ± 11.66 47.29 ± 13.76 12 weeks

Catechin >1,000 mg or 200 mg Placebo ALT, AST, blood lipid Low: 51.4 ± 14.8; High: 47.1
± 17.2

54.2 ± 8.1 12 weeks

Catechin 550 mg Placebo BMI, ALT, AST, blood
lipid

Mean 41 Mean 39.5 12 weeks

Green tea extract 500 mg Placebo BMI, ALT, AST, blood
lipid, adverse events

25 ± 18 28 ± 15 12 weeks

Silybin with vitamin D and vitamin E Placebo HOMA-IR 54 ± 11 47 ± 10 24 weeks

Silybin 94 mg, phosphatidylcholine 194
mg, vitamin E

Placebo BMI, ALT, AST, BMI 40.8 ± 10.3 48 weeks

Silybin 2,100 mg Placebo BMI, ALT, AST, blood
lipid

49.6 ± 12.7 50.1 ± 10.2 48 weeks

Silymarin 280 mg Placebo ALT, AST 39.28 ± 11.117 39.0 ± 10.70 24 weeks

Silymarin 210 mg Placebo ALT, AST 43.6 ± 8.3 39.36 ± 10.5 8 weeks

Silymarin 140 mg Placebo BMI, blood lipid, ALT,
AST, adverse events

47.0 ± 9.1 12 weeks

Silymarin 420 mg or 700 mg Placebo ALT, AST, HOMA-IR,
adverse events

Low: 47.3 ± 10.8 or High:
48.2 ± 11.4

49.5 ± 10.9 48 weeks

Silymarin 280 mg Placebo ALT, AST, BMI,
adverse events

48.42 ± 6.75 48.32 ± 5.45 12 weeks

Genistein 250 mg Placebo BMI, ALT, AST, blood
lipid, HOMA-IR,
adverse events

44.22 ± 11.80 42.94 ± 9.55 8 weeks

eostasis model assessment for insulin resistance.

Y
an

g
e
t
al.

10
.3
3
8
9
/
fi
m
m
u
.2
0
2
2
.9
4
9
74

6

Fro
n
tie

rs
in

Im
m
u
n
o
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g
y

fro
n
tie

rsin
.o
rg

0
6

Trial group Con
gro

Hesperidin Yari et al. (61) NCT03734510 Iran Hesperidin
+Flaxseed: 25;
Hesperidin: 22

Flaxs
22;
Place
21

Cheraghpour et al. (62) NCT03377140 Iran 25 24

Catechin Sakata et al. (63) – Iran Low: 5; High: 7 5

Tabatabaee et al. (64) IRCT201404132365N8 Iran 21 24

Hussain et al. (65) – Pakistan 40 40

Silybin Federico et al. (66) – Italy 60 30

Loguercio et al. (67) – Italy 69 69

Wah Kheong et al. (68) NCT02006498 Malaysia 49 50

Hashemi et al. (69) – Iran 50 50

Solhi et al. (70) IRCT201202159018N1 Iran 33 31

Anushiravani et al. (71) IRCT201705016312N4 Iran 30 30

Navarro et al. (72) NCT00680407 Italy Low: 26 or
High: 27

25

Masoodi et al. (73) – Iran 50 50

Genistein Amanat et al. (74) IRCT201312132480N5 Iran 41 41

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HOMA-IR, ho
e

m
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participants in the control group were involved. The

heterogeneity test result was P < 0.00001, I2 = 86%, suggesting

that the heterogeneity among RCTs was high, and the random-

effects model was used for analysis. The results showed that

curcumin reduced ALT compared with placebo [SMD = -0.55,

95% CI (-1.01, -0.09), P = 0.02] (Figure 3C).

For AST, 340 participants in the experimental group and 341

participants in the control group were involved. The

heterogeneity test result was P = 0.0007, I2 = 69%, suggesting

that the heterogeneity among RCTs was high, and the random-

effects model was used for analysis. The results showed that

curcumin reduced AST compared with placebo [SMD = -0.48,

95% CI (-0.76, -0.20), P = 0.0007] (Figure 3D). These suggest

that curcumin may have liver-protective effects.

3.4.4 Blood lipids
A total of eight RCTs provided evaluable TG data, involving

278 participants in the experimental group and 276 participants in

the control group. The heterogeneity test result was P = 0.004, I2 =

67%, suggesting that the heterogeneity among RCTs was high, and

the random-effects model was used for analysis. The results

showed that curcumin reduced TG compared with placebo

[WMD = -22.40, 95% CI (-34.73, -10.08), P = 0.0004] (Figure 3E).

A total of 10 RCTs provided evaluable TC data, involving 340

participants in the experimental group and 341 participants in the

control group. The heterogeneity test result was P = 0.006, I2 = 61%,
Frontiers in Immunology 07
suggesting that the heterogeneity among RCTs was high, and the

random-effects model was used for analysis. The results showed

that curcumin reduced TC compared with placebo [SMD = -0.38,

95% CI (-0.63, -0.13), P = 0.0004] (Figure 3F).

A total of 10 RCTs provided evaluable LDL-C data,

involving 340 participants in the experimental group and 341

participants in the control group. The heterogeneity test result

was P < 0.00001, I2 = 88%, suggesting that the heterogeneity

among RCTs was high, and the random-effects model was used

for analysis. The results showed that there was no significant

difference between the curcumin group and the placebo group

[SMD = -0.10, 95% CI (-0.54, 0.35), P = 0.67] (Figure 3G).

A total of 10 RCTs provided evaluable HDL-C data,

involving 340 participants in the experimental group and 341

participants in the control group. The heterogeneity test result

was P < 0.00001, I2 = 84%, suggesting that the heterogeneity

among RCTs was high, and the random-effects model was used

for analysis. The results showed that there was no significant

difference between the curcumin group and the placebo group

[SMD = 0.01, 95% CI (-0.37, 0.40), P = 0.94] (Figure 3H). These

suggest that curcumin may improve TG and TC level in patients

with NAFLD.

3.4.5 Adverse events
Mirhafez et al. (33–39), Cicero et al. (41), Panahi et al. (45),

Jazayeri-Tehrani et al. (46), Panahi et al. (47, 48), and Rahmani
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FIGURE 2

(A) Risk of bias graph; (B) Risk of bias summary.
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et al. (49) reported adverse events. They found no significant

difference in adverse events in the curcumin group compared

with the placebo group (P > 0.05).
3.5 Outcomes of resveratrol

3.5.1 Body mass index
A total of four RCTs provided evaluable BMI data, involving

93 participants in the experimental group and 93 participants in

the control group. The heterogeneity test result was P = 0.88, I2 =

0%, suggesting that the heterogeneity among RCTs was low, and

the fixed-effects model was used for analysis. The results showed

that there was no significant difference between the resveratrol

group and the placebo group [WMD = -0.16, 95% CI (-0.51,

0.18), P = 0.36) (Figure 4A).
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3.5.2 Homeostasis model
assessment-insulin resistance

A total of two RCTs provided evaluable HOMA-IR data,

involving 43 participants in the experimental group and 43

participants in the control group. The heterogeneity test result

was P = 0.32, I2 = 0%, suggesting that the heterogeneity among

RCTs was low, and the fixed-effects model was used for analysis.

The results showed that there was no significant difference

between the resveratrol group and the placebo group

[WMD = -0.49, 95% CI (-0.99, 0.02), P = 0.06] (Figure 4B).

3.5.3 Liver enzymes
A total of three RCTs provided evaluable ALT data, involving

103 participants in the experimental group and 102 participants in

the control group. The heterogeneity test result was P = 0.09, I2 =

58%, suggesting that the heterogeneity among RCTs was high, and
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FIGURE 3

Outcomes in curcumin treatment (A: BMI; B: HOMA-IR; C: ALT; D: AST; E: TG; F: TC; G: LDL-C; H: HDL-C). CI, confidence interval; SD,
standard deviation.
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the random-effects model was used for analysis. The results showed

that there was no significant difference between the resveratrol

group and the placebo group [WMD = -1.54, 95% CI (-13.89,

10.81), P = 0.81] (Figure 4C).

A total of four RCTs provided evaluable AST data, involving 113

participants in the experimental group and 112 participants in the

control group. The heterogeneity test result was P = 0.66, I2 = 0%,

suggesting that the heterogeneity among RCTs was high, and the

random-effects model was used for analysis. The results showed that

there was no significant difference between the resveratrol group and

the placebo group [Standardmean difference (SMD) = -0.02, 95%CI

(-0.28, 0.24), P = 0.88] (Figure 4D).

3.5.4 Blood lipids
A total of three RCTs provided evaluable TG data, involving

108 participants in the experimental group and 107 participants

in the control group. The heterogeneity test result was P = 0.25,

I2 = 28%, suggesting that the heterogeneity among RCTs was

low, and the fixed-effects model was used for analysis. The

results showed that there was no significant difference between

the resveratrol group and the placebo group [SMD = 0.06, 95%

CI (-0.20, 0.33), P = 0.64] (Figure 4E).
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A total of five RCTs provided evaluable TC data, involving

143 participants in the experimental group and 142 participants

in the control group. The heterogeneity test result was P = 0.01,

I2 = 69%, suggesting that the heterogeneity among RCTs was

high, and the random-effects model was used for analysis. The

results showed that there was no significant difference between

the resveratrol group and the placebo group [SMD = 0.04, 95%

CI (-0.40, 0.49), P = 0.85] (Figure 4F).

A total of five RCTs provided evaluable LDL-C data,

involving 143 participants in the experimental group and 142

participants in the control group. The heterogeneity test result

was P < 0.00001, I2 = 83%, suggesting that the heterogeneity

among RCTs was high, and the random-effects model was used

for analysis. The results showed that there was no significant

difference between the resveratrol group and the placebo group

[SMD = 0.15, 95% CI (-0.46, 0.76), P = 0.62] (Figure 4G).

A total of four RCTs provided evaluable HDL-C data,

involving 133 participants in the experimental group and 132

participants in the control group. The heterogeneity test result

was P = 0.81, I2 = 0%, suggesting that the heterogeneity among

RCTs was low, and the fixed-effects model was used for analysis.

The results showed that there was no significant difference
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FIGURE 4

Outcomes in resveratrol treatment (A: BMI; B: HOMA-IR; C: ALT; D: AST; E: TG; F: TC; G: LDL-C; H: HDL-C).
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between the resveratrol group and the placebo group [SMD =

0.18, 95% CI (-0.06, 0.42), P = 0.15] (Figure 4H).

3.5.5 Adverse events
Heebøll et al. (50), Chen et al. (51), Chachay et al. (52), and

Farzin et al. (53, 54) reported adverse events. Chen et al. (51) and

Farzin et al. (53, 54) did not find obvious adverse events. One

case of gastrointestinal side effects and one severe case of febrile

leukopenia and thrombocytopenia after 10 days of treatment

occurred in the resveratrol group in Heebøll et al. (50). Chachay

et al. (52) reported that resveratrol was well tolerated, and the

most common adverse event was mild diarrhea.
3.6 Outcomes of naringenin

Only Namkhah et al. (58, 59) reported the effects and safety of

naringenin in the treatment of NAFLD. They found that naringenin

significantly decreased the percentage of NAFLD grade, TG, TC,

and LDL-C (P < 0.05) and increased HDL-C (P < 0.05) but had no

significant effect on AST and ALT (P > 0.05). Meanwhile, no

adverse events were found in their study.
3.7 Outcomes of anthocyanin

Only Sangsefidi et al. (60) present a protocol about

anthocyanin (from C. mas L. fruit extract) in the treatment of

NAFLD. It was registered in the Iranian Registry of Clinical

Trials (IRCT20180419039359N1). They expect to enroll 80

patients, and the study will last 12 weeks.
3.8 Outcomes of hesperidin

Yari et al. (61) and Cheraghpour et al. (62) reported the effects

and safety of hesperidin in the treatment of NAFLD. As their

indicators could not be pooled for meta-analysis, a general

systematic review was performed. Yari et al. (61) found that

compared with the control group, hesperidin+flaxseed,

hesperidin, and flaxseed could reduce plasma ALT levels and

HOMA-IR, fasting blood glucose, and fatty liver index. This

suggests that hesperidin and flaxseed supplementation may

improve glucose and lipid metabolism while reducing

inflammation and hepatic steatosis in NAFLD patients.

Cheraghpour et al. (62) found that hesperidin supplementation

reduced ALT, g-glutamyltransferase, TC, TG, hepatic steatosis,

high-sensitivity C-reactive protein, Tumor necrosis factor (TNF)-

a, Nuclear factor-kB (NF-kB) after 12 weeks of intervention. They
speculate that hesperidin plays a role in the management of

NAFLD, at least in part, by inhibiting NF-kB activation and

improving lipid profiles.
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3.9 Outcomes of catechin

3.9.1 Body mass index
A total of two RCTs provided evaluable BMI data, involving 61

participants in the experimental group and 63 participants in the

control group. The heterogeneity test result was P = 0.13, I2 = 55%,

suggesting that the heterogeneity among RCTs was high, and the

random-effects model was used for analysis. The results showed

that the BMI in the catechin group is lower than that in the placebo

group [WMD = -2.24, 95% CI (-3,39, -1.09), P = 0.0001]

(Figure 5A). This suggests that catechin may improve obesity in

patients with NAFLD.
3.9.2 Homeostasis model
assessment-insulin resistance

A total of two RCTs provided evaluable HOMA-IR data,

involving 61 participants in the experimental group and 63

participants in the control group. The heterogeneity test result

was P = 0.62, I2 = 0%, suggesting that the heterogeneity among

RCTs was low, and the fixed-effects model was used for analysis.

The results showed that the HOMA-IR in the catechin group is

lower than that in the placebo group [WMD = -1.62, 95% CI

(-2.49, -0.76), P = 0.0002] (Figure 5B). This suggests that catechin

may improve insulin resistance in patients with NAFLD.
3.9.3 Liver enzymes
A total of three RCTs provided evaluable ALT data,

involving 73 participants in the experimental group and 69

participants in the control group. The heterogeneity test result

was P = 0.0002, I2 = 85%, suggesting that the heterogeneity

among RCTs was high, and the random-effects model was used

for analysis. The results showed that there was no significant

difference between the catechin group and the placebo group

[SMD = -0.75, 95% CI (-1.87, 0.37), P = 0.19] (Figure 5C).

A total of three RCTs provided evaluable AST data,

involving 73 participants in the experimental group and 69

participants in the control group. The heterogeneity test result

was P = 0.005, I2 = 77%, suggesting that the heterogeneity among

RCTs was high, and the random-effects model was used for

analysis. The results showed that there was no significant

difference between the catechin group and the placebo group

[SMD = -0.66, 95% CI (-1.54, 0.23), P = 0.15] (Figure 5D).
3.9.4 Blood lipids
A total of three RCTs provided evaluable TG data, involving 61

participants in the experimental group and 63 participants in the

control group. The heterogeneity test result was P = 0.20, I2 = 40%,

suggesting that the heterogeneity among RCTs was low, and the

fixed-effects model was used for analysis. The results showed that

the TG in the catechin group is lower than that in the placebo group

[WMD = -42.32, 95% CI (-50.88, -33.76), P < 0.00001] (Figure 5E).
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A total of three RCTs provided evaluable TC data, involving

73 participants in the experimental group and 69 participants in

the control group. The heterogeneity test result was P = 0.01, I2 =

69%, suggesting that the heterogeneity among RCTs was high,

and the random-effects model was used for analysis. The results

showed that there was no significant difference between the

catechin group and the placebo group [WMD = -17.36, 95% CI

(-42.82, 8.10), P = 0.85] (Figure 5F).

A total of two RCTs provided evaluable LDL-C data,

involving 61 participants in the experimental group and 64

participants in the control group. The heterogeneity test result

was P = 0.03, I2 = 79%, suggesting that the heterogeneity among

RCTs was high, and the random-effects model was used for

analysis. The results showed that there was no significant

difference between the catechin group and the placebo group

[WMD = -13.78, 95% CI (-32.52, 4.95), P = 0.15] (Figure 5G).

A total of two RCTs provided evaluableHDL-C data, involving

61 participants in the experimental group and64participants in the
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control group. The heterogeneity test result was P < 0.00001, I2 =

96%, suggesting that the heterogeneity among RCTs was high, and

the random-effectsmodelwas used for analysis. The results showed

that there was no significant difference between the catechin group

and the placebo group [WMD = 7.82, 95% CI (-5.33, 20.97), P =

0.24] (Figure 5H). These suggest that catechin may improve TG in

patients with NAFLD.

3.9.5 Adverse events
Only Hussain et al. (65) reported adverse events. They found

that the catechins were well tolerated by the patients, and no

major adverse effects were noted during the study period.

3.10 Outcomes of silymarin

3.10.1 Body mass index
A total of four RCTs provided evaluable BMI data, involving

80 participants in the experimental group and 80 participants in
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FIGURE 5

Outcomes in catechin treatment (A: BMI; B: HOMA-IR; C: ALT; D: AST; E: TG; F: TC; G: LDL-C; H: HDL-C).
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the control group. The heterogeneity test result was P = 0.70, I2 =

0%, suggesting that the heterogeneity among RCTs was low, and

the fixed-effects model was used for analysis. The results showed

that there was no significant difference between the silymarin

group and the placebo group [WMD = -0.26, 95% CI (-1.13,

0.61), P = 0.56] (Figure 6A).
3.10.2 Liver enzymes
A total of three RCTs provided evaluable ALT data,

involving 113 participants in the experimental group and 111

participants in the control group. The heterogeneity test result

was P = 0.13, I2 = 52%, suggesting that the heterogeneity among

RCTs was high, and the random-effects model was used for

analysis. The results showed that the ALT in the silymarin group

was lower than that in the placebo group [WMD = -4.81, 95% CI

(-9.50, -0.11), P = 0.04] (Figure 6B).

A total of three RCTs provided evaluable AST data,

involving 113 participants in the experimental group and 111

participants in the control group. The heterogeneity test result

was P = 0.0007, I2 = 86%, suggesting that the heterogeneity

among RCTs was high, and the random-effects model was used

for analysis. The results showed that the ALT in the silymarin

group was lower than that in the placebo group [SMD = -0.77,

95% CI (-1.52, -0.02), P = 0.04] (Figure 6C). These indicate that

silymarin may have liver-protective effects.
3.10.3 Adverse events
Anushiravani et al. (71), Navarro et al. (72), and Masoodi

et al. (73) reported adverse events. Anushiravani et al. (71) and

Masoodi et al. (73) did not observe adverse events of silymarin

during the intervention period. Navarro et al. (72) indicated that

no serious adverse events were recorded, and the frequency of

side effects was similar and uncommon in the two groups.
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3.11 Outcomes of genistein

Only Amanat et al. (74) reported outcomes of genistein. They

found that serum insulin levels, HOMA-IR, BMI, and TG were

reduced after genistein intervention compared with placebo (P <

0.05). However, there were no significant changes in BMI, fasting

blood glucose, ALT, and AST between the two groups. No patient

reported any serious adverse events as a result. Twominor adverse

events were reported by two participants, and one participant in

each group had mild gastric distress.
4 Discussion

NAFLD has a prevalence of 20%–30% in the general

population and >25% in most Asian countries, including China,

and is the main cause of abnormal liver enzymes (22). In recent

years, the prevalence of metabolic diseases such as obesity,

hyperlipidemia, and T2DM has increased year by year, and the

prevalence of NAFLD has shown a parallel growth trend. NAFLD

is a complex disease regulated by various mechanisms such as

glucose and lipid metabolism, genes, environment, and gut

microecology (77). Over the past few decades, researchers have

been devoted to the exploration of the pathogenesis, prevention,

and treatment of NAFLD. There are many differences in the

pathogenesis of NAFLD, and the “second hit” hypothesis is

currently widely recognized (78). The “second hit” theory holds

that the pathogenesis of NAFLD is closely related to insulin

resistance; insulin resistance is the central link in the occurrence

and development of NAFLD, and abnormal lipid metabolism is the

initiating factor (4, 79, 80). Abnormal insulin signaling pathway

and lipid metabolism disorder jointly promote the occurrence and

development of NAFLD (81). Themajor sites of P-oxidation of free

fatty acids in the liver are mitochondria, microsomes, and
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FIGURE 6

Outcomes in silymarin treatment (A: BMI; B: ALT; C: AST).
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peroxisomes. Insulin resistance and hyperinsulinemia promote the

release of free fatty acids from peripheral adipose tissue into the

liver, accelerate the utilization of free fatty acids by hepatocytes, and

promote the synthesis of excess triglycerides in the liver (82). As a

result, mitochondrial oxidative phosphorylation and lipid P-

oxidation are abnormal, triglyceride transport is abnormal, and

very low-density lipoprotein secretion is reduced; it causes benign

liver fat accumulation, called “simple fatty liver,” which is the first

blow. Steatosis is a necessary condition for the development of

NAFLD (83). “One hit” promotes the occurrence and development

of the “second hit,” such as activation of inflammatory signaling

pathways, mitochondrial dysfunction, and oxidative stress, which

contribute to simple fatty liver to steatohepatitis and fatty liver

fibrosis (84). Accompanied by the accumulation of visceral fat, the

signaling pathway of glucose and lipid metabolism is changed,

resulting in the accumulation of fat in the liver, and provides an

inflammatory environment and conditions for the occurrence and

development of inflammation. This in turn leads to damage to the

liver and other tissues and cells, such as oxidative stress,

dysregulated protein folding response, lipotoxicity, and apoptosis

pathways leading to liver fibrosis, liver cirrhosis, and hepatocellular

carcinoma (2, 85, 86). In addition, factors such as endotoxins,

hepatotoxic substances, liver tissue overload, and genetic

susceptibility produced by intestinal bacterial fermentation also

affect processes such as oxidative stress and lipid metabolism

through the gut–liver axis (GLA) pathway (87, 88). There is an

anatomical and functional connection between the liver and the

gut, and 70% of the blood supply to the liver comes from the portal

vein. Recent experimental and clinical studies have shown that

gastrointestinal microbes can contribute to the occurrence and

progression of NAFLD by promoting metabolism and energy

acquisition, producing high levels of pro-inflammatory factors,

and disrupting local immune cell function through interactions

with the host innate immune system (89, 90). Increased intestinal

permeability (91), small intestinal bacterial overgrowth (SIBO)

(92), and elevated lipopolysaccharide (LPS) (93) may be involved

in the pathogenesis of NAFLD. At present, the primary goal for the

treatment of NAFLD is to control body weight, improve insulin

resistance, and prevent metabolic syndrome and related end-organ

lesions. The second is to reduce the deposition of triglycerides in

the liver and avoid the “second blow” to form NASH and liver

function damage (16, 94).

Polyphenols are a diverse class of plant-derived compounds

with water-soluble chemical properties (95). They are widely

found in fruits, teas, red berries, coffee, red wine, and herbs and

are well-known antioxidants and have been proposed as

treatments for several metabolic disorders (96). Polyphenols

are the most abundant antioxidant compounds in the human

diet, and their actions, like those of vitamins, are the cornerstone

of the traditionally known beneficial effects of fruits, vegetables,

and herbs on a variety of diseases (97, 98). Studies have shown

that polyphenols can prevent oxidative stress (99), promote fatty

acid b-oxidation, and regulate insulin resistance (99).
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Furthermore, it has been reported that these compounds may

modulate de novo lipogenesis by acting on the activity of

lipogenic enzymes and improving the expression of lipolytic

proteins (100), as well as regulating metabolism by modulating

Gut-Liver Axis (GLA) (101). Rafiei et al. (102, 103) observed that

several pure polyphenols (such as quercetin, resveratrol,

melanin, berberine, catechin, and anthocyanin) effectively

protected HepG2 cells from oleic acid-induced steatosis. Some

of them protect against mitochondrial dysfunction and aerobic

metabolic dysfunction (102, 103). Different polyphenols, such as

resveratrol and curcumin, exert their effects through similar

molecular targets acting on the Nuclear Factor erythroid 2-

Related Factor 2 (Nrf2) pathway, suggesting that these

compounds may share the same molecular pathway in lipid

metabolism (104, 105). At present, several studies have shown

the effect of polyphenols in NAFLD (22, 106) (Figure 7). This

study summarizes the RCTs of seven polyphenol components in

the treatment of NAFLD through a systematic review and meta-

analysis and provides the latest clinical evidence for future

clinicians and patients. Next, the results of these seven

components are described and summarized.
4.1 Curcumin

Curcumin is a natural phenolic antioxidant extracted from the

rhizomes of ginger plants such as turmeric, curcuma, mustard,

curry, and turmeric, and the main chain is unsaturated aliphatic

and aromatic groups (107). It has many health-promoting

properties that have been shown to include antioxidant, anti-

inflammatory, and anticancer effects (108). Recent studies have

found that curcumin has made significant progress in the

treatment of NAFLD (109). Current studies have found that

curcumin and its derivatives can inhibit inflammatory factors in

the serum and liver by significantly reducing glucose and lipid

metabolism in the serum and liver. It also regulates the metabolic

disorder of NAFLD through multiple metabolic pathways [AMPK

(Adenosine 5‘-monophosphate-activated protein kinase) signaling

pathway and peroxidase proliferator-activated receptor (PPAR)

signaling pathway, etc.] (109–111). In addition, curcumin can

inhibit hepatic steatosis and hepatic stellate cell activation by

activating PPAR-g (112). The current study also shows that

curcumin can directly regulate the gut microbiota to regulate

inflammation and energy metabolism in the GLA of NAFLD

(113). Studies in rats have shown that approximately 60% of the

dose of curcumin suspended in water is absorbed; in addition,

suspending it in oil increases the fraction absorbed. About one-

third of the oral dose remains in the colon 24 h after oral

administration (114). However, unchanged curcumin was not

detected in urine or blood nor did it accumulate in tissue or fat.

Therefore, it is likely that curcumin undergoes rapid metabolism

after absorption by enterocytes or the liver, although other

metabolic pathways have not been fully elucidated. The use of
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14C-labeled curcumin showed that the major bile metabolites were

the glucuronides of tetrahydrocurcumin and hexahydrocurcumin.

The minor bile metabolites are dehydroferulic acid and ferulic acid.

Only trace amounts of intact curcumin and 6% of total

radioactivity are excreted in urine (115). Therefore, if curcumin

is fully absorbed, it is mainly excreted through the bile. The effects

of all its metabolites are unknown. Luminal curcumin or its

derivatives may have local activity on colonic epithelial cells

independent of systemic absorption. Although oral curcumin

results in therapeutic concentrations in the intestinal mucosa in

vivo (116), detailed metabolic studies in humans have not been

performed. Safety studies have shown that curcumin has no

adverse effects reported in rats, guinea pigs, dogs, and monkeys.

Curcumin has been shown to be safe in six human trials (117).

This research found that curcumin may decrease BMI, AST,

ALT, TG, TC, and HOMA-IR compared to placebo. Meanwhile,

curcumin does not increase the occurrence of adverse events.

There were six RCTs (29, 32, 42–46) with a follow-up time of 12

weeks and five RCTs (33–41, 47, 49) with a follow-up time of 8

weeks. Kalhori et al. used turmeric 3,000 mg, which is the largest

dose in an RCT, while (46) used nanocurcumin 80 mg, and (42)

used curcumin 80 mg, which is the smallest dose in an RCT. This

suggests that 3 g curcumin continuous intervention for 12 weeks

does not increase the occurrence of adverse events. Meanwhile, a

phase I human trial using up to 8 g of curcumin per day for 3

months in 25 subjects did not find any toxicity (118). It is not

known whether higher doses or longer treatment with curcumin

would provide additional benefits. However, because the trial

only included adults, this review cannot address the efficacy of

curcumin in pediatric patients. Further research is needed to
Frontiers in Immunology 14
confirm any possible benefit of curcumin treatment in patients

of other age groups.
4.2 Resveratrol

Resveratrol is a polyphenolic compound that has been shown

to be effective in improving liver lesions (119). Resveratrol reverses

liver dysfunction associated with nesfatin-1 and glycolipid

metabolism in a mouse model of NAFLD, such as

transaminases, total bilirubin, TC, LDL-C, blood sugar,

insulinemia, and nesfatin-1 (120, 121). In addition, resveratrol

improved the histological extent of steatosis and improved

behavioral and cognitive impairment caused by NAFLD (21). In

terms of glycolipid metabolism, resveratrol can prevent hepatic fat

accumulation by enhancing fatty acid b-oxidation and reducing

lipogenesis through the AMPK signaling pathway (122). Although

the meta-analysis results of all RCTs did not reveal significant

positive changes, individual RCTs showed meaningful results.

Kantartzis et al. used 75 mg of resveratrol orally twice daily.

They found that the resveratrol supplement group had

significantly lower levels of liver fat compared to the placebo

group, suggesting that resveratrol could prevent liver fat from

increasing. Resveratrol was safe and well tolerated during the trial.

Chen et al. also found that resveratrol significantly reduced AST,

glucose, and LDL-C compared to the placebo group, promoting

the role of resveratrol supplementation in the treatment of insulin

resistance and its consequences. Faghihzadeh et al. also found that

resveratrol reduced ALT and hepatic steatosis. In addition, Farzin

et al. (53) investigated the effect of resveratrol on atherogenic risk
FIGURE 7

Schematic diagram of the mechanism of dietary polyphenols in the treatment of NAFLD (SCFAS, short-chain fatty acids; NAFLD, non-alcoholic
fatty liver disease).
frontiersin.org

https://doi.org/10.3389/fimmu.2022.949746
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Yang et al. 10.3389/fimmu.2022.949746
factors in NAFLD patients. Although resveratrol supplementation

reduced BMI and waist circumference compared with the placebo

group, no significant changes were found in blood lipids, serum

atherosclerotic index, liver enzymes, and blood pressure. Based on

current evidence, resveratrol appears to be well tolerated, with few

RCTs reporting adverse events. A limitation, however, is that the

follow-up periods of these studies were very short (follow-up

periods varied from 8 to 24 weeks), and the long-term effects of

resveratrol remain unclear. Further evidence is needed to support

the efficacy of resveratrol in the management of NAFLD (123).
4.3 Naringenin

Naringenin is a natural flavonoid polyphenol with

antioxidative stress, anti-inflammatory, improving metabolism,

reducing calcium overload, and antiapoptotic effects (124). The

current study showed that naringenin ameliorated lipid

metabolism disorders in livers by reducing fatty acid uptake and

de novo lipogenesis and increasing fatty acid oxidation. CD36 and

PPAR-a may be specific targets of naringenin (124). Structurally,

flavonoid subclasses such as naringenin exert antihyperlipidemic,

antidiabetic, and anti-inflammatory functions by attenuating lipid

metabolism, glucose metabolism, and inflammation in metabolic

syndrome (125). Rodrıǵuez et al. (126) found that naringenin can

prevent Streptozotocin (STZ)-induced diabetes-induced liver

damage, and it may be a new therapeutic strategy to prevent

NAFLD associated with type 1 diabetes. In terms of modulating

gut microbiota, naringenin intervention not only reduced body

weight gain, hepatic lipid accumulation, and lipogenesis in high-fat

diet (HFD)-fed mice but also decreased plasma biochemical

parameters. It also altered the gut bacterial community

composition, characterized by increased beneficial and decreased

harmful bacteria (127). In this systematic review, Namkhah et al.

(58, 59) found that naringenin significantly decreased the

percentage of NAFLD grade, TG, TC, and LDL-C and increased

HDL-C but had no significant effect on AST and ALT. Meanwhile,

no adverse events were found in their study.
4.4 Anthocyanin

Anthocyanin, a flavonoid polyphenol, is commonly found in

various fruits, vegetables, and herbs (128). Due to their excellent

antioxidant properties and significant free radical-scavenging

ability, anthocyanins have shown definite preventive effects in

various stages of the occurrence and development of various

cardiovascular diseases and are botanical drugs with broad

development prospects (129). As a natural pigment, plant

anthocyanins are safe, non-toxic, and rich in resources. They

have considerable nutritional and pharmacological effects and

have a wide range of impacts on human health. They have great

application potential in food, cosmetics, and medicine (130). In
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terms of safety, anthocyanins as food additives have been proven

to have a wide range of safety (131). Evidence shows that

anthocyanins in ingested foods are complex flavonoid mixtures,

not only non-toxic and non-mutagenic but also these

bioflavonoids have various effects on human health

maintenance (132, 133). Current studies showed that

anthocyanin ameliorated NAFLD by improving lipid and

glucose metabolism, increasing antioxidant and anti-

inflammatory activities, and modulating gut dysbiosis (134, 135).
4.5 Hesperidin

Hesperidin is a flavonoid widely present in citrus fruits, and its

chemical structure is dihydroflavonoid glycoside structure (136,

137). It has antioxidation, inhibits inflammation, and improves the

molecular mechanism of glucose and lipid metabolism through

AMPK/peroxisome proliferator-activated receptor-Gamma

coactivator 1 Alpha (PGC-1a) and PPAR signaling pathways

(138–140). In addition, studies have shown that HSP can

significantly inhibit endoplasmic reticulum stress in oxidative

stress in NAFLD models in vivo and in vitro (141). In this

systematic review, Yari et al. found that compared with the

control group, hesperidin+flaxseed, hesperidin, and flaxseed could

reduce plasma ALT levels and HOMA-IR, fasting blood glucose,

and fatty liver index. This suggests that hesperidin and flaxseed

supplementation may improve glucose and lipid metabolism while

reducing inflammation and hepatic steatosis in NAFLD patients

(61). Cheraghpour et al. found that hesperidin supplementation

reduced ALT, g-glutamyltransferase, TC, TG, hepatic steatosis,

high-sensitivity C-reactive protein, TNF-a, and NF-kB after 12

weeks of intervention. They speculate that hesperidin plays a role in

the management of NAFLD, at least in part, by inhibiting NF-kB
activation and improving lipid profiles (62).
4.6 Catechin

Catechin is a polyphenolic compound that naturally exists in

the dried leaves of Camellia sinensis and is the main body of

physiologically active substances in green tea extracts. The main

structure is 2-phenylbenzopyran (142, 143). Current studies

have shown that catechins have hypolipidemic, thermogenic,

antioxidative stress, and anti-inflammatory activities, which can

reduce the occurrence and progression of NAFLD (144–147). In

addition, studies have shown that the effects of green tea on liver

enzymes depend on the individual’s health status, and while

modest reductions have been observed in NAFLD patients, small

increases have been found in healthy subjects (148). This meta-

analysis showed that catechin may decrease BMI, HOMA-IR,

and TG level. Hussain et al. (65) reported that the catechins were

well tolerated by the patients, and no major adverse effects were

noted during the study period.
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4.7 Silymarin

Silymarin, a flavonoid, is the main component of the lipophilic

milk thistle extract, which is widely used worldwide as a substance

for the treatment of liver disease (149). Studies have shown that

silymarinhasa goodeffect on improvinghigh fat-induced fatty liver

and insulin resistance and can improve glucose and lipid

metabolism and reduce peroxidative damage (150, 151). In

patients with biopsy-proven NASH, silymarin improves fibrosis

and liver stiffness. For safety, silymarinwas found tobe safe andwell

tolerated (68). The current study found that silymarin has anti-

inflammatory, immunomodulatory, antifibrotic, antioxidant, and

liver regenerationproperties in the treatmentofNAFLD(152, 153).

This meta-analysis and systematic review showed that silymarin

was effective in improving ALT and AST and reducing hepatic fat

accumulation and liver stiffness in NAFLD patients.
4.8 Genistein

Genistein, the main soy isoflavone component of soybean, has

been shown to have many biological activities, such as anticancer,

antioxidant, and anti-inflammatory effects and inhibition of

tyrosine-specific protein kinases (154–157). These properties

have made genistein a popular candidate for drug development.

The anti-inflammatory activity of isoflavones has been found in

several animal studies (158–160). Zhang et al. (125) found that

genistein attenuated the pro-inflammatory cytokines TNF-a and

IL-6 in metabolic syndrome and improved insulin resistance and

fasting blood glucose. Ji et al. (161) found the anti-inflammatory

effect of genistein on HFD-induced NASH rats. They found that

genistein could improve liver function, slow down NASH

progress, and reduce the thiobarbituric acid-reactive substances

(TBARS), TNF-a, and IL-6 levels in the serum and liver, such as

inhibiting inhibitor of NF-kB a(IkB-a) phosphorylation, nuclear
translocation of NF-kB p65 subunit, and activation of c-Jun N-

terminal kinase (JNK).
4.9 Strength, limitation, and inspiration
for the future

The strength of this study is that this systematic review andmeta-

analysis comprehensively summarizes the current RCTs of dietary

polyphenol supplementation in the treatment of NAFLD and

evaluates its efficacy and safety, involving dietary supplementation

of eightpolyphenols (curcumin, resveratrol, naringenin, anthocyanin,

hesperidin, catechin, silymarin, and genistein) and 2,173 participants.

The limitations of this study are as follows: 1) There is obvious

heterogeneity in some outcomes (such asALT,AST, TG, TC, LDL-

C, HDL-C of curcumin; ALT and AST of resveratrol), and the

heterogeneity biasmaybedue to the selectionof population, dietary

polyphenol treatment time, dose, selection of dietary polyphenol
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preparations, and information bias in the data collectionprocess. 2)

Although a total of 33 RCTs were included, nomore than 10 RCTs

were included in each category of dietary polyphenol supplement

(naringenin, anthocyanin, and genistein included only one RCT),

and the number of participants per RCT was mostly less than 100.

3) The languages of the RCTs included in this study were only

Chinese and English, and no RCTs in other languages were found,

whichmay have an impact on the results. 4) The follow-up time of

the 33 RCTs included in this study was 8–48 weeks, and there were

no observations older than 3 years and earlier than 8 weeks, which

may affect the generalization of the results.

Given the above limitations, more research on other classes of

polyphenols for the treatment of NAFLD is needed in the future. It

is recommended that future RCTs collect treatment data within 8

weeks and beyond 3 years and include larger numbers of

participants in order to revise or confirm current conclusions.
5 Conclusion

This meta-analysis provides promising findings on the

beneficial effects of polyphenol supplementation on NAFLD.

These beneficial effects appear to depend on the type of

polyphenol: curcumin (80–3,000 mg, 8–12 weeks) can reduce

BMI, TG, TC, liver enzymes, and insulin resistance; catechin

(500–1,000 mg, 12 weeks) can reduce BMI, insulin resistance, and

TG effectively; silymarin (94–2,100 mg, 8–48 weeks) can reduce

liver enzymes. These findings provide better insights into the

effects of polyphenol supplementation on NAFLD, suggesting that

polyphenol supplementation may serve as an inexpensive and

long-term NAFLD preventive intervention. However, some

polyphenols showed no efficacy (such as resveratrol), and some

polyphenols contained fewer RCTs (such as naringenin,

anthocyanin, hesperidin, and genistein). Therefore, more RCTs

are needed to further evaluate their efficacy and safety.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding author.
Authors contributions

KY, JC, TZ, XY, AG, LZ and JG are responsible for the study

concept and design. KY, JC, TZ, XY, AG, SW, HX, LZ and JG are

responsible for the data collection, data analysis and interpretation;

LZ, KY and JC drafted the paper; JG supervised the study; all

authors participated in the analysis and interpretation of data and

approved the final paper. KY, JC, TZ, XY,AG should be considered

joint first author.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.949746
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Yang et al. 10.3389/fimmu.2022.949746
Funding

This work is supported by the National Key Research and

Development Project of China (No. 2018YFC1704904), Hunan

Provincial Natural Science Foundation of China (2020JJ5424),

Hunan University of Chinese Medicine “Double First-Class”

Discipline Open Fund Project of Integrated Traditional Chinese

and Western Medicine (2020ZXYJH08), Hunan Provincial

Department of Education Youth Fund Project (21B30386).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Frontiers in Immunology 17
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fimmu.

2022.949746/full#supplementary-material
References
1. Wong VW. Non-alcoholic fatty liver disease. Lancet (2021) 397
(10290):2212–24. doi: 10.1016/S0140-6736(20)32511-3

2. Younossi ZM. Non-alcoholic fatty liver disease - a global public health
perspective. J Hepatol (2019) 70(3):531–44. doi: 10.1016/j.jhep.2018.10.033

3. Huang TD, Behary J, Zekry A. Non-alcoholic fatty liver disease: A review of
epidemiology, risk factors, diagnosis and management. Intern Med J (2020) 50
(9):1038–47. doi: 10.1111/imj.14709

4. Cotter TG, Rinella M. Nonalcoholic fatty liver disease 2020: The state of the
disease. Gastroenterology (2020) 158(7):1851–64. doi: 10.1053/j.gastro.2020.01.052

5. Arshad T, Golabi P, Henry L, Younossi ZM. Epidemiology of non-alcoholic
fatty liver disease in north america. Curr Pharm Des (2020) 26(10):993–7.
doi: 10.2174/1381612826666200303114934

6. Targher G, Tilg H, Byrne CD. Non-alcoholic fatty liver disease: A
multisystem disease requiring a multidisciplinary and holistic approach. Lancet
Gastroenterol Hepatol (2021) 6(7):578–88. doi: 10.1016/S2468-1253(21)00020-0

7. Bence KK, Birnbaum MJ. Metabolic drivers of non-alcoholic fatty liver
disease. Mol Metab (2021) 50:101143. doi: 10.1016/j.molmet.2020.101143

8. Juanola O, Martıńez-López S, Francés R, Gómez-hurtado I.. Non-alcoholic
fatty liver disease: Metabolic, genetic, epigenetic and environmental risk factors. Int
J Environ Res Public Health (2021) 18(10):5227. doi: 10.3390/ijerph18105227

9. Cataldo I, Sarcognato S, Sacchi D, Cacciatore M, Baciorri F, Mangia A, et al.
Pathology of non-alcoholic fatty liver disease. Pathologica (2021) 113(3):194–202.
doi: 10.32074/1591-951X-242

10. Forlano R, Mullish BH, Nathwani R, Dhar A, Thursz MR, Manousou P.
Non-alcoholic fatty liver disease and vascular disease. Curr Vasc Pharmacol (2021)
19(3):269–79. doi: 10.2174/1570161118666200318103001

11. Stefan N. A global view of the interplay between non-alcoholic fatty liver
disease and diabetes. Lancet Diabetes Endocrinol (2022) 10(4):284–96. doi: 10.1016/
S2213-8587(22)00003-1
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22. Simental-Mendıá LE, Gamboa-Gómez CI, Guerrero-Romero F, Simental-
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