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Abstract

Background: Angiopoietin-like proteins (ANGPTLs) are closely related to insulin resistance and lipid metabolism,
and may be a key in metabolic syndrome. Non-alcoholic fatty liver disease (NAFLD) (newly named metabolic-
associated fatty liver disease (MAFLD)) is based on metabolic dysfunction. There may be some correlation between
ANGPTLs and MAFLD, but the specific correlation is unclear. This study aims to explore the predictive role of ANGP
TLs in MAFLD and its progression.

Methods: Seven databases (PubMed, EMBASE, Cochrane Library, CNKI, WANFANG, CBM and Clinicaltrials.gov) were
searched with free terms and MeSH terms. The random-effects model was used to pool the data, and Standardized
Mean Difference (SMD) and 95% confidence intervals (CI) were taken as the overall outcome. No language
restrictions existed in the article selection. RevMan 5.3, Stata 16 and MetaXL software were applied to analyse the
data and the GRADE system was utilized to assess the certainty of evidence.

Results: After reviewing 823 related articles, 13 studies (854 cases and 610 controls) met the inclusion criteria, and
contributed to this meta-analysis. The results showed that circulating ANGPTL8 level was significantly elevated in
the MAFLD group than in the healthy control group (SMD = 0.97 pg/mL, 95%CI: 0.77, 1.18). Conversely, there was
no significant difference in the ANGPTL4 (SMD = 0.11 ng/mL, 95%CI: − 0.32, 0.54) and ANGPTL3 (SMD = − 0.95 ng/
mL, 95%CI: − 4.38, 2.48) between the two groups. Subgroup analysis showed that: 1) the MAFLD group had
significantly higher ANGPTL8 levels than the healthy control group in Asian and other races; 2) the ANGPTL8 levels
in Body Mass Index (BMI) > 25 kg/m2 patients with MAFLD were higher than those in the healthy control group; 3)
the higher ANGPTL8 levels were observed in moderate to severe MAFLD group than the healthy control group.
Meta-regression demonstrated that BMI might effectively explain the high heterogeneity. No significant publication
bias existed (P > 0.05). The certainty of evidence was assessed as very low by the GRADE system.

Conclusions: The ANGPTLs may be related to MAFLD. The increased ANGPTL8 level may be positively correlated
with different situations of MAFLD, which may act as a potential indicator to monitor the development trends.
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Background
Non-alcoholic fatty liver disease (NAFLD) has become a
global concern as a consequence of aberrant obesity and
unhealthy lifestyles [1]. It was re-named metabolic-
associated fatty liver disease (MAFLD) in 2020 [2].
MAFLD is a sensitive and important indicator of meta-
bolic dysfunction [3]. It is defined as a series of hepatic
metabolic syndromes caused by hepatocyte steatosis [4]
in more than 5% of the liver [5]. Owing to its high speci-
ficity and sensitivity, two-dimensional ultrasound has be-
come the first choice for the clinical diagnosis of NAFL
D. However, because of the insidious onset of NAFLD
and the unawareness of its hazards, the rate of active
consultation is low. Therefore, the diagnosis of NAFLD
is rare in its early stages, and timely treatment is delayed.
It is then necessary to find a convenient, efficient, and
accurate laboratory diagnostic index for its detection.
Angiopoietin-like proteins (ANGPTLs) are a secreted

glycoprotein family consisting of eight members,
angiopoietin-like 1–8 (ANGPTL1–8) [6]. They share
some common structures; however, there are also some
specific structures that make them different in tissue ex-
pression and regulation [7–9]. Some studies have shown
that ANGPTLs play an important role in insulin resist-
ance, glucose metabolism, and hormone regulation [10–
12]. Notably, ANGPTL8, also known as betatrophin,
C19ORF80, or lipasin [13], regulates triglyceride metab-
olism by interacting with ANGPTL3 and ANGPTL4 to
inhibit lipoprotein lipase (LPL) activity [14–16]. This
further indicates that ANGPTLs are also closely related
to lipid metabolism and may be an important link in
metabolic syndrome [17–19].
An increasing number of studies have focused on the

clinical relationship between ANGPTLs and NAFLD;
however, their results are inconsistent. Therefore, the
purpose of this study was to clarify whether there is a re-
lationship between ANGPTLs and NAFLD and the
mechanism underlying the relationship. Accordingly, the
results may be helpful for the diagnosis of NAFLD and
dynamic evaluation of disease progression. Therefore, a
systematic review and meta-analysis was performed to
obtain a more persuasive conclusion.

Methods
Search strategy
The entire process of this meta-analysis was performed
in accordance with the PRISMA statement (see Supple-
mentary Additional file 1). Furthermore, the protocol of
this meta-analysis was registered in PROSPERO with
number CRD42020159432 (see Supplementary
Additional file 2).
Two researchers searched seven databases (PubMed,

Cochrane Library, EMBASE, CNKI, WANFANG, CBM,
and Clinicaltrials.gov) to find relevant articles published

up to 2 April 2021. Free terms and MeSH terms, such as
(‘MAFLD’ OR ‘metabolic-associated fatty liver disease’
OR ‘fatty liver’ OR ‘liver, non-alcoholic fatty’ OR ‘steato-
hepatitides, non-alcoholic’ OR ‘steatohepatitis, nonalco-
holic’ OR ‘NASH’ OR ‘non-alcoholic fatty liver disease’
OR ‘NAFLD’ OR ‘nonalcoholic fatty liver disease’ OR
‘nonalcoholic fatty liver’ OR ‘nonalcoholic steatohepati-
tis’ OR ‘nonalcoholic steatohepatitides’) AND (‘angio-
poietin-like protein’ OR ‘angiopoietin-like’ OR ‘ANGP
TL’ OR ‘ANGPTLs’ OR ‘betatrophin’ OR ‘C19ORF80’
OR ‘lipasin’), were used to search for the relevant arti-
cles. In addition, the reference lists of articles with cita-
tions were also reviewed to identify any suitable papers.
It was also necessary to contact authors by e-mail to
clarify additional studies or ask for missing data. There
were no language restrictions for the articles selected for
the analysis.

Study selection
Two researchers independently checked each study. If
there was a dispute, a third researcher made reasonable
judgments according to the protocol. Contacting authors
by e-mail to obtain more detailed data was an important
key to the study.
The inclusion criteria were as follows: 1) conducted in

adults (aged ≥18 years); 2) the case group must be diag-
nosed with NAFLD (MAFLD) either by imaging or bi-
opsy; 3) the control group must include healthy
individuals without any metabolic diseases; 4) articles
that focused on the circulating levels of ANGPTLs; and
5) case-control studies or cohort studies.
The exclusion criteria were as follows: 1) patients

without NAFLD or NAFLD with other metabolic dis-
eases; 2) factors related to secondary hepatic fat accumu-
lation, such as alcohol consumption, use of liver injury
medication, hereditary disorders, or other kinds of liver
diseases; 3) other similar indices but not ANGPTLs; 4)
ANGPTL levels in the liver, not in the plasma or serum;
5) non-comparison with healthy individuals; 6) case re-
port, review literature, or animal experimental research;
7) repetitive articles; and 8) articles missing important
data and no reply from the corresponding author.

Data extraction and quality assessment
Two researchers independently extracted data, including
the first author’s last name, publication date, country of
origin, Newcastle–Ottawa Scale (NOS) score, ANGPTL
level measuring method, numbers of cases and controls,
basic information of cases and controls (such as age and
sex), diagnostic methods, adjusted factors, levels of
ANGPTLs in the NAFLD group/control group, and
Body Mass Index (BMI) in the NAFLD group/control
group. In addition, the grading of recommendation, as-
sessment, development, and evaluation (GRADE)

Ke et al. Lipids in Health and Disease           (2021) 20:55 Page 2 of 15

http://clinicaltrials.gov


approach was used to evaluate the quality of our study
from https://gdt.gradepro.org website.

Statistical analysis
The Review Manager 5.3, Stata 16, and MetaXL software
were used for the statistical analysis. The standardized
mean difference (SMD) in the ANGPTL levels was used
as the main outcome in this meta-analysis. Additionally,
normally distributed data were presented as means ±
standard deviations. To estimate the heterogeneities, the
I2 test, Cochran’s Q-test, and Galbraith figure were used.
The fixed-effects model was applied when there was un-
important heterogeneity (I2 < 40%) and the random-effects
model when there was significant heterogeneity (I2 > 40%)
[20–22]; a subgroup analysis together with a meta-
regression analysis was conducted to explore the sources
of high heterogeneity. If most of the included studies did
not adjust basic information of the two groups, the robust
error meta-regression would be chosen to reduce the in-
fluence of confounding factors [23], like BMI, severity and
so on. Because of the non-negligible heterogeneity, the
quality-effects model [24] was a good choice to address
the impact of risk of bias on the effects.
The quality of the included articles was evaluated

using the NOS score [25]. The overall quality score con-
sists of three dimensions: assessment of selection, com-
parability, and exposure. A study can be awarded a
maximum of one star for each numbered item within
the selection and exposure categories. A maximum of
two stars can be assigned for comparability. Egger’s test,
funnel fig [26], Doi plot and the LFK index [27] were
used to judge publication bias and investigate possible
small study effects. Omission of each single study was
applied for the purpose of sensitivity analysis, and Sensi-
tivity to model selection was tested by using another
model. The data form of mean difference (MD) was also
utilised to measure sensitivity.

Results
Study selection
The study was completed in accordance with the PRIS
MA statement. After searching of the seven databases, a
total of 823 articles were retrieved. Two researchers
screened the literature independently, and any dispute
was resolved by a third researcher. Finally, 13 articles
(854 cases and 610 controls) were included (Table 1).
The overall process is displayed in the form of a PRIS
MA 2009 flow diagram in Fig. 1. Six articles originated
from Chinese databases and seven from English data-
bases. In total, there were nine studies performed in
China, two in Turkey, one in South Korea, and one in
Germany. All the studies were case-control studies. The
age of NAFLD patients is about 35–65 years old and the
sex ratio (male%) is 28.85–62.5%. Meanwhile, the age

range of healthy people is the same as NAFLD patients’
and the sex ratio (male%) is 31.25–78.43%. In terms of
BMI, the BMI of NAFLD patients range from 22 to 30
kg/m2, while the BMI of healthy people is about 22–28
kg/m2. More detailed characteristics of these studies are
listed in Table 1.

Quality assessment
The quality of the studies was evaluated using the NOS
score. Their average score was 5.85 in Table 2, which
means the whole risk of bias was moderate. All the stud-
ies, except those by von Loeffelholz et al. [31] and Zhang
et al. [34], had a score of 6; the study by von Loeffelholz
et al. [31] lacked representation, and that by Zhang et al.
[34] was inadequate in ascertainment of exposure.
Overall certainty of evidence evaluated by the GRADE

system was assessed as very low in Supplementary Add-
itional file 3. Observational studies make the certainty of
evidence start from low. The certainty of evidence is grad-
ually degraded owing to serious risk of bias, serious incon-
sistency and serious inprecision (ANGPTL3 and ANGP
TL4). The low NOS scores (5–6) are responsible for ser-
ious risk of bias. Serious inconsistency is due to the signifi-
cant heterogeneity (I2>40%) among the included articles.
For ANGPTL3 and ANGPTL4, the sample size is rela-
tively small (n<400), accounting for serious inprecision.
Meanwhile, some articles do not strictly match the basic
information of NAFLD patients and healthy people, which
also affects the certainty of evidence.

Association between the ANGPTLs level and NAFLD
Figure 2 shows the ANGPTLs levels between the NAFLD
group and the the healthy control group. Because of the
high heterogeneity, the random-effects model was se-
lected. In this model, the overall SMD was 0.48 (95%CI:
0.04, 0.92). The ANGPTL8 level was significantly higher
in the NAFLD group than in the healthy control group,
whose SMD was 0.97 (95%CI: 0.77, 1.18); conversely, there
was no significant difference in the ANGPTL 4 (SMD=
0.11, 95%CI: − 0.32, 0.54) and ANGPTL3 levels (SMD= −
0.95, 95%CI: − 4.38, 2.48) between the two groups. The
analysis demonstrated that the NAFLD group had a sig-
nificantly higher ANGPTL8 level than the healthy control
group. To reduce the impact of heterogeneity on the re-
sults, the quality-effects model for those related to the
ANGPTL8 level was further utilised, as shown in Fig. 3. In
this model, the analysis also demonstrated that the ANGP
TL8 level in the NAFLD group was still significantly
higher than that in the healthy control group (SMD=
0.99, 95%CI: 0.76, 1.22).
There was a certain heterogeneity in the ANGPTL8

level obtained using the Galbraith test among the studies
included, as shown in Fig. 4. Most of the articles had
levels within reasonable ranges. Furthermore, subgroup
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