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Abstract
AIM: To pool data currently available to determine the as-
sociation between statin use and the risk of liver cancer.

METHODS: A computerized literature search was con-
ducted to identify those relevant studies between Janu-
ary 1966 and March 2013. Stata 11.0 (Stata Corp, Col-
lege Station, Texas) was used for statistical analyses. 
Pooled relative risk (RR) estimates with 95%CI were 
calculated for overall analysis and subgroup analyses, 
using the random- and fixed-effects models. Heteroge-
neities between studies were evaluated by Cochran’s Q 
test and I 2 statistic. The Begg’s funnel plot and Egger’
s regression asymmetry test were used to detect the 
publication bias.

RESULTS: Seven studies were included in our meta-
analysis according to the selection criteria, including 
four cohort studies and three case-control studies. 
These studies involved 4725593 people and 9785 liver 
cancer cases. The overall analysis showed that statin 
use was statistically associated with a significantly re-
duced risk of liver cancer (random-effects model, RR = 
0.61, 95%CI: 0.49-0.76, P  < 0.001; fixed-effects mod-
el, RR = 0.64, 95%CI: 0.57-0.71, P  < 0.001); however, 
significant heterogeneity was found between studies 
(Cochran’s Q statistic = 19.13, P  = 0.004; I 2 = 68.6%). 
All subgroup analyses provided supporting evidence for 
the results of overall analysis. Begg’s (Z  = 0.15, P  = 
0.881) and Egger’s test (t  =-0.44, P  = 0.681) showed 
no significant risk of having a publication bias.

CONCLUSION: Statin use was associated with the re-
duced risk of liver cancer. To clearly clarify this relation-
ship, more high quality studies are required.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Statin use has been suggested to be associ-
ated with the risk of liver cancer by some studies, but 
no consensus was reached among them. This meta-
analysis involved 4725593 people, 9785 liver cancer 
cases, and found that statin use was associated with 
the reduced risk of liver cancer (RR = 0.67, 95%CI: 
0.55-0.82, P  < 0.001).
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INTRODUCTION
Liver cancer, with a mounting annual incidence of  4.9 per 
100000 people, is the third most common cause of  can-
cer death worldwide. For example in 2008, an estimated 
748300 new liver cancer cases and 695900 cancer deaths 
occurred[1]. Despite some advances in treatment over the 
past several decades, the prognosis of  liver cancer is un-
favorable. Even in the most developed countries like the 
United States, the 1-year survival rate is less than 50%[2]. 
Because of  its high fatality rate, it is very important to 
identify those risk and protective factors. Major risk fac-
tors that were identified include hepatitis B virus (HBV), 
hepatitis C virus (HCV), cirrhosis, heavy alcoholic con-
sumption, non-alcoholic steatohepatitis, and alfatoxin 
exposure[3]. Recently, emerging evidence suggests that 
diabetes mellitus (DM) may be a potential risk factor for 
liver cancer[4,5], whereas metformin use in diabetic pa-
tients, coffee and tea consumption have been suggested 
as possible protective factors[6-8].

Statins have been widely used to lower the choles-
terol level, which could inhibit the activity of  hepatic 
3-hydroxy-3-methylglutaryl coenzyme A reductase 
(HMG-COA), the rate-limiting enzyme in the mevalon-
ate synthesis pathway[9]. The protective role of  statin use 
in cardiovascular diseases has been confirmed by several 
large-scale randomized controlled trials (RCTs)[10-13]. Over 
the past several years, statins have been suggested to 
be associated with some varieties of  cancers, including 
liver cancer[14-16]. For example, two epidemiological stud-
ies which were performed in Taiwan province of  China 
found that statin use was associated with the reduced risk 
of  liver cancer[17,18]. In addition, in vitro and in vivo studies 
showed that statins could enhance anti-proliferative ef-
fects of  some antitumor agents in cancer treatment[19-21]. 
Moreover, combined treatment with pravastatin and 
chemoembolization had been reported to improve the 
survival rate of  patients with hepatocellular carcinoma 
(HCC)[22].

However, results from the limited number of  RCTs 
were disappointing[23], which could not provide supportive 
evidence for those above-mentioned epidemiological and 
pre-clinical studies, although several limitations should be 
acknowledged in these RCTs. First, most of  these studies 
were not designed to determine the association of  statin 
use with the risk of  liver cancer. Therefore, liver cancer 
was neither a primary end point nor a topic of  interest 
in these studies, and selection bias may not be avoided[24]. 
The second limitation is that most of  these studies were 
conducted in the United States or European countries, not 
in the areas with higher incidence of  HCC, such as China 
and other Asian countries. Thus, the number of  observed 
liver cancer cases was very limited[25], which could not be 
regarded as the representative for the overall study popu-
lation. Considering that no consensus was reached among 
these studies, this meta-analysis was performed to pool 
data currently available to determine the association be-
tween statin use and the risk of  liver cancer.

MATERIALS AND METHODS
Search strategy
A computerized literature search (Medline, Embase and 
the Cochrane library) was conducted to identify those rel-
evant studies between January 1966 and March 2013. The 
Medical subject heading (MeSH) terms and/or the text 
words which were used included “statin(s)”, “HMG-COA 
reductase inhibitor(s)”, “atorvastatin”, “cerivastatin”, 
“fluvastatin”, “lovastatin”, “mevastatin”, “pravastatin”, 
“rivastatin”, “rosuvastatin”, or “simvastatin”, com-
bined with “carcinoma(s)”, “hepatoma(s)”, “cancer(s)”, 
“neoplasm(s)”, or “malignancy(ies)”. Publication type was 
limited to “article”. Data from abstracts, review articles, 
editorials, case reports, and letters were excluded. After 
scanning of  the titles and abstracts, studies identified in 
the search clearly not relevant to our topic of  interest 
were excluded. The full texts of  the remaining studies 
were read to determine whether they were eligible for 
inclusion. Data from each eligible study were extracted. 
According to the retrieved original studies and relevant 
review articles, we also manually searched the reference 
lists to identify those possible eligible articles which were 
not found in our primary search.

Selection criteria
The studies would be included in our statistical analysis 
if  they fulfilled these criteria as follows: (1) Epidemio-
logic studies on human subjects, including cohort study 
or case-control study; (2) The language was English and 
only full papers were included; (3) They were designed to 
evaluate the association between statin use and the risk of  
liver cancer; and (4) Risk estimates, including relative risks 
(RRs) for cohort studies or odds ratios (ORs) for case-
control studies, and their corresponding 95% confidence 
intervals (95%CIs) were provided or could be calculated 
based on the available data. If  more than one paper was 
derived from the same research, only the recently pub-
lished paper which provided the most abundant informa-
tion was included. When necessary, the authors were con-
tacted to obtain the corresponding required information.

Data extraction
Each potentially eligible study was evaluated indepen-
dently by at least two authors (HZ, CG and LF). If  evalu-
ation results diverged, agreement was reached in a joint 
session. The following information would be extracted 
and recorded, including the first author, the year of  publi-
cation, study design, country or area which the study was 
conducted, study time or mean follow-up years, total par-
ticipants, liver cancer cases, adjusted RR or OR with their 
95%CIs, and the confounding factors which had been 
adjusted. The quality of  included studies was not tried to 
be assessed, considering that no consensus standardized 
method could be obtained for the quality assessment of  
observational studies[26,27]. Instead, we performed several 
subgroup analyses to explore the source of  heterogeneity 
and validate the results from overall analysis.

131 November 26, 2013|Volume 1|Issue 3|WJMA|www.wjgnet.com



Statistical analysis
For cohort studies, the value of  RRs were used to assess 
the risk estimate; however, for case-control studies, those 
ORs would be regarded as approximate RRs in our meta-
analysis, considering that the prevalence of  liver cancer 
was relatively very low in these studies. We used the ad-
justed RRs (ARRs) to estimate the risk of  liver cancer 
treated with statins, whereas for those studies in which no 
ARR was available, the unadjusted RRs were adopted. We 
also expressed the summary of  results as the RR and the 
corresponding 95%CI. For all tests, P < 0.05 was consid-
ered statistically significant unless specially described and 
all P values quoted were two-sided.

For overall analysis, both random-effects model (Der-
Simonian and Laird method) and fixed-effects model 
(Mantel-Haenszel method) were used to calculate the 
pooled RR estimates[28,29], in order to provide accurate 
results and conclusions[30,31]. When significant hetero-
geneity between studies is not found, the two models 
would provide the similar results, whereas if  significant 
heterogeneity is found, the random-effects model, which 
incorporates an estimate of  between-study variance (het-
erogeneity) in the weighting, is more appropriate. The 
combined RR was displayed in Forest plot. 

Moreover, subgroup analyses would be performed 
based on the study design, the country or area in which 
the study was conducted, the study population and 
whether the confounding factors had been controlled 
adequately, in order: (1) to validate the results and conclu-
sion from the overall analysis in different conditions; (2) 
to further explore the stability and reliability of  the over-
all analysis; and (3) to find the possible source of  statisti-
cal heterogeneity among studies.

For the statistical heterogeneity among studies, Co-
chrane Q statistic test with a significance level of  P < 0.10 

was used[32]. I2 statistic, which describes the percentage 
variation across studies that is due to heterogeneity rather 
than chance, was also calculated, considering the low 
power of  Cochrane Q test when the number of  included 
studies was very limited. The heterogeneity would be 
considered significant when I2 > 50%[33]. Finally, the pub-
lication bias for included studies would be detected using 
the Begg’s funnel plot and Egger’s regression asymmetry 
test[34,35]. We followed the guidelines for the meta-analysis 
of  observational studies in epidemiology proposed by 
MOOSE group[36]. Stata 11.0 (Stata Corp, College Station, 
Texas) was used for the statistical analyses.

RESULTS
Search results
Seven studies were included in our meta-analysis ac-
cording to the selection criteria using the defined MeSH 
terms and/or the text words, including 4 cohort studies 
and 3 case-control studies (Table 1 and Figure 1)[17,18,37-41]. 
Among them, four studies were conducted in Euro-
pean and American regions (United States and Den-
mark)[37,39-41], and others were in Asian country (Taiwan of  
China)[17-18,38]. 

Baseline characteristics of included studies
These studies involved 4725593 people and 9785 liver 
cancer cases. They were published between the years 
of  1966 and 2013. The confounding factors which had 
been controlled in these studies include age, sex, HBV 
infection, HCV infection, alcohol liver disease, DM, liver 
cirrhosis, other lipid-lowering drugs, nonsteroidal anti-
inflammatory drugs/aspirin, angiotensin-converting en-
zyme inhibitors, the number of  hospitalization, anti-HBV 
treatment, income, level of  urbanization, calendar period, 
hormone replacement therapy, race, anti-HCV treatment, 
propensity to use statins, body mass index, and smok-
ing[17,18,37-41]. For these factors, some were controlled by 
matching which had been indicated in Table 1, and others 
were controlled by multivariate analyses. When these 5 
factors had been controlled, including age, sex, HBV in-
fection, HCV infection and alcohol liver disease, the con-
founding factors would be regarded as been controlled 
adequately.

For the study population, most of  the studies (5/7) 
were designed to aim at the general population, except for 
two studies: one case-control study limited their patients 
to those with DM[37], and another cohort study restricted 
to those with HBV infection[18]. In the study performed 
by Friedman et al[40] in the United States, 4222660 patients 
were observed and only 32 patients were diagnosed with 
liver cancer, including intrahepatic bile duct cancer cases. 
In addition, in this study[40] the RRs and their 95%CIs 
were reported by men and women, separately. Therefore, 
we had pooled the two risk estimates before statistical 
analysis, using random-effects model and fixed-effects 
model; and the two models yielded a same result (Table 1).
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997 potentially eligible articles identified from search of 
Medline, Embase and Cochrane library

934 excluded after title reviewed:
  874: not relevant
  60: duplicate titles

38 excluded after abstract reviewed:
  32: not case-control or cohort study
  6: not about statins and liver cancer risk

18 excluded after full-text  reviewed:
  16: not about statins and liver cancer risk
  2: did not report estimate of relative risk

63 relevant articles with abstract

25 relevant  full-text articles 

7 articles included in our meta-analysis

3 case-control studies 4 cohort studies

Figure 1  Flow chart of the selection of studies for inclusion.
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Overall analysis: Reduced risk of liver cancer with statin 
use
Table 1 shows the adjusted RRs, their corresponding 
95%CIs, and the confounding adjustment in included 
studies. The RRs and their 95%CIs from the study by 
Friedman et al[40] had been pre-treated before the final 
statistical analysis. Of  the total seven studies, reduced 
risk of  liver cancer was observed in five studies by mul-
tivariate analysis, whereas the results with no statistical 
difference had been demonstrated in the left two stud-
ies. For all the three case-control studies, positive results 
were found; however, for the four cohort studies, half  of  
them demonstrated no statistical difference. We used the 
random- and fixed-effects models to perform the overall 
analysis (Figure 2). The results showed that statin use 
was statistically significantly associated with the reduced 
risk of  liver cancer (random-effects model, RR = 0.61, 
95%CI: 0.49-0.76, P < 0.001; fixed-effects model, RR = 
0.64, 95%CI: 0.57-0.71, P < 0.001); however, significant 
heterogeneity was found between studies (Cochran’s Q 
statistic = 19.13, P = 0.004, I2 = 68.6%, Figure 2).

Subgroup analyses
We further performed subgroup analyses to validate the 
results from the overall analysis, and to find the possible 

source of  statistical heterogeneity among studies. As 
shown in Table 2, subgroup analyses were performed ac-
cording to the type of  design of  studies, the country or 
area in which the study was conducted, the study popu-
lation and whether the confounding factors had been 
controlled adequately. Based on the results of  Cochran’
s Q statistic, significant heterogeneities were not found 
only when the subgroup analysis was restricted into those 
studies which were conducted in Asian country. This may 
be because these three studies were conducted in the 
same area, Taiwan province of  China (Table 2).

Fortunately, all of  the subgroup analyses provided 
supporting evidence for the results of  overall analysis, 
especially when the subgroup analysis was restricted 
into those cohort studies. The results from the four co-
hort studies also showed that statin use was associated 
with the reduced risk of  liver cancer (random-effects 
model, RR = 0.62, 95%CI: 0.43-0.89, P = 0.010; fixed-
effects model, RR = 0.56, 95%CI: 0.47-0.66, P < 0.001), 
although heterogeneity was also found (Cochran’s Q = 
10.74, P = 0.013, I2 = 72.1%).

Publication bias
Finally, we detected the publication bias using the Begg’s fun-
nel plot and Egger’s regression asymmetry test. As shown 
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Table 1  Baseline characteristics and results of multivariate analysis in included studies

Ref. Country Study time/mean 
follow-up years

Total participants Liver cancer 
cases

Adjusted 
RR(95%CI)

Confounding adjustment1

Case-control studies (n = 3)
   El-Serag et al[37] United State 1997-2002 6515 1303 0.74 (0.64-0.87) 12, 22, 3-5, 62, 7, 9, 10, 17-19
   Chiu et al[17] Taiwan 2005-2008 2332 312 0.62 (0.45-0.83) 1, 2, 32, 42, 5-10
   Leung et al[38] Taiwan 2000-2008 34205 6841 0.44 (0.28-0.72) 12, 22, 6, 8, 9, 
Cohort studies (n = 4)
   Friis et al[39] Denmark 3.3 (exposure) 334754 171 1.16 (0.46-2.90) 1, 2, 9, 15, 16

5.1 (control)
   Friedman et al[40] United State 4.91 4222660 32 0.47 (0.34-0.64) 15
   Marelli et al[41] United State 4.7 (exposure) 91714 105 0.88 (0.60-1.28) 12, 22, 152, 172, 202, 212

4.6 (control)
   Tsan et al[18] Taiwan 328196 33413 1021 0.47 (0.36-0.61) 1-14

(person-years)

11: Age; 2: Sex; 3: HBV infection; 4: HCV infection; 5: Alcohol liver disease; 6: Diabetes mellitus; 7: Liver cirrhosis; 8: Other lipid-lowering drugs; 9:
Nonsteroidal anti-inflammatory drugs/aspirin; 10: Angiotensin-converting enzyme inhibitors; 11: Number of hospitalization; 12: anti-HBV treatment; 13: 
Income; 14: Level of urbanization; 15: Calendar period; 16: Hormone replacement therapy; 17: Race; 18: Anti-HCV treatment; 19: Propensity to use statins; 
20: Body mass index; 21: Smoking. 2Variables which had been indicated were controlled by matching, and others were controlled by multivariate analyses. 
RR: Relative risk; HBV:  Hepatitis B virus; HCV:  Hepatitis C virus.

Study Year RR (95%CI)

Friis 2005 1.16 (0.46, 2.90)
Friedman 2008 0.47 (0.34, 0.64)
El-Serag 2009 0.74 (0.64, 0.87)
Chiu 2011 0.62 (0.45, 0.83)
Marelli 2011 0.88 (0.60, 1.28)
Tsan 2012 0.47 (0.36, 0.61)
Leung 2013 0.44 (0.28, 0.72)
Overall (I 2 = 68.6%, P  = 0.004) 0.61 (0.49, 0.76)

Note: Weight are from random effects analysis

0.3 0.61 1 2 5

RR

Figure 2  Forest plot of pooled relative risks and their 
95%CI for statin use and the risk of liver cancer, when us-
ing random effects model. Studies are arranged based on 
the year of publication. Black boxes indicate the relative risks 
point estimate, and their areas are proportional to the weights of 
the studies. Horizontal lines represent the 95%CIs. The broken 
line and diamond represent the summary estimate and the un-
broken vertical line is at the null value.
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in Figure 3 by Begg’s (Z = 0.15, P = 0.881) and Egger’s 
test (t = -0.44, P = 0.681), no statistically significant pub-
lication bias was noted.

DISCUSSION
Our meta-analysis, which involved 4725593 people and 
9785 liver cancer cases, was designed to determine the as-
sociation between statin use and the risk of  liver cancer. 
The results showed that statin use was associated with 
a 36%-39% reduction in liver cancer risk. Moreover, all 
subgroup analyses provided supporting evidence for the 
results of  overall analysis. In addition, no significant risk 
of  having a publication bias was observed by using Begg’
s plot and Egger’s regression test.

Statins have been widely and successfully used in 
patients with hypercholesterolemia and cardiovascular 
diseases for more than 30 years[42]. In the past few years, 
some studies have been designed to determine the asso-
ciation between statins use and the risk of  cancer, includ-
ing liver cancer, taking into account the large number of  

patient population treated with statins. Besides the epide-
miological studies, preclinical studies also suggested that 
statins may inhibit the growth of  cancer cells by promot-
ing apoptosis, suppressing angiogenesis and inhibiting the 
metastatic process[43-45].  Considering that no consensus 
was reached among these studies, our meta-analysis was 
performed to pool data currently available to determine 
this relationship.

Some issues or questions, which could be regarded as 
the drawbacks or limitations, should be acknowledged, 
before acceptance of  these results and conclusion. The 
first was about the observational designs of  included 
studies, which could not provide definite evidence to 
clarify the causal association. Of  the total seven studies, 
four were population-based cohort designs, three were 
case-control designs, and none was prospective interven-
tion study. Unfortunately, for the four cohort studies, 
half  of  them were shown as without statistical difference. 
From the viewpoint of  basic principle, cohort study is 
better than case-control study to explain the causal as-
sociation[24]. However, even when the study population 

Table 2  Subgroup analyses of included studies

Subgroup No. of studies Fixed-effects model Random-effects model Heterogeneity

RR 95%CI P  value RR 95%CI P  value Q P I 2 (%)

Type of design of studies
   Case-control 3 0.69 0.60-0.79 < 0.001 0.63 0.49-0.82 < 0.001   4.75 0.093 57.9
   Cohort 4 0.56 0.47-0.66 < 0.001 0.62 0.43-0.89   0.01 10.74 0.013 72.1
Country or area
   Asian 3 0.51 0.43-0.62 < 0.001 0.51 0.42-0.63 < 0.001   2.30 0.317 13.0
   Euro- American 4 0.71 0.62-0.80 < 0.001 0.71 0.52-0.95    0.023   9.14 0.028 67.2
Confounding adjustment
   Adequately1 3 0.65 0.58-0.74 < 0.001 0.61 0.46-0.81    0.001   8.64 0.013 76.8
   Inadequately 4 0.59 0.48-0.73 < 0.001 0.63 0.41-0.95    0.028   9.82 0.020 69.4
Study population
   General population 5 0.60 0.50-0.71 < 0.001 0.62 0.46-0.83    0.001   9.89 0.042 59.5
   Restricted to specified patients2 2 0.66 0.58-0.75 < 0.001 0.60 0.38-0.93    0.023   8.50 0.004 88.2

1The confounding factors would be regarded as been controlled adequately when these 5 factors had been controlled, including age, sex, HBV infection, 
HCV infection and alcohol liver disease; 2The study population of two studies was restricted to specified patients, including patients with diabetes mellitus 
(Ref. 37) and those with HBV infection (Ref. 18). RR: Relative risk; HBV:  Hepatitis B virus; HCV:  Hepatitis C virus.
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was limited to those from cohort studies, consistent 
results were obtained which showed that statin use was 
associated with the reduced risk of  liver cancer, provid-
ing supporting evidence for the results of  overall analysis. 
To clarify this relationship between statin use and liver 
cancer risk, more cohort studies, especially prospective 
intervention studies, are required.

The second was about the very limited number of  
included studies. To include all the possibly relevant stud-
ies in which the study population could represent the ma-
jority of  the general population, we added case-control 
studies in the statistical analysis and treated the ORs as 
approximate RRs, which may have some effect on the 
final results. However, when the study population was re-
stricted to those either from cohort studies or from case-
control studies, the results remained unchanged. Be that 
as it may, we also hope that these results and conclusions 
could be validated in more patients, more hospitals and 
more countries with higher quality.

The third was about the study population and the 
general population. The seven studies were conducted 
in three countries, including the United States, Denmark 
and Taiwan (China), which could not be regarded as the 
representative of  the general population. Mainland China 
has the higher incidence of  liver cancer with nearly 40 
per 100000 people per year, which is more than eight 
times compared with the average incidence worldwide. 
In addition, risk factors, including the subtype of  HBV, 
in Taiwan are different from those in mainland China. 
Therefore, for the general study population, more stud-
ies are required, such as prospective intervention study in 
China.

The fourth limitation was about the confounding fac-
tors which could not be controlled adequately because of  
the original nature of  observational epidemiological stud-
ies. These studies did not have the process of  random 
allocation, and complete controlling of  the confounding 
factors was seemingly impossible. Some important fac-
tors, such as age, sex, HBV/HCV infection, cirrhosis 
and alcohol drinking, were not controlled adequately in 
some of  these studies. Others included: the exposure 
time of  statins was not long enough, leading to one pos-
sibility that the positive association may be affected by 
other factors, such as high socioeconomic status[46,47]; 
different units and different kind of  statins were used in 
these studies, whereas different statins may have different 
effects on liver cancer risk, for example, the effect of  hy-
drophilic statins was different from that of  hydrophobic 
statins[48-50]; and statin use was contraindicated in the pres-
ence of  liver diseases[40], which may have effects on the 
results and conclusions.

Besides these aforementioned weaknesses, some 
strengths were made in this meta- analysis to ensure the 
accuracy and reliability of  our results, based on the avail-
able literature and current knowledge. The first was about 
the subgroup analysis which was designed to validate the 
results from the overall analysis, and to find the possible 
source of  statistical heterogeneity among studies. Fortu-

nately, all of  the subgroup analyses provided supporting 
evidence for the results of  overall analysis, especially 
when the subgroup analysis was restricted into those co-
hort studies. The second was that our meta-analysis was 
designed to pool the data currently available to determine 
the association between statin use and liver cancer risk. 
For example, in one study[40] the RRs and their 95%CIs 
were reported by men and women, separately. We had 
pooled the two risk estimates before statistical analysis, 
using random-effects model and fixed-effects model, and 
the two models yielded a same result.

In conclusion, our meta-analysis showed that statin 
use was associated with the reduced risk of  liver cancer. 
To clearly clarify this relationship, more high quality epi-
demiological studies, especially prospective intervention 
studies, are required. In vitro data and animal studies are 
also required to clarify the relevant mechanisms.
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