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Abstract
Background NAFLD was tightly associated with various diseases such as diabetes, cardiovascular disease, kidney disease and cancer. Previous studies had
investigated the association between NAFLD and various extrahepatic cancers, but the conclusions were remains to be improved. The aim of this study was to
investigate the association between NAFLD and various extrahepatic cancer comprehensively.

Methods Electronic databases PubMed, EMBASE, Medline, and the Cochrane Library were searched for observational studies published from 1996 to January
2020. Observational studies that re�ected the association between NAFLD and extrahepatic cancers were included in this study. The pooled OR/HR/IRR of the
association between NAFLD and various extrahepatic cancers were analyzed.

Results A total of 26 studies were included for investigating the association between NAFLD and various extrahepatic cancers. As the result shown, the pooled
OR values of the risk of colorectal cancer and adenomas in patients with NAFLD were 1.72 (95%CI: 1.40-2.11) and 1.38 (95%CI: 1.22-1.56), respectively. The
pooled OR values of the risk of intrahepatic cholangiocarcinoma and extrahepatic cholangiocarcinoma in patients with NAFLD were 2.40 (95%CI: 1.75-3.31)
and 2.24 (95%CI: 1.58-3.17), respectively. The pooled OR value of the risk of breast cancer in patients with NAFLD was 1.68 (95%CI: 1.44-1.97). In addition,
NAFLD was also tightly associatied with the risk of gastric cancer, pancreas cancer, prostate cancer, and esophagus cancer.

Conclusions NAFLD could signi�cantly increase the development risk of colorectal adenomas and cancer, intrahepatic and extrahepatic cholangiocarcinoma,
breast cancer, gastric cancer, pancreas cancer, prostate cancer, and esophagus cancer.

Introduction
Nonalcoholic fatty liver disease (NAFLD) has become one of the most prevalentchronic liver diseases globally with an estimated overall prevalence of 25.2%
in the world and 29.62% in the Asia [1–4]. The diasease spectrum of NAFLD ranges from nonalcoholic fatty liver (NAFL) to nonalcoholic steatohepatitis
(NASH), liver �brosis, cirrhosis, and eventual to the hepatocellular carcinoma (HCC) [5]. In view of the key physical functions of liver, the NAFLD is a complex
multifactorial disease which involving sedentariness, obesity, poor dietary habit, sarcopenia, insulin resistance, genetic susceptibility, intestinal �ora and other
factors [6–9]. In addition, NAFLD is closely related to many diseases such as diabetes, cardiovascular disease and kidney disease, which demonstrating that
NAFLD is a multisystem disease with extrahepatic complications [10–15].

Accumulated evidences have shown that the cardiovascular disease was the leading cause of deaths in patients with NAFLD, and malignancies at both
gastrointestinal (liver, colon, esophagus, stomach, and pancreas) and extra-intestinal site (kidney in men, and breast in women) were also signi�cant
contribute to the mainly death of patients with NAFLD [16, 17]. Wongiarupong et al. conducted an meta-analysis to investigate the assoicaiton of NAFLD with
the risk of cholangiocarcinoma, they found that NAFLD might potential contribute to the risk of development of cholangiocarcinoma [18]. Lee et al. reported
the association between NAFLD and esophageal, stomach, or colorectal cancer in Korea recently, they found that the mortality in patients with esophageal,
stomach, or colorectal cancer were markedly increased in the patients with NAFLD, which implied the signi�cant association of NAFLD with the risk of
esophageal, stomach, or colorectal cancer [19]. Lots of attention has been paid to the association between NAFLD and extrahepatic cancers. Recently, Allemet
al. investigated the effect of NAFLD on the occurance rate of extrahepatic cancers in the US population. They found that NAFLD was associated with 90%
higher risk of cancers, which included the uterine, stomach, pancreas, and colon cancer [20]. In consideration of the diverse kinds of cancers, and the
difference of risk of cancers in different countries and district, the present studies still can not summary the authentic status of the association of NAFLD with
the extrahepatic cancers.

The aim of this study was to identify the association between NAFLD and extrahepatic cancers comprehensively, and updata the previous results of the
overall association between NAFLD andextrahepatic cancers.

Methods

Search Strategy
We performed multiple systematic reviews and meta-analysis of the available studiesrelying on the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement for the conduct of meta-analyse of observational studies [21]. The following cancers were included in our study: 1) Colon
neoplasm; 2) Cholangiocarcinoma; 3) Breast cancer; 4) Gastric cancer; 5) Pancreas cancers; 6) Prostate cancer; 7) Esophageal cancer. For colon neoplasm,
cholangiocarcinoma, and breast cancer, the separate meta-analysis for each cancer was performed. Relevant studies were identi�ed by searching PUBMED,
EMBASE, MEDLINE, and the Cochrane Systematic Review Database from 1996 through January 2020. The following search terms were used: Colon
neoplasm, colon cancer, colorectal cancer, gastric neoplasm, stomach neoplasm, stomach cancers, gastric cancer, pancreatic neoplasm, pancreas cancers,
PDAC, PaC, esophageal neoplasm, esophageal cancer, breast carcinoma, breast cancer, breast neoplasm, breast tumor, breast malignant neoplasm, prostate
neoplasms, prostate cancer. Only the observational studies (i.e., case-control studies and cohort studies) and written in English language were considered
eligible for inclusion in our meta-analysis. Studies were excluded if they were only published as abstracts.

Inclusion And Exclusion Criteria
The initially retrieved publications were reviewed by two investigators (Shou-Sheng Liu and Xue-Feng Ma) independently. The discrepancy was resolved by
discussion with all investigators. Studies were included if they meet the criteria as follows: 1) studies explored the correlation between NAFLD and related
cancers; 2) NAFLD or NASH was de�ned by either histopathological examination, imaging study or International Classi�cation of Diseases, Ninth Revision
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(ICD-9) or ICD-10 codes, Hepatic steatosis index; 3) extrahepatic cancers were also de�ned by either histopathological examination, imaging study or ICD-9 or
ICD-10 codes; 4) risk estimates (odds ratios [ORs], hazard ratios [HRs] or incidence rate ratios [IRRs]) with their corresponding 95% con�dence intervals (CIs)
were reported or could be calculated from the data provided; 5) studies were published full-text report in English language. The following studies were
excluded: abstracts, reviews, case reports, and letters. Studies that did not provide su�cient data to calculate the risk estimates were also excluded.

Quality Assessment
The quality of the included studieswere assessed independently by two authors (Shousheng Liu and Xuefeng Ma) using the Newcastle-Ottawa Scale (NOS)
[22].The NOS comprises three sections: selection (up to 4 points), comparability (up to 2points) and outcome (up to 3 points), with a maximum of 9 points.
The study quality was classi�ed as poor (score 0–3), fair (score 4–6), or good (score 7–9).The discrepancy was resolved by discussion with all investigators.

Data Extraction
The following information was extracted from each study: �rst author, publication time, country, number of subjects, diagnosis method of NAFLD,
patientssource, dates, study design, diagnosis method of each cancer, adjusted confounding factors and Study quality. The data were collected independently
by two investigators (Shou-Sheng Liu and Xue-Feng Ma).

Data Synthesis And Analyses
The correlation between NAFLD and related cancers were calculated by OR with the corresponding 95% CI. In the forest plots, OR > 1 represented a risk effect
and OR < 1 represented a protective effect. Because the overall risk of extra-hepatic cancers is low, the HR and IRR in the cohort studies were similar to the OR
in the case-control studies mathematically, which approving to the combination of case-control and cohort studies. Statistical heterogeneity among studies
was assessed by Q and I2statistics. For the Q statistic, heterogeneity was considered to be present when P < 0.1 or I2 > 50%. The �xed-effect model was used
when literature heterogeneity did not exist; otherwise, the random-effect model was used. Publication bias was evaluated visually by funnel plots and the
publication bias was considered signi�cant when P value was less than 0.05 in Begg’s test. The subgroup was carried out according to the design of the
study. The pooled OR was calculated by STATA 13.0 software (Stata Corporation, College Station, TX, USA).

Results

Literature search and study characteristics
A total of 3221 potentially relevant published studies were identi�ed from the database. After removed the animal studies, reviews, nontopic studies, case
reports, comments, non-English written articles, duplicates and irrelevant resources, 131 potentially relevant studies were left for detailed evaluation. After the
full-text evaluation, 26 studies were included in this systematic review and meta-analysis [20, 23–47] (Fig. 1). Among these studies, 15 studies for colon
cancer, 7 studies for cholangiocarcinoma, 4 studies for breast cancer, 3 studies for gastric cancer, 3 studies for pancreas cancer, 3 studies for prostate cancer,
2 studies for esophagus cancer.

Association Between Na�d And Colorectal Adenomas Or Cancer
We systematic investigated the relationship bentween NAFLD with the colorectal adenomas of colorectal cancer. As shown in the Table 1, 15 studies were
included to evaluate the relationship between NAFLD and colorectal adenomas or colorectal cancer. Among these studies, 7 studies were from South Korea, 5
studies were from China, 1 study was from Austria, 1 study was from Japan and 1 study was from the USA. All of these studies wereobservational studies,
which contain 6 cohort studies and 9 cross-sectional studies. Quality assessment of all these studies suggested that 11 studies were high quality, and 4
studies were fair quality based on the NOS scores (Table 2).
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Table 1
Summarization of the relationship between NAFLD and all kinds of extrahepatic cancers.

Types of Cancer Number of studies OR/HR/IRR (95%CI) I2 P value

Gastrointestinal cancers          

Colorectal cancer 10 1.72 1.40–2.11 83.50% < 0.01

Colorectal adenomas 9 1.38 1.22–1.56 49.40% 0.045

Cholangiocarcinoma          

Intrahepatic cholangiocarcinoma 7 2.40 1.75–3.31 68.40% 0.004

Extrahepatic cholangiocarcinoma 4 2.24 1.58–3.17 68.04% 0.023

Breast cancer 4 1.68 1.44–1.97 0.00% 0.727

Gastric cancer 3 1.89 1.31–2.71 49.60% 0.094

Pancreas cancer 3 2.12 1.58–2.83 0.00% 0.476

Prostate cancer 3 1.36 1.03–1.79 81.90% 0.001

Esophagus cancer 2 1.77 1.19–2.62 0.00% 0.983

Abbreviation: OR, odds ratio; HR, hazard ratio; IRR, incidence rate ratio. CI: con�dence interval.
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Table 2
The association between NAFLD and colorectal adenomas or colorectal cancer.

Study Country Sample
size

NAFLD diagnosis Patients source Date Study
design

Colorectal cancer
diagnosis

Adjusted
confounding
factors

Study
quality

Chen et al.
2018 [25]

China 764 Ultrasonography Community 2014–
2016

Cross-
sectional

Colonoscopy Age, sex,
smoking, alcohol
intake, metabolic
syndrome

Good

Ahn et al.
2017 [24]

South
Korea

26540 Ultrasonography Community 2003–
2012

Cross-
sectional

Histology Age, sex, BMI,
smoking, alcohol
intake, �rst
degree family
history of
colorectal cancer,
aspirin use,
fasting plasma
glucose, total
cholesterol,
triglycerides,
systolic blood
pressure, use of
any
hypoglycemic,
anti-hypertensive
drugs or use of
statin

Good

Chen et al.
2017 [46]

China 3686 Ultrasonography Hospital 2007–
2014

Cross-
sectional

Endoscopy Age, CEA, stage,
tumor location,
and tumor
differentiation

Good

Pan et al.
2017 [30]

China 1793 Ultrasonography Community 2011–
2015

Cross-
sectional

Colonoscopy Age, sex, ALT, uric
acid,
metabolic
syndrome

Good

Lee et al.
2016 [27]

South
Korea

44221 Ultrasonography Community 2010–
2011

Cross-
sectional

Colonoscopy Age, sex, BMI,
smoking, family
history of
colorectal cancer,
aspirin use,
hypertension,
diabetes mellitus

Good

Lin et al.
2014 [29]

China 2314 Ultrasonography Hospital 2007–
2011

Cross-
sectional

Colonoscopy Age, sex, BMI,
hypertension,
plasma
triglycerides, uric
acid, ALT,
albumin,
hemoglobin,
platelet count

Fair

Wong et al.
2011 [35]

China 380 1H-MRS/Liver
biopsy

Community/Hospital 2008–
2010

Cross-
sectional

Colonoscopy Age, sex, BMI,
smoking, family
history of
colorectal cancer,
hypertension,
diabetes mellitus

Good

Stadlmayr
et al. 2011
[34]

Austria 1211 Ultrasonography Hospital 2007–
2009

Cross-
sectional

Colonoscopy Age, sex, BMI,
glucose
intolerance status
(impaired fasting
glycaemia or
diabetes mellitus)

Good

Hwang et
al. 2010 [33]

South
Korea

2917 Ultrasonography Hospital 2007 Cross-
sectional

Colonoscopy Age, sex,
smoking,
hypertension,
diabetes mellitus,
metabolic
syndrome

Good

Allen et al.
2019 [20]

USA 276 HCIDA/ICD-9 Community 1997–
2016

Cohort ICD-9 NA Good

Abbreviation: HICDA, Hospital International Classi�cation of Diseases Adapted; ICD, International Classi�cation of Diseases.
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Study Country Sample
size

NAFLD diagnosis Patients source Date Study
design

Colorectal cancer
diagnosis

Adjusted
confounding
factors

Study
quality

Hamaguchi
et al. 2019
[26]

Japan 15926 Ultrasonography. Community 2004–
2016

Cohort Endoscopy Sex, age and
lifestyle factors
including
smoking habits,
alcoholic
consumption and
physical activities
and diabetes

Good

Kim et al.
2018 [23]

South
Korea

NA Ultrasonography Community 2004–
2005

Cohort Pathology Demographic and
metabolic factors

Good

Yang et al.
2017 [31]

South
Korea

882 Ultrasonography/
computed
tomography

Hospital 2009–
2013

Cohort Colonoscopy Age, sex,
smoking,
hypertension,
diabetes mellitus,
use of aspirin or
lipid-lowering
agents; imaging
for diagnosis of
NAFLD

Fair

Huang et
al. 2013 [32]

South
Korea

1522 Ultrasonography Hospital 2003–
2010

Cohort Colonoscopy Age, sex, BMI,
smoking,
hypertension,
diabetes mellitus,
metabolic
syndrome

Fair

Lee et al.
2012 [28]

South
Korea

5517 Ultrasonography Hospital 2002–
2006

Cohort Colonoscopy Age, BMI,
smoking,
hypertension,
dyslipidemia,
fasting glucose
level

Fair

Abbreviation: HICDA, Hospital International Classi�cation of Diseases Adapted; ICD, International Classi�cation of Diseases.

For the pooled OR of colorectal cancer in patients with NAFLD, 10 studies were analyzed [20, 23–31]. The meta-analysis was conducted with the random-
effect (P < 0.01, I2 = 83.5%) and the results shown that there was a signi�cant development risk of colorectal cancer in patients with NAFLD (OR = 1.72, 95%CI:
1.40–2.11) (Fig. 2A). Publication bias was tested by the Begg’s test and the results suggested that there was an obvious publication bias among these studies
(P < 0.01) (Fig. 4A). Furthermore, the results of subgroup anslysis shown that the pooled OR ofcolorectal cancer in cross-sectional studies [24, 25, 27, 29, 30]
were 1.93 (95%CI: 1.48–2.53) and the pooled OR of colorectal cancer in cohort studies [20, 23, 26, 28, 31] were 1.52 (95%CI: 1.18–1.95) (Table 1) (Fig. 2A). For
the pooled OR of colorectal adenomas in patients with NAFLD, 9 studies were analyzed [27–30, 32–35, 46]. The meta-analysis was conducted with the
random-effect (P = 0.045, I2 = 49.4%) and the results shown that there was a signi�cant development risk of colorectal adenomasin patients with NAFLD (OR = 
1.38, 95%CI: 1.22–1.56) (Fig. 2B).Publication bias was tested by the Begg’s test and no obvious publication bias was observed (P = 0.754) (Fig. 4B).
Furthermore, the results of subgroup anslysis shown that the pooled OR of colorectal adenomas in cross-sectional studies[27, 29, 30, 33–35, 46] were
1.35(95%CI: 1.17–1.55)and the pooled OR of colorectal adenomas in cohort studies [28, 32] were 1.55 (95%CI: 1.18–2.03) (Table 1) (Fig. 2B)

Association Between Na�d And Cholangiocarcinoma
In this systematic review and meta-analysis, seven studieswere included to evaluate the relationship between NAFLD and the risk of cholangiocarcinoma [36–
42]. In these studies, 3 studies were from the United States, 1 studywas from Europe,1 studywas from China,1 study was from Japan, and 1study wasfrom
South Korea. All of these studies were cross-sectional studies, and patients in 4 studies were from community and 3 studies were from hospital. Quality
assessment of all these studies suggested that 4 studies were high quality, and 3 studies were fair quality based on the NOS scores (Table 3).
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Table 3
The association between NAFLD with cholangiocarcinoma and breast cancer.

  Study Country Sample
size

NAFLD diagnosis Patients
source

Date Study
design

Cancer
diagnosis

Adjusted
confounding
factors

St
qu

Cholangiocarcinoma Petrick et
al. 2017
[40]

US 328688 ICD-9 Community 2000–
2011

Case-
control

ICD-9 Age,
race/ethnicity,
geographic
region, and
state buy-in
status

G

Choi et
al. 2016
[37]

US 7164 Histology/Imaging Hospital 2000–
2014

Case-
control

ICD-9 The
differences in
frequencies
of aspirin
current users

G

Kinoshita
et al.
2016 [38]

Japan 103 Histology Hospital 1995–
2014

Case-
control

Pathology NA Fa

Stepien
et al.
2016 [41]

Europe 495 Hepatic steatosis
index

Community 1992–
2000

Case-
control

ICD-9 Smoking
status,
baseline,
lifetime
alcohol intake
pattern, body
mass index,
physical
activity,
hepatitis B, C
infection,
diabetes
status, CRP

G

Lee et al.
2015 [39]

South
Korea

243 Histology/Imaging Hospital 2007–
2013

Case-
control

Pathology NA G

Chang et
al. 2013
[36]

China 25785 ICD-9 Community 2004–
2008

Case-
control

ICD-9 Possible
intermediate
factors

Fa

Welzel et
al. 2007
[42]

US 103866 ICD-9 Community 1999–
2009

Case-
control

ICD-9 NA Fa

Breast cancer Allen et
al. 2019
[20]

USA 676 ICD-9 Community 1997–
2016

Cohort ICD-9 NA G

Kim et al.
2018 [23]

Korea NA Ultrasonography Community 2004–
2005

Cohort Pathology
radiology

Demographic
and
metabolic
factors

G

Nseir et
al. 2017
[44]

Israel 146 Ultrasonography Community 2008–
2011

Cohort Ultrasonography NA G

  Kwak et
al. 2019
[43]

USA 540 Ultrasonography. Community 2008–
2017

Case-
control

Ultrasonography NA G

Abbreviation: ICD, International Classi�cation of Diseases.

For the pooled OR of intrahepatic cholangiocarcinoma (ICC) in patients with NAFLD, seven studies were analyzed [36–42]. The meta-analysis was conducted
with the random-effects(P = 0.004, I2 = 68.4%) and the results shown that there was a signi�cant development risk of ICC in patients with NAFLD (OR = 2.40,
95%CI: 1.75–3.31) (Fig. 3A). Publication bias was tested by the Begg’s test and no obvious publication bias was observed (P = 0.501) among these studies
(Table 1) (Fig. 4C). Four studies were analyzed for the pooled OR of extrahepatic cholangiocarcinoma (ECC) in patients with NAFLD [36, 39, 40, 42]. The meta-
analysis was conducted with the random-effect (P = 0.024, I2 = 68.04%) and the results shown that the development risk of ECC was signi�cant high in
patients with NAFLD (OR = 2.24, 95%CI: 1.58–3.17) (Table 1) (Fig. 3B).

Association Between Na�d And Breast Cancer
In this systematic review and meta-analysis, 4 studies were included to evaluate the relationship between NAFLD and the development risk of breast cancer
[20, 23, 43, 44]. Among these studies, 2 were from the United States, 1 was from Korea, and 1 study was from Israel. Three studies of them were cohort studies
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and onestudy was case-control study. Quality assessment of these studies suggested that all of them were high quality based on the NOS scores (Table 3). As
shown in Table 1 and Supplementary Fig. 1, the pooled OR of breast cancer in patients with NAFLD was 1.68 (95%CI: 1.44–1.97), which suggested that
patients with NAFLD was more susceptabilitable to the breast cancer.

Association Between Na�d And Other Cancers
As shown in the Supplementary Table 1, three studies were included to evaluate the association between NAFLD and the development risk of gastric cancer
[20, 23, 26]. All of them were cohort study and the quality of them were high based on the NOS scores. The pooled OR of gastric cancer was 1.89 (95%CI:
1.31–2.71) (Table 1), which suggested that patients with NAFLD possess the high risk of gastric cancer. In order to investigate the association of NAFLD and
the development risk of pancreas cancer, three studies were included [20, 23, 45] (Supplementary Table 1). Both of the three studies were cohort study, and the
quality of them were high based on the NOS scores. The pooled OR of pancreas cancer was 2.12 (95%CI: 1.58–2.83) (Table 1), which suggested that patients
with NAFLD possess the high risk of pancreas cancer. In addition, three studies also found that the patients with NAFLD also possess the high risk of prostate
cancer (OR = 1.36, 95%CI: 1.03–1.79) (Tables 1 and 5). Furthermore, two studies reported the association between NAFLD and the development risk of
esophagus cancer [20, 23], they found that the OR value of esophagus cancer was 1.77 (95%CI: 1.19–2.62) (Tables 1 and 5).

Discussion
NAFLD is widely epidemic chronic liver diseaeall over the world, and it is the manifestation metabolic syndrome in liver [3]. Accumulated evidences had
suggested that NAFLD was tightly associated with various diseases such as diabetes, cardiovascular disease, kidney disease and cancers[11–13, 48]. In
recent years, more attention were paid to the association of NAFLD and the risk of cancers, and accumulated clincal observational studies were conducted to
investigate the relationship of the risk of cancers, especially the extrahepatic cancers, such as colon, stomach, and pancreas and so on. Kim et al. and Allen et
al. also conducted the reviews to demonstrate this issue [20, 23], but the resutls could not re�ect the newest conclusion of the association of NAFLD and
cancer absolutely. With the publication of new studies, a lastestsummary is needed to expound the new research progresses in ths issue. In this study, we
conducted a systematic review and meta-analysis to investigate the association of NAFLD with the risk of various extrahepatic cancers comprehensively.

In this systematic review and meta-analysis, we investigated the relationship of NAFLD with the gastrointerstinal cancers (colorectal cancer and colorectal
adenomas), the cholangiocarcinoma (intrahepatic and extrahepatic cholangiocarcinoma), and other cancers include breast cancer, gastric cancer, pancreas
cancer, prostate cancer, and esophagus cancer. Interestingly, we found that NAFLD was tightly associated with all of these extrahepatic cancers. The detailed
mechanism of how the NAFLD promotes the tumorigenesis was remains unclear. NAFLD is caused by the excess accumulation of triglyceride, which could be
regarded as a kind of visceral adiposity [49]. Previous reports suggested that visceral adipose tissue could affect the function of other organs by relasingthe
cytokines such as adipocytokines, growth factors and some pro-in�ammatory factors [50]. This opinion could provide the light to illuminate the detailed
mechanism of NAFLD in the tumorigenesis. Previous meta-analysis investigated the association of incident and recurrence of colorectal adenoma and cancer
with NAFLD, they found that the presence and severity of NAFLD were associated with the increased risk of incident colorectal cancar or adenomas [51].
Mantovani et al. summarized the association between NAFLD and colorectal tumors in asymptomatic adults who undergoing seceening colonoscopy, they
found that the presence of NAFLD was moderately increased the risk of colorectal adenomas and cancer [52]. In this study, we complied with the inclusion
and exclusion criteria and included all the suitable studies to investigated the association of NAFLD with the development risk of colorectal cancer and
colorectal adenomas. Our results shown that the NAFLD signi�cant increased the risk of colorectal cancer (OR = 1.72, 95%CI: 1.40–2.11) and colorectal
adenomas (OR = 1.38, 95%CI: 1.22–1.56) compared to the health controls, which was consistent with the previous studies. More attentions should be paid in
the detailed mechanism that NAFLD promotes the riks of colorectal cancer in the further studies.

Besides the colorectal adenomas or cancer, the association of NAFLD with othr extrahepatic cancers is less proven [53]. Wongjarupong et al. conducted a
meta-analysis to investigate the relationship between NAFLD and cholangiocarcinoma, they found that NAFLD was associated with both the ICC (OR = 2.22,
95%CI: 1.52–3.24) and the ECC (OR = 1.55, 95%CI: 1.03–2.33) [18]. In this study, we added the newest publication and conducted the meta-analysis. We found
that NAFLD signi�cant increases the development risk of both the ICC (OR = 2.40, 95%CI: 1.75–3.31) and the ECC (OR = 2.24, 95%CI: 1.58–3.17), which was
consistent with the previous study. What’s more, we also reviewed the link between NAFLD and breast cancer, gastric cancer, pancreas cancer, prostate cancer,
esophagus cancer. However, the association between NAFLD and extrahepatic cancers has not been fully illustrated, and the necessary clinical studies still
need to be performed in the futher studies. A recent study demonstrated that patients with NAFLD are more likely to have chronic in�ammation with insulin
resistance, which may generate a microenvironment for developing cancers [54, 55]. Emerging translational and epidemiologic data supportedthat local
ectopic fat may exert the functional factors by the paracrine pathway to inducethe cancer development in the liver, pancreasand breast [56, 57]. Therefore, we
study reached a biological agreement with other previous studies that NAFLD is a risk factor for cancers, not only for the liver but also for the extrahepatic
cancers.

There were several limitations in this study. First, the tightly assocaiton between NAFLD and extrahepatic cancers were investigaged, but we did not classi�ed
the degrees of NAFLD, so the association of severity of NAFLD with the extrahepatic cancers was not demonstrated in this study. Second, a small number of
studies were available to analyze the association between the NAFLD and the risk of gastric cancer, pancreas cancer, prostate cancer, and esophagus cancer,
further studies should be focus on the risk of these extrahepatic cancer in patients with NAFLD.

Conclusion
In summary, we conducted a systematic review and meta-anaylsis to comprehensive investigate the association between NAFLD and the development risk of
extrahepatic cancers. We found that NAFLD could signi�cant increase the development risk of colorectal adenomas and cancer, intrahepatic and extrahepatic
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cholangiocarcinoma, breast cancer, gastric cancer, pancreas cancer, prostate cancer, and esophagus cancer. Besides the colorectal adenomas and cancer, the
evidences for the association of NAFLD with various extrahepatic cancers are insu�cient, and the detailed mechanism of NAFLD promote the tumorgenesis
was also unclear, which were the key research areas in the further studies.

Abbreviations
CI, con�dence intervals; ECC, extrahepatic cholangiocarcinoma; HCC, hepatocellular carcinoma; HR, hazard ratio; ICC, intrahepatic cholangiocarcinoma; ICD-9,
International Classi�cation of Diseases, Ninth Revision; IRR, incidence rate ratio; NAFL, nonalcoholic fatty liver; NAFLD, Nonalcoholic fatty liver disease; NASH,
nonalcoholic steatohepatitis; NOS, Newcastle-Ottawa Scale; OR, odds ratio; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Figure 1

Flow chart of the literature search process.

Figure 2

Meta-analysis of the association between NAFLD and colorectal cancer or colorectal adenomas. (A) Forest plots for colorectal cancer; (B) Forest plots for
colorectal adenomas.
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Figure 3

Meta-analysis of the association between NAFLD and cholangioarcinoma. (A) Forest plots for the intrahepatic cholangiocarcinoma; (B) Forest plots for the
extrahepatic cholangiocarcinoma.

Figure 4

Identi�ed the publication bias by Begger's funnel plot for (A) colorectal cancer; (B) colorectal adenomas; (C) intrahepatic cholangiocarcinoma.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupplementaryTable.docx

SupplementaryFigure.docx

https://assets.researchsquare.com/files/rs-16707/v1/Supplementary%20Table.docx
https://assets.researchsquare.com/files/rs-16707/v1/Supplementary%20Figure.docx

