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Background: Intrahepatic cholangiocarcinoma (iCCA) is the second most

common primary liver cancer. While multiple risk factors for iCCA have been

established, metabolic diseases (obesity, diabetes, NAFLD, dyslipidemia, and

hypertension) and other risk factors, including smoking and drinking, are still

controversial due to their potential confounders. Here, Mendelian randomization

(MR) analysis was performed to identify the causal relationship between them.

Method: In this study, we obtained GWAS data related to exposures from

corresponding large genome-wide association studies. Summary-level

statistical data for iCCA were obtained from the UK Biobank (UKB). We

performed a univariable MR analysis to identify whether genetic evidence of

exposure was significantly associated with iCCA risk. A multivariable MR analysis

was conducted to estimate the independent effects of exposures on iCCA.

Results: Univariable and multivariable MR analysis based on the large GWAS data

indicated that there is little evidence to support the genetic role of metabolic

factors, smoking, drinking, and NAFLD in iCCA development (P >0.05). In contrast

to most current studies, their impact on iCCA development, if any, might be

smaller than we thought. The previous positive results might be due to the

comorbidities between diseases and potentially unavoidable confounding

factors.

Conclusion: In this MR study, we found no strong evidence to support causal

associations betweenmetabolic factors, NAFLD, smoking, drinking, and iCCA risk.

KEYWORDS

Mendelian randomization, controversial risk factors, ICCA, causal relationship,
GWAS data
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2023.1203685/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1203685/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1203685/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1203685/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1203685/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1203685&domain=pdf&date_stamp=2023-06-22
mailto:rmyyarronlsj@wfmc.edu.cn
https://doi.org/10.3389/fonc.2023.1203685
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1203685
https://www.frontiersin.org/journals/oncology


Qin et al. 10.3389/fonc.2023.1203685
Introduction

Cholangiocarcinoma (CCA) encompasses a rare group of

primary neoplasms arising from the biliary tree. CCAs have

traditionally been classified as intrahepatic (iCCA) or extrahepatic

(eCCA) based on their anatomical origin within the biliary tree.

iCCA, an almost universally lethal malignancy, is the second most

common primary liver cancer following hepatocellular carcinoma

(HCC), accounting for up to 20% of all hepatic malignancies and

3% of all gastrointestinal malignancies (1, 2). Recent

epidemiological reports indicate that the incidence rates of iCCA

have been increasing in most countries (3, 4). Compared with lower

rates in western countries, the incidence of iCCA is highest in

Southeast Asian countries, with worldwide geographical variation

directly correlated to region‐specific risk factor profiles (5–8).

Mortality rates from iCCA have increased in most countries in

the world, and mortality rates for iCCA are higher than for

extrahepatic CCA in most Western countries (4), with 5‐year

overall survival (OS) remaining around 9% (9). Most patients

have advanced‐stage disease at presentation; diagnosing early-

stage iCCA remains a challenge secondary to its silent clinical

character (most patients with early-stage disease are asymptomatic).

Complete surgical resection remains the only potential cure for

iCCA, but only 20%–30% of patients present with resectable disease

(10); the mainstream therapeutics for unresectable or metastatic

iCCA are palliative chemotherapies; and the median overall survival

(OS) is far from satisfactory (11.7 months) (11, 12). Even with only

the approved CCA-targeted drugs, pemigatinib-targeting fibroblast

growth factor receptor (FGFR) fusion and ivosidenib-targeting

isocitrate dehydrogenase (IDH)-1 mutation, the median OS still

represents less than 22 months in advanced CCA patients (13).

Thus, it is important to identify modifiable risk factors for iCCA.

Several factors with increased risk of iCCA have been identified,

including intrahepatic lithiasis, primary sclerosing cholangitis

(PSC), congenital abnormalities of the bile ducts, parasite

infection, and toxic exposures. Metabolism-associated

cholangiocarcinogenic pathways involved in glucose metabolism

and glycosylation, as well as altered gut microbiosis, have been

implicated in tumorigenesis. Metabolic diseases (obesity, diabetes,

NAFLD, and dyslipidemia) and smoking, drinking, and

cholelithiasis have long been debated as risk factors for iCCA.

Khan and Zhang et al. have systematically summarized the risk

factors of iCCA in their review (5, 14). However, controversy has
Abbreviations: GWAS, genome-wide association study; MR, Mendelian

randomization; OR, odds ratio; CI, confidence interval; SNP, single nucleotide

polymorphism; LD, linkage disequilibrium; IVW, inverse variance weighted;

MVMR, multivariable Mendelian randomization; IV, Instrumental variables; 2h

GLU, 2-hour glucose after oral glucose tolerance test; FI, fasting insulin; FG,

fasting glucose; BMI, body mass index; HIP, hip circumference; WC, waist

circumference; WHR, waist-to-hip ratio; BFP, body fat percentage; HbA1c,

glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides;

T2DM, type 2 diabetes; SBP, systolic blood pressure; DBP, diastolic blood

pressure; NAFLD, non-alcoholic fatty liver disease; SD, standard deviation; log

OR, logarithm of odds ratio.
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been unsettled regarding the true association between obesity, type

2 diabetes, smoking, and iCCA. For instance, four epidemiologic

studies tried to assess the association between obesity and iCCA and

found conflicting results (15–18). There are also several studies that

tried to explore the association between diabetes and

cholangiocarcinoma, but the results for intrahepat ic

cholangiocarcinoma were also contradictory (16–21). Besides,

although most current studies suggest that smoking may

represent a risk factor for iCCA, the relative impact of these

overlapping diseases on increasing iCCA risk when they co‐occur

in the same patient remains an open question. The conclusion

seems quite controversial (20–26). It should be noted that most of

these risk factors were determined based on case–control studies,

and whether such associations are causal is largely unknown.

Overall risk factors like metabolic factors, smoking, and drinking

are less established and still controversial, with no clear mechanisms

that explain their connection to iCCA.

Mendelian randomization (MR) is a method of examining the

causal effect of a modifiable exposure on disease by using measured

variation in genes of known function in observational data. Because

the genotype of an individual is determined at conception and

cannot be changed, there is no possibility of reverse causation or

confounding bias being responsible for an association between

genotype and disease (27). In recent years, many MR studies have

emerged to provide clinical evidence (28–30). This proves that MR

is a reliable research method to solve some problems, including

finding risk factors for diseases.

In our present study, a Mendelian randomization study was

used to identify the risk factors, including metabolic factors,

drinking, and smoking, for iCCA.
Methods

Summarized statistics of risk factors from
genome-wide association study

The 19 predominant risk factors can be categorized into four

groups, including anthropometric traits, lipidemic traits, glycemic

traits, and metabolic diseases.

The instrumental variables (IV) of anthropometric traits were

obtained from the Genetic Investigation of ANthropometric Traits

(GIANT) consortium. For body mass index (BMI) GWAS, the

study included 234,069 European individuals, and the covariates

were sex, age, age squared, and principal components. For waist

circumference (WC), hip circumference (HC), and waist-to-hip

ratio (WHR) GWASs, the participants were 210,088 European

individuals, and the study was adjusted for age, age square, and

study-specific covariates if necessary (31).

We extracted the GWAS summary statistics of glycemic traits

from the Meta-Analyses of Glucose and Insulin-related traits

Consortium (MAGIC) (32). There were 281,416 samples, with

70% from European ancestry, in this study, which was adjusted

for several covariates, including age, age square, and at all. We only

used European summary statistics. We included fasting glucose

(FG), fasting insulin (FI), glycated hemoglobin (HbA1c), and 2-
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hour glucose (2hGlu) post-challenge in the oral glucose tolerance

test (OGTT).

There were four lipidemic traits in our study, including total

cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),

low-density lipoprotein cholesterol (LDL-C), and triglycerides

(TG). We obtained summary statistics of the four lipid

phenotypes from the Global Lipids Genetics Consortium (GLGC)

(33). The GLGC consortium is made up of 188,577 members, with

18,678 of non-European ancestry, and the covariates were sex, age,

age squared, BMI, and genotyping chips.

We extracted the GWAS summary statistics of blood pressure,

including systolic blood pressure and diastolic blood pressure, from

the International Consortium of Blood Pressure (ICBP) (34). This

study included 757,601 European-ancestry individuals.

The GWAS summary statistics of T2DM include 26,488 cases

and 83,964 controls, with 21,491 cases and 55,647 controls of

European ancestry, and this study adjusted for study-specific

components (35). For smoking and drinking, we obtained SNPs

that had strong associations with smoking behaviors from GWAS

and the Sequencing Consortium of Alcohol and Nicotine use

(GSCAN), with 249,752 European participants for smoking and

drinking (36). Smoking is defined as the average number of

cigarettes smoked per day. They included age, sex, age–sex

interaction, and the first 10 genetic principal components as
Frontiers in Oncology 03
covariates and applied genomic control to the GWAS. For

NAFLD, we obtained GWAS data from a recent study that

included 429,963 individuals (37) (Table 1).
Extraction of SNPs associated with
intrahepatic cholangiocarcinoma

We searched for iCCA GWAS published before 5 June 2022, with

“intrahepatic cholangiocarcinoma” as key words in the GWAS catalog.

We foundthatonlyone studyhadbeenpublishedandwasavailable (38).

We also searched the summary statistics of intrahepatic

cholangiocarcinoma from the UK Biobank (UKB), and we found the

same GWAS data as the GWAS Catalog. The disease code for

intrahepatic cholangiocarcinoma in the UK Biobank is “ICD10

C22.1.” This study included 456,348 individuals of European ancestry,

and the study adjusted for age, age square, and study-specific covariates.
Mendelian randomization design and
instrumental variable (IV) selection

Mendelian randomization is the use of genetic variants in non-

experimental data to make causal inferences about the effect of
TABLE 1 Summary of risk factors.

Exposure NSNP Unit Sample R2 F PMID

BMI 97 SD 234069 2.86 70.29 25673413

Body fat percentage 10 SD 65831 1.24 75.13 26833246

Hip circumference 55 SD 210088 1.42 54.03 25673412

Waist circumference 45 SD 210088 1.34 62.02 25673412

Waist-to-hip ratio 34 SD 210088 0.82 49.62 25673412

2h Glucose 15 SD 281416 2.03 364.42 34059833

Fasting Glucose 16 SD 281416 2.08 351.61 34059833

HbA1c 99 SD 281416 4.35 127.94 34059833

Fasting Insulin 42 SD 108557 0.23 50.04 22885924

HDL-C 124 SD 188577 0.13 119.89 24097068

LDL-C 101 SD 188577 0.10 154.41 24097068

TG 72 SD 188577 0.20 147.70 24097068

TC 119 SD 188577 0.11 128.13 24097068

Smoking 28 SD 249752 3.52 314.17 30643251

Type 2 diabetes 35 1-unit in
logOR

110452 2.64 83.17 24509480

NAFLD 5 SD 429963 0.16 16572.45 35124268

Drinking 115 SD 462346 0.05 50.28 NA

SBP 769 NA 757601 0.125 64.4 30224653

DBP 790 NA 757601 0.074 65.62 30224653
HbA1c is the glycated hemoglobin; HDL-C is the high-density lipoprotein cholesterol; LDL-C is the low-density lipoprotein cholesterol; TC is the Total cholesterol. TG is the Triglycerides, SBP is
systolic blood pressure, DBP is diastolic blood pressure, NAFLD is non-alcoholic fatty liver disease. SD is the standard deviation; log OR is the logarithm of odds ratio.
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exposure on an outcome. In MR, genetic variants are used as IVs for

assessing the causal effect of the exposure on outcome. The

fundamental conditions for a genetic variant to be an IV are

summarized as follows: I. The variant is associated with exposure.

II. The variant is not associated with any confounders of the

exposure–outcome association. III. The variant does not affect the

outcome, except possibly via its association with the exposure. We

selected the significant genetic variants associated with interested

exposures from GWAS (significant level p <5 × 10−8). And the

minor allele frequency of the SNP was >0.01. Then the SNPs used in

our study satisfied the linkage disequilibrium (LD, r2 <0.01,

kb >10,000) in the given genome region, and SNPs with

palindromic structure were removed. F statistics (F = beta2/se2)

were used to evaluate the remaining SNPs’ power, so we calculated F

statistics for each SNP. SNPs with F statistics <10 were identified as

weak instruments and then we excluded them (Figures 1A, B).
Ethics statement

The GWAS summary statistics data used in our study were

publicly available, and we obtained informed consent from all

participating studies by following the protocols approved by their

respective institutional review boards. No separate ethical approval

was required for this study.
Mendelian randomization analysis and
sensitivity test

For univariable MR, we used inverse variance weighted (IVW),

MR-Egger, and weighted median (WM) to estimate the effect of

exposures on outcome. For multivariable MR, we used regression-

based IVW. IVW is a method of weighting averages of random

variables, where each random variable is weighted by the inverse of
Frontiers in Oncology 04
its variance. In this study, IVW is the main method adopted in

statistical analysis. Besides, the MR-Egger and weighted-median

(WM) methods were used as supplements to the IVW method.

We performed the MR-PRESSO global test, outlier test, and

distortion test to identify and remove SNPs with horizontal

pleiotropy. If any outliers exist, we will restart an evaluation of

the causal relationship. The intercept test of MR-Egger and

Cochran’s Q test in IVW and the MR Egger model were used to

assess pleiotropy and the heterogeneity. In the case of pleiotropy, we

prefer to use the MR-Egger. If the P-value in Cochran’s Q test was

significant (P <0.05), the WM model would be used to analyze the

statistics. Otherwise, a fixed-effects model was used. Furthermore,

we conducted a leave-one-out analysis. Moreover, we used online

approval to test the statistical power of this study (https://

cnsgenomics.shinyapps.io/mRnd/).

Genetic variants associated with exposures at genome-wide

significance (p <5 × 10−8) were then LD-pruned (distance

threshold = 10,000 kb, r2 = 0.01) using the clump_data command

in the “TwoSampleMR” package in R to identify an independent set

of variants to serve as a genetic instrument for exposures. The

univariable MR analysis was performed by R packages “Two Sample

MR” and “Mendelian randomization.” The multivariable MR

analysis was performed by R packages “MVMR” and “Mendelian

randomization.” The MR-PRESSO was conducted using the R

package “MRPRESSO.” Data visualization was conducted using R

software 4.1.1 (https://www.r-project.org/).
Results

Univariable MR analysis of risk factors
on iCCA

In contrast to some conventional analyses showing a positive

association between phenotypes associated with metabolic factors,
A B

FIGURE 1

(A) The basic assumptions of Mendelian randomization; (B) The main design of this study. 2h GLU is the 2-hour glucose after an oral glucose
tolerance test. FI is fasting insulin. FG is fasting glucose. BMI is the body mass index; HIP is the hip circumference. WC is the waist circumference.
WHR is the waist-to-hip ratio. BFP is the body fat percentage; HbA1c is the glycated hemoglobin; HDL-C is the high-density lipoprotein cholesterol;
LDL-C is the low-density lipoprotein cholesterol; and TC is the total cholesterol. TG is the triglycerides. T2DM is type 2 diabetes. SBP is systolic
blood pressure, and DBP is diastolic blood pressure. NAFLD is non-alcoholic fatty liver disease.
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smoking, and drinking and iCCA risks, the MR analysis indicated

no strong evidence to support causality between them for iCCA

based on the European population.

Metabolic factors
1.1 Anthropometric traits: BMI (OR = 1.994, CI = 0.535–7.429, p

= 0.304); body fat percentage (OR = 1.791, CI = 0.124–25.942, P =

0.669); hip circumference (OR = 1.401, CI = 0.348–5.645, p = 0.665);

waist-to-hip ratio (OR = 1.912, CI = 0.238–15.376, p = 0.542); waist

circumference ( OR= 1.943, CI = 0.352-10.734).

1.2 Blood pressure: SBP (OR = 1.006, CI = 1.005–1.006, P =

0.784); DBP (OR = 1.007, CI = 1.006–1.007, p = 0.845).

1.3 Glycemic traits: 2h glucose (OR = 1.183, CI = 0.351–3.982,

p = 0.788); fasting glucose (OR = 0.826, CI = 0.064–10.615, p =

0.883); HbA1c (OR = 1.130, CI = 0.170–7.529, p = 0.911); fasting

insulin (OR = 4.002, CI = 0.157–102.318, p = 0.373); type 2 diabetes

(OR = 0.671, CI = 0.363–1.242, p = 0.204).

1.4 Lipidemic traits: HDL-C (OR = 0.731, CI = 0.385–1.390, p =

0.339); LDL-C (OR = 1.232, CI = 0.694–2.187, p = 0.475); TG (OR =

1.053, CI = 0.477–2.324, p = 0.898); TC (OR = 1.029, CI = 0.577–

1.836, p = 0.923).

1.5 NAFLD: (OR = 0.739, CI = 0.637–0.856, p = 0.223).

Smoking and drinking
Smoking (OR = 0.751, CI = 0.285–1.976, p = 0.562), drinking

(OR = 1.508, CI = 0.918–2.475, p = 0.505) (Table 2).
Multivariable MR analysis of risk factors
on iCCA

A multivariable MR analysis was conducted to estimate the

independent effects of risk factors on iCCA. No significant

association was also observed when using exposure-

associated SNPs.

Metabolic factors
1.1 Anthropometric traits: BMI (OR = 2.056, CI = 0.496–8.524,

p = 0.321); Body fat percentage (OR = 2.156, CI = 0.148–31.421, p =

0.574); hip circumference (OR = 0.996, CI = 0.225–4.402, p =

0.996); waist circumference (OR = 1.701, CI = 0.262–11.060,

p = 0.578).

1.2 Blood pressure: SBP (OR = 1,02, CI = 0.975–1.058, p =

0.467); DBP (OR = 1.002, CI = 0.934–1.074, p = 0.965).

1.3 Glycemic traits: 2h glucose (OR = 1.271, CI = 0.369–4.385,

p = 0.704); fasting glucose (OR = 0.594, CI = 0.046–7.681, p =

0.690); HbA1c (OR = 0.992, CI = 0.116–8.480, p = 0.994); fasting

insulin (OR = 2.022, CI = 0.090–45.595, p = 0.658); type 2 diabetes

(OR = 0.685, CI = 0.371–1.265, p = 0.227).

1.4 Lipidemic traits: HDL-C (OR = 0.703, CI = 0.355–1.392, p =

0.312); LDL-C (OR = 1.241, CI = 0.659–2.337, p = 0.504); TG (OR =

1.247, CI = 0.560–2.775, p = 0.589); TC (OR = 0.984, CI = 0.518–

1.873, p = 0.962).

1.5 NAFLD (OR = 0.739, CI = 0.455–1.199, p = 0.221).
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Smoking and drinking
Smoking (OR = 0.751, CI = 0.287–1.966, p = 0.560), drinking

(OR = 1.471, CI = 0.448–4.831, p = 0.525) (Figure 2).

We observed that the confidence interval for exposures was

wide, which was caused by the relatively low sample size. Therefore,

it cannot be ruled out that there would be weak connections

between metabolic factors, smoking, drinking, and iCCA.

Another possibility of null findings observed in our MR analyses

could be explained by the low proportion of variances in some

exposures (F statistics <100).
Sensitivity analysis

The heterogeneity and pleiotropy of results had not been tested

in this study. MR-Egger intercept represented the average level of

pleiotropy of all SNPs associated exposure. No significant

horizontal pleiotropic effects were detected in the MR Egger test

(for the intercept of MR Egger, all P-values were greater than 0.1).

All the results of these exposures were MR-PRESSO corrected if

outliers were detected. The statistical power of these exposures

was 100%.
Discussion

iCCA comprises approximately 10% of all primary liver cancers,

making it the second most common primary hepatic malignancy

after hepatocellular carcinoma (HCC) (39). As well-established risk

factors for most kinds of cancers, metabolic diseases (obesity,

diabetes, NAFLD, dyslipidemia, and hypertension), smoking, and

drinking have been the subject of a long debate as to whether they

are risk factors for iCCA. Several observational studies have

demonstrated that patients with them have a significantly

increased risk of iCCA, while many studies have also reported

no association.

In our population-based Mendelian randomization study, we

estimated the causal relationship between obesity, type 2 diabetes,

NAFLD, hypertension, smoking, drinking, and iCCA based on

several large-scale GWAS studies. To make our study more

complete, we included glycemic phenotypes associated with type

2 diabetes and anthropometric traits associated with obesity. We

provided novel insights into how obesity, type 2 diabetes,

dyslipidemia, hypertension, NAFLD, smoking, and drinking

might not be associated with iCCA.

Obesity is a global epidemic that has a complex association with

many cancers. As the most measured marker for obesity, BMI has

been more and more extensively investigated. The data on the

relationship between obesity and iCCA is conflicting and not

consistent. Menon et al. (19) found a strong positive association

between increasing BMI and iCCA, including 4,287 cases in the UK.

On the contrary, Welzel et al. and Chaiteerakij et al., who conducted

the study on the Danish population and the US population, both

assessed the relationship between obesity and iCCA and both found
frontiersin.org
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TABLE 2 The effect estimates, test of heterogeneity and test of pleiotropy of Risk Factors on iCCA.

Exposure NSNP MR
methodology

Effect Estimates iCCA Test of heterogeneity Test of pleiotropy

OR 95%
LCI

95%
UCI

P
value

Cochrane Q
test

Phetero-
geneity

MR
Egger
intercept

Ppleio-
tropy

BMI 79 IVW 1.994 0.535 7.429 0.304 62.818 0.894

MR Egger 0.087 0.002 4.324 0.224 60.032 0.923 0.090 0.099

Weighted
median

1.636 0.240 11.158 0.611

Body fat percentage 10 IVW 1.791 0.124 25.942 0.669 7.984 0.536

MR Egger 0.001 6.11x10-9 336.641 0.330 6.644 0.575 -0.022 0.964

Weighted
median

2.003 0.056 70.949 0.710

Hip circumference 54 IVW 1.401 0.348 5.645 0.665 5.046 0.538

MR Egger 5.858 0.087 392.808 0.333 0.123 0.726 0.263 0.280

Weighted
median

2.274 0.259 19.957 0.754

Waist
circumference

44 IVW 1.943 0.352 10.734 0.446 37.421 0.711

MR Egger 3.063 0.007 1.152
x103

0.717 37.397 0.673 -0.013 0.878

Weighted
median

1.968 0.153 25.290 0.593

Waist-to-hip ratio 33 IVW 1.912 0.238 15.376 0.542 32.096 0.462

MR Egger 10.859 0.002 4.977x104 0.583 31.917 0.421 -0.046 0.679

Weighted
median

8.091 0.394 166.192 0.197

SBP 751 IVW 1.006 1.005 1.006 0.784 765.334 0.341

MR Egger 0.983 0.980 0.985 0.751 765.121 0.333 0.007 0.648

Weighted
median

0.981 0.980 0.982 0.581

DBP 790 IVW 1.007 1.006 1.007 0.845 807.345 0.317

MR Egger 0.946 0.937 0.956 0.540 806.768 0.314 0.453

Weighted
median

0.966 0.962 0.970 0.544

NAFLD 5 IVW 0.739 0.637 0.856 0.223 1.627 0.804

MR Egger 0.764 0.568 1.029 0.666 1.622 0.654

Weighted
median

0.684 0.556 0.843 0.175

2h Glucose 14 IVW 1.183 0.351 3.982 0.788 12.776 0.465

MR Egger 5.553 0.221 139.237 0.318 11.742 0.467 -0.117 0.329

Weighted
median

1.210 0.230 6.350 0.824

Fasting Glucose 29 IVW 0.826 0.064 10.615 0.883 24.036 0.680

MR Egger 4.409 0.005 4.16x103 0.674 23.769 0.643 -0.043 0.609

(Continued)
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TABLE 2 Continued

Exposure NSNP MR
methodology

Effect Estimates iCCA Test of heterogeneity Test of pleiotropy

OR 95%
LCI

95%
UCI

P
value

Cochrane Q
test

Phetero-
geneity

MR
Egger
intercept

Ppleio-
tropy

Weighted
median

0.606 0.013 27.638 0.795

HbA1c 94 IVW 1.130 0.170 7.529 0.911 71.968 0.948

MR Egger 0.681 0.013 34.431 0.848 71.876 0.940 0.010 0.762

Weighted
median

0.692 0.015 31.640 0.848

Fasting Insulin 42 IVW 4.002 0.157 102.318 0.373 46.330 0.262

MR Egger 0.004 3.05x10-7 44.141 0.249 43.701 0.317 0.125 0.129

Weighted
median

7.818 0.093 660.411 0.363

Type 2 diabetes 24 IVW 0.671 0.363 1.242 0.204 19.388 0.679

MR Egger 4.191 0.305 57.550 0.295 17.402 0.741 -0.193 0.173

Weighted
median

0.560 0.238 1.315 0.183

HDL-C 122 IVW 0.731 0.385 1.390 0.339 115.125 0.633

MR Egger 0.581 0.176 1.917 0.375 114.925 0.614 0.013 0.656

Weighted
median

0.750 0.272 2.068 0.578

LDL-C 95 IVW 1.232 0.694 2.187 0.475 99.902 0.319

MR Egger 0.995 0.403 2.455 0.991 99.497 0.303 0.017 0.540

Weighted
median

0.894 0.364 2.196 0.807

TG 70 IVW 1.053 0.477 2.324 0.898 72.385 0.367

MR Egger 0.969 0.268 3.501 0.962 72.356 0.336 0.005 0.869

Weighted
median

1.043 0.311 3.505 0.945

TC 114 IVW 1.029 0.577 1.836 0.923 111.521 0.522

MR Egger 1.697 0.664 4.335 0.272 109.758 0.542 -0.034 0.187

Weighted
median

1.428 0.517 3.939 0.501

Smoking 28 IVW 0.751 0.285 1.976 0.562 27.368 0.444

MR Egger 0.732 0.127 4.208 0.729 27.367 0.390 0.002 0.972

Weighted
median

1.471 0.344 6.280 0.192

Drinking 112 IVW 1.508 0.918 2.475 0.505 105.130 0.639

MR Egger 11.127 0.010 1.25x104 0.108 102.949 0.670 -0.054 0.143

Weighted
median

3.592 0.205 63.008 0.263
F
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NSNP is the number of single nucleotide polymorphism; OR is the odds ratio; 95%LCI is the lower limit of 95% confidence interval; 95%UCI is the upper limit of 95% confidence interval; P value
is the p-value of OR; Pheterogeneity is the p-value of Cochrane’s Q value in heterogeneity test; Ppleiotropy is the p-value of MR-Egger intercept. IVW is IVW with a fixed effects model.
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no significant association between obesity and iCCA (16, 18). A

large prospective cohort study of people in the U.S. found that a

higher risk of iCCA was associated with BMI at age 18 but not at

ages 35 and 50. However, the sample size was limited for their

analysis, and most results were not significant (40). Another MR

study identified an association between 26 risk factors, including

metabolic factors, drinking, and smoking. They found that

gallstones and liver fat accumulation were two risk factors for

CCA (41). Our MR analysis supported that there was no direct

causation between obesity and iCCA since none of the obesity-

related indices can contribute to the iCCA risk (BMI, WHR, and

BFP). Considering that obesity can alter levels of adipokines, pro-

tumorigenic lipids, and metabolites, and since liver fat

accumulation is an established causal risk factor in previous

studies, it might be reasonable that the previously observed

association between obesity and iCCA could be mediated by liver

fat accumulation. This may be the reason why this study shows that

there is no causal relationship between obesity and iCCA.

T2DM is also a recognized risk factor for cancer. Over the

decades, several cohort studies have identified associations between

type 2 diabetes and increased cancer risk (42). Characteristics of
Frontiers in Oncology 08
type 2 diabetes include abnormal glucose and lipid metabolism,

which might progress to hyperinsulinemia and insulin resistance.

These changes promote hepatocyte proliferation and inhibit cellular

apoptosis, which could induce iCCA. Studies that assessed the

relationship between type 2 diabetes and iCCA reported different

findings and conflicting conclusions. Petrick et al. performed a US

population-based study and observed that type 2 diabetes is

associated with iCCA (20). Palmer et al. conducted a meta-

analysis and then also found that type 2 diabetes was significantly

associated with iCCA (21). Similar conclusions can also be obtained

from Welzel et al.’s research (15, 16). Nevertheless, several studies

obtained different results. One case–control study based on the UK

population conducted by Grainge et al. found an association

between diabetes and both cholangiocarcinoma and gallbladder

cancer, but that association was not statistically significant with

cholangiocarcinoma when analyzing the subgroup data (23).

Another study based on the Taiwanese population found that

although there was an association between diabetes and

cholangiocarcinoma, the association was non-significant (43).

Similar conflicting results have been observed from other studies

on type 2 diabetes and iCCA based on East Asian populations,
FIGURE 2

The forest plot of multivariable Mendelian randomization results. OR is the odds ratio; 95% LCI is the lower limit of the 95% confidence interval; 95%
UCI is the upper limit of the 95% confidence interval; SD is the standard deviation; and log OR is the logarithm of the odds ratio.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1203685
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Qin et al. 10.3389/fonc.2023.1203685
including Chinese and Japanese (44). In this MR study, the

circumstances of T2DM and its associated indices are similar to

those of obesity, where the MR analysis found no strong evidence to

support associations between T2DM, including several glycemic

traits, and iCCA as well. The largest meta-analysis did not find an

association between hypertension and CCA, and our MR analysis

supported it (28).

Non-alcoholic fatty liver disease (NAFLD) is causing a rise in

the prevalence of hepatocellular carcinoma. On the contrary, the

relationship between NAFLD and iCCA is still unclear, with

conflicting data being reported. A multicenter international study

showed that NAFLD and its most aggressive phenotype (non-

alcoholic steatohepatitis, NASH) are held responsible for the

increasing incidence of iCCA and its prognostic role (45).

NAFLD has been associated with iCCA, but such an association

was not confirmed in this MR study. Such results can be explained

by the existing confounders as well.

Lipid metabolism plays a vital role in the stability of the cell

membrane and energy supply, thereby impacting cell growth and

proliferation viamultiple signaling pathways. Lipids and cholesterol

can be exploited by most types of cancer to meet their increased

energy demands. Cancer cells even possess some adipocyte

characteristics, storing excess lipids in the form of lipid droplets,

which supply energy to promote their expansion and metastasis.

Although most current research deems that serum lipid profiles are

associated with cancer, the relationship between serum lipid profiles

and cancers at specific sites has not been confirmed. This notion is

supported by the lack of a causal association between serum lipid

profiles and iCCA. The largest meta-analysis indicated that both

smoking and drinking were risk factors for iCCA, while our results

suggested that such associations might not be directly causal. The

reason for this contradictory result may be that smoking could

increase the risk of NAFLD, and it is no surprise that there was an

association between smoking and iCCA in that study (28).

Additionally, it has been well established that alcohol intake can

damage the liver and cause lipid accumulation. Thus, there might be

no direct causal link between alcohol intake and iCCA. Although the

proportion of cases included in the UKB is relatively low, the

probability of a false negative relationship between risk factors and

iCCA should be low after rigorous IV selection and sensitivity testing.

In conclusion, this study is the first to use MR to evaluate the

causal relationship between obesity, type 2 diabetes, NAFLD,

hypertension, dyslipidemia, smoking, drinking, and iCCA, and it

found that there is little evidence to support the genetic role of them

in iCCA development. It provided a novel insight into current

unsettled problems in iCCA: in contrast to most current studies, the

impact of type 2 diabetes, obesity, and smoking on iCCA

development, if any, might be smaller than we thought. The

previous positive results might be due to the comorbidities

between diseases and potentially unavoidable confounding

factors. However, there are several limitations to our study (1):

The proportion of iCCA patients in UKB is relatively low and could

compromise statistical power, failing to detect a true causal

relationship. Therefore, the 95% confidence intervals of our

results were relatively wide, and potential associations of obesity,

type 2 diabetes, and smoking with iCCA cannot be ruled out. (2)
Frontiers in Oncology 09
Another factor that influences the results is pleiotropy; we

performed MR Egger and MR PRESSO to reduce the pleiotropy,

and the Egger regression did not suggest the possibility of

pleiotropic effects. (3) Our study was based on people of

European ancestry, and it is hard to consider whether it can be

generalized to other populations. (4) Anthropometric traits and

several metabolic factors differ between the sexes and races, which

may also lead to bias in the MR analysis. However, currently, most

of the GWAS data used for MR analysis is mixed-sex and Eastern-

Asian ancestry data. Further MR studies are needed to address this

problem. (5) In this study, the included metabolism-related risk

factors and metabolism-related diseases are relatively insufficient

and need to be improved in future analyses. Anyway, further

investigations should be carried out to verify these findings

and hypotheses.
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