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Abstract

Background: Previous studies have suggested that metabolic syndrome (MetS) and its component conditions are
linked to the development of many benign or malignant diseases. Some studies have described relationships
among metabolic syndrome or diabetes and liver cancer, but not many articles described the relationships
between MetS and cirrhosis, acute hepatic failure, end-stage liver disease, and even death. However, liver cancers,
cirrhosis, acute hepatic failure, end-stage liver disease, and liver-related mortality—collectively described as liver-
related events (LREs)—may have different relationships with MetS. We undertook this meta-analysis to examine the
association between MetS and LREs, and to determine whether geographic region or hepatitis B virus (HBV)
positivity might influence the association.

Methods: Relevant studies were identified from PubMed, EMBASE, and the Cochrane database. Two reviewers
independently searched records from January 1980 to December 2017. The search terms included ‘metabolic
syndrome’, ‘diabetes mellitus’, ‘insulin resistance syndrome’, and ‘metabolic abnormalities’, combined with ‘cirrhosis’,
‘hepatic fibrosis ', ‘hepatocellular carcinoma’, ‘complication’, LRE’, 'HCC, ‘liver-related events’, and ‘liver cancer’. No
language restriction was applied to the search. We chose the studies reporting an association between MetS and
LREs. We used Begg's and Egger’s tests and visually examined a funnel plot to assess publication bias. All analyses
were conducted in Stata 14.0 software.

Results: There were 19 studies (18 cohort and 1 case-control) included in the analysis, with a total of 1,561,457
participants. The subjects’ ages ranged from 18 to 84 years. The combined analysis showed an overall 86% increase
risk of LREs in cases with MetS (RR: 1.86,95% Cl: 1.56-2.23). The funnel plot was asymmetrical, and the Egger’s test p
values showed a publication bias in this meta analysis. However, through the trim and fill method, we obtained a
new RR value for LREs with MetS of 1.49 (95% Cl: 1.40-1.58, p = 0.000). There was no obvious difference with the
two answers, so we concluded that the results were robust. For hepatitis B positive patients, the RR for MetS and
LREs was 2.15 (95% Cl:1.02-4.53, p = 0.038), but for the hepatitis B negative patients, the RR was 1.85 (95% Cl:1.53-2.
24, p=0.000). And for non-Asians, the RR for MetS and LREs was 2.21 (95% Cl: 1.66-2.69, p = 0.000), while for Asians,
the RR was 1.73 (95% ClI: 1.35-2.22, p = 0.000).

Conclusions: This meta-analysis showed that MetS is associated with a moderately increased risk of LREs
prevalence. Patients with MetS together with hepatitis B are more likely to develop hepatic events. For non-Asians,
MetS is more likely to increase the incidence of LREs.
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Background

Because of a significant increase in the incidence and
mortality of hepatocellular carcinoma (HCC), this
cancer has become one of the most common malig-
nancies and a major cause of death worldwide. In re-
cent years, chronic liver disease has become a major
cause of death in the United States, causing a large
number of deaths every year, according to national
life statistics. All the cirrhotic complications, HCC,
and/or liver-related mortality were called LREs. And
liver-related death is defined as death related to hep-
atic events [1]. Viral hepatitis and excessive drinking
have been identified as the major risk factors for
LREs, but risk factors for approximately 5 to 30% of
HCC cases remain to be identified [2, 3]. Metabolic
syndrome (MetS) patients have a high risk of cardio-
vascular disease. In addition, there is increasing evi-
dence that patients with chronic liver disease are at
risk of a higher rate of diagnosis of MetS or diabetes
mellitus [4]. Recent studies have shown that MetS
might have additional associations with liver disease.
Liver cancer is the most severe liver disease. Al-
though MetS is known to promote liver cancer, there
is little evidence of whether MetS is associated with
cirrhosis, liver failure, liver fibrosis, and death from
liver causes.

MetS has become a major public health focus world-
wide, and it is related to the occurrence of obesity and
the diabetes pandemic. MetS components are a series of
risk factors for cardiovascular diseases and it has become
an increasingly severe problem globally [5]. The risk fac-
tors comprising MetS include obesity, abnormal blood
sugar, Increased blood pressure, elevated triglyceride
levels, decreased high-density lipoprotein cholesterol
levels [6]. Several studies have described the relationship
between MetS and diabetes and liver cancer [5], but few
have investigated the LREs. The article intended to ad-
dress this knowledge gap. Recent cohort studies have
attempted to further understand the temporal relation-
ship between these factors and to validate previous find-
ings. However, there are few data on the association of
LREs and MetS factors, which include obesity, diabetes
and MetS.

In this study, we conducted a systematic review and
meta-analysis to assess all available evidence to identify
an association between MetS and LREs. We additionally
analyzed related factors.

Methods

Search strategy

We used PubMed, EMBASE, and the Cochrane database
for literature retrieval. In December 2017, the following
search terms were used without language restrictions:
MetS, diabetes mellitus, insulin resistance, metabolic
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abnormalities, cirrhosis, hepatic fibrosis, hepatocellular
carcinoma, complication, LRE, HCC, liver-related event,
and liver cancer All references cited in these studies
were also reviewed to identify other published articles
not indexed in the databases. The systematic review
process followed established quality standards for report-
ing of meta-analyses.

Study eligibility

The inclusion criteria for studies in the meta-analysis
were as follows: either case-control or cohort design;
inclusion of subjects over 18years old; assessment of
the effects of MetS on the risk of liver events; and
reporting of relative risk (RR) estimates for LREs in
subjects with MetS. Only complete papers and pub-
lished studies in the medical literature were included.
Data from summaries, reviews, editorials, case re-
ports, and letters were excluded. Studies reporting no
risk ratio (HR) and 95% confidence intervals (95%
CI), and those with participants with incomplete data
were also excluded.

Data extraction

The following data were collected from each study: first au-
thor’s surname, type of article, year and country of publica-
tion, distribution of age and sex, number and
characteristics of the participator, definitions of MetS, risk
estimates with corresponding confidence intervals (Cls),
and all other information. Quality assessment for cohort
studies in this meta-analysis was assessed with the Newcas-
tle Ottawa scale (NOS), as recommended by the Cochrane
Non-Randomized Studies Methods Working Group. The
scale allocates a number of stars ranging from one to nine.

Statistical analysis

We used both fixed- and random-effects models to cal-
culate the pooled RR and 95% CI. We performed an ana-
lysis to identify the association between MetS and LREs,
and also to analyze any influence of geographic region
or HBV positivity. Heterogeneity was assessed with the
P statistic and p value. Funnel plots and Egger and
Begg’s and Mazumdar’s tests were used to assess publi-
cation bias. A p value < 0.05 was considered statistically
significant [7, 8]. The trim and fill method aims to iden-
tify and correct the funnel asymmetry caused by publica-
tion bias, it can remove a small sample study that causes
asymmetry in the funnel plot, and then estimate the cen-
ter value of the funnel plot with the symmetrical part
after trimming. All statistical analysis was performed in
Stata 14.0 software.

Results
Figure 1 details our search steps. A total of 1,561,457
individuals were included in the study. Overall, we
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8400 studies from Pubmed,
Embase, Cochrane

8227 were excluded after read

173 full-text articles reviewed
for more detailed evaluation.

the abstract.

165 articles excluded
-25 reviews
-2 letters

19 articles included in meta-
analysis-18 cohort studies and 1
case-control studies

Fig. 1 Flow chart of study selection in this systematic review

-7 past mates

-25 commentaries
-1 HCC not reported
-94 norisk estimate

identified 8400 studies from different databases, includ-
ing 4559 studies from PubMed, 173 studies from the
Cochrane database, and 3668 studies from EMABASE.
After reading the abstract, we initially considered 173
publications to be relevant. Among them, we ex-
cluded 25 comments, 2 letters, 7 meta-analysis, 25
comments, 1 unreported HCC, and 94 lacking risk
estimates. A total of 19 studies (18 cohort studies and
one case-control study) were included in the final
analysis [1, 6, 9-25].

Association between metabolic syndrome and liver-
related events

A total of 19 articles were included in this meta ana-
lysis. Among the 18 cohort studies, there were
1,546,392 participants, of which 7373 had liver-related
events (LREs) (Table 1). The one case-control study
was published in 2010 as part of the Third National
Health and Nutrition Examination Survey, and it in-
cluded 2061 liver disease cases and 13,004 controls.
The age of participants ranged from 18 to 84 years
old. The pooled RR (among 1,561,457 participants
from 19 studies) for LREs among subjects with MetS
was 1.86 (95% CI, 1.56-2.23) (Fig. 2).

Because of the heterogeneity of the 19 studies (p
value for heterogeneity =0.000, 12 =83.8%) (Fig. 2),
we used the random-effects model to calculate the
combined RR (Fig. 3). On the basis of the
random-effects model, no article has a big impact on
the results.

Association between metabolic syndrome and
hepatocellular carcinoma

To explore potential sources of heterogeneity, we also
performed subgroup analysis for different liver events,

such as hepatocellular carcinoma, liver-related death,
and cirrhosis.

There were 11 studies about hepatocellular carcinoma,
which were cohort studies (Table 1). The RR for hepato-
cellular carcinoma was 1.76 (95% CIL: 1.33-2.33, p =
0.000, I* = 87.6%) (Fig. 4).

Association between metabolic syndrome and liver-
specific death

One case-control study and five cohort studies reported
risk estimates for liver-specific death (Table 1). The
pooled RR for liver-specific deaths was 2.41 (95% CI:
1.55-3.74, p = 0.0005, I* = 86.2%) (Fig. 5).

Inclusion characteristics

We divided the included population into HBV-positive
and HBV-negative groups, and then calculated the rela-
tionship between MetS and LREs in each group.

In the HBV-positive group, the RR for MetS and LREs
was 2.15 (95% CI: 1.02-4.53, p=0.038, 12=64.3%)
(Fig. 6). And in the HBV-negative group, the RR was
1.85 (95% CI: 1.53-2.24, p = 0.000, 12 = 85.5%)(Fig. 7).

Terrain analysis

We divided all the data into Asian and non-Asian re-
gions, and then calculated the relationship between
MetS and LREs in each group. We then compared the
differences between the groups.

There were 12 articles from Asian countries (Table 1).
The RR for MetS and LREs was 1.73 (95% CI: 1.35-2,22,
p =0.000, 12 = 85.3%)(Fig. 8). Then there were 7 studies
describing non-Asian populations (Table 1). The RR for
MetS and LREs was 2.12(95% CI: 1.66-2.70, p = 0.000,
12 =76.0%) (Fig. 9) .
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Fig. 2 Forest plot: Meta-analysis of the association between metabolic syndrome and liver-related events

Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit

QCOONOURWN—=OOONOUOIRWN—=

[} P G G G G G G gy

N
(6]

1.49 1.56 1.86 2.23 2.32

Fig. 3 Meta-analysis random-effects estimates
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Fig. 4 Forest plot: Meta-analysis of the association between metabolic syndrome and HCC

Publication bias

We used the NOS to assess publication quality and
determined credible results with 8.2 stars for the 18
cohort studies and 8 stars for the single case-control
study (Table 1). Funnel plots were made (Figs. 10)
and Egger’s test was performed to assess the publica-
tion bias in the meta-analysis. The funnel plot was
not completely symmetrical, and the p values of
Egger’s test were close to 0.05 (Begg and Mazumdar’s
test: p =0.08; Egger’s test: p =0.049). Thus, the results
suggested that publication bias was present in this
meta analysis. Then we use the trim and fill method
to correct the funnel asymmetry caused by publica-
tion bias, and we get a new RR for MetS and LREs
which is 1.49(95% CI: 1.40-1.58, p =0.000), and there
was no obvious difference compared with our previ-
ous results.

Discussion

In the meta-analysis of 19 studies including
1,561,457 patients with MetS, 16 studies found a sta-
tistically significant positive association, while 3
studies showed a negative association. After we re-
moved the negative study indicated by the
random-effects model to have affected the results,
we also found that MetS significantly increased the

risk of LREs. Therefore, the negative study did not
change the finding.

The funnel plot was asymmetrical, and the p values of
Egger’s test showed a publication bias in this meta ana-
lysis. However, through the trim and fill method, we ob-
tained a new RR for LREs with MetS of 1.49 (95% CI:
1.40-1.58, p =0.000), and there was no obvious differ-
ence compared with our previous results. Therefore, we
concluded that the results were robust, and MetS is as-
sociated with a moderately increased risk of LRE
prevalence.

The results also indicated that preexisting MetS
confers a statistically significant 1.56- or 2.23-fold
increased risk for LREs that is independent of other
risk factors, an association also observed for its com-
ponents. MetS can promote the occurrence of car-
diovascular diseases, coronary heart disease and
other diseases, and the degree of association between
MetS and liver cancer is similar to the former [26,
27]. Nonalcoholic fatty liver disease (NAFLD), in-
cluding non-alcoholic steatohepatitis (NASH), insulin
resistance, and several metabolic abnormalities are
closely related, thus suggesting a link between meta-
bolic factors and cancer of the liver.

The findings from our study suggested a 1.33- or
2.33-fold increased risk of HCC development in pa-
tients with MetS. In addition, the study also
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Fig. 5 Forest plot: Meta-analysis of the association between metabolic syndrome and liver-related deaths

demonstrated a 1.55- or 3.74-fold increased risk of
liver-related death in patients with MetS. Our results
together indicate that MetS is associated with a mod-
erately increased risk of LRE.

Analysis of related factors showed an overall 115%
increase in risk of LREs in HBV-positive cases (RR:
2.15, 95% CI: 1.02—4.53). For HBV-negative cases, the
probability indicated a 85% increase in risk (RR: 1.85,
95% CI: 1.53-2.24). This conclusion is consistent with
viral hepatitis having been identified as a major risk
factors for LREs [2, 3], because over time, patients in-
fected with viral hepatitis develop cirrhosis and, even-
tually, HCC.

And there was some article showed the pooled RR
for HCV subjects with IR was 1.89 (95% CI, 1.54—
2.33). It is because the presence of the HCV core
protein will increase the level of tumor necrosis
factor-a, further leading to proteasomal degradation
of the insulin receptor substrate, ultimately altering
insulin function and promoting the development of
IR. At the same time, IR further causes lipid accumu-
lation in the liver and production of reactive oxygen

species, and indirectly activates stellate cells, eventu-
ally leading to the occurrence of liver fibrosis [28].

The related factor analysis also indicated that
non-Asian MetS populations are more likely than
Asian populations to have LREs. There was a 73% in-
crease in risk of LREs for Asians and an 112% in-
crease for non-Asians. The reason for this result is
not yet clear, and more research is needed to provide
an explanation. It is possible that the economy and
the typical non-Western diet in Asia may explain the
lower risk of MetS. And for Asian, the HBV vaccine
is being recommended widespread. Meanwhile, the in-
cidence of T2DM is lower in the Asian population,
and it may have influenced the results. Some studies
have reported that up to 90% of obese people in Eur-
ope have some degree of fatty degeneration in their
liver and overweight increases the risk of HCC. The
observed association between excess body weight and
the increased risk of liver disease seems to support
the reports that liver disease in obese individuals may
be mediated through the development of NAFLD and
NASH [12].
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Our study suggests a relationship between MetS
and LREs, but the mechanism that links the two is
not fully understood. MetS is likely to be a proxy
for other cancer risk factors, such as low physical
activity, intake of high caloric food producing a high
quantity of heat, high dietary fat intake, low fiber
intake, and oxidative stress [29].The mechanisms by
which DM induces HCC are related to insulin-like
growth factor I (IGF-I) or insulin-like growth
factor-binding protein-3 (IGFBP-3) [6]. The presence
of insulin resistance and hepatic steatosis may sup-
port the hypothesis that diabetes promotes HCC,
while the growth of insulin-like growth factor-1, the
increase in leptin, the decrease in adiponectin and
the imbalance of pro-inflammatory/anti-inflamma-
tory cytokines are supported the appeal opinion
[30]. There are several articles that study oxidative
stress, cytokine effects, and other factors that con-
tribute to the development of NAFLD. And because
of the interaction between many metabolic factors,
the study of their contribution to liver disease and
liver cancer is more complicated. For example, de-
position of free fatty acids and their metabolites in
liver tissue is associated with hyperinsulinemia and

insulin resistance, and they further promote hepatic
steatosis [26].

Moreover, diabetic people have a higher risk of
HCV infection, and diabetes is also associated with
hyperinsulinemia. Both MetS and LREs are a problem
worldwide, and growing evidence shows a relationship
between MetS and an increased risk of LREs [31]. In-
sulin resistance and obesity are often thought to be
linked to cancer, and diabetes is an independent prog-
nostic factor for several common human malignan-
cies, such as breast, colorectal, and prostate cancer
[32, 33]. Therefore, a link between MetS and cancer
is also possible. Previous studies have shown that
coexisting MetS in Chronic hepatitis B (CHB) patients
increases the risk of different kinds of liver complica-
tions, such as liver fibrosis progression and liver cir-
rhosis [34]. The role of diabetes in liver cancer has
been extensively studied, and a variety of biological
mechanisms support an association [35-38]. For ex-
ample, diabetes can affect the recurrence of liver can-
cer through hyperinsulinemia, hyperglycemia, or
chronic inflammation.

A previous meta-analysis has described a relationship
between hypertension and cancer, thus suggesting that
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hypertension is associated with an increased risk of can-
cer death [26]. That study found that people with an
average blood pressure of up to one in five have a cancer
risk 2.8 times more than those with the lowest blood
pressure. Another meta-analysis has examined the rela-
tionship between liver cancer and diabetes. Most studies
have shown a significant increase in risk, with a com-
bined risk ratio of 2.5 (95% CI, 1.9-3.2) [39]. The above
studies show that hypertension and diabetes as meta-
bolic risk factors are significantly associated with the risk
of liver disease, and decreasing the risk of MetS may also
contribute to the long-term reduction of liver disease.
There are several limitations that should be considered
when interpreting the findings of our meta-analysis.
First, there are multiple factors that were not considered
in the combined RR analysis, such as dietary habits,
HCC family history, and other genetic risk factors, owing
to the unavailability of these variables in the original
study. Second, for diabetes and liver cancer risk
meta-analysis, we referred data from observational stud-
ies, while those studies may have lower heterogeneity.

Third, because chronic liver disease can also cause dia-
betes, the link between diabetes and HCC may not be
exact. Fourth, different controls on confounding factors
also influenced the results. Finally, the meta-analysis was
limited to English-language studies, which might have
introduced publication bias.

However, our study has several strengths; for example,
this article included more data than previous studies and
examined links between MetS and cirrhosis, as well as
liver-related deaths, among other factors. We also ana-
lyzed the geographic region and the population for hepa-
titis B and other parameters. The all cohort studies in
our meta-analysis are of high quality and were able to
detect potential associations and eliminate the possibility
of recall and selection bias.

Conclusion

In conclusion, this population-based study showed that
MetS is an important risk factor for the development of
liver disease. Therefore, the control of the globally
prevalent MetS may help reduce liver disease. At the
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same time, the metabolic syndrome and related factors
are introduced in the paper. Trying to avoid these risk
factors is a better treatment. More well-designed ran-
domized controlled trials or prospective cohort or retro-
spective cohort studies are urgently needed to improve
understanding of this risk.
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