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ABSTRACT

Background/Aims: Previous studies have shown that hyperferritinemia is a common phenomenon in non-alcoholic fatty liver dis-
ease patients. We aim to further explore the relationship between serum ferritin levels and non-alcoholic fatty liver disease using a
meta-analysis.

Materials and Methods: Four Library databases were electronically searched from inception until December 2021 to find prospective
cohort or case-control studies examining the relationship between serum ferritin levels and non-alcoholic fatty liver disease, and all
kinds of literature were screened according to the inclusion and exclusion criteria. The odds ratio and other related data were extracted,
and a meta-analysis was performed.

Results: Eleven studies examining the relationship between serum ferritin levels and non-alcoholic fatty liver disease were included. The
serum ferritin levels in the non-alcoholic fatty liver disease group were significantly higher than those without non-alcoholic fatty liver
disease group (1.54 ng/mL, 95% ClI: 0.85-2.23, P <.001). Serum ferritin levels were significantly associated with the risk of non-alcoholic
fatty liver disease in both men and women (odds ratio = 2.36, 95% Cl: 1.41-3.93, P =.001 and odds ratio = 2.93, 95% CI: 1.83-4.69, P <
.001, respectively), and after adjusting for the parameters, the relationships were still shown to be significant in men and women (odds
ratio = 2.24, 95% Cl: 1.64-3.05, P <.001 and odds ratio = 3.30, 95% CI: 2.13-5.11, P <.001, respectively).

Conclusion: Serum ferritin levels were higher in patients with non-alcoholic fatty liver disease than in those without non-alcoholic fatty

liver disease and were associated with the risk of non-alcoholic fatty liver disease in both men and women.
Keywords: Ferritin, non-alcoholic fatty liver disease, non-alcoholic steatohepatitis, meta-analysis

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is defined as
excessive liver fat accumulation, with more than 5% of
hepatocytes containing triglycerides, free fatty acids,
ceramides, and free cholesterol' in the absence of heavy
alcohol consumption or medication to induce liver ste-
atosis.? The global prevalence of NAFLD is approxi-
mately 25.24%, and NAFLD has gradually become the
common cause of morbidity and mortality in patients
with liver-related chronic diseases.® In recent years, a
considerable amount of evidence has shown the com-
plex interactions between NAFLD and type 2 diabe-
tes and obesity, and NAFLD is also common in people
with various diseases, including extrahepatic malig-
nancy, chronic kidney disease, some endocrine diseases
(including polycystic ovary syndrome and osteoporo-
sis), brain aging, and cognitive impairment.* Therefore,
NAFLD has a significant impact on human health, and
the early diagnosis and prevention of NAFLD are of
utmost importance.

Non-alcoholic fatty liver disease includes a wide range of
histological changes, mainly simple steatosis and non-
alcoholic steatohepatitis (NASH).®> Steatosis can occur
when the amount of fat in the liver cells is 5%, and the
NASH can be diagnosed when any degree of hepatic ste-
atosis, hepatocellular ballooning, or lobular inflammation
occurs.® As NASH progresses, the liver becomes rigid, and
liver function declines, leading to cirrhosis, hepatocellu-
lar carcinoma (HCC), death, or liver transplantation.® The
NASH is the active period of NAFLD, and so we divide
NAFLD into NASH and no-NASH. The global prevalence
of NASH is 3%-5%,” with approximately 10%-30% of
NAFLD patients developing NASH.® Compared with other
liver diseases, 5%-50% of patients with HCC present
with NASH before developing cirrhosis and routine safety
screening, and these tumors tend to be larger and less
treatable.®

Iron is one of the most important micronutrients in living
organisms and is an essential element for respiration and
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energy production in the mitochondria. Iron may cause
oxidative damage to biomacromolecules by promoting
the production of intracellular reactive oxygen species
and changing the intracellular redox environment, even-
tually leading to chronic liver disease.'® The liver plays a
central role in iron metabolism and is the main source of
hepcidin, a peptide hormone that regulates iron homeo-
stasis. Excessive iron deposition, hepatocyte necrosis,
and systemic inflammation caused by NAFLD may induce
the overexpression of hepcidin, which decreases the
intestinal iron absorption and increases the iron retention
in macrophages and hepatocytes. Ferritin is the primary
storage mode of iron in the liver; once iron accumulates
in the liver, it may damage the liver cell proteins and DNA
through peroxidation stress. Ferritin can directly activate
hepatic stellate cells and induce hepatic fibrosis through
the nuclear factor kB cascade reaction.™

The golden standard for diagnoses of NAFLD is liver
pathological tissue biopsy; however, it cannot be used
as a routine screening method because of its invasive
nature. Therefore, exploring a non-invasive, simple, and
economical method for diagnosing NAFLD is a new direc-
tion of current research; previous studies have found
that hyperferritinemia, with or without increased iron
concentration in the liver, is a common manifestation of
NAFLD." One study has showed that serum ferritin levels
are correlated with NAFLD occurrence in Korean men.'®
In this study, the correlation between serum ferritin lev-
els and the risk of NAFLD was analyzed using a meta-
analysis to provide new ideas for the early diagnosis of
NAFLD.

MATERIALS AND METHODS

Literature Retrieval and Quality Evaluation

According to the recommended meta-analysis method
for observational epidemiological studies, and according
to the PRISMA guideline, 4 English databases, including
PubMed, Web of Science, Embase, and Cochrane Library,
were searched from inception until December 2021. All
cohort studies, prospective cohort studies, or case—control

Main Points

Serum ferritin levels were higher in patients with non-
alcoholic fatty liver disease (NAFLD) than in those without
NAFLD.

Serum ferritin levels were associated with the risk of NAFLD
in both men and women.

Serum ferritin levels were not associated with the risk of
non-alcoholic steatohepatitis.

studies evaluating the relationship between serum ferritin
levels and NAFLD were retrieved from these databases.

Inclusion Criteria: Studies conducted in humans; studies
examining the relationship between serum ferritin levels
and NAFLD; prospective cohort studies, case—control
studies, and cohort studies; studies with available data on
relevant indicators such as serum ferritin levels, odds ratio
(OR), and 95% Cl, and studies conducted among individ-
uals aged =18 years were included in the analysis.

Exclusion Criteria: Studies based on animals; meetings,
letters, case reports, reviews, meta—analyses, or system-
atic evaluations; duplicate or unrelated studies; studies
lacking complete information and data; and studies with
poor quality [the Newcastle-Ottawa Quality Assessment
Scale (NOS) score of <5] were excluded.

The search strategy of PubMed is as follows: ("Hyperfer
ritinemia”"[MeSH Terms] OR (“Hyperferritinemias”[Title/Ab
stract] OR “raised serum ferritin"[Title/Abstract] OR “serum
ferritin raised"[Title/Abstract] OR “elevated serum ferritin”[
Title/Abstract] OR “serum ferritin elevated”[Title/Abstract]
OR "Ultrahyperferritinemia”[Title/Abstract] OR “dysmeta-
bolic hyperferritinemia”[Title/Abstract] OR ((“Hyperferriti
nemia"[MeSH Terms] OR “Hyperferritinemia"[Title/Abst
ract] AND “Dysmetabolic”[Title/Abstract]))) AND (“Non-
alcoholic Fatty Liver Disease"[MeSH Terms] OR (“Non-
alcoholic Fatty Liver Disease"[Title/Abstract] OR “NAFL
D"[Title/Abstract] OR “nonalcoholic fatty liver disease”[T
itle/Abstract] OR “fatty liver nonalcoholic"[Title/Abstract]
OR ((“fatty liver"[MeSH Terms] OR (“Fatty"[Title/Abstract]
AND “Liver"[Title/Abstract]) OR “fatty liver"[Title/Abstract]
OR ("Fatty"[Title/Abstract] AND “Livers”[Title/Abstract])
OR “fatty livers"[Title/Abstract]) AND “Nonalcoholic"[Title
/Abstract]) OR “liver nonalcoholic fatty”[Title/Abstract] OR
((“Liver"[MeSH Terms] OR “Liver"[Title/Abstract] OR “Live
rs"[Title/Abstract] OR "“livers"[Title/Abstract]) AND “non-
alcoholic fatty”[Title/Abstract]) OR “nonalcoholic fatty
liver"[Title/Abstract] OR “nonalcoholic fatty livers”[Title/A
bstract] OR “nonalcoholic steatohepatitis”[Title/Abstract]
OR ((“fatty liver"[MeSH Terms] OR (“Fatty"[Title/Abstract]
AND "“Liver"[Title/Abstract]) OR (“fatty liver"[Title/Abstrac
t]) AND “Nonalcoholic”[Title/Abstract]) OR “steatohepati-
tis nonalcoholic”[Title/Abstract])).

Quality Evaluation

The quality of the included literature was assessed using
NOS. If the score was higher, the quality of the literature
was higher. The NOS score =5 was considered as high-
quality studies.
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Data Extraction

Two researchers independently screened the relevant
literature according to the inclusion and exclusion cri-
teria. The researchers discussed and solved any dis-
agreements on which the literature should be included;
however, if no consensus was reached, the decision
was made after consulting a third person. The following
data were extracted from the final included studies: the
name of the first author, year of publication, country of
study participants, type of study mean age, sex, total
number of study population, number of people included
in the NASH and no-NASH groups, number of people
included in the NAFLD and no-NAFLD groups, meth-
ods of diagnosing NAFLD, NAFLD grading (if provided),
mean and SD of the outcome index or effect size esti-
mates (OR) and 95% CIl, and the parameters adjusted
in the study.

Statistical Analysis

In this meta-analysis, NAFLD was considered as the out-
come index, and the standardized mean difference, OR
value, and 95% CI of serum ferritin were considered as
the effect indexes. The chi-square test (a = 0.1) was used
to analyze heterogeneity among the included studies; if
P < 1 or I* > 50% indicated a significant heterogeneity
among the results of the studies, the random-effects
model was chosen for the meta-analysis. Subsequently,
a subgroup analysis was conducted according to the
region of the participants, total number of participants,
and methods of diagnosing NAFLD to eliminate the
influence of confounding factors. A sensitivity analysis
was then performed to specifically exclude 1 or several
studies and to evaluate the stability of the meta-analysis
results.

Assessment of Publication Bias

Publication bias in the literature was determined using
Begg's and Egger’s tests; the included studies were con-
sidered to have no publication bias if the P-value of
the Begg's and Egger's tests was >.05. If a conflict was
observed between the P-values of the Begg's test and
Egger's test, the P-values of the Egger's test were used as
a basis to determine the presence or absence of a publica-
tion bias, and the data were analyzed using the Stata 15.1
software.

RESULTS

Screening Literature Results

A total of 390 related literatures were obtained through
a preliminary analysis. All literatures were imported

into EndNote X9, while 169 duplicate literatures were
excluded. Further reading the titles or abstracts, 177
papers were excluded, including 33 reviews, 4 meta-anal-
yses, 39 comments and conferences, 6 animal experi-
ments, 2 case reports, and 93 irrelevant studies. After
carefully reading the full text of the remaining 44 papers,
33 papers were removed, including 6 with inconsistent
outcome indicators, 9 with no available original text, 16
with inconsistent content, 1 with incomplete data, and
1 with an NOS score of <5; 11 studies were eventually
included.'2'4-22 The specific screening process is shown in
Figure 1.

Basic Features of the Included Literatures

The following data were extracted from the original stud-
ies (Table 1): name of the first author, year of publication,
country of study participants, type of study, mean age,
sex, total number of study population, number of people
included in the NASH and no-NASH groups, number of
people included in the NAFLD and no-NAFLD groups,
methods of diagnosing NAFLD, NAFLD grading (if pro-
vided), mean and SD of the outcome index or effect size
estimates (OR) and 95% CIl, and parameters adjusted in
the study.

Preliminary retrieval (n = 390)
PubMed = 24

Web of Science = 183

Embase =8

Cochrane Library = 175

[ Duplicate literatures = 169

n=221,
Reading titles and abstracts

Reviews =33

Meta =4

Comments, conferences = 39
Animal experiments = 6
Case reports = 2

Inconsistent contents = 93

n=44,
Reading of the full text

Incosistent outcome = 6
Without the full text =9
With incomplete data =1
NOS score <5 =1
Inconsistent contents = 16

Eventually included,
n=11

Figure 1. Flowchart of the literature screening process.
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Table 1. Basic Features of the Included Literatures

Number (Male,
Female), Mean Age)

Definition of NAFLD

NAFLD NASH
First Author  Country Type of Study Total No NAFLD No NASH Adjusted Parameters
Panetal* China Case—control study 972 (659, 313), 48 482 (328,154), 48 — Liver Waistline, SBP, DBP,
ultrasonography FPG, TG, TC, HDL-C,
490 (331, 159), 48 ALT, AST, y-GT, and
CRP
Weietal® Hong Case—control study 991 (382, 277), 48 262 (141,121), 51 — Whole-body Age, gender, BMI,
Kong 3.0T scanner SBP, DBP, waist
729 (382,347), 49 circumference,
creatinine, fasting
glucose, HbA1c, TC,
ferritin, HOMA-IR, TG,
LDL, HDL, and
PNPLA3
Yanetal® China Case—control study 805,59.78 427,61 — Liver Age, duration, BMI,
ultrasonography Hb, MCHC, VB12, FA,
378,58 AST, albumin, TBil, TP,
DBil, UA, TC, SBP,
HDL, LDH, RBC count,
HbA1c, FPG, and DBP
Jungetal” Korean Case—control study 25597 (9615, 15 — — (1) NAFLD liver Age, SBP, BMI, FPG,
982), >20 fat score diabetes mellitus, TC,
(2) hepatic daily alcohol intake,
steatosis index  smoking history, and
score PA
Buzzetti European Case—control study 468 (260, 177), 47 — 247 (148,99),50 Liver biopsy —
etal
221(143,78), 45
Valenti Italian Case—control study 487 (381, 105), 49 216 (167, 49), 49 — Biopsy proven —
etal’®
271 (215, 56), 45
Breaetal® USA Case—control study 80 (40, 40), 53 40 (20, 20), 53 — Liver —
ultrasonography
40 (20, 20), 51
Kasapoglu  Turkey Case—control study 2058 (1563, 495),50 473 (380, 93), 49 — (Mild) liver —
et al®® ultrasonography
982 (792, 190), 45
Kasapoglu  Turkey Case—control study 2058 (1563, 495),50 363 (273, 90), 50 — (Moderate) liver —
et al?® ultrasonography
982 (792, 190), 45
Kasapoglu  Turkey Case—control study 2058 (1563, 495), 50 240 (118, 122), 51 — (Severe) liver —
etal® ultrasonography
982 (792, 190), 45
Jeong Korean Case—control study 558 (295, 163) 172 (132/40), 42 - 3.5-MHz -
etal® transducer
386 (163/22)3, 40
Parikh India Case—control study 300 (165, 190), 18 250 (88,162), 44 — 250 liver —
et al? ultrasonography
55 (40, 15), 42 and 55 liver
50 (37, 13), 41 biopsy
Gohetal”® USA Case-control study 405 (178, 226), 48 405 (178,226),48 291 (126,164), 49 Biopsy proven —

114 (52, 62), 46

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CRP, C-reactive protein; DBIl, direct bilirubin; DBP, diastolic blood
pressure; FA, fatty acid; FPG, fasting blood glucose; Hb, hemoglobin; MCHC, Mean corpuscular hemoglobin concentration; HbA1C, glycosylated hemoglobin;
HDL-C, high-density lipoprotein cholesterol; HOMA-IR, insulin resistance index; LDH, lactate dehydrogenase; LDL, low-density lipoprotein; NAFLD,
non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; PA, physical activity; PNPLA3, patatin-like phospholipase domain-containing protein
3; RBC, red blood cell; SBP, systolic blood pressure; TBIil, total bilirubin; TC, total cholesterol; TG, triglyceride; TP, total protein; UA, uric acid; VB12, vitamin
B12; y-GT, y-glutamyltranspeptidase.
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Table 2. Quality Evaluation of Case-Control Studies

Selection Exposure
Comparability
Selection Adjusted Ascertainment No
Case Case of Definition ~ Confound  Ascertainment of Casesand Response
Study Definition Representativeness Controls of Control Factors of Exposure Controls Rate Total
Pan et al'* 1 1 1 1 2 1 1 0 7
Wei et al'® 1 1 0 1 2 1 1 0 7
Yan et al'® 1 1 1 1 2 1 1 0 8
Jung et al'” 1 1 1 2 1 1 0 7
Buzzetti 1 1 1 2 1 1 0 7
etal?
Valenti 1 1 1 1 1 1 1 0 7
etal'®
Brea et al'® 1 1 1 1 0 1 1 6
Kasapoglu 1 1 0 1 1 1 1
etal?®
Jeong et al?! 1 1 0 1 1 1 1
Parikh 1 1 1 1 0 1 1
et al®
Goh et al?® 1 1 0 1 2 1 1 0 7

Non-alcoholic fatty liver disease was diagnosed using
abdominal ultrasound in 5 studies, liver biopsy in 4 stud-
ies, NAFLD liver fat score, hepatic and steatosis index
(HSI) score in 1 study, and 3.5-MHz transducer in 1 study.

Among the 11 studies, 9 examined the relationship
between serum ferritin levels and NAFLD2141619-23 gnd 6
examined the relationship between serum ferritin level
and the risk of NAFLD.'214-18

Quality Evaluation of the Included Literatures

The quality of the included literature was assessed based
on the NOS scale, with the case—control studies obtaining
a score of >5 (Table 2). This suggests that the quality of
the included literature was higher. The higher the score,
the higher is the quality of the literature.

Comparison of the Serum Ferritin Levels Between
Non-alcoholic Fatty Liver Disease and Without
Non-alcoholic Fatty Liver Disease Groups

Seven studies compared the differences between
NAFLD and non-NAFLD groups.'*'618-22 After testing
for heterogeneity (> = 99.2%, P < .1), strong heteroge-
neity between the selected studies was observed; thus,
a random-effects model was used for meta-analysis
(Figure 2). The meta-analysis showed that the serum
ferritin levels in the NAFLD group were significantly

higher than those in the non-NAFLD group (1.54 ng/mL,
95% CI: 0.85-2.23, P <.001).

Publication bias was evaluated using the Egger's test (P =
.994), which suggested that there was no publication bias
among these studies.

Relationships Between Serum Ferritin Levels and Risk
of Non-alcoholic Fatty Liver Disease

Four studies were included in the analysis."*" The meta-
analysis showed that the heterogeneity was strong

Study %
D SMD (95% C1) Weight

Angel Brea 2005
Xinting Pan 2019 -
Jun-Xin Yan 2021 .
Pathik Parikh 2015(a.) -

167 (1.16,2.18)
070 (0.57, 0.83)
215(1.97,2.32)
-0.01(-032, 0.30)
024(0.01,0.47)
0.41(0.08, 0.75)
059 (0.48, 0.70)
232(217,247)
268 (251,286)
1.11(0.69, 1.52)
5.06 (470, 5.43)
154(0.85,223)

879
921
9.19
9.07
9.15
9.04
922
9.20
9.18
8.95
9.01
100.00

Dong Wook Jeong 2014(female)
Dong Wook Jeong 2014(male)
Benan Kasapoglu 2016 (mild)
Benan Kasapoglu 2016(moderate) I
Benan Kasapoglu 2016(severe) L d
Pathik Parikh 2015(b.)

Luca Valenti 2012

Overall (I-squared = 99.2%, p = 0.000)

NOTE: Weights are from random effects analysis

5.43 0 5.43

Figure 2. Comparison of serum ferritin levels between non-alcoholic

fatty liver disease (NAFLD) and no-NAFLD groups. (a) Non-alcoholic

fatty liver disease was diagnosed using abdominal ultrasound; (b)

NAFLD was diagnosed using liver viability; mild/moderate/severe:
NAFLD was graded using liver biopsy.
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among all studies; therefore, a random-effects model was
used for meta-analysis.

For the general population (without gender discrimina-
tion), before and after adjusting the parameters, no corre-
lation was observed between serum ferritin levels and the
risk of NAFLD (OR = 1.00, 95% CI:1.00-1.00, P = 0.056; OR
=1.00,95% CI: 1.00-1.00, P = 0.206) (Figures 3A and 4A).

The random-effects model results showed that serum
ferritin levels were significantly associated with the risk
of NAFLD in men and women (OR = 2.36, 95% CI: 1.41-
3.93, P = .001; OR = 2.93, 95% CI: 1.83-4.69, P < .001)
(Figure 3B and 3C) before adjusting the parameters.

After adjusting for the parameters, serum ferritin lev-
els were significantly associated with the risk of NAFLD
in men and women (OR = 2.24, 95% ClI: 1.64-3.05, P <
.001; OR = 3.30, 95% CI: 2.13-5.11, P < .001) (Figure 4B
and 4C).

Publication bias before and after adjusting the param-
eters was assessed using the Egger's test; the P values

A %

study ES (95% CI) Weight

[ —_——————) 135(1.04,1.74) 0.00

Xinting Pan 2019

Jeremy Lok Wei 2015 . 1.00 (1.0, 1.00) 5410
Jun-Xin Yan 2021 * 1.00 (1.00, 1.00) 45.90
Overall (I-squared = 75.9%, p = 0.016) 1.00 (1,00, 1.00) 100.00

NOTE: Weights are from random efects analysis

were .236 before adjusting and .052 after adjusting these
parameters, which suggested that there was no publica-
tion bias among these studies.

Meta-analysis of Serum Ferritin and Non-alcoholic
Steatohepatitis

Comparison of Serum Ferritin Levels Between Non-alco-
holic Steatohepatitis and Without Non-alcoholic Steato-
hepatitis Groups: Two studies were included.'>?® After
testing for heterogeneity (/> = 97.4%, and P <.1), a strong
heterogeneity was observed between the selected litera-
tures. Thus, a random-effects model was selected for
meta-analysis. The meta-analysis showed no significant
difference in the serum ferritin levels between the NASH
and non-NASH groups (0.85 ng/mL, 95% CI: 0.07-1.17,
P =.070) (Figure 5A).

Relationships Between Serum Ferritin Levels and the Risk
of Non-alcoholic Steatohepatitis: Two studies were
included.’>® The meta-analysis results showed that het-
erogeneity existed among all included studies, and the
random-effects model was selected for meta-analysis.

A
%
study ES (95% Cl) Weight
Xinting Pan 2019 I ————) 162(1.16,226) 000
Jeremy Lok Wei 2015 * 100(1.00,1.00) 5473
Jun-Xin Yan 2021 * 1.00 (1.00, 1.00) 4526

Overall (I-squared = 78.8%, p = 0.009) 1.00 (1.00, 1.00) 100.00

NOTE: Weights are from random effects analysis

174

%
study E5 (95% CI) Weight
Xinting Pan 2019 —— 121(089,165) 3168
Ju Young Jung 2018(NLFS) | —— 336077,409 3404
Ju Young Jung 2018(HSI score) | —— 307(257.368) 328
Overi (-squared = 93.9%,p = 0.000 — = manm e
NOTE: Weighis are from random effects analysis

T T
c 245 1 408

%
study €5 (95% ) Weight
Xinting Pan 2019 —_— 164(1.04,259) 782
Ju Young Jung 2018(NLFS) —— 472097550 382
Ju Young Jung 2018(HS! score) - 285 247,329 3636
Overall (squared = 93.2%, p = 0.000) O 293 (1.83, 4.69) 100.00
NOTE: Weights are from random effects analysis

T T

79

1 56

T
442

226

5 %
study ES(95% C) Weight
Xinting Pan 2019 —_———— i 1.4 (0.96,2.16) 2593
Ju Young Jung 2018(NLFS) —— 2500319 766
Ju Young Jung 2018(HSI score) d:—.— 272(2.13,3.48) 36.42
Overall (-squared = 72.2%, p = 0.027) @ 224(164,3.05) 100.00
NOTE: Weights are from random effects analysis :
T T
267 1 348
c %
study ES (95% C)) Weight
Xinting Pan 2019 —‘—é— 213(1.15,3.94) 2315
JuYoung Jung 2018(NLFS) | = anpoTsen 40.06
Ju Young Jung 2018(HSI score) — 294(225,385) 3679
Overal (1-squared = 841%, p = 0.002) <> 330@13,51) 10000

NOTE: Weighs are from random effects analysis

79

1 56

Figure 3. Relationships between serum ferritin levels and the risk of

non-alcoholic fatty liver disease (NAFLD) (without adjustment). (A)

General population, (B) male, and (C) female. HSI score, NAFLD

diagnosed using the hepatic steatosis index; NLFS, NAFLD diagnosed
using the hepatic fat score.

Figure 4. Relationships between serum ferritin levels and the risk of

NAFLD (after adjustment). (A) General population, (B) male, and (C)

female. HSI score, NAFLD diagnosed using the hepatic steatosis
index; NLFS, NAFLD diagnosed using the hepatic fat score.
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Stugy %
D SMD (95% CI) Weight
Elena Buzzetti 2019 039 (0.20,0.57) 50.32
George BB Goh 2015

1.33 (1.09, 1.56) 49.68

Overall (I-squared = 97.4%, p = 0.000) 0.85 (-0.07,1.77) 100.00
NOTE: Weights are from random effects analysis

T

A7

B

study ES (95% CI) Weight

Elena Buzzetti 2019 e

1.00 (1.00, 1.00) 66.22
Lucia Carulli 2011 v—‘— 1.00 (1.00, 1.01) 3378
1,00 (1.00, 1.01) 100.00

Overall (1-squared = 66.7%, p = 0.083) <<>

NOTE: Weights are from random effects analysis :
T T

991 1 1.01

Figure 5. Meta-analysis of serum ferritin and the risks of non-
alcoholic steatohepatitis.

Results showed that serum ferritin levels were not associ-
ated with the risk of NASH (OR = 1.00, 95% CI: 1.10-1.01,
P =0.213) (Figure 5B).

DISCUSSION

In the present study, a meta-analysis was conducted to
confirm that the serum ferritin levels were significantly
increased in patients with NAFLD and serum ferritin lev-
els were correlated with the risk of NAFLD in both male
and female populations. Yang et al>* reported that serum
ferritin levels were increased in American adult NAFLD
patients, while this correlation changed significantly
with different gender and age. Du et al*® found that the
serum ferritin levels in NASH patients were higher than
those in no-NASH patients. However, no significant cor-
relation was found between serum ferritin levels and
NASH in the present study, which may be related to the
age, gender, and geographical location of the included
participants.

Although several studies have reported that the serum
ferritin is related to NAFLD, the specific mechanism
remains unclear; Serum ferritin levels and ferritin/hepci-
din ratio are significantly correlated with NAFLD in the
Chinese population.™ Yan et al'® reported that the serum
ferritin levels were an independent risk factor for NAFLD
in middle-aged and older patients with type 2 diabetes.
Jeong et al?' found that serum ferritin levels were closely
related to the severity of NAFLD, and the risk of NAFLD
significantly increased with an increase in serum ferri-
tin quartile levels in the male population. A dose—effect

correlation was observed between serum ferritin levels
and the occurrence of NAFLD. With the increase in fer-
ritin levels, the blood glucose and insulin levels gradually
increase, further aggravating insulin resistance, which is
a potential mediating factor in the relationship between
serum ferritin and NAFLD, and obesity, which is one of the
risk factors for NAFLD. With the accumulation of serum
ferritin levels in the body, body mass index (BMI) and
waist circumference also showed a significant increase."”

Non-alcoholic fatty liver disease is a complex chronic
liver disease that is usually accompanied by other comor-
bidities (such as obesity, insulin resistance, and meta-
bolic syndrome), which may lead to NASH and HCC.?¢
Major manifestations of NAFLD are insulin resistance,
lipid accumulation, and chronic inflammation.?” Insulin
resistance and lipid accumulation in the liver lead to a
series of mitochondrial dysfunctions and lipid peroxi-
dation, thus damaging the mitochondria and liver cells,
ultimately leading to fibrosis and cirrhosis.?® Liver inflam-
mation can be caused by the accumulation of lithium
toxic metabolites, oxidation, endoplasmic reticulum
stress, tissue hypoxia, and endothelial cell dysfunction.2®
Some studies have shown that intestinal microbes play
a key role in the pathogenesis of NAFLD. Unhealthy
diet and drugs can lead to ecological imbalance of the
intestinal microbiota, increased intestinal mucosal per-
meability, and excessive toxicity or pro-inflammatory
molecules, which negatively affect the liver physiology.
Dysfunctional livers are unable to effectively control the
intestinal microbiota through bile acids and other micro-
bial regulatory factors, resulting in intestinal ecological
imbalance and intestinal barrier dysfunction. This vicious
cycle has a significant impact on the liver, intestine, and
human health.?° Recent studies have shown that cellular
aging mechanisms may be involved in the progression of
NAFLD to severe NASH and HCC, which mainly mani-
fested as mitochondrial dysfunction, excessive reactive
oxygen species production, reduced NAD+, increased
AmP-activated protein kinase activity, and biological
energy imbalance, which further activate and promote
hepatocellular senescence.?®

Adult NAFLD patients often experience changes in serum
iron metabolism, manifested by increased serum fer-
ritin levels and normal transferrin saturation, which is
known as the metabolic abnormal iron load syndrome.®
Iron accumulation in adult patients with NAFLD is due to
impaired iron mobilization in the liver cells and Kupffer
cells.®" Serum ferritin, a major marker of liver iron storage,
positively correlated with liver fat accumulation. Intestinal
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bacteria and body iron status play an important role in the
pathological mechanism of NAFLD. Ferritin is negatively
correlated with Pasteurellaceae, Leuconostocaceae, and
Micrococcaceae families, while ferritin is positively cor-
related with Bacteroides and Prevotella species. Ferritin-
related bacterial families are strongly correlated with liver
iron-related genes, and such iron metabolism-related
microbiome characteristics may be correlated with liver
fat accumulation through liver glucose metabolism.32
Serum ferritin elevation in NAFLD patients is mainly
related to chronic liver inflammation, B-cell dysfunction,
and insulin resistance.®® Kim et al'® found that serum fer-
ritin could generate hydroxyl-free radicals through an
iron-catalyzed peroxide reaction, thus increasing tumor
necrosis factor and enhancing oxidative stress. Second,
increased serum ferritin levels may reduce insulin sensi-
tivity, which can increase the accumulation of free fatty
acids through de novo synthesis of liver fat and decom-
position of liver adipose tissue, directly leading to liver
dysfunction.

As a pathologic type with progressive risk of NAFLD dis-
ease, 38% of NASH patients can progress to fibrosis within
5 years, and approximately 20% can progress to cirrho-
sis within 10 years.?* Current studies have attempted to
explore the role of serum ferritin in patients with NAFLD,
especially its association with NASH or fibrosis, as a non-
invasive marker. Kowdley et al®® found that serum ferri-
tin was positively correlated with NASH and/or fibrosis,
whereas Kowdley et al®® reported the opposite result.
More interestingly, serum ferritin levels were associated
with an increased risk of developing hepatic steatosis, but
not with NASH, which is not independently related to liver
fibrosis.”? Goh et al?>® believed that serum ferritin was not
an accurate predictor of NASH. To further improve the
accuracy, they combined serum ferritin, aspartate amino-
transferase, BMI, platelet count, diabetes, and hyperten-
sion history to establish NASH predictive scoring (NPS)
models. The NPS model can facilitate the screening of
patients who need to undergo liver biopsy and even help
hepatologists to further evaluate the patient’s condition,
which is conducive to the formulation of drug treatment
plans.

This study has some limitations. First, all included stud-
ies were case—control studies, which could not explain
the causal relationship between serum ferritin levels
and NAFLD. Second, the gold standard for the diagnosis
of NAFLD is liver pathological tissue biopsy; however,
in the included studies, different methods were used
for diagnosing NAFLD, such as liver ultrasound or liver

biopsy, which may lead to heterogeneity in the diag-
nosis of NAFLD and NASH. Finally, there is a hierarchy
among the populations included in this study, which
may also have a certain influence on the mean serum
ferritin level.

In conclusion, serum ferritin levels in NAFLD patients are
significantly increased and are closely related to the risk
of NAFLD. Ferritin together with other metabolic and
biochemical parameters may improve the performance
of non-invasive scores for NAFLD, and iron depletion still
represents an attractive therapeutic target to prevent the
progression of liver damage.
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