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Abstract

Background and Aims: Previous studies reported that
serum resistin levels were remarkably changed in patients
with nonalcoholic fatty liver disease (NAFLD) but the con-
clusions were inconsistent. The aim of this study was to
investigate accurate serum resistin levels in adult patients
with NAFLD. Methods: A complete literature research was
conducted in the PubMed, Embase, and Cochrane Library
databases, and all the available studies up to 7 May 2020
were reviewed. The pooled standardized mean difference
(SMD) values were calculated to investigate the serum re-
sistin levels in patients with NAFLD and healthy controls.
Results: A total of 28 studies were included to investigate
the serum resistin levels in patients with NAFLD. Patients
with NAFLD had higher serum resistin levels than controls
(SMD=0.522, 95% confidence interval [CI]: 0.004-1.040,
I?=95.,9%). Patients with nonalcoholic steatohepatitis
(NASH) had lower serum resistin levels than the healthy
controls (SMD=-0.44, 95% CI: —0.83-0.55, [2=74.5%).
In addition, no significant difference of serum resistin lev-
els was observed between patients with NAFL and healthy
controls (SMD=-0.34, 95% CI: —0.91-0.23, I?°=79.6%)
and between patients with NAFL and NASH (SMD=0.15,
95% CI: —0.06-0.36, I2=0.00%). Furthermore, subgroup
and sensitivity analyses suggested that heterogeneity did
not affect the results of meta-analysis. Conclusions: This
meta-analysis investigated the serum resistin levels in adult
patients with NAFLD comprehensively. Patients with NAFLD
had higher serum resistin levels and patients with NASH
had lower serum resistin levels than healthy controls. Se-
rum resistin could serve as a potential biomarker to predict
the development risk of NAFLD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined as he-
patic steatosis by imaging or histology without secondary
factors of hepatic fat aggregation, such as significant alco-
hol consumption and long-term use of a steatogenic medi-
cation.! NAFLD ranges from nonalcoholic fatty liver (NAFL),
which is characterized as simple benign hepatic steatosis,
to nonalcoholic steatohepatitis (NASH), the histologic fea-
tures of which are macrovesicular steatosis, hepatocellular
ballooning, lobular inflammation, and pericellular fibrosis.
NASH can progress to the more severe fibrosis, that is de-
fined as the accumulation of extracellular matrix proteins in
the liver interstitial space, cirrhosis, and even the hepato-
cellular carcinoma.?2 Nowadays, NASH-associated cirrhosis
has become the second leading cause for liver transplanta-
tion in the USA. Meanwhile, NAFLD increases the risk of
developing type 2 diabetes, cardiovascular disease, and
chronic kidney disease.3

NAFLD has been certainly become the most predominant
chronic liver disease in the world, with the highly shocking
prevalence of 25.24% among the global population. In fact,
the prevalence is predicted to become even higher in the next
decade.# Up to now, the diagnostic golden standard for NAFLD
is liver biopsy. As an invasive technology, some adverse
events can occur during liver biopsy diagnosis of patients,
such as pain, infection, bleeding and even death.> Therefore,
there is an urgent need to develop a novel biomarker to pre-
dict and diagnose NAFLD conveniently and accurately.

Resistin belongs to the family of resistin-like molecules,
also known as “found in inflammatory zone” (FIIZ), and
functions as a pro-inflammatory adipokine.® Resistin is
mainly produced by adipose tissue, inflammatory cells, such
as macrophages and monocytes, and hepatic stellate cells.”
Previous reports have suggested that resistin could be up-
regulated by proinflammatory cytokines, including TNF-aq,
IL-6, IL-1B. In turn, resistin can activate the nuclear factor-
kappa B (NF-kB) signaling pathway and promote the syn-
thesis of TNF-a, IL-6 and other pro-inflammatory agents.8

Regarding the association of serum resistin levels in pa-
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tients with NAFLD, the studies showed conflicting results
so far. Some researchers have reported that serum resistin
levels are high in patients with NAFLD, NAFL, and NASH
compared to healthy subjects.® However, other research-
ers have suggested that no significant difference exists for
serum resistin levels in patients with NAFLD, NAFL, NASH,
and healthy controls.10.11 In the comparison between pa-
tients with NASH and NAFL, some studies have found higher
serum resistin levels in patients with NASH, whereas others
studies found similar levels of serum resistin in patients with
NASH and NAFL.10-12 Meanwhile, some researchers have re-
ported lower serum resistin levels in patients with NASH
compared to patients with NAFL or healthy controls.10:13

In consideration of the inconsistence of serum resistin
levels in patients with NAFLD, it is worthwhile to investigate
the exact performance of serum resistin levels in patients
with NAFLD according to the available studies. The aim of
this study was to conduct a systematic review of the avail-
able studies and comprehensively analyze the relationship
between serum resistin levels and the degree of NAFLD.

Methods

Search strategy

To obtain the relevant studies for this meta-analysis, a com-
plete literature search was conducted in the databases of
PubMed, Embase, and Cochrane Library by the following
strategy: ((((((((((((((Nonalcoholic Fatty Liver Disease) OR
Non alcoholic Fatty Liver Disease) OR NAFLD) OR Nonalco-
holic Fatty Liver Disease) OR Fatty Liver, Nonalcoholic) OR
Fatty Livers, Nonalcoholic) OR Liver, Nonalcoholic Fatty) OR
Livers, Nonalcoholic Fatty) OR Nonalcoholic Fatty Liver) OR
Nonalcoholic Fatty Livers) OR Nonalcoholic Steatohepatitis)
OR Nonalcoholic Steatohepatitides) OR Steatohepatitides,
Nonalcoholic) OR Steatohepatitis, Nonalcoholic) AND (Re-
sistin) OR Adipocyte Cysteine-Rich Secreted Protein FIIZ3)
OR Adipocyte Cysteine Rich Secreted Protein FIIZ3. All the
potentially relevant studies in English language and pub-
lished before 7 May 2020 were reviewed. In case of data
missed, we tried to contact the corresponding authors to
obtain the original data.

Inclusion and exclusion criteria

Clinical studies which performed comparison of serum re-
sistin levels between NAFLD (NAFL or NASH) patients and
healthy controls were suitable for this meta-analysis. Stud-
ies were included if they conformed to the following criteria:
(1) original full-text publications; (2) NAFLD diagnosed with
biopsy, ultrasound, liver enzymes or computerized tomogra-
phy; and (3) serum resistin levels compared. Studies were
excluded according to the following principles: (1) patients
with other causes of chronic liver disease (alcoholic fatty
liver disease, viral or autoimmune hepatitis); (2) subjects
included in more than one study; (3) some necessary data
missing and not obtainable from the authors; (4) quality of
publication too low; (5) reviews, editorials, case reports,
letters, hypotheses, book chapters, studies on animals or
cell lines, and unpublished data or abstracts; or (6) partici-
pants with other medical conditions, such as diabetes and
coronary heart disease.

Data extraction and quality assessment

Two authors (HDL and CJ) evaluated each article and ex-

tracted the data independently. The controversy was solved
by discussion with a third author (LSS). The study quality
was evaluated using the Newcastle-Ottawa scale (NOS), as
approved by the Cochrane Collaboration. The NOS uses a
star system to decide the quality of a study in three realms:
collection, comparability, and outcome/exposure. The NOS
assigns four stars for selection, two stars for comparabil-
ity, and three stars for outcome/exposure. Any study that
received a score of 6 or more stars was regarded as being
at low risk of bias (the highest quality), and lesser stars
indicated a risk of bias.!4

Statistical analysis

The meta-analysis was conducted using Stata/SE 15.0. Se-
rum resistin levels in the NAFLD group and controls were
extracted as mean difference+standard deviation (SD) and
the pooled values were expressed as standardized mean
difference (SMD) with 95% confidence interval (CI). For-
est plots were constructed to evaluate the heterogeneity
of included studies by I? statistic. According to Higgins and
Thompson, I2 values of approximately 25% represented low
heterogeneity, approximately 50% represented medium
heterogeneity, and approximately 75% represented high
heterogeneity. In this meta-analysis, continuous-weighted
fixed-effects model analysis was used when the 12<50%.
Otherwise, the random-effects model was used. The pos-
sibility of publication bias was evaluated using funnel plot
and the Egger’s regression asymmetry test. The sensitivity
analysis, subgroup analysis, and meta-regression analysis
were conducted to explore the possible sources of (expect-
ed) heterogeneity among the eligible studies. The GRADE
approach was used to evaluate the quality of the pooled
results of serum resistin levels in the NAFLD group vs. con-
trols, NASH group vs. controls, NAFL group vs. controls, and
NAFL group vs. NASH group.

Results
Characteristics of the included studies

According to the search strategy, a total of 448 studies
were obtained ((PubMed (n=103), Cochrane (n=328), and
Embase (n=13)). After removing 109 duplicates, 339 ar-
ticles were retrieved. After removing reviews, conference
abstracts, letters, editorials, conference papers, notes and
short surveys, 159 potential studies were retrieved. After
full-text evaluation, 28 studies were included eventually for
this meta-analysis (Fig. 1).

The main characteristics of the included studies are sum-
marized in Table 1. All the included studies were cross-
sectional or case-control studies. Patients with NAFLD in
22 studies?®10,12,15-33 were assessed by liver histology, and
5 studies34-38 evaluated NAFLD by ultrasonography. One
study did not specifically describe the diagnosis of NAFLD.3°
Among these studies, 10 were carried out in Asia, 6 in North
America, and 10 in Europe. Two studies were carried out in
South America. Among the 28 included studies, 25 had no
the risk of bias and 3 had risk of bias.

Comparison of the serum resistin levels in NAFLD pa-
tients and controls

A total of 1,934 patients with NAFLD and 1,240 controls
were included in this study. Only 18 of the included 28 stud-
ies investigated the serum resistin levels in NAFLD patients

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 484-493 485



Han D. et al: Serum resistin in adult patients with NAFLD

searching = 448

Records identified through database

292 articles excluded:
Duplicates = 109
Reviews = 120
Conference abstracts =35

A 4

> Letters =11

Editorials =9
Conference papers = 4
Notes =3

Short survey = 1

evaluation = 156

Potentially relevant studies identified for

110 articles excluded:

Without necessary data = 66

v

»| Gene polymorphisms =21
Other liver diseases = 15

Cells or animals studies = 8

Eligible studies identified for evaluation = 46

18 articles excluded:

With other type of date = 10

A 4

Subjects were children = 6

Patient with DM = 2

Studies included in this meta-analysis = 28

Fig. 1. Flow chart of the literature search process.

(NAFLD patients were not divided into the NAFL or NASH)
and healthy controls. Random-effects model was used to
conduct the meta-analysis and the results showed that
patients with NAFLD had higher serum resistin levels than
controls (SMD=0.522, 95% CI: 0.004-1.040, I?=95.9%)
(Fig. 2A). Ten studies investigated the serum resistin lev-
els in patients with NASH and healthy controls. Random-
effects model was used to conduct the meta-analysis and
the results showed that patients with NASH had lower se-
rum resistin levels than the healthy controls (SMD=-0.44,
95% CI: —0.83-0.55, 1?=74.5%) (Fig. 2B). Seven studies
investigated the serum resistin levels in patients with NAFL
and healthy controls. Random-effects model was used to
conduct the meta-analysis and no significant difference of
serum resistin levels was observed between patients with
NAFL and healthy controls (SMD=-0.34, 95% CI: —0.91-
0.23, I?=79.6%) (Fig. 2C). Nine studies investigated the

serum resistin levels in patients with NAFL and NASH.
Fixed-effects model was used to conduct the meta-analysis
and the results showed that there was no significant differ-
ence of serum resistin levels between patients with NAFL
and NASH (SMD=0.15, 95% CI: —0.06-0.36, I?=0.00%)
(Fig. 2D).

Sensitivity and subgroup analyses

In consideration of significant heterogeneity existing be-
tween the NASH group vs. controls, NAFL group vs. con-
trols, and NAFL group vs. NASH group, sensitivity analysis
was carried out to explore the possible sources of heter-
ogeneity in the included studies. Each study was evalu-
ated by exclusion in turn, and then the summarized SMD
of the remaining studies were calculated. Only when the
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Fig. 2. Forest plots of serum resistin levels between (A) NAFLD patients vs. controls, (B) NASH patients vs. controls, (C) NAFL patient vs. controls,

(D) NAFL patients vs. NASH patients.

study conducted by Polyzos et al.2” was removed, the het-
erogeneity was significantly reduced, which indicated that
this study was the main source of heterogeneity. In order
to investigate whether this study affected the results of
meta-analysis, the meta-analysis were reperformed after
removal of the study (Polyzos et al. 2016) with the fixed-
effects model. The results showed that patients with NASH
had lower serum resistin levels than controls (SMD=-0.23,
95% CI: —0.43-0.04) (Fig. 3A); there was no significant
difference of serum resistin levels between patients with
NAFL vs. controls (SMD=0.03, 95% CI: —0.24-0.29) (Fig.
3B), and between patients with NAFL vs. NASH patients
(SMD=0.14, 95% CI: —0.09-0.36) (Fig. 3C). These results
indicated that the heterogeneity did not affect the results
of meta-analysis.

The same method was used to explore the source of het-
erogeneity in the meta-analysis of studies for NAFLD pa-
tients vs. controls, but no study was found to contribute to
the heterogeneity. In addition, the subgroup analysis was
conducted according to the diagnosis methods, ethnicity,
mean age, types of study design, and mean body mass
index, but all of them failed to be the obvious source of
heterogeneity. Funnel plots were constructed using the Egg-
er’s regression asymmetry test to investigate the possible
publication bias in the NAFLD patients vs. controls, NASH

patients vs. controls, NAFL patient vs. controls, and NAFL
patients vs. NASH patients. As Figure 4 shows, no obvious
publication bias was observed.

Meta-regression and quality evaluation

To further explore the source of heterogeneity between
NAFLD and control groups, the effect of potential confound-
ers were evaluated by meta-regression analysis (based
upon random-effects) when =10 comparisons were availa-
ble. Diagnosis methods, ethnicity, mean age, types of study
design, mean body mass index, biopsy on controls, and
NOS scores were entered separately as covariates. As Table
2 shows, all of these factors failed to account for the hetero-
geneity between NAFLD and controls (Table 2). The GRADE
approach was used to evaluate the quality of the evidence,
and the results showed that the quality of results of serum
resistin levels in NAFLD patients vs. controls was low, and
moderate in NASH patients vs. controls, NAFL patient vs.
controls, and NAFL patients vs. NASH patients, which sug-
gested that further research is likely to have an important
impact on the present results and may change the present
results (please see the Supplementary Tables 1-5).
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Fig. 3. Forest plots of serum resistin levels between (A) NASH patients vs. controls, (B) NAFL patient vs. controls, (C) NAFL patients vs. NASH patients

after removed the study by Polyzos et al. (2016).

Discussion

Resistin is a significant pro-inflammation adipokine and the
role of its serum levels in patients with NAFLD remain con-
troversial. This study systematically analyzed the serum lev-
els of resistin in patients with NAFLD, especially in those
with NAFL and NASH. The results suggested that patients
with NAFLD had higher serum resistin levels than healthy
controls, but low serum resistin levels were observed in pa-
tients with NASH when compared to healthy controls. In ad-
dition, no significant difference of serum resistin levels was
observed between patients with NAFL and healthy controls,
and between patients with NAFL and NASH. A reasonable
explanation may be that all the patients with NASH and NAFL
were diagnosed by liver biopsy, and patients with NAFLD
were diagnosed by liver biopsy or ultrasound. The difference
of diagnostic methods may contribute to these outcomes.
Some previous studies reported that serum levels of re-
sistin in patients with NAFLD were higher,!> lower,3° or of
no significant difference4® compared to healthy controls,
accompanied by the different diagnosis methods used for
NAFLD. Zhu et al.3” investigated the levels of serum pro-
tein as the diagnostic biomarkers for NAFLD, and they found
that serum resistin was significantly higher in patients with
NAFLD than in healthy controls. However, Magalhaes et al.36
investigated the serum levels of resistin in obese NAFLD pa-

tients and controls, but they found that the serum levels of
resistin were negatively associated with the risk of NAFLD;
that is, the serum resistin levels were low in NAFLD patients
compared to controls. Except for the above reports, other
research investigations also provided findings that preclud-
ed making a definitive conclusion. In this meta-analysis, we
analyzed all the available studies which investigated the se-
rum resistin levels in patients with NAFLD and controls, and
we found that serum resistin levels were significant higher
than in the healthy controls. Notably, all the patients with
NAFLD were diagnosed by liver biopsy or ultrasound, and
the NAFLD patients were not divided by NAFL and NASH
stage. In consideration of the high heterogeneity in the me-
ta-analysis, sensitivity analysis was conducted. Interesting-
ly, when the study by Polyzos et al.2’ (2016) was removed,
the heterogeneity was markedly decreased, but the results
of meta-analysis were unchanged. These results indicated
that an individual study may contribute to the heterogene-
ity, but whether the results of meta-analysis were affected
should be further investigated.

Resistin up-regulates the expression of proinflammatory
cytokines such as TNF-a, IL-6, IL-12, and monocyte chem-
oattractant protein-1 in monocytes, macrophages, and he-
patic stellate cells via the NF-kB pathway.4! Serum resistin
levels in patients with NASH and the association of serum
resistin levels with the risk fibrosis remains inconsistent. Ar-
gentou et al.1% investigated the relationship of serum resist-
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Fig. 4. Egger’s funnel plots for publication bias for (A) NAFLD patients vs. controls, (B) NASH patients vs. controls, (C) NAFL patient vs. controls, (D)

NAFL patients vs. NASH patients.

in levels with some individual histopathological parameters,
global activity grade, and fibrosis stage in NASH patients,
but no significant association was observed. However, Tso-
chatzis et al.4? reported the serum levels in chronic hepatitis
B and chronic hepatitis C patients; they also found that low
resistin levels were associated with moderate/severe fibro-
sis in chronic hepatitis B/C patients, which suggested that
serum resistin levels were negatively related to the degree
of fibrosis. In this meta-analysis, the serum resistin levels in
patients with NASH were significantly lower than in healthy
controls, which was consistent with the previous study by
Tsochatzis et al.*2 to some degree. The probable reason
may be that patients with NASH possess different degrees
of fibrosis, usually, and the serum resistin levels could be
negatively associated with the fibrosis. In this study, how-
ever, all the patients with NASH had NAFLD-related NASH,
and the cause of fibrosis in NASH patients was different
from that of the chronic hepatitis B/C patients. Whether the
relationship of serum resistin levels with fibrosis was af-
fected by the cause of fibrosis remains unknown and further
studies are needed to clarify it.

Our results suggested that patients with NAFLD had high-
er serum resistin levels than healthy controls, but low se-
rum resistin levels were observed in the patients with NASH
compared to healthy controls. This is an interesting finding
because resistin levels seem to rise with the progression of
NAFLD, from healthy to NAFL, but decline when NAFL pro-
gresses to NASH. The same phenomenon occurred in pa-

tients with type 2 diabetes. In 2020, Galla et al.*3 reported
that patients with prediabetes had higher levels of resistin
than patients with type 2 diabetes and healthy controls, as
found in their 20-year follow-up study. In addition, a large
number of cohort studies and meta-analysis suggested that
resistin is a risk factor for cardiovascular disease.** Acute
coronary syndromes often occur in patients with high re-
sistin levels, while chronic stable angina pectoris is more
common in patients with low resistin levels.#> Given that
pre-diabetes and coronary heart disease are a large part of
the hidden population,43:46 patients with NAFLD are more
likely to suffer from the type 2 diabetes and coronary heart
disease, which may have affected the results of this study.
In addition, whether reduced resistin levels will reduce the
risk of NAFL, type 2 diabetes and coronary heart disease is
unknown, and more research is needed in the future.

This meta-analysis has strengths and limitations that
may have affected its conclusions. This is the first meta-
analysis to systematically investigate the serum resistin lev-
els in patients with NAFLD. The serum resistin levels were
evaluated in patients with NAFLD, including patients with
NAFL and NASH. In addition, this work is based on 28 high-
quality studies. The limitations, however, include that some
NAFLD patients were diagnosed by ultrasound other than
liver biopsy in the included studies. Second, higher hetero-
geneity may disturb the accuracy of the results. Third, the
association of serum resistin levels with fibrosis was not
investigated in detail in this study. Fourth, although every
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Table 2. Meta regression analysis of possible sources of heterogeneity in NAFLD vs. control group (18 studies)

Effect size Coefficient Standard error t p>| t| 959% CI

Diagnosis methods 0.403 0.325 -1.13 0.276 0.073-2.225
Ethnicity 0.175 0.223 -1.58 0.133 0.175-1.287
Types of study design 1.527 1.318 0.49 0.631 0.245-9.513
Mean age (30-40, 40-50, 250) 0.814 0.346 —-0.48 0.635 0.331-2.003
Mean BMI (>30) 0.467 0.246 -1.44 0.168 0.153-1.428
Biopsy on controls 0.367 0.393 —-0.94 0.363 0.038-3.552
NOS score 1.996 0.783 1.76 0.097 0.869-4.586

step of this meta-analysis was carried out in strict accord-
ance with the requirements, this meta-analysis was not reg-
istered on relevant websites in advance.

Conclusions

In summary, this study systematically investigated the serum
resistin levels in adult patients with NAFLD for the first time.
The results suggest that patients with NAFLD have higher
serum resistin levels than healthy controls, but patients with
NASH have lower serum resistin levels than healthy controls.
In addition, no significant differences of serum resistin levels
were observed between the patients with NAFL and controls,
nor the patients with NAFL and NASH. Although a little in-
consistence between the results of this study and several
previous studies existed, it remains reasonable to illustrate
the variation of serum resistin levels in patients with NAFLD.
In consideration of the present results, serum resistin pos-
sesses the potential to serve as a biomarker to predict the
development risk of NAFLD, and the diagnostic sensitivity
and specificity should be improved by excluding the interfer-
ence of other factors. Further studies should be conducted
to clarify the serum resistin levels in healthy controls and
patients with NAFLD that is diagnosed by liver biopsy.
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