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Abstract

Background: Diet and nutrition, as a modifiable risk factor, have been demonstrated to play a significant role in the
etiology of biliary diseases, whereas few comprehensive studies have been able to evaluate the strength and qual-
ity of these evidence. This umbrella review aims to evaluate the evidence pertaining risk factors for biliary diseases in
terms of diet and nutrition-related indicators.

Methods: An umbrella review method was adopted: evidence from observational studies up to 22 November 2021
were identified using PubMed, Web of Science, the Cochrane database, as well as manual screening. Eligible system-
atic reviews and meta-analyses were screened according to inclusion and exclusion criteria. The inclusion criteria
were: (1) meta analysis or systematic review; (2) The theme of the study is the relationship between diet or nutri-

tion and biliary tract diseases; (3) Summarized and reported OR, RR or HR values and corresponding 95% Cl; (4) No
restrictions on the use of participants and languages; (5) Only extract the data of biliary tract diseases from multiple
health outcomes; (6) Only the most recent studies on the same subject were included. This study had been registered
at PROSPERO (CRD42021293908). For each eligible systematic review and meta-analysis, we extracted the data of
general characteristics and the main findings. The methodological quality of the meta-analyses included in our study
were assessed by AMSTAR2 and the quality of evidence was evaluated by the GRADE.

Results: A total of 323 articles were searched, among which 24 articles with 83 unique outcomes were identified

as eligible. 35 of these outcomes were downgraded in GRADE evaluation as they reported heterogeneity. In short,
among 83 unique outcomes, 5 were rated as moderate, 16 as low, and the rest as very low. For the prevention of bil-
iary tract diseases, emphasis should be placed on appropriately increasing the intake of fruits, vegetables, coffee and
tea, and reducing the intake of alcohol, raw fish and foods with high nitrate. Meanwhile, weight, blood sugar and lipid
levels should be controlled, and diabetes should be actively prevented and treated. Drinking is not recommended to
prevent gallstones, although studies have shown that it may reduce the risk of cholecystolithiasis.

Conclusions: Our study summarizes the current multifaceted evidence on the relationship between dietary and
nutritional indicators and biliary diseases, but the quality of all evidence was not high. Evidence from additional high-
quality prospective studies are needed in the future.

*Yaoqun Wang and Jiong Lu share Co-first authorship

*Correspondence: nanshengcheng@yeah.net; libei445@163.com

Division of Biliary Surgery, Department of General Surgery, West China
Hospital of Sichuan University, No. 37 Guo Xue Xiang, Chengdu 610041,
Sichuan Province, China

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12986-022-00677-1&domain=pdf

Wang et al. Nutrition & Metabolism (2022) 19:51

Page 2 of 33

[ Keywords: Diet, Biliary diseases, Umbrella review, Meta-analysis, Systematic review

Introduction

Gallbladder cancer and cholangiocarcinoma are major
malignancies of the biliary tract. Additionally, according
to anatomical position, bile duct cancer can be further
divided into intrahepatic cholangiocarcinoma (iCCA)
and extrahepatic cholangiocarcinoma (eCCA). Biliary
cancer is one of the very lethal malignancies arising from
the gallbladder or biliary duct epithelium, representing
approximately 3-5% of all cancers of the gastrointestinal
system [1]. Despite the low incidence of biliary cancers,
cholangiocarcinoma is the second most common pri-
mary liver cancer after hepatocellular carcinoma (HCC),
accounting for approximately 10% of primary liver can-
cers [1]. Although the treatment of biliary cancer has
improved in recent years, long-term survival still needs
to be improved, with a dismal 5-year survival rate of
about 5% [2]. Biliary cancer can be related to chronic bil-
iary tract or gallbladder inflammation owing to gallstone,
choledocholithiasis, or primary sclerosing cholangitis,
but the exact etiology remains poorly understood [3].
Clearly, for the general public, these risk factors do not
provide appropriate recommendations for biliary tumor
prevention.

Diet and nutrition, as modifiable risk factors, play an
important role in the prevention of cardiovascular and
cerebrovascular diseases [4], metabolic diseases, cancer
etc. [5, 6]. For example, Guevara Cruz et al. [7] found that
optimizing the diet pattern can reduce serum triglyc-
eride and glucose tolerance of patients with metabolic
syndrome. The randomized controlled trial conducted
by Prentice et al. [8]. Confirmed that the low-fat diet pat-
tern and can reduce the incidence rate of ovarian cancer
in postmenopausal women. This also reveals that dietary
factors may be related to the occurrence of malignant
tumors. In addition, different dietary and nutritional
factors have been proved to play a role in promoting
or inhibiting cancer in malignant tumors of the biliary
system [9]. For example, Larsson et al. [10] found that
modified diet approach to stop hypertension (MDASH)
diet and a modified Mediterranean (MMED) diet play
a positive role in reducing the risk of extrahepatic BTC.
A cohort study in Japan reported that fruit and vegeta-
bles intake tended to be associated with a reduced risk of
eCCA [11].

Although there have been a number of meta-analyses
summarizing evidence of the association between diet
and nutrition-related factors (eg, daily foods, coffee, and
alcohol) and the risk of biliary tract cancer, some evi-
dence for the same factor varies considerably [12, 13].

Meanwhile, to date, there have been few comprehen-
sive studies on the strength and quality of the evidence.
Umbrella reviews provide a structured and critical sum-
mary of existing evidence, and enable the grading of evi-
dence by specific criteria including sample size, strength
and precision of the association, and assessment of the
presence of biases. Hence, in order to better evaluate the
existing evidence on the relationship between diet and
nutrition-related indicators and biliary cancer risk, we
conducted an umbrella review of the latest evidence from
existing systematic reviews and meta-analyses.

In addition, cholecystolithiasis and other benign gall-
bladder diseases, as the most common disease of the
biliary system (up to 20% of adults develop gallstones at
some point in their lives [14]), is closely related to the
occurrence of biliary tract tumors. As we all know, diet
related factors are also closely related to the occurrence
of gallstones. Therefore, we also included cholecystolithi-
asis/gallbladder diseases in this umbrella review to more
comprehensively summarize the relationship between
diet related factors and biliary diseases.

Previous studies have found that there are extensive
links between drinking and common biliary diseases, and
there are also some disputes. Therefore, we will elaborate
drinking and biliary diseases as a separate topic.

Methods
Study design
Umbrella review is a summary of existing systematic
review and meta-analysis, which aims to summarize the
evidence from multiple studies around a research topic
[15, 16]. We conducted this umbrella review to assess
the relationship between diet and nutritional indicators
and the risk of biliary tract diseases, such as gallbladder
cancer, bile duct cancer, cholecystolithiasis or gallbladder
diseases.

The protocol of this umbrella review was registered on
PROSPERO (CRD42021293908).

Literature search strategy
Two of the authors (Yaoqun Wang and Ningyuan Wen)
independently conducted a comprehensive literature
search using PubMed, Web of Science, and the Cochrane
Database of Systematic Reviews. We searched studies
published from database inception to 22 November 2021
to identify systematic reviews and meta analyses of retro-
spective or prospective studies.

The search algorithm used the following terms/
keywords:
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« Gallbladder cancer: (diet OR dietary OR food OR
nutrition OR nutritional factors) AND (gallblad-
der cancer OR gallbladder carcinoma OR gallblad-
der neoplasms OR gallbladder tumor OR gallblad-
der neoplasm OR gallbladder mass OR gallbladder
masses) AND (meta-analysis OR systematic review
OR systematic overview).

« Bile duct cancer: (diet OR dietary OR food OR nutri-
tion OR nutritional factors) AND (biliary Cancer OR
biliary tumor OR biliary neoplasms OR biliary neo-
plasm OR biliary mass OR biliary masses OR chol-
angiocarcinoma OR bile duct cancer OR bile duct
tumor OR bile duct neoplasms OR bile duct neo-
plasm OR bile duct mass OR bile duct masses) AND
(meta-analysis OR systematic review OR systematic
overview).

+ Gallstone: (diet OR dietary OR food OR nutrition OR
nutritional factors) AND (cholecystolithiasis OR gall-
stone OR gallbladder stone) AND (meta-analysis OR
systematic review OR systematic overview).

Furthermore, manual searches on the reference lists of
the identified publications, references of other nutrition
related umbrella reviews and research registration plat-
form were also conducted to identify additional studies
relevant to our umbrella review. Disagreements were
resolved by discussion between the two authors. Detailed
search strategies and manual searches results can be
found in Additional file 1: Table S1.

Selection and exclusion criteria

The topic of our study is the association between diet and
nutrition-related factors and disease, which is not appli-
cable to randomized controlled studies. Hence, our study
mainly included systematic reviews and meta-analyses
based on cohort or case—control studies.

The inclusion criteria were as follows: (1) Meta analyses
and systematic reviews of retrospective or prospective
studies adhering to PRISM A guidelines; (2) Evaluated the
association of diet and nutrition related factors and risk
of biliary tract disease. Eligible dietary factors included
daily foods, beverages (including alcohol) etc. Eligible
nutrition related indicators included BMI, glycemic index
(including diabetes), blood lipids etc.; (3) Summarized
and reported Odds Ratios(OR), Relative Rates(RR) or
Hazard Ratios (HR) and corresponding 95% confidence
interval (CI) from studies; (4) No participants and lan-
guage restriction were used in the selection of eligible
studies; (5) Whenever there were multiple health out-
comes, we only extract the data of the diseases concern-
ing biliary system; (6) If there are multiple meta-analysis
and/or systematic review on the same topic, the most
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recent study with the largest number of studies and effect
size was included.

The exclusion criteria were: (1) Animal studies; (2) Nar-
rative reviews, original studies, conference proceedings
and letters to editors; (3) Systematic reviews or meta-
analyses targeting other non-biliary diseases; (4) Studies
in which diet, nutritional factors, or nutritional indica-
tors were not the exposure of interest; (5) Studies that did
not provide study specific data: Odds Ratios(OR), Rela-
tive Rates(RR) or Hazard Ratios (HR) and corresponding
95% confidence interval (CI).

Data extraction
Two authors (Yaoqun Wang and Ningyuan Wen)
extracted data separately.

Any disagreement in the extracted data was re-evalu-
ated by a third author (Jiong Lu). For each eligible sys-
tematic review and meta-analysis, we first extracted the
following general characteristics: (1) the first author; (2)
the publication year; (3) original article retrieval time;
(4) journal; (5) dietary factor or nutrition related indica-
tors in the study; (6) number of studies included;(7) out-
comes of interest investigated (disease type), country or
region of original studies and the number of correspond-
ing studies; (8) study design(cohort, case—control, cross-
sectional, Nested case—control); (9) number of cases/
total participants; (10) quality assessment of each eligible
systematic review or meta-analysis.

Furthermore, the main findings of each study were also
abstracted: (1) the type of effect model; (2) meta-analysis
metric; (3) estimated summary effect (OR: Odds Ratios,
RR: Relative Rates or HR: Hazard Ratios), 95% confidence
intervals (CIs) and p-value of test for estimated summary
effect; (4) heterogeneity (I %) and p-value; (5) publication
bias by Egger’s test and small study effect; (6) subgroup
analyses; (7) type of comparison (e.g. high vs. low analysis
or dose—response analysis) was abstracted when possible.

Quality evaluation

AMSTAR? is a practical tool for evaluating the qual-
ity of systematic reviews and meta analyses. The revised
AMSTAR2 [17] consists of 16 items, which covers the
whole process of systematic reviews and meta-analy-
ses, including topic selection, design, registration, data
extraction, statistical analysis and discussion. The details
of AMSTAR? scale are shown in Table 5. Among these 16
items, items 2,4, 7,9, 11, 13 and 15 are critical items. The
detailed grading criteria of AMSTAR2 scale for system-
atic review and meta-analysis are as follows [17]:

+ High: No or one non-critical weakness: the sys-
tematic review provides an accurate and compre-
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hensive summary of the results of the available
studies that address the question of interest [17].

+ Moderate: More than one non-critical weakness*:
the systematic review has more than one weakness
but no critical flaws. It may provide an accurate
summary of the results of the available studies that
were included in the review [17].

+ Low: One critical flaw with or without non-critical
weaknesses: the review has a critical flaw and may
not provide an accurate and comprehensive sum-
mary of the available studies that address the ques-
tion of interest [17].

+ Critically low: More than one critical flaw with
or without non-critical weaknesses: the review
has more than one critical flaw and should not be
relied on to provide an accurate and comprehen-
sive summary of the available studies [17].

When evaluating the quality of evidence,the GRADE
[18, 19] was adopted to rate the strength of evidence
for each outcome in each meta-analysis. According
to the GRADE classification, evidence from rand-
omized controlled trials was defined as high quality
without degradation, while evidence from observa-
tional studies is automatically reduced by two levels at
the beginning, defined as low-quality evidence. Next,
evidence was comprehensively evaluated according
to five factors that may lead to the reduction of evi-
dence quality (risk of bias, Indirectness, inconsistency;,
imprecision and publication bias) and three factors
that may upgrade evidence quality (large effect, dose—
response gradient and plausible confounding). Finally,
evidence was divided into four levels according to its
quality (high, moderate, low and very low).

Statistical analysis

For each meta-analysis included in our study, we
abstracted exposure, outcome and the estimated sum-
mary effect (OR: Odds Ratios, RR: Relative Rates or
HR: Hazard Ratios) with its corresponding 95% CI and
p-value. Cochran’s Q test and the I? metric were used
to assess the heterogeneity between different studies.
The selection of random or fixed effect models was
adopted from the original models in the selected meta-
analyses. We did not conduct a secondary analysis.
Egger’s test [20] was used to calculate publication bias
or small study effect, and when p-value<0.1, we con-
sidered occurrence of publication bias. For other sta-
tistical tests, the significance threshold was still set as
p<0.05. The dose—response analyses were abstracted
from the articles when possible.
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Results

Characteristics of the included meta-analyses

The process of literature screening is shown in Fig. 1.
Two authors independently and systematically retrieved
323 articles respectively. Overall, 24 articles with 83
unique outcomes were included by eligibility criteria. A
list of all the excluded articles and the reason for exclu-
sion was provided in Additional file 2: Table S2.

Table 1 shows the characteristics of these 24 stud-
ies. Among all included articles, nine did not conduct
methodological quality assessment for original studies
[21-28], the remaining 15 articles used the Newcastle
Ottawa Quality Assessment scale(NOS) for assessment.
The included studies covered 43 significant associations
between 83 diet, nutrition related indicators and biliary
diseases risk. All systematic reviews and meta-analyses
were published between 2008 and 2021. Among these
articles, four included only case—control studies [1,
27, 29-31], six included only cohort studies [25, 26,
32-35], and the remaining thirteen included different
types of original studies, encompassing case—control
studies, cohort studies, nested case—control studies
and cross-sectional studies. The number of original
studies included in these articles ranged from 2 to 26.
Except that only one article could not obtain the exact
number of participants and cases [24], the number of
participants in other studies were at least 435, at most
10,786,685, and the number of cases were at least 105,
at most 61,071.

Tables 2, 3 and 4 respectively show the relationship
between dietary factors, nutrition related indicators,
alcohol and biliary diseases. Among the included articles,
4 focused on gallbladder cancer, 8 on cholangiocarci-
noma, 9 on cholecystolithiasis/gallbladder diseases, and
3 on both gallbladder cancer and cholangiocarcinoma.
Seventeen of twenty-four studies focused on fourteen
food items, including alcohol, coffeee, high spicy food,
tea, vegetable, fruit, raw fish, fermented fish, glutinous
rice, meat, betel nut, fermented meats, high nitrate foods
and rice. Seven studies focused on 11 nutrition related
indicators, including overweight, obesity, diabetes mel-
litus, glycemic index rate, glycemic load rate, every 5
unit increment of BMI, every 10 cm increment of waist
circumference, every 0.1 unit increment in waist-to-
hip ratio, triglycerides, HDL cholesterol and Non-HDL
cholesterol.

Gallbladder cancer

In the studies we included, there were some dietary fac-
tors, such as all spicy food [29], chili pepper [29] and tea
[22] intake, which were not related to the risk of gallblad-
der cancer.
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Gallbladder Cancer

PubMed(n=14)
Web of Science(n=52)
Cochrane(n=3)

Biliary Cancer

PubMed(n=61)
Web of Science(n=77)
Cochrane(n=7)

Gallstone

PubMed(n=30)
Web of Science(n=58)
Cochrane(n=7)

Y
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Biliary Diseases(n=323)

Duplicate

\

removal(n=256)

Unique Title(n=67)

Title screening excluded:
o | 1L.Not related to this topic (h=11)

Y

2.Not systemic review or meta analysis
(n=9)
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Abstract screening(n=47)

1. Not biliary tract disease(n=3)
2.A variety of cancers,few cases
of biliary tract disease(n=5) -
3.No full text,not high quality
studies of the same kind(h=1)

Y

4 Prognosis research(n=1)

Full text screening(n=37)

_ | Excluded:

\

1.Overlapped researches(n=13)

Eligible full text in this
umbrella review(n=24)

Fig. 1 Literature screening process of this study

Type two diabetes mellitus was associated with an
increased risk of gallbladder cancer (RR=1.56, 95%
CI 1.36-1.79) [41]. Compared with normal subjects,
T2DM increased the risk of gallbladder cancer by 56%.
Overweight and obesity are also risk factors for gall-
bladder cancer. Being overweight increased the risk by
17% (RR=1.17, 95% CI 1.07-1.28), while in obesity this
figure rose to 62% (RR=1.62, 95% CI 1.49-1.75) [42].
These results are in good agreement with the results of
subgroup analyses of different study models (case control
and cohort studies) in the meta-analysis.

Bile duct cancer

The consumption of tea was related to a reduced risk
of bile duct cancer [36] (RR=0.66,95% CI 0.48-0.85),
although this was not apply to gallbladder cancer.
According to dose—response analyses, the risk of bile
duct cancer decreased by 4% with each additional cup
of tea per day (RR=0.96, 95% CI 0.93-0.98, p=0.001).

Due to the limited number of studies, no further study
has investigated the effect of different types of tea
intake on reducing the risk of bile duct cancer.

For fruit and vegetable consumption, we found that
they have a significant effect on reducing the incidence
of bile duct cancer [37]. In terms of vegetables consump-
tion, the summary RR was 0.48 (95%CI 0.22—-0.74). For
dose—response analysis, every 100 g increment of vegeta-
bles consumed per day was associated with a 69 percent
reduction in the risk of bile duct cancer (RR=0.31, 95%
CI 0.20-0.47, p<0.001). In term of fruits consumption,
the summary RR was 0.47 (95% CI 0.32-0.61) and the
summary RR every 100 g increment a day was not sta-
tistically significant. Although the summary data show
that vegetable and fruits consumption can reduce the risk
of bile duct cancer, a cohort study in this meta-analysis
showed that neither consumption were associated with a
reduced risk of bile duct cancer. Therefore, the relation-
ship between vegetable or fruit consumption and the risk




Page 6 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

(€)pueiey ]
swuedpnied 60/ (£)]onuod-ased ‘vOD S3IPNIS € nu 9199
(Q)puejiey ]
syjuedpiied 919 (7)]0uU0d—3aseD) ‘YOD S3IPNIS 7 183N
(€)puejiey ]
siuedpnied 748 (€)]0)u0d-3s5ED) ‘vOD S3IPNIS € 921y snoun|H
(Q)puejieyl
siuedpppled gey (0)j01u0d—3seD) siskjeue-elow ‘vOD SAIPNIST  YSi{ parusulia LONUAABIY
pue M3IAI (€)puejiey 192UeD) JO [eulnof 9107
SON Siuedppped oz6| (€)|01uod-3seD) D11RWIRISAS vOD SaIPNIS € ysi4 mey Jyioed uelsy yosey 01 dn [0€] pJe-eswiey
syued (Lon (1)A1eBung ‘(1)jedaN
-Plued 998’06 -U0J-35ed PRISIN yo'(L)Ajey’(z)elpul
Buowe (1)1oyod (Q)ueder'(g)puejiey L
S9seD 976 (1 1)|01auod—ased D19 salpnis ¢ 1NJ4
siued (Dion (Leipul
-Pled 67806 -U0D-35ED PRISIN ‘(1)Alebuny ‘(1)puepayiaN’ [PUINO( [RUONRU
Buouwre (1)uoyod (1)Ajea'(z)ueder'(y)puejiey -I9ju] ue-1sdue) 0¢0¢
SON S95D 079¢ (8)|013U0d—358D) SiSAjeue-e1a |\ D19 SAIPNIS O Elle[aElETN pue uonINN Rely L€ 0rdn [£€] lenH
syued (1)puejod’(1)ueder
-Ded 6e'GLL (¥)lonuod-ase) ‘(1)Aje3| ‘(1)eduswy ‘(Z)eulyd ABojoouQ [ea1utd
VN Buowe sased ¢/ (0)yoyod sisAjeue-e1a| 5} S3IPNIS 9 B3| pue Jejnd3jo VN [c7) NHZ
SISA|eue-e1aw
(G)|01u0d—3s5eD) pue M3IA3I ()13 (#)1S9M
SON  $9se2 319 896/ (€)uoyod dlewsisAs Dld salpnis 8 esl 19618300U0 VN [9€] Buoix
salpnis
S|0JIU0D ST |0JJU0D-35eD JO  (P)eIpUl(2)a)yD’(7)A1ebuny SaIPNIS 9 |euinor
SON pUB $3SED 617 (9)|011u0d—35E) S|sAjeue-e1aN Dgo uosuonedlgnd € poo4 A1ds ybiH  [edIPR saUlYD £ 10z dunfordn 6] UayD
Siued S$2IPNIS 1I0Y0d (§)uspamg
-1DIJed 9z9'G/E | (2)|01u0d—3se) aAIdadsoud Jo ‘(g)ueder!(| |)eduawy SaIpNIS /| /10T
SON buouwe sases 9z/ (51)10yod SISAjeue-e1a|\ ]1g uosuonedgnd g 999400 SIUSLINN yoseyy o1 dn [€1] sopoD
50U02 0SK'Z S (1)e210 nosi(9)eund
pue $3sed €67'8 (1 1)|0IIU0d—a5eD) YOD9 SaIPNIS | | |oyod|y
(1)ueder ‘(1)Ajey
sisAjeue-elaw ‘(1)yrewus( ‘(z)ealoy
S]0J3U0D 595'08/ pue MaIAR)  YINOS!(G)edLaUIVA(S)eulyD Abojo1
SON puesased 986'cl  (G1)[0au0d—ased) D11RWRISAS ‘YOI SaIPNIS G| joyodly  -edap jo jeulnor VN [1] sxuswsD
(#7)|013u0d—358D) (S)eISY ‘(€)ed1awy YoN JERI]:5) z102
VN $958D DGO 088 (#)1oyod sisAjeue-e1a\ Dgo SaIpNIs 8 |OYodlY  JO [PUINOr Ysiig  Jaquusidas oy dn [17] 1pieubeg
>1doy uno 0y siojedipul
S3IpNIs  pale|al MIIAM paiejal
JuUdWISSasse (1aqwnu)ubisap Jo ou !A13unod/uoibais  siy) ui papnpul uonINu 10 awin |eAa}al 1eak
Aend az|s s|dwes Apnis  saipnis jo adAL /auaunuod ‘adAy aseasiq sa1pn1s JO 'ON 10108} L1e3a1g leuinor  3pIMe [eulblQ “joyne 1sai4

S9SA|RUR-RIDW PUB SMIIASI DIIBWSISAS 17 31 JO sDIsHaIdeIRYD [R1suab oy | djqeL



Page 7 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

$|02U0D €6/

pue $3583 877 (0)|01u0d—358D) (Q)eulyd ‘yoDa SapNIS ¢
S|OUOD Leel (Qeuyd
pue $3se2 G0 | (0)|01u0d—358D) siskjeue-e3oW DdA SaPNIS 7
Sjouos Glel pue mainai (Qeuyd 0l0¢
SON puesased /9y ()|0lU0d-aseD dlewaisAs 249 salpnis ¢ |0Yo2|y INOSOTd  Asenugaq 01 dn [L€] 17 BuIA
syued
-dbnled /y 1€zl (1)es10y (L)
Buowe (1)]o)uod—3sed) SPaMS'(1)yduald(7)edHswy
S3SBD 6650 (#)110yod 3U035||eD SaIPNIS G 1N
(1)eunusbiy ‘(1)Aue
sjued UUR9'(L)uelpul(L)esuoy’(1)
-pided 76/'€€5'L (1)]BUONDS-5S01D sisAjeue-elawl  UlRlLg (1) USPaMS’(1)yduald
Buowe (t)|0luod pue MaIAI ‘(L)uedf(1)A[eY|(G)eduauy 8107
SON SISeD €86'cE —9SED) (6)1I0Y0D D11RWRISAS '2u01s||en SAIPNIS 7| EleEAETSENN QUPIPaN yosepy 01 dn [oy] bueyz
syued
-pJed 6y/'/72 SiSAjeue-e1aw (1)ureag’( sonnadesay |
Buowe (1)|0s3u0d—358D) puUB M3IADS | )USPIMS'(7)AIY| (7)edlauY SalpnIs 8 13 Abojodeuwlleyd
SON S9Sed //¥'L L (£)uoyod RINEVVENAN ‘auo3s|len  uo suonedignd 9 99400 Areyuswily  GLoz aunrordn [6€] Bueyz
syued
-Idied 6819/ S2IpPNIS 1oYyod (L)eljensny'(y)eisy
Buowe  (G])|0JIUOI—3SED) PUP [0JJUOD—ISED ‘(61)2doin3 pue esuswy 810C
SON S3eD | 0¥ 2T (6)10yoD) o sisAjeue-eI9|\ 3U035||eD S3IPNIS ¢ |OYo2|y JOAITpURIND  yoley Lo 01 dn [8€] BunAg
|01}
sishjeue -$3/0U> TH-UON
RI9W UM MIIASI Abojolaua
syuedidiied geos S1PWIA1SAS B pue (1)USPaMS'(| sewuaq 0421591042 T1AH  _o 3500y JO [RUINOS
VN Buowe sased g7 (2)10yod Apnis 1oyod e 2U03s||eDH SaIpPNIS 7 SIPLISIA|OL ] UeIARUIPUBDS VN [o7] |21ueQ
S|oUod ¢ (Q)puejieyl
pUE $358D 7€7 (7)|011u0d—358D) YD SaIPNIS ¢ ERIlY]
(@on
S|0UOD [0 -UOD—3SeD PalsaN (S)puejiey SPOO
pue sa5ed 789 (£)]o1u0d—3se) YD SaIPNIS § 21e1IN YbiH
(1)|013u0d SISA|eue-e1aw
S|0J3UOD 069 —358D PAISaN pue M3IASI (€)puejiey A119A0( JO SaseD 5107
VN puesased |/4  (2)|0)u0d-3sed) D11RWIRISAS YD SAIPNIS €SI PAIUSWIDS -slg snondayu]  Alenigaq g ordn MEEES
>1doy ano 0y sio31edipul
Salpnls  pale|al MalAM paiejal
JuswIssasse (1aqwinu)ubisap Jo ‘ou !A13unod/uoibas  siy1 ul papnjul uonuinu 1o awi) [eAalas 1eak
Ajjend 9z|s s|dwes Apnis  saipnis jo adAL /3uaunuod ‘adAy aseasiq sa1pnis o ‘ON 1030ey L1e3a1q leuinor  dpIMe [eulblQ “Joyne isai4

(PanupuOd) | 3jqey



Page 8 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

salpnis

syued |BUOIIRAISSQO (1=u)
-pIed 0SE'szTy JO SIsAjeue-e1aul  |9eIS| ‘(| =U) eIpul(9)adoin] SM3IADY pue
Buowe (8)|012U0D—358D) pue M3IASI ‘(9)edaWY/(9)eISy 1587 YoJeasay Wisljo 10T
SON S9sed 901y (¢1)10yod lewisAs 299 Selpnis 0¢ WQACL  -geln-selegelq  Isnbny L ordn [l¥] D
syued
-pRIed /y/'51y (2)elueadQ (7)eISY KbojoredaHrg Abo
puowe (8)1oyod ‘()eouawy {(| |)2doing -|0191US0115eD) JO 871
N S95eD 089'6C  (01)]011U0D-35ED) sisAjeue-ela| '2U03s||en SaIpNIS 81| joyodly [euinor ueadoiny 910z Aepy 01 dn Buepy oejuelr
(Asspnt
swuedpnied 0// 1 (1)1oyod ‘(€)eulyD (g)eduswy ABoj0I2IUS0IISED €102
SON buouwe sased €8/ (9)|013u0d—358D) SiSAleue-e1a |\ ‘YOD2 SaIpNIS / |OYOd|Y 4O |euINOr PIOA Rey L€ 01dn  [G€] 94 BNH-0BIX
siued
-piued §790'0€7 VN
puowe sased | 7§ DdA  S3IpNIs 97 [e10L
syued
-ied 8z90'0€¢ WN
Puowe s3581 876 YDDa  SalpNnIs 97 |elo]
syued
-dhued §790'0€¢ N
Buowe sased ¢19 YODI - s9Ipnis 9t [e10]
syued
-pided 8790'0€7 siskjleue 91N11SU| J9dURD
puowe -e1oW pue VN |euoneN ayl a
VN S9SeD $0L L (97)11oyod  103l0ld Buljood v gD s9IpnIs 9 [e10] |oyodly 40 [euInor-pur VYN 9992 '3 eulwg
>1doy ano 0y siojedipul
salpnis  pajejal M3IAI paiejal
JuUdWISSasse (1aqwinu)ubisap Jo ou !A13unod/uoibais  siy) ui papnpul uonINu 10 awin [eAa}al 1eak
Ayjend az|s s|dwes Apnis  saipnis jo adAL /auaunuod ‘adAy aseasiq sa1pnis O 'ON 101oey Liera1g leuinor  dpIMe [eulblQ “joyne isai4

(panunuod) 1 3jqey



Page 9 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

syued
-died 991'0€¢
puowe (f7)e21BWY oney
SIS 8SH'Y | (#)10yoD ‘ago SaIpNIS dIH-01-1S1eAN
syued
-diued 560487
puowe (1)2doinT'(y)esuswy EBIE]
S9SeD €76'G 1 ($)1oyod ‘ago S9IPNIS G -IJWNDIID) 1SIBAA
syued
-Died €01°126'L (Leul
Buouwse UD'(£)adoing’(6)edtawy ABojolwepidy jo S10z [vel
SON S35 0/9'GS (£1)HoyoD siskjeue eIa|y ‘ago SAIPNIS /| IIWg |eulnor uesdoing  Alenuef g oidn auny uuybeq
o1el
peo| JIWIA|D uon
syued 91l -lNN [ed1ulD 4O 1002
VYN -Dided €€6v1 L (2)1oyod sisAjeue p19 (7)eOLRWY:2U0IS||ED SaIpNIS ¢ X9PUI DIWRJA|D  [PUINO[ UBDLISWY yosey ordn [57] Aeppieg
SaIpnis
Siued aAIdadsoud Jo
-PIed 861'59¢"/ SISA|eue-e1aw (1)ureg suonedldwod
Buowe pue malnal  (1)A1RY(2)rUIYD'(9)edHRWY S) pue sa13qel] 5107
SON $39seD | G9'ETT (01)110yoD dlewsisAs ‘ago SIIpPNIs Ol Ale Jofewnor  Asenuer 6 01dn [e€] suny
siuedpn
-ted 796'6/#'9
puowe (6)|011u0d—35BD) (p)eIsy'(9)seslswy’(9)adoing
S958D 6185 (£)1oyoD YOD9 SaIpnIs 9| ANS200
syued
-ped §/E719'L ‘(1)se>
puowe (#7)|011u0d—3sE) Wy (€)elsy'(7)adoing
S95D 8€6 | (#)1oyoD YOD9 SaIPNIS 8 1YBIIMIBAQ
syuedpnied
G89'98/'01 (¥)ses
puowle (6)|013U0D—258D) Wy (8)elsy’(01)adoing
S95€3 19/9 (€1)1oyod D89 SaIpNIS 77 A1saqo
syued
-died 169'€81'9 SaIpnis
puowe (8)]011U0d—35RD) |BUOIIBAISSCO  (£)SeolaWY'(£)eISy'(£)adoin] 5107
SON $9SBD 5879 (6)MOoYoD O sisAjeue-eI D95 SalpNIs /| YBremIsn0 Auseqo 1snbny o1dn fevln
>1doy ano 0y sio31edipul
Salpnls  pale|al MalAM paiejal
JuswIssasse (1aqwinu)ubisap Jo ‘ou !A13unod/uoibas  siy1 ul papnjul uonuinu 1o awi) [eAalas 1eak
Ajjend 9z|s s|dwes Apnis  saipnis jo adAL /3uaunuod ‘adAy aseasiq sa1pnis o ‘ON 1030ey L1e3a1q leuinor  dpIMe [eulblQ “Joyne isai4

(PanupuOd) | 3jqey



Page 10 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

(r)ion
-U0D—35BD PISIN (1)eisy'(z)adoing’(§)eduawy
VN (0)yoyod v saIpnis 9 Ale
(£)1on sisAjeue Abo
-U0D—358D PRISAN -elaW pue (1)adoing'(g)ed1awy -|0431US0435eD) JO /107 199
VN VN (1)Hoyod  323foid Buijood ‘YOI SaIPNIS ANSSqQO  [euinof uedaWy  -waidas g 01 dn 2] ¥ou3d
>1doy uno 0y siojedipul
salpnis  pajejal M3IAI palejal
JudWISSasse (1aqwinu)ubisap Jo ou !A1nunod/uoibais  siy) ui papnpul uonINu 10 awi [eAalyal 1eak
Aend azis s|dwes Apnis  saipnis jo adAL /auaunuod ‘adAy aseasig sa1pnis JO 'ON 1010e) L1era1q leuinor  dpiMe [eulbliQ ‘loyne 1sa14

(panunuod) L ajqey



Page 11 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

(ausw

selq -a1oul Aep/6 00| (1)]013U0D—35ED PRlSON
COE@U:QDQ ON 780 YN 100°0> ARWO\ON.OV L€0 "y - >\_®>®v w_ﬂmﬁwmm> WA :H‘_OF\_OUWGV_OECOU\MmmU ] Fm_ leny
seiq
uonedygnd oN 80 - WN (9£0-€20) oro Yy - 3|qeI1a63/\ [03U0D—35ED PNSIN L #[£€]1enH
seiq
uonediignd oN 780 - YN (§5°1-£E0) 960 dd - 9|qeIabaA Hoyoo L #lz€] lenH
seiq
uonediignd oN 780 (1000>) 88 VYN (§2°0-¥10) S0 dd uopuel 3|qeIabaA |03UOD—9sED 8 #lz€] 1enH
(1)|013u0>—358D PRISAN
selq ‘(1)HoyoD:(g)|0/1u0d
uonesiignd oN ¥80  (0000) 898 VN (#£:0-¢20) 80 Y wopuel 3|qeIabap -ase) [e10]. ol [z€] lenH
selq (Quawasul Aep (£)10Yy0!(5)[01IU0D
uonediignd oN S00< WN 1000 (860-€60) 960 9y - /dnd| A1ens) s —9seD) [e10] 8 [9€] Buoix
seiq
uonesiignd oN S00< (1000) 09 VYN (06'0-££0) 780 dd wopuel eal |0IIUOD—95ED) S #[9€] buorx
seiq
uonedignd oN S00< (6000) 8'SS VYN (08'0-¥+0) 90 d wiopuel es| 1ioyoH € #[9€] buor
selq (£)110Yy0oDi(S)|0u0d
uonedygnd oN G00< (000°0) L'L8 VN (58°0-8%°0) 990 dy wopuel es| —9se) [eloL 8 [o€] buoix
Selq (N)1o01d
uonesiignd oN [puuny Aluo (tzo)ce YN (SL'1-190) ¥80 40 wopuel 93400 (€)|onuod-ased € #€1] s0poD
selq (N)2o/d
uonesiignd oN [puuny Aluo (¢80 0 VYN (€9'1-¥€0) ¥/°0 40 wopuel 93400 (S)uoyod S #€1] sOpoo
selq (N)2o/d (€)on
uonedyiqnd oN [puuny Aluo (850)0 VYN (80°'L-¥9°0) €80 40 wopuel 990D  -UOD-3s5eD:(G)1oYOD [B10L. 8 [€1] sopoD
122UDD 1o0I} KIpljIg
selq (N)od (uou/moj
uonedignd oN [ouuny Aluo (#00°0) ££ L0 (PL'L-€€0) 90 40 wiopuel  'sA s1eJeapowl) ea] - (1)1HOYOD:(€)|01U0I-aseD ¥ [cd NHZ
seiq (N)10d (3UOU/1SeMO|
uonedgndoN  pUUNY AUO (100°0) ¢8 8L'0 (67'1-5C0) AS) 40 wopues  'sAIsaybiy) eal  (1)Hoyo(g)|onuod-ased 14 [cZl NHZ
seiq (N) 3od
uoneslignd oN [uUny AlUO  (L0000>) 28 €10 (Cl'1-0%0) /90 40 uopuel B3] (C)MOYOD!()|0NUOd-35eD 9 [cdl NHZ
selq
uonedlignd oN 120 (1000) £ VN (€8°€-€8°0) 8L 40 uopuel Jeddad 1iyd |0IU0S-95eD) 9 [67] usyd
selq
uonedygnd oN 7120 (1000) S VN (€8€-€80) 8L <[0) wopuel pooj Aoids |y |OJ3UGO—-95ED) 9 [6¢] uayD
122UD2 J3ppL|g|IPD
1d3y9 Apnis (9njea-d) (asuodsai asoq salpnis
-llews pue seiq (anjea-d) 1099 ||eJdN0 10 dnoibqgns) papnpul JedA
uonediqnd 159149663 (anjea-d) g/ 10}1s3] ID%S6 SILWNST dUIBW Y\ [9pow S10343 10108y L1e3aIg Apms jo adA| JO'ON  “oyinelsii§

$9s3sIp Aleljiq pue SI0108) A1R1aIp Uamiaq diysuone|al 3y g ajqeL



Page 12 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

sel
uoneoygnd om 890 - VYN (£0'1-080) 60 dd wopuel s3|qe1eban [BUONID3S 501D L #[ov] bueyz
selq
uonedygnd oN 890 (850°0) 8'6S VYN (290-+C0) 6£0 gy wiopuel s9|qe1vbaA |0JJUO>-ase]) 4 #[ov] bueyz
selq
uopedignd oN 890 (1000) 08 VYN (20'1-78°0) 60 dd wiopuel $3|qeI9BIA 1oyoo 6 #[ov] bueyz
(1)]euUo3s
selq $S0ID!(6)110Y0D)!(17)|0U0D
uonediignd oN 2890  (0000) S8 VYN (#6'0-720) €80 | wopuel s9|qe1abap —95eD [e10L. 1 [ov] bueyz
(uaw
se|q -a1nu) ke@ydnd|
uonedignd oN 6£0 (6100) 'S 6%00 (00'L-160) 560 dd - A1oA3) 33400 Hoyoo 14 [6€] bueyz
selq
uopedygnd oN 6£0 (#S10) 6'S€E VYN (680-9£0) €80 dd wopuel 990D 1oyoD L [6€] bueyz
aspa|p 1appD|qjpb/sisviyij0IsAI3joy D)
VN VN (cco) ve 8890 (€9'1-8¥0) 880 40 wopuel Oy |0IUOO—95€7) 4 [€2] 91e=1S
Spoo- (2)]011U0d-35RD PaISAN
VN VN (10°0) O ¥200 (16'1-S0°L) L7l 40 wopuel S1e41N YOI (€)]01U0d-35€) [e10]. S [4EIERIN
(1)]011U0d—35RD PaISAN
VN VN (8C0) £L 9900 (6£€-960) 18l 40 wiopuel  sjes|p paiusiuie (¢)|ouod-9se] [PI0]. € [S4EERY
N vN (900) 09 €60 (C0€-690) Sl 40 paxy U (9199 |011U0>—3seD) ¢ [0€] ple-eswey
eN VN (90°0) 65 260 (S8'1-£50) €0l 40 wopuel 1esN |0U0>—ase]) ¢ [0€] pie-eswiey
VN WN (L0'0) 79 €20 (107-580) 0¢'L 4O paxy 901y snounnio |011U0d>—3s5e) € [0€] ple-eswey
¥N VN (8L0) St 120 (L¥'€-94°0) L9'L 40 paxy  Ysl4 paiusilie [0Uo>-9se) ¢ [0€] pie-eswiey
VYN YN (08°0) 0 100000> (S€€-¥6'L) ¥5'C 40 paxy ysi4 mey |0]JUOS—9seD) € [0€] pie-esuiey
(uaw
se|q -a10ul Aep/b 001 (1)|011u0>—35ED PaISaN
uonediignd oN 790 VN GE0 (8L'1-990) 680 4y - A19n3) Unig - (1)10yo(9)|o1u0d-ase) 8 [£€] lenH
selq
uopedygnd oN 790 - VYN (86'0-€€0) 090 dd - Nl |O3UOD—95ED PaISON L #/€]1eny
selq
uopedjgnd oN 790 - VYN (LT L=L¥0) /80 dd - 1ni4 1oyo) L #/€]1eny
selq
uopedjgnd oN 90 (#000) 9'19 VYN (95°0-920) L0 d wopuel 1ni4 |0IUOD—95€7) Ll #l/€] 1eny
(1)]011U0d—35RD PaISAN
mm_ﬁ WA :tosouu: C_OECOU
uonedygnd oN 90 (L000) €€9 VYN (190-C€0) yade} dy wopuel N4 —9Se) [e10] €l [£€] 1eny
1>3y9 Apnis (onjea-d) (asuodsau asoq salpnis
-|lews pue seiq (anjea-d) 123)J3 ||eJano 10 dnoibgng) papnpul S-ETN
uonedi|qnd 159149663 (anjea-d) oz/ 10} 1s9] ID%S6 S91ewWIlsy DLIdW YA [9pow s103)3 1o1oej Lieraig Apnis jo adAL Jo°'ON  ‘ioyinejsiiy

(panunuod) g ajqey



Page 13 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

Apnis buipuodsaiiod ay1 Jo sadAy ubisap Apnis 1ua1ayip Y3 o siskjeue dnoibans :#

(uaw

selq -a1nul keq/b 007
uonesiignd oN S€L0 VN (86:0-96'0) 160 Yy - A12A3) syni4 1oyod 14 [ov] Bueyz
selq
uonedlignd oN GEL0 (95+°0) 0 VN (C6'0-€80) 880 dd wopuel SHniy Hoyod S [ov] Bueyz
(uawi
selq -a1oul Ae@/b 00C
uonedslignd oN 890 VN L000 (86°0-€6°0) 960 SIS! - Kian9)sa|qeIabap Hoyod 9 [ov] Bueyz
1d3y9 Apnis (anjea-d) (asuodsai asoq salpnis
-llews pue seiq (anjea-d) 1099 ||eldn0 10 dnoibqgns) papnpul 1e3d)
uonediiqng 1591 49663 (anjea-d) oz/ 1041591 ID%S6 SILWNS] dUIBW Y\ [dpow S10343 10108y L1e3aIg Apnas jo adAL JO'ON  “oyinelsii§

(PanuNUOd) Z 3jqey



Page 14 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

selq |0J3UOD
uonedygnd six3 600 (090) 0 1000> (69'1-£CL) o'l gy wopuel Auseqo —35eD Pa1saN (VDDNE #y7] youid
(1)Hoyod
seiq ‘(€)|osuod—-as5eD
uonedignd 1six3 600 (0200 1000> (0L°1-C€L) 6L Hy wopuel Aiseqo pa1saN [e10] (VODN¥ [r2] You1d
seiq
uonedignd oN 8/¥0 (¥00°0) £79 VYN (€ST-6T'1) 18l gy wopuel Auseqo 1oyo) (VDD9)L #levl 1
seiq
uonedignd oN 8/¥0 (1100) 9°€S VYN (§5'L-€0'1) [T gy wopuel Auseqo |0auU0d>—-9se) (VD296 #levl 1
seiq (£)poyod {(e)jon
uonesiignd oN 8/¥0 (000°0) 89 vN (18'1-1T'1) 8L gy wopuel AlseqQ  -uod-aseD [e1o]. (vDD9)91 [evl 0
seiq
uonesiignd oN 8/¥7°0 (965°0) 0 YN (ZF'1-91°L) L€l gy wopuel WB1emIsnQ 1oyod (VDo) #levl 1
seiq
uonesiignd oN 8/¥0 (05€°0) €01 VYN (6€1-680) Lt gy wopuel WBIRMISAQ |0u0d-3seD) (VDD9) #levl 1
seiq (y)Hoyod ‘(y)jon
uonesiignd oN 8/%0 (¢sv0) 0 VYN (6E1-PLL) 9Tl gy wopuel WbremianQ  -uod-ase) [eI0] (vDD9)8 [evl 1
122oUDD 1OD1) \QE\,@
seiq
uonedygnd oN GLED (¢6°0) 0 VYN (€8'1-7S'L) (9] gy wopuel Alseqo 1oyod €l #levl N
seiq
uonesiignd oN SLED (#¥50) 0 YN (#£'1-9T°1) 8L gy wopuel Ausaqo |0auUOd>—9seD 6 #levl 1
(€1)1oyod
seiq ‘(6)]01u0D
uonesygnd oN SLE0 (#250)0 VN (S£1-6%'1) 9l vy wopuel A1saqo —35eD) [P10]. 44 [evl 1
seiq
uonedygnd oN A0 (¥000) 695 VYN (0€'1-20'1) St Yy wopuel WBIeMIBAQ 1oyod 6 #levl 1
seiq
uonedignd oN A0 (£/80)0 YN (7'1-20'1) izdl gy wopuel 1yBIeMIBAD |0au0d>—-3se) 8 #levl 1
seiq (6/HoyoD (g)jon
uonediignd oN SLED (€00)9CE VYN (8T'1-£0'1) L] Y wopuel WBlemIsAQ  -uod-ased [eloL [l [evl 1
seiq
uonedygnd 1six3 1000> (€100) L'8Y VYN (€8'1-G€°1) VA gy wopuel WA T 2dAL 1ioyoD 4 #lly] no
seiq
uonedijgnd 1six3 1000> (601°0) 8'8€ YN (L1'Z-60'1) 4! gy wopuels WA ¢ 2dAL |ouod-ase) 8 #lly] no
(¢1)Moyod
selq Amu_ObCOu
uopedijgnd six3 1000> (100) SEv VYN (6£'1-9€°1) 95'L vy wopuel Q@ 7 9dAL —35eD) [RI0L. 0C [1¥] N5
13oUD2 1oppu|q|IpS
1099 slojedipul solpnls
>—u=um|__m—:m pue ﬁw:_m>|5 ﬁw:_m>|5 1day9 poailejal papnpul 1eak
seiq uonedljqnd 159149663 (3njen-d) 9z ||e1dn0 10§ 1S9 1D%S6 S°9lewllsy DLIPW YN [Spow S103))3 uonInN Apnis jo adA) Jo‘oN ‘loyine 1sii4

$9583SIP AJI|Ig pUE SI01RDIPUI PR1R|2I UOIIIINU Uam1q diysuone|al 3y € ajqeL



Page 15 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

Apnis Buipuodsaiiod ay3 jo sadAy ubisap Apnis Juasayip ayi Jo siskjeue dnoibans :4

|0121

VN VN (VN) L8 VN (¢€1-£01) 6Ll 40 paxy  -s3j0yd JJH-UON uoyo) 14 (92] |siued
VN VN (YN) O VN (€2'1-¢9°0) /80 40 paxy  |01L1s310Y> TaH Hoyo 4 [9¢] ]siueq
VN VN (YN) O VYN (CT'1-660) oLt 40 paxy SOPUA|BLL uoyo) 14 (92] |siued
ones diy-o3-1siem
Ul JUsWaIdU| [v€]
VN vYN  (L0000>) ¢6 YN (#9'1-9C'L) L dd wopuel Hun 10 A19ng HoyoH 14 auny uuybeq
EBlIES
-I2JUINDIPD 1S|eM
JO JUsWIAIDU [pg]
VN YN (L0000>) 86 YN (€L 1=¥C1) o'l dy wiopuel wd 01 A19ng 1oyod S auny uuybeq
selq NG JO 1uswaldul [vel
uonesiignd oN €10 (10000>) 86 VN (8/'1-6%1) €91 Yy wopuel Hun 6 K193 Hoyod Ll auny uuybeq
(3semo|
seiq (N) 'sA1saybiy) 21el
uopedlgnd oN  101d [puuny AluQ N 10000> (09'1-5C'L) 'L Yy paxy  peojdIwadA|D 1oyod 4 [57] Aeporeg
(3saMmo|
seiq (N) 'SA1s9ybIY) 21el
uopedlignd oN  10(d [puuny AluQ VN L0000> (0¥ L-€L'L) or'L dd PaXy  Xapul dIWdA|D uoyo) 14 [57] Aepieg
selq
uonedlignd oN 00 (10000>) ¥'66 WN (€6'1-97'1) 951 Y wopuel NG 1oyod ol [eg] auny
aspalp 1appp|q|Ipb/sispIyljoISA23j0y )
selq
uopedygnd oN 60 (00 I'L8 900 (£1'C-660) Sl Yy wopuel wa 1oyod (vDDNe #lvC] PUIRd
seiq |0J3U0D
uonesiignd oN 60 (ov'0) 0 L000> (@L1=L¥'L) 651 dd wopuel Wd —958D PalseN (VDDN¥ il RBIEN]
(©uoyod
seiq {(f)]013u0d-358D
uonesiignd oN 60  (6000) €29 L000> (8L'1-LE'L) €5l Yy wopuel Wa paisaN [e10L (v2D)9 FZd P RINEX]
selq
uonedignd isix3 600 - 1000> (cl'z-¢Tl) 9L Y wopuel Ausaqo 1oyod (VDDN1 #lyc] PP
FETIE] siojedipul salpnis
Apnis-|jews pue (9njea-d) (9njea-d) 1>ay9 paieja4 papnjpul 1eak
seiq uonesijgnd 159149663 (an|en-d) 95z ||e49A0 10§ 1S3] D%S6 Sdlewnsy dUIPBW Y\ [dpow S1943 uonunN  Apms jo adK) Jo 'oN “Joy3ne 3sai4

(penunuod) € ajqeL



Page 16 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

o(PAULP (¥DDI)ss1pnis [S€] 22901
VN VN (€500 VN (84°¢-9%'1) SET dH uopuey  ( SA G <) [0YyodlY Hoyoo 9¢ [e1oL Jewuy
o(PAULP O "SA (¥DDl)seipnis [S€] 22901
VN VN (£€0) S8 VN (coz-£L0) STl dH wopuey  'g>—¢g) [OYodly 1oyo) 9¢ ;1oL Jewuy
o(PAULP O "SA (¥DDI)seipnis [G€] 2201
VN VN (YN) O VN (LE'L-€£0) 860 dH wopuey  €>-1) |oyodly Hoyoo 9 |”1oL Jeuwwy
o(PAULP Q "SA (¥DDl)seipnis [S€] 22001
VN VN (YN) O VN (9T'1-59°0) 160 dH wopuey  1-50<) |0Yodly Hoyod 9¢ ;1oL Jeuwwy
o(PAULP O "SA (¥DD1)ss1pnis [S€] 2201
VN VN (YN) O VN (00'1-29°0) 6£°0 dH wopuey  §0-0<) [0YodlyY Hoyod 9¢ |10 ‘Jewwy
(/€T (433ulp-uou ‘sA
VN VN (00) ££ €0 —070)ID%66 890 <[0] wopuey  J93ulp) [0Yodly |0JIUO>-95e7) (OdA)T [05] 1 BuIx
(5271 (I3xulp-uou ‘sA
VN VN (180)0 L¥0  —SZ0)ID%66 i 40 PaXI4  JSHULIP) |OYODJY |0JIU0>-95e7) (vDD9)C [05] 11 BuIx
122UD2 12011 KIpljIg
NOIVENIEYRIY]
pAULp L Sol [S€] 92D
VN VN (YN) ¢l LE0 (S0°'L—-76°0) 860 dH - A1aA9) joyodly Hoyos  -pnis 9¢ [eloL Jeuwy
(PAulp Sol [G€] 99D
VN VN (¢00) 679 VN (C16—€90) 6€¢C dH wopuey 0 sA G <) |[0Yodly Hoyos  -pnis 9¢ [eloL ER R
o(PAULP Q "SA sal [G€] 99D
VN VN (4500 VN (6'1-69°0) o'l dH uopuey  ‘G>—¢g) |0yod|y Loyos  -pnis 9¢ [e10] Jewuy
o(PAULP O "SA sal [S€] 22901
VN VN (YN) O VN (LT1-¥2°0) 760 dH uopuey €>-1) |0yody Hoyos  -pnis 9¢ [e10] Jewuy
o(PAULP O "SA sal [S€] 22901
VN VN (YN) O VN (6£'1-/80) 'L dH wopuey  |-50<) [0Yyod|Y Loyod  -pnis 9¢ [e10] Jewuy
o(PAULP O "SA sol [S€] 22901
VN VN (YN) 0 VN (9T 1-160) L0°L dH wopuey  G0-0<) [OYodlyY 1oyoD)  -pnis 9c [erof Jewuy
(001 (I33ulp-Uou "sA
VN VN (tz0)9l 6000  —6¥0)ID%66 L0 40 PaXI4  JSULP) |OYOdlY |0IUO>-9se]) 4 [06] 171 BUIA
J(3uou sA (#)Hoyod
VN VN (YN) O VN (osvr—29l) 79T 4y wopuey 146r) joyooly {(7)|01u0>—-3seD 8 [9l]pieubeg
J(3uou sA (#)1oyod
VN VN (YN) 0L VN (EL'L—890) 880 4y wopuey 146r) joyooly {(¥)|01u0>—-3seD 8 [91]pieubeg
J(3uou sA (#)1oyod
VN VN (YN) 81 VN (€8'L —¥80) €L gy wopuey 146r) joyooly {(¥)|01u0>—-3seD 8 [91]1pieubeg
122UD2 J3ppL|qg|IPD)
129y9 Apnis (anjea-d) (9suodsai asop salpnis
-llews pue seiq (onjea-d) 109))9 ||eJdN0 |opow 10 dnoibqns) papnpul JedA
uonedignd 159119663 (anjea-d) o%z| 1041539] 1D%S6 Sd1ewllsy duPW YN s1ay3  J1oxdey fierdig Apnis jo adAL JO'ON  “loyinelsiiq

$95e35Ip AJel|Ig pue UOIRAWNSUOD |0YOd[e Usamlaq diysuone|as 3yl  ajqelL



Page 17 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

seiq (N)10/d (J23ULIP-UOU 'SA

uonesgndoN  [puuny Ajuo (VN) /8 YN (e si'e 4O wopuey  I3§ulIp) 04Oy [011U0>-3580) (vOODSL  [1] swuawspd

seiq (193uLp-uou 'sA #[19)

uonesygnd oN 9670 - YN (£8'1-090) 90'L uY wopuey  JyULIP) [0Y4Od|Y (1)1oyod (VDD3)L  aAeny-oelx

seiq (14uLp-UoU 'sA #1]

uonedlignd oN 96C°0 (L¥70) 0 VN (1¥'1-98°0) oLt dy wopuey  J3ulp) [0Yodly (9)1011u0>-3seD (¥D29)9 oA BNH-0eIX

selq (I3ULP-UOU 'SA  (])1OY0D!(9)|013U0D [1s]

uonesyignd oN 9670 (5£50) 0 YN (LE1-/80) 60'L 4y wopuey  Iayulip) 04D}y -3582 [P10] (VDD9)L  aAenp-oelx
L(UsWaIDU

pAULPL (DdA)seipnIs [G€] 99D

VN VN (YN) 0 G€0 (¥0'1-56'0) 00'L dH - A1an9) joyodly Hoyod 9¢ ;1oL Jewwy

o(PAULP (DdA)s=ipnis [5€] 22901

VN VN (€£0)0 VN (86'C-58°0) 65l dH uopuey  ( sA G <) [0YyodlyY Hoyod 9¢ ;1oL Jewwy

o(PAULP O "SA (DdA)s=ipnis [S€] 22901

VN VN (€60)0 VN (10'T-99°0) o'l dH wopuey  ‘G>-¢) |0yodly Hoyoo 9c [e1oL Jeww3

o(PAULP O "SA (DdA)s=1pnis [G€] 22001

VN VN (YN) O VN (08'1-660) €e’l dH wopuey  €>-1) |0yodly Hoyoo 9c¢ [e1oL ECE |

o(PAULP O "SA (DdA)s=1pnis [G€] 22D

VN VN (YN) O VN (¥ 1-690) 660 dH wopuey  1-50<) |0Yodly Hoyoo 9c¢ [e1oL Jewwg

o(PAULP O "SA (DdA)s=1pnis [S€] 22D

VN VN (YN) 2€L VN (S¥'1-08°0) 80'L dH wopuey  §'0-0<) [0Yodly Hoyoo 9¢ ;1oL EE
L(UsWaIDU

pAULPL (¥DD9)selpnis [G€] 99D

VN VN (YN) €6¢ 780 (80'1-86'0) €0l dH - A1an9) joyodly Hoyod 9¢ ;1oL Jewwy

o(PAULP (¥DD2)saipnis [5€] 22901

VN VN (#8°0) 0 VN (€9'1-¥9°0) o'l dH uopuey  ( sA G <) [0YyodlyY Hoyod 9¢ [e1oL Jewuy

o(PAULP O "SA (¥DD9)saipnis [S€] 22901

VN VN (lo0) TLs VN (6£€-860) 4y dH wopuey  ‘G>-¢) |0yodly Hoyoo 9c¢ [e1oL Jeww3

o(PAULP O "SA (¥DDa)s=1pnis [S€] 22001

VN VN (YN) €87 VN (85'L-¥/°0) 801 dH wopuey  €>-1) |0yodly Hoyoo 9c¢ [e1oL ECE |

o(PAULP O "SA (¥DDs)seipnis [G€] 22D

VN VN (YN) #'8¢ VN (85'L-78°0) 7Ll dH wopuey  1-50<) |0Yodly Hoyoo 9c¢ [e1oL Jewwg

o(PAULP O "SA (¥DDs)s=1pnis [G€] 22D

VN VN (YN) 8'0¢ VN (C1'1-89°0) /80 dH wopuey  §'0-0<) [0Yodly Hoyoo 9¢ ;1oL EE
S(UaWaIDU

pAULPL (¥DDh)sa1pns [G€] 99D

VN VN (YN) 0 700 (90°'L-10'1) €0l dH - A19A3) [oyod|Y Hoyod 9c [e1oL Jewuy

129y Apnis (anjea-d) (9suodsai asop salpnis
-|lews pue seiq (anjea-d) 1093 [|eJan0 |spow 1o dnoibqns) papnpul 1eap
uonediiqnd 159149663 (anjea-d) %) 104153] D%S6 Srewnsy dSuIPW YN spay3  Jorpey kielaig Kpnis jo adL JO'ON  ‘“oyineisii4

(PanuNUOd) ¥ 3jqey



Page 18 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

seiq p(BUOU'SA  (9)1I0L0D:(8)[0U0D
uonediignd oN 2090 (100>) 19 N (6£:0-950) 990 Yy wopuey  AAeaH) [0yodly —9sed [e10] vl [£2] BunAg
selq uﬁwcoc ‘SA 21k
uonediignd oN €250 (£50)0 N (160-080) 580 Yy wopuey  ~IdPOA) [0YOd|Y 1oyo) 9 #lzq)bunAg
selq uﬁwcoc ‘SA 21k
uonediignd oN €250 (0£0)0 N (080-2£0) 9.0 Yy wopuey  ~IdPOA) [0YOd|Y |0uod-aseD) 8  #[/7)bunkg
seiq p(BUOUSADIe  (9)1OY0D(g)|0NU0d
uonediignd oN €250 (LTo) 1 N (58°0-52°0) 080 Yy wopuey  -ISPOI)) 040}y -9sed [e10] vl [£7] BunAg
selq vﬁmcoc SA
uonedgnd oN €8€°0 (150)0 WN (860-680) ¥60 Yy wopuey  1ybI7) [oyodly 1oyo) 9 #[/7)bunfg
selq p(aUoU 'sA
uonedygnd oN €8€0 (660)0 WN (L0'L-560) 860 Y wopuey  1ybIT) |oyodly |0u0>-aseD) S #[/7] Bunig
selq p(dUOUsA  (9)1I0Y0D(G)|0AU0D
uonediignd oN €860 (S20)0 N (66'0-¥60) 960 Yy wopuey  1ybr7) [oyodly —958D [210]. LL [£2] BunAg
se|q uon va_c:ﬁv\coc SA A@tOLOUuQ\:_ObCou
-edlignd 1six3 6000 (100>) 19 WN (680-6£0) ¥80 uy wopuey  Ja{ULP) |0Yod|yY -ase) €T [£2] BunAg
q@sa
-MOJ SA153YbIy
selq Jonbi|3uup jo [z
uonesiignd oN 9€8°0 (Ley0) L WN (S8°0-790) 120 Y wopuey  s9dA1) joyodly (@uoyod 7 Buep oeyuerr
q@sa
-MOJ| SA 153Ybl1y
seiq SUIMAULP JO  (2)HOYOD!(1)|01U0d [zs]
uonesiignd oN 9680 (£91°0) L't WN (96'0-+50) 20 uy wopuey  s9dA1) joyodly -9se) ¢ buep oeyuerr
q@sa
-MOJ| 'SA153Ybly
seiq 193gUlp JO  (2)HOYOD!(1)|01U0d [zs)
uonedijgnd oN 9€8°0 (89€0) 0 VN (8£°0-250) ¥9°0 4y wopuey  sadA) joyodly -ase) ¢ Buep oeyuerr
selq (1s9mo] 'sA #eg]
uonedijgnd oN 9680 (000°0) 896 VN (160-8+0) 990 ud wopuey  1saybiy) [oyod)y (8)104od 8  DBuepw oejuelf
seiq (13m0 'sA #eg]
uonesijgnd oN 9¢80  (/0L0) 8/ N (€£°0-5+0) 850 ud wopuey  1saybiy) joyodly (01)]onuod-3sed oL bBuep oeuerr
selq (3s9MO] 'SA (8)110Y0D!(01)02U0d [s]
uoned|ignd oN 9¢80  (000°0) 96 N (8£°0-6%0) 290 ud wopuey  1s3yb1y) |0Yod|y ~ased |e10| gL buep oeuerr
aspalp 1appp|q)Ipb/sispiyljoIsAo3j0y D)
seiq (N)10/d (J2¥uLIp-UOU SA
uonesygndoN - jpuuny Ajuo (¥N) /8 N (Ssz-0z'1) S 40 wopuey  JayulIp) |0Yodly |0UOd-3seD) (VOD9)LL  [L]swawap
103y9 Apnis (enjea-d) (9suodsau asop salpnis
-llews pue seiq (anjea-d) 103)J9 ||eldA0 |opow 10 dnoabqns) papnpul leap
uonedigqnd 159} 19663 (anjeA-d) o%z| 10)1s9) 1D%S6 So1ewinsy duRwW YN spay3  J1oyey fieraig Apms jo adA) Jo'oN  ‘“uoyineisiiq

(PanuNUOd) ¥ 3jqey



Page 19 of 33

(2022) 19:51

Wang et al. Nutrition & Metabolism

y10q ‘g ‘sjew ‘W ‘sjewsy 4 ‘Kep/b 8 <N pue i1 < 4 ‘ybiy ‘Kep/6 g1 -L W pue £ 1-/ 4 ‘S1esspow ‘Aep/b 7| >\ pue £ >4 1ybi| :A10691ed yoes 10j [9A9] Bunjulq :p

Joyodje jo Aep 1ad b o5 < pue 6 05> ‘6 G'zL > A|9A13dadsas sem Jutodpiw asoym [easdiul K1aAs Bupjuup Aaeay pue a1eispow ‘ybi| se 19pisuod 03 papIdap Joyine ay] >

Jonbi| pue J93q ‘auIm uup Jo sadA1ay] :q

Jjoueya Jo 6 | se pauyap sem 3uLIp d1joyod|e auQ ‘(uiip auo Jad pazhjeue) A|snonunuUOd pue (PAULIP §<‘G>—€ ‘€>—| | -§'0<'S'0-0 < ‘[3udiaj2.1] 0)Aep 4ad syuup d1joyod|y e

Apnis buipuodsaiiod ay3 jo sadAy ubisap Apnis uaiayip ayi Jo siskjeue dnoibans 4

seiq p(auUou 'sA
uonesijgnd oN 2090 (190)0 VN (6£°0-890) €0 Y wopuey  AreaH) |oyodly 10yod 9 #[/7] bunig
seiq p(auUoU 'sA
uonedignd oN 2090 (€00) #S VN (58°0-0t0) 850 gy wopuey  AreaH) |0Yodly |oliuod-aseD 8 #£7]Bunig
129y Apnis (anjea-d) (9suodsau asop salpnis
-|jews pue seiq (9njea-d) 109)J3 ||eJan0 |spow 10 dnoibqns) papnjpul Jea)p
uonesijgqnd 159} 48663 (anjeA-d) o%z| 104 1s9] 1D%S6 S9lewilsy >duPW YN say3  Joldey Kielaig Apms jo adAL Jo'oN  ‘“loyinelsii4

(penunuod) fajqeL



Wang et al. Nutrition & Metabolism (2022) 19:51

of bile duct cancer remains to be further evaluated by
larger and more comprehensive clinical studies.

In addition, some studies from Thailand have shown
that eating raw fish [30] (RR=2.54, 95% CI 1.94-3.35,
p<0.00001) and high-nitrate foods [23] (RR=1.41, 95%
CI 1.05-1.91, p=0.024) increases the risk of bile duct
cancer. Because these studies are meta-analyses of ret-
rospective case—control studies and the sample size is
small, the evidence they can provide is very limited.
There was no obvious significant association of coffee
[13], fermented fish [30], glutinous rice [30], meat [30],
betel nut [30], fermented meats [23] and rice [23] con-
sumption with bile duct cancer.

Similarly, some nutritional indicators are also associ-
ated with the risk of bile duct cancer. Both overweight
and obesity increase the risk of eCCA [42]. Overweight
increased the risk of eCCA by 26% (RR=1.26, 95%
CI 1.14-1.39), while obesity increased the risk by 48%
(RR=1.48, 95% CI 1.21-1.81). Although subgroup analy-
sis of case—control studies showed that overweight was
not associated with the risk of eCCA, we had more rea-
son to believe the evidence provided by cohort studies.
Obesity and diabetes are also risk factors for iCCA [24],
in obese and diabetic subjects, the RR values of iCCA
were 1.49 (95%CI 1.32-1.70, p<0.001) and 1.53 (95%CI
1.31-1.78, p<0.001) respectively.

Cholecystolithiasis/gallbladder diseases

Since many studies did not separate cholecystolithiasis
from other gallbladder diseases such as acute cholecysti-
tis, some of the studies we included may not be limited to
cholecystolithiasis.

Although studies have confirmed that coffee consump-
tion has no obvious relationship with the incidence of
biliary cancers, coffee consumption is a protective factor
in the formation of gallstones [39]. Overall, the combined
RR was 0.83 (95% CI 0.76—0.89), and each additional cup
of coffee consumed per day was associated with a 5%
(RR=0.95, 95% CI 0.91-1.00, p=0.049) reduction in
cholecystolithiasis risk. As for the relationship between
vegetable and fruit consumption and cholecystolithiasis,
current evidence suggests that vegetable consumption
is associated with a 17% (RR=0.83, 95% CI 0.74-0.94)
lower risk and fruit with a 12% (RR=0.83, 95% CI 0.83—
0.92) lower risk [40]. Moreover, there is a dose—response
relationship between the intake of vegetables and fruits
and the risk of disease, that is, for each additional 200 g
per day, the corresponding risk of disease will be reduced
by 4% (RR=0.96, 95% CI 0.93-0.98, p=0.001) and 3%
(RR=0.97,95% CI 0.96-0.98, p=0.001).

In addition, some nutritional indicators may be related
to the occurrence of gallstone, such as Glycemic index
rate [25] (RR=1.26, 95% CI 1.13-1.40, p<0.0001),
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Glycemic load rate [25] (RR=1.41, 95% CI 1.25-1.60,
p<0.0001), diabetes mellitus [33] (RR=1.41, 95% CI
1.56, 1.26-1.93), every 5 unit increment of BMI [34]
(RR=1.63, 95% CI 1.49-1.78), every 10 cm increment
of waist circumference [34] (RR=1.46, 95% CI 1.24—
1.72), every 0.1 unit increment in waist-to-hip ratio [34]
(RR=1.44, 95% CI 1.26—1.64) and non-HDL cholesterol
[26] (RR=1.19, 95% CI 1.07-1.32).

Alcohol consumption and biliary tract diseases

Our study included eight meta-analyses that discussed
the relationship between alcohol consumption and bil-
iary diseases.

In these studies, three meta-analyses reported the rela-
tionship between alcohol consumption and gallbladder
cancer [21, 27, 31]. Bagnardi et al. [21] defined daily alco-
hol intake £12.5 g, =50 g and 250 g as light, moderate,
and heavy alcohol consumption, respectively. Their meta
analysis found that heavy drinking was associated with a
marked increased risk of gallbladder cancer (RR=2.64,
95% CI 1.62-4.30). The association between alcohol
consumption and gallbladder cancer risk was not statis-
tically significant for light (RR=1.23, 95% CI 0.84-1.83)
to moderate (RR=0.88, 95% CI 0.68—1.13) drinkers. In a
meta-analysis based on cohort studies, Emma E. McGee
et al. [27] further divided the aggregated cohort studies
into 6 subgroups (0,0-0.5,0.5-1,1-3,3-5,>5 drink/d),
based on drink/d (14 g of ethanol/d). The subgroups
were compared with the 0 drink/d group and no statisti-
cal association was found between alcohol consumption
and the risk of gallbladder cancer. There was no dose—
response effect between alcohol consumption and gall-
bladder cancer, either. In another meta-analysis, Li et al.
[31]. found a 30% reduction in gallbladder cancer among
drinkers compared to non-drinkers (OR=0.7, 99%CI
0.49-1.00, p =0.009).

In the study of intrahepatic cholangiocarcinoma,
Emma E. McGee et al. [27] found that the risk of iCCA
was reduced in patients with>0-0.5 drink/d compared
with non-drinkers (HR=0.79, 95%CI 0.62—1.00). When
drinking >5 drink/d, The risk of iCCA was 1.35 times
higher than that of non-alcohol consumption (HR=2.35,
95%CI 1.46-3.78), and there was a dose—response effect
between the risk of iCCA and the amount of alcohol
consumed (every ldrink/d increment, HR=1.03, 95%CI
1.01-1.06, p=0.04).Similarly, in the meta-analysis con-
ducted by Clements et al. [1]., drinkers had an approxi-
mately 2.15-fold increased risk for iCCA (OR=3.35,
95%CI 2.24-4.41) and a approximately 0.75-fold
increased risk for eCCA (OR=1.75, 95%CI 1.20-2.55)
compared to non-drinkers.

As for cholecystolithiasis or gallbladder disease,
although drinking is a risk factor for biliary cancers,
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Byung et al. [38]. found that drinking can reduce the risk
of cholecystolithiasis by 16% (RR=0.84, 95% CI=0.79—
0.89). At the same time, compared with non-drinkers, the
risk of cholecystolithiasis decreased gradually with the
increase of alcohol consumption. In mild, moderate and
severe drinkers, the risk decreased by 4% (RR=10.96, 95%
CI=0.94-0.99), 20% (RR=0.80, 95% CI=0.75-0.85)
and 34% (RR=0.66, 95% CI=0.56-0.79) respectively.
Similarly, we also found the same conclusion in the study
of Jiantao Wang et al. [28] (Alcohol consumption high-
est vs. lowest, RR=0.62, 95%CI 0.49-0.78). In addition,
they also studied the consumption of different types of
alcoholic beverages and the risk of cholecystolithiasis.
The results showed that increased consumption of beer
(RR=0.64, 95%CI 0.52-0.78), wine (RR=0.72, 95%CI
0.54-0.96), and liquor (RR=0.71, 95%CI 0.64-0.85)
tended to reduce the risk of gallstones.

Heterogeneity, publication bias and small study effect

Of all the items we summarized (all items in Tables 2,
3 and 4), 52 items presented low heterogeneity
(I’ <25%); 36 items had moderate-to-high heterogeneity
(25% <I*><75%), and 19 items had very high levels hetero-
geneity (I >75%). In addition, there were 7 items that did
not report heterogeneity. For evidence with significant
heterogeneity (p<0.05), the quality of evidence will be
degraded in the evaluation of evidence quality.

This umbrella review used Egger’s test to summarize
publication bias and small study effects in meta-analyses.
Of the 24 meta-analyses, 7 studies did not measure pub-
lication bias, 3 reported significant publication bias, and
the remaining did not report significant publication bias
(Table 1).

AMSTAR2 and GRADE classification

The methodological quality of the meta-analyses included
in our study were assessed using AMSTAR?2 scale, and
the results of the review were rated as high, moder-
ate, low, and critically low. Overall, the vast majority (21
studies, 87.5%) of methodological qualities of the meta-
analyses were assessed as “critically low” by AMSTAR2
scale (Table 5). The remaining three meta-analyses were
assessed as “low” and no one was assessed “moderate” or
“high”.

Since the studies we included were all meta-analyses
based on retrospective studies, all evidence was first low-
ered by two grades, from high level to low level during
GRADE evaluation. Next, we decided whether to con-
tinue to downgrade the evidence according to whether
there was risk of bias, indirectness, inconsistency, impre-
cision and publication bias. After checking whether there
were large effects, dose—response gradients and plausible
confounding of evidence, whether to upgrade the level of

Page 21 of 33

evidence and finally determine the strength of each evi-
dence level was decided.

In this umbrella review, we summarized 83 independ-
ent outcomes (Table 5). Regarding the risk of bias, 44
outcomes were downgraded due to inadequate control
for confounding factors (including inaccuracy in meas-
uring all known prognostic factors; Prognostic factors
were not matched and/or not adjusted in the statistical
analysis). We judged the imprecision of evidence by the
95% confidence interval of each evidence and the opti-
mal information size (OIS). If the sample size of evidence
was lower than the OIS standard, the confidence inter-
vals contained invalid values, or the confidence intervals
did not exclude significant benefits or harms (95%CI con-
tained 1, with lower limit<0.75, upper limit>1.25), the
quality level of evidence would be reduced. We found a
total of 38 outcomes of Imprecision and downgraded
one level. The inconsistency and publication bias were
mainly evaluated according to the I* and Egger’s test of
meta-analyses included in our study. In our study, 35
outcomes were downgraded due to inconsistencies and
45 outcomes were downgraded due to suspected publi-
cation bias. None of the outcomes was downgraded due
to indirectness. In terms of upgrading factors, seven of
the outcomes were upgraded due to large effect (Relative
effect>2 or<0.5), 14 due to dose response gradient, and
0 due to plausible confounding.

In short, among 83 independent outcomes, 5 were
rated as moderate, 16 as low, and the rest as very low
(Table 6).

Discussion

Main findings and interpretation of evidence

To promote the general population’s understanding of
the impact of dietary and nutritional indicators on biliary
disease risk, our study provide a comprehensive overview
of the reported associations between diet and nutrition-
related factors and biliary disease risk by incorporating
evidence from existing systematic reviews and meta-
analyses. Overall, we included 24 articles that included
83 risk estimates of dietary and nutrition-related factors
associated with the incidence of gallbladder cancer, bile
duct cancer, and gallstones. There was no high evidence
to support an association among all the evidence evalu-
ated. Only 5 associations were supported by moder-
ate evidence and 16 associations were supported by low
evidence.

In this umbrella review, the evaluation tools we used
include AMSTAR2 and GRADE. The methodological
quality of the meta-analyses included in this umbrella
review was assessed by AMSTAR2. It mainly includes
the following aspects of evaluation: research questions,
inclusion standard PICO elements, system review plan,
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Table 5 Methodological quality of the systematic review and meta-analyses were assessed using the AMSTAR2 scale
Study Q1 Q2° Q3 Q4 Q5 Q6 Q7" Q@8 Q9 Q10 Q11" Q12 Q13" Q14 Q15 Q16 AMSTAR-2
overall
quality
Bagnardi [21] Y N N Y N Y N PY PY N Y Y Y Y N Y Critically low
Clements [1] Y N N Y N N N PY PY N Y N N N Y Y Critically low
Godos [13] Y N N PY Y Y Y Y PY N Y N Y Y Y Y Low
Chen [29] Y N N Y Y Y N Y PY N Y Y Y N Y Y Critically low
Xiong [36] Y N N PY N Y N Y Y N N N N N Y Y Critically low
ZHU [22] Y N N Y N Y N PY PY N Y N N Y Y Y Critically low
Huai [37] Y N N Y Y Y N PY PY N Y N Y Y Y Y Critically low
Kamsa-ard [30] Y N N N Y Y N N PY N N N N N N Y Critically low
Steele [23] Y N N Y N Y N PY N N N N Y N N Y Critically low
Daniel [26] Y oY N oY Y Y N Y Y N N N N N N Y Critically low
Byung [38] Y N Y Y Y Y N PY PY N N N Y N Y Y Critically low
Zhang [39] Y N N Y Y Y N Y Y N Y Y Y Y Y Y Critically low
Zhang [40] Y N N Y Y Y N PY Y N Y Y Y Y Y Y Critically low
Ying Li [31] Y N N Y N Y N PY PY N Y N N Y N Y Critically low
Emma E. McGee [27] Y N N N N N N PY PY N Y N N N N Y Critically low
Xiao-Hua Ye [35] Y N N Y Y Y N PY PY N Y Y N Y Y Y Critically low
Jiantao Wang [28] Y N N Y N Y N PY PY N Y N N Y Y Y Critically low
Gu [41] Y N N Y Y Y N Y Y N Y Y Y Y Y Y Critically low
Li[42] Y N N Y Y N N Y Y N N Y N N Y Y Critically low
Aune [33] Y N N Y N N Y Y Y N Y Y Y Y Y Y Low
Barclay [25] Y N N Y Y Y N Y N N N Y N N Y Y Critically low
Dagfinn Aune [34] Y N Y Y N N Y Y Y N Y Y Y Y Y Y Low
Petrick [24] Y N N PY Y Y N Y N N N Y Y N Y Y Critically low

AMSTAR-2 items: Q1: Did the research questions and inclusion criteria for the review include the components of PICO? Q2: Did the report of the review contain
an explicit statement that the review methods were established prior to the conduct of the review, and did the report justify any signifificant deviations from
the protocol? Q3: Did the review authors explain their selection of the study designs for inclusion in the review? Q4: Did the review authors use a comprehensive

Literature search strategy? Q5: Did the review authors perform study selection in duplicate? Q6: Did the review authors perform data extraction in duplicate? Q7: Did
the review authors provide a list of excluded studies and justify the exclusions? Q8: Did the review authors describe the included studies in adequate detail? Q9: Did
the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review? Q10: Did the review authors
report on the sources of funding for the studies included in the review? Q11: If meta-analysis was performed, did the review authors use appropriate methods for
statistical combination of results? Q12: If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of
the meta-analysis or other evidence synthesis? Q13: Did the review authors account for RoB in primary studies when interpreting/discussing the results of the review?
Q14: Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review? Q15: If they performed
quantitative synthesis, did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of

the review? Q16: Did the review authors report any potential sources of conflflict of interest, including any funding they received for conducting the review?

included study design type, literature search strategy, lit-
erature screening, data extraction, exclusion of specific
details of literature, assessment of bias risk, assessment
of the rationality of statistical analysis, assessment of the
accuracy of interpretation of results, and assessment of
financial support and conflict of interest. Based on the
evaluation of the above projects, the results of the review
is rated as high, moderate, low, and critically low [17].
The application of GRADE in the systematic reviews and
meta analyses is to analyze the quality of the evidence,
that is, to what extent the authenticity of the prognostic
outcome can be assured. By examining five demotion fac-
tors, including risk of bias, Indirectness, inconsistency,
imprecision and publication bias, three upgrade factors,

namely large effect, dose—response gradient and plausi-
ble confounding, we divided the quality of evidence of
systematic evaluation into four grades: high, moderate,
low and very low [18, 19].

Based on available evidence, our study did not found
that food or nutrition consumption (except alcohol con-
sumption) was associated with increased risk of gallblad-
der cancer. Our study found that overweight, obesity and
diabetes can increase the risk of gallbladder cancer, but
the quality of evidence was rated low or very low. That
doesn’t mean the conclusion is wrong. At present, exist-
ing studies have proposed the biological pathogenesis of
gallbladder cancer caused by the above factors. It is gen-
erally believed that overweight and obesity contribute to
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gallbladder cancer by interfering with the metabolism of
lipids and endogenous hormones, affecting the move-
ment of the gallbladder and increasing the risk of gall-
stones [43]. Other studies also believe that obesity will
inevitably increase the accumulation of fat in the gall-
bladder, leading to fatty gallbladder disease and aggra-
vating local inflammation, which is also an important
mechanism to promote the occurrence of gallbladder
cancer [44]. In type 2 diabetes, the possible mechanisms
contributing to gallbladder cancer include: Hyperinsu-
linemia and up-regulation of insulin-like growth fac-
tor-1 (IGF-1) levels promote cell proliferation and inhibit
apoptosis. Hyperglycemia stimulates tumor growth by
inducing the increase of insulin and IGF-1 levels. In addi-
tion, some studies have suggested that other dietary fac-
tors, such as the consumption of green onions, seaweed
and kelp, are negatively correlated with gallbladder and
bile duct cancer, while pickled vegetables and meats
are positively correlated [45]. These studies were not
included in this umbrella review because there was no
meta-analysis to evaluate these results.

As for bile duct cancer, it is important to note that in
bile duct cancer studies, some have included gallbladder
and bile duct cancer together, or have not performed a
subgroup analysis by bile duct cancer type. Subgroup
analysis were not reworked because of limited data avail-
ability. Our study found that drinking tea is a protective
factor of cholangiocarcinoma [36]. In terms of the biolog-
ical mechanism by which tea drinking can reduce the risk
of cancer, studies have confirmed that tea contains a large
amount of tea polyphenols, which can inhibit cell prolif-
eration, enhance apoptosis, inhibit cell invasion, angio-
genesis and metastasis by inhibiting enzyme activity and
signal transduction pathway [46]. Although the level of
this evidence is very low, it still has certain suggestive
significance. We observed a strong inverse association
between fruit and vegetable consumption and bile duct
cancer incidence [37]. Two outcomes related to vegetable
consumption were rated as moderate, and two outcomes
related to fruit consumption were rated as low and very
low respectively. Fruits and vegetables are not only high
in fiber, but also have anti-tumor properties of micro-
nutrients and macronutrients; As such, they are reason-
able targets for dietary prevention. In two meta-analyses
from Thailand [23, 30], raw fish and high nitrate food
consumption were suspected risk factors for bile duct
cancer. Because the studies included in these two meta-
analyses were limited to Thailand, the possibility of pub-
lication bias were high and the number of cases included
was small, the conclusions of these studies were relatively
limited. Among the nutrition-related indicators associ-
ated with bile duct cancer, similar to gallbladder cancer,
higher body mass index and diabetes still increased the
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risk of bile duct cancer. Furthermore, other studies have
shown that some specific dietary patterns can also affect
the occurrence of bile duct cancer. For example, in a
cohort study [10], a Mediterranean (MED) diet and the
Dietary Approaches to Stop Hypertension (DASH) sig-
nificantly reduced the risk of bile duct cancer. Similarly,
this research was not included in this umbrella review
because it was not further studied by evidence-based
medicine.

Cholelithiasis or gallbladder diease is also one of the
most common diseases of the biliary system. There has
been clear epidemiological evidence that gallstone is
a risk factor for gallbladder cancer [47]. Therefore, the
research on the risk factors of gallstone is of great sig-
nificance both from the perspective of prevention of
gallbladder cancer and health economics. In our study,
we found 3 moderate intensity outcomes, 4 low inten-
sity outcomes, and the other outcomes levels were very
low. Based on the available evidence, we recommend
proper intake of coffee, fruits and vegetables to reduce
the risk of gallstones. In the evidence of nutrition related
indicators we included, almost all the evidence related
to cholelithiasis (blood glucose related indicators and
BMI related indicators) were consistent with the corre-
sponding evidence of gallbladder cancer or cholangio-
carcinoma, but the level of all evidence were not high.
Recent studies have pointed out that high fructose, low
fiber, high fat and low vitamin C will increase the risk of
gallstone formation. On the other hand, a high intake of
monounsaturated fats and fiber, moderate intake of olive
oil, fish, plant proteins, fruit, coffee, and vitamin C sup-
plementation were all protective [48]. Furthermore, dif-
ferent dietary patterns can also affect the formation of
gallstones. A recent cohort study, with an average follow-
up of 13.85 years, reported a positive correlation between
vegetarians and symptomatic gallstone disease compared
with non vegetarians [49]. A case—control study on the
relationship between dietary intake and different types of
gallstone formation showed that a high consumption of
beef, pork and fried food increased the risk of cholesterol
stones, while excessive consumption of carbohydrates
increased the risk of pigment stones [50].As we did not
find the corresponding meta-analysis of the above stud-
ies. Therefore, our research does not cover these aspects.

Since the relationship between alcohol consumption
and biliary tract diseases is complex and controver-
sial, we conducted a separate study on this topic. First
of all, as far as drinking is concerned, studies have con-
firmed that alcohol is an important risk factor for the
occurrence of upper gastrointestinal malignancies. For
example, Boffetta et al. [51] reported that acetaldehyde,
as the main metabolite of ethanol, may play a role in
the occurrence of upper gastrointestinal tumors. While
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alcohol consumption has been shown to be a risk factor
for cancers of the liver, colon and esophagus, it remains
controversial when it comes to gallbladder cancer [21].
Of the evidence we reviewed, one suggested that alcohol
consumption reduced the risk of gallbladder cancer, one
suggested that heavy alcohol consumption increased the
risk, and the rest did not suggest an association between
alcohol consumption and gallbladder cancer. So far, there
is still a lack of high-quality evidence to further clarify the
correlation between the two. For cholangiocarcinoma,
we did not find moderate or high-grade evidence, but
evidence suggests that low alcohol consumption may be
a protective factor for cholangiocarcinoma, while heavy
alcohol consumption may increase the risk of both intra-
hepatic and extrahepatic cholangiocarcinoma.

Surprisingly, in terms of cholecystolithiasis/gallblad-
der diease, regardless of the level of alcohol consumption
or the intake of different types of alcoholic beverages, all
evidence suggests that drinking is a protective factor for
the incidence of cholecystolithiasis/gallbladder diease,
although the level of evidence is not high. But overall,
given that many studies have reported that drinking is
harmful to health, we do not recommend drinking to
prevent cholecystolithiasis/gallbladder diease.

Strengths and limitations
Umbrella reviews is one of the highest level of evidence-
based medical evidence at present. It critically evaluates
all published meta-analyses and systematic reviews on a
medical topic and summarizes evidence from multiple
sources [52, 53]. In recent years, the publication of sys-
tematic review and meta-analysis research results has
increased rapidly. Although this has filled a large num-
ber of evidence gaps in clinical decision-making, it also
brings difficulties for clinicians in medical decision-mak-
ing. Therefore, umbrella reviews are becoming increas-
ingly influential in the field of evidence-based medicine.
However, possible limitations should be taken into
account in the interpretation of this topic. Firstly, our
umbrella review relied only on published systematic
reviews and meta-analyses. Some missing individual stud-
ies may have had an impact on our results, but the impact
was slight because the meta-analyses we included were
the most recent, with highest number of studies included.
Secondly, for some of the associations we included in this
study, the number of original studies included in the cor-
responding meta-analysis was small, which is likely to
result in publication bias. Finally, due to the close cor-
relation between the biliary diseases we studied, and
different studies have different classification standards
for biliary diseases, we could not achieve a completely
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unified classification of the diseases in our study, which
also affected the research results to some extent.

Conclusions

Diet and nutrition, as modifiable risk factors, have
important implications for prevention, including can-
cer and other non-communicable diseases. Our study
summarizes the current multifaceted evidence on the
relationship between dietary and nutritional indica-
tors and biliary diseases. For the prevention of biliary
tract diseases, emphasis should be placed on appropri-
ately increasing the intake of fruits, vegetables, coffee
and tea, and reducing the intake of alcohol, raw fish
and foods with high nitrate. Meanwhile, weight, blood
sugar and lipid levels should be controlled, and diabetes
should be actively prevented and treated. Drinking is
not recommended to prevent gallstones, although stud-
ies have shown that it may reduce the risk of cholecys-
tolithiasis. Overall, the quality of all evidence was not
high. Evidence from additional high-quality prospective
studies are needed in the future.
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