Received: 29 October 2020 Revised: 14 January 2021 Accepted: 24 January 2021

DOI: 10.1111/cas.14824

ORIGINAL ARTICLE Cancer Science Ri2198:%

Body mass index and colorectal cancer risk: A Mendelian
randomization study

Shiori Suzuki? | Atsushi Goto*® | Masahiro Nakatochi*® | Akira Narita® |
Taiki Yamajit | Norie Sawada'® | Ryoko Katagiri® |
Masao lwagami® | Akiko Hanyuda® | Tsuyoshi Hachiya’ | Yoichi Sutoh’ | lsao Oze® |

Yuriko N. Koyanagi’ | Yumiko Kasugai®!® | Yukari Taniyama’ | Hidemi Ito”!! |

Hiroaki lkezaki'? | Yuichiro Nishida'® | Takashi Tamura* | Haruo Mikami®® |
Toshiro Takezaki’® | Sadao Suzuki'’ | Etsuko Ozaki'® | Kiyonori Kuriki'? |
Naoyuki Takashima2®?! | Kokichi Arisawa®? | Kenji Takeuchi!* | Kozo Tanno®® |
Atsushi Shimizu’” | Gen Tamiya®* | Atsushi Hozawa?® | Kengo Kinoshita?® |

Kenji Wakai'* | Makoto Sasaki?®® | Masayuki Yamamoto?” | Keitaro Matsuo®°® |
Shoichiro Tsugane?® | Motoki Iwasakil*?

'Division of Epidemiology, Center for Public Health Sciences, National Cancer Center, Tokyo, Japan

’Division of Cancer Medicine, Jikei University School of Medicine, Tokyo, Japan

3Department of Health Data Science, Graduate School of Data Science, Yokohama City University, Yokohama, Japan

4Public Health Informatics Unit, Department of Integrated Health Sciences, Nagoya University Graduate School of Medicine, Nagoya, Japan
>Department of Health Record Informatics, Tohoku Medical Megabank Organization, Tohoku University, Sendai, Japan

SFaculty of Medicine, Department of Health Services Research, University of Tsukuba, Tsukuba, Japan

Division of Biomedical Information Analysis, lwate Tohoku Medical Megabank Organization, Iwate Medical University, Iwate, Japan
8Division of Cancer Epidemiology and Prevention, Aichi Cancer Center Research Institute, Nagoya, Japan

?Division of Cancer Information and Control, Aichi Cancer Center Research Institute, Nagoya, Japan

ODjvision of Cancer Epidemiology, Nagoya University Graduate School of Medicine, Nagoya, Japan

"Division of Descriptive Cancer Epidemiology, Nagoya University Graduate School of Medicine, Nagoya, Japan

2Department of Comprehensive General Internal Medicine, Kyushu University Faculty of Medical Sciences, Fukuoka, Japan

13Facu|ty of Medicine, Department of Preventive Medicine, Saga University, Saga, Japan

Department of Preventive Medicine, Nagoya University Graduate School of Medicine, Nagoya, Japan

15Cancer Prevention Center, Chiba Cancer Center Research Institute, Chiba, Japan

Department of International Island and Community Medicine, Kagoshima University Graduate School of Medical and Dental Sciences, Kagoshima, Japan
Department of Public Health, Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan

8Department of Epidemiology for Community Health and Medicine, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto,
Japan

19Laboratory of Public Health, School of Food and Nutritional Sciences, University of Shizuoka, Shizuoka, Japan
20Faculty of Medicine, Department of Public Health, Kindai University, Osaka, Japan
21Department of Public Health, Shiga University of Medical Science, Shiga, Japan

Abbreviations: BBJ, Biobank Japan; BMI, body mass index; CRC, colorectal cancer; GWAS, genome-wide association study; HERPACC, Hospital-based Epidemiologic Research Program
at Aichi Cancer Centre; IVW, inverse-variance weighted; J-CGE, Japanese Consortium of Genetic Epidemiology studies; J-MICC, Japan Multi-Institutional Collaborative Cohort Study;
JPHC, Japan Public Health Centre-based Prospective Study; MR, Mendelian randomization; MR-PRESSO, Mendelian randomization pleiotropy residual sum and outlier; NAGANO,
NAGANO hospital-based study; SNP, single nucleotide polymorphism.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2021 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.

Cancer Science. 2021;112:1579-1588. wileyonlinelibrary.com/journal/cas 1579


www.wileyonlinelibrary.com/journal/cas
mailto:﻿
https://orcid.org/0000-0003-0669-654X
https://orcid.org/0000-0002-1838-4837
https://orcid.org/0000-0002-9936-1476
https://orcid.org/0000-0002-0762-1147
https://orcid.org/0000-0003-1761-6314
https://orcid.org/0000-0003-3319-4131
http://creativecommons.org/licenses/by-nc-nd/4.0/

1580 H
L RRWITSE Cancer Science

SUZUKI eT AL.

22Department of Preventive Medicine, Tokushima University Graduate School of Biomedical Sciences, Tokushima, Japan

2Division of Clinical Research and Epidemiology, lwate Tohoku Medical Megabank Organization, lwate Medical University, Iwate, Japan

2*Department of Integrative Genomics, Tohoku Medical Megabank Organization, Tohoku University, Sendai, Japan

2Department of Preventive Medicine and Epidemiology, Tohoku Medical Megabank Organization, Tohoku University, Sendai, Japan

2%|wate Tohoku Medical Megabank Organization, lwate Medical University, Iwate, Japan

?’Tohoku Medical Megabank Organization, Tohoku University, Sendai, Japan

28Center for Public Health Sciences, National Cancer Center, Tokyo, Japan

Correspondence

Atsushi Goto, Department of Health Data
Science, Graduate School of Data Science,
Yokohama City University, Yokohama,
Japan.

Email: agoto@yokohama-cu.ac.jp

Funding information

The Japan Agency for Medical Research
and Development, Grant/Award Number:
15ck0106095h0002, 16ck0106095h0003,
17ck0106266h00, JP20km0105001,
20km0105003; JSPS KAKENHI Grant from
the Japanese Ministry of Education, Culture,
Sports, Science and Technology, Grant/
Award Number: JP16H06277, JP26253041,
JP20K10463, JP18K10095, JP19H03913;
Grants from the Reconstruction Agency,
the Ministry of Education, Culture, Sports,
Science and Technology; Grants-in-Aid for
Scientific Research for Innovative Areas
from the Japanese Ministry of Education,
Culture, Sports, Science and Technology,
Grant/Award Number: 221S0001; National
Cancer Center Research and Development
Fund, Grant/Award Number: 23-A-31 (toku),
26-A-2,28-A-19, 29-A-4, 31-A-18; Grant-in-
Aid for the Third Term Comprehensive 10-
year Strategy for Cancer Control from the
Ministry of Health, Labour and Welfare of
Japan; Grants-in-Aid for Scientific Research
for Priority Areas of Cancer from the
Japanese Ministry of Education, Culture,
Sports, Science and Technology, Grant/
Award Number: 17015018.

1 | INTRODUCTION

Abstract

Traditional observational studies have reported a positive association between higher
body mass index (BMI) and the risk of colorectal cancer (CRC). However, evidence
from other approaches to pursue the causal relationship between BMI and CRC is
sparse. A two-sample Mendelian randomization (MR) study was undertaken using 68
single nucleotide polymorphisms (SNPs) from the Japanese genome-wide association
study (GWAS) and 654 SNPs from the GWAS catalogue for BMI as sets of instrumen-
tal variables. For the analysis of SNP-BMI associations, we undertook a meta-analysis
with 36 303 participants in the Japanese Consortium of Genetic Epidemiology stud-
ies (J-CGE), comprising normal populations. For the analysis of SNP-CRC associations,
we utilized 7636 CRC cases and 37 141 controls from five studies in Japan, and under-
took a meta-analysis. Mendelian randomization analysis of inverse-variance weighted
method indicated that a one-unit (kg/mz) increase in genetically predicted BMI was
associated with an odds ratio of 1.13 (95% confidence interval, 1.06-1.20; P value
<.001) for CRC using the set of 68 SNPs, and an odds ratio of 1.07 (1.03-1.11, 0.001)
for CRC using the set of 654 SNPs. Sensitivity analyses robustly showed increased
odds ratios for CRC for every one-unit increase in genetically predicted BMI. Our MR
analyses strongly support the evidence that higher BMI influences the risk of CRC.
Although Asians are generally leaner than Europeans and North Americans, avoiding

higher BMI seems to be important for the prevention of CRC in Asian populations.
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leading to residual confounding. Moreover, even with information

on confounders, observational studies might yield biased results, as

According to a 2018 worldwide report, CRC represents 10.2% of
cancer incidence and 9.2% of cancer mortality.! The GLOBOCAN
database? shows that the number of new cases and deaths from CRC
are increasing rapidly, such that it is predicted to exceed 2.2 million
new cases and 1.1 million deaths by 2030.2 To control this increasing
disease burden, it is essential to explore approaches for the preven-
tion of CRC.

To date, numerous observational studies have reported an as-
sociation between higher BMI and increased CRC risk.* However,
these traditional observational studies possess certain inherent lim-
itations like reverse causality and residual confounding. For exam-
ple, early life environments,® which could influence both adult BMI

and CRC risk, were not adjusted in any of these studies, possibly

covariate adjustments need to be done with considerable caution.
Although socioeconomic status and smoking behavior would be con-
founders of the BMI and CRC association, they could also act as me-
diators in the association; higher BMI could influence CRC through
employment status® or through smoking behavior.” In such a case,
adjusting for both factors fails to estimate the total effect of BMI
on CRC.

To overcome these limitations, we used the MR analysis, which
is currently gaining popularity. Mendelian randomization analysis re-
gards gene variants as instrumental variables and exploits Mendel’s
second law or the law of independent assortment.2 The random
allocation of genotypes at conception mimics natural, randomized,

controlled study conditions, thus allowing observational studies to
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overcome biases such as residual confounding and reverse causal-
ity.? Although BMl is time-dependent and could decrease during the
early stages of cancer,* the use of BMI-associated gene variants as a
proxy for BMI can help reflect the typical lifetime BMI and counter-
act reverse causality and misclassification issues arising from one-
time point measurements.

Recent MR studies have suggested a positive association be-
tween BMI and CRC in Europeans.®*! However, it is unclear if this
association can be applied to other ethnicities like Asians, because
the allele frequencies of SNPs vary widely across ethnicities,?
and the prevalence and features of obesity are different across
countries. Generally, Asians are leaner than Europeans and North
Americans.”® However, they possess higher body fat for given
body weight compared to White populations.** Furthermore,
Asians tend to develop diabetes at lower BMI values compared
to Europeans.®® This could be attributed to their stronger glucose
intolerance for a given BMI compared to other populations.t
Therefore, the interpretation of each BMI value and the biologi-
cal mechanisms of obesity might not be the same across all pop-
ulations. These heterogeneities between ethnicities warrant the
need for an Asian population-specific MR study to evaluate the
association between BMI and CRC.

We recently established the J-CGE, comprising normal Japanese
populations. By using the data obtained from this large consortium
and combining it with publicly available summary statistics-level
data,”” we undertook the two-sample MR analyses and examined
whether a genetically predicted higher BMI increased the CRC risk

in Japanese populations.

2 | MATERIALS AND METHODS

Using two sets of instrumental variables, we carried out two-

sample MR analyses. In the two-sample approach, SNPs of
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instrumental variables associated with exposure are examined in
one dataset, and the associations of these SNPs with CRC are in-
vestigated in a separate dataset. The study design is depicted in
Figure 1.

The MR analysis is a method that uses genetic variables, like
SNPs, as instrumental variables. To obtain unbiased results, the
instrumental variables used in the analysis must satisfy three as-
sumptions: (a) the instrumental variable must be associated with
the exposure (the relevance assumption), (b) the instrumental vari-
able must not be associated with any confounder of the exposure-
outcome association (the independent assumption) and, (c) given
the exposure and confounders, the instrumental variable must be
conditionally independent of the outcome (the exclusion restric-
tion assumption).®'® Concisely, the second and third assumptions
indicate that no horizontal pleiotropy must occur. Pleiotropy is the
phenomenon in which a single SNP affects multiple phenotypes.'’
In the MR framework, pleiotropy includes two types, vertical and
horizontal.*®2° In vertical pleiotropy, a single SNP influences the ex-
posure and the other phenotypes in the pathway through exposure
to the outcome (eg biomarkers); it is generally not problematic. In
contrast, in horizontal pleiotropy, a single SNP not only influences
the exposure but also influences phenotypes in other pathways
without exposure to the outcome; it is a violation of the second and
third assumptions. As the ability of SNPs to cause pleiotropy is not
verifiable, we used several MR methods to relax these assumptions
and assess the robustness.

2.1 | Data source for the selection of BMI-
associated SNPs

In this study, we used two sets of SNPs as instrumental vari-
ables. First, we selected BMl-associated SNPs from a previous
Japanese GWAS reported by the BBJ project.?%?2 Among the

Selection of genetic variants
- 68 BMI-associated SNPs from the BBJ study

+ 654 BMI-associated SNPs from nine studies of the GWAS catalogue

/ \

FIGURE 1 Study design. BBJ, Biobank
Japan; BMI, body mass index; J-MICC,
Japan Multi-Institutional Collaborative
Cohort Study; JPHC, Japan Public

Health Centre-based Prospective Study;
JPHC-5 year, participants who did not
respond to the baseline survey but

-> meta-analysis using a fixed-effect model

SNP-exposure analysis SNP-outcome analysis
N =36 303 Cases = 7636 ,Controls = 37 141

Japanese Consortium of Genetic
Epidemiology studies (J-CGE);
+ JPHC (10 290)
+ TMM (8901)
+ J-MICC (14 070)

- HERPACC (3042)

- JPHC-base (cases = 482, controls = 2434)
+ JPHC-5year (cases = 194 , controls = 3607)
* NAGANO (cases = 105, controls = 103)

+ HERPACC (cases = 163, controls = 3819)

+ BBJ (cases = 6692 , controls = 27 178)

-> meta-analysis using a fixed-effect model

responded to the 5-year follow-up survey
in JPHC; JPHC-base, responders to the
baseline survey in JPHC; MR, Mendelian
randomization; NAGANO, NAGANO
hospital-based study; SNP, single
nucleotide polymorphism; TMM, Tohoku
Medical Megabank Community-Based
Cohort Study

Pk

Two-sample MR analyses
+ Inverse-variance weighted, *+ Weighted median,

+ MR-Egger, * MR-PRESSO

Additional sensitivity analyses

+ Split-sample MR, - Leave-one-out
* MR with 46 or 124 BMI-associated and replicated SNPs
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SNPs reported, we identified 68 SNPs that had a P value of less
than 5.0 x 108 at the discovery GWAS in the Japanese population
(Table S1).

Second, on 29 July 2019, we undertook a search for the BMI-
associated SNPs in the GWAS catalogue (https://www.ebi.ac.uk/
gwas/) comprising all ethnic populations in strict criteria. Details
of this selection is provided in Figure S1. Finally, we identified 654
SNPs (Table S2) from nine studies (Table S3), and used them in our
study.

The coefficients (effect size of the SNP on BMI) of all selected
SNPs were obtained from previous studies and compared with our
coefficients. We encountered certain studies where all the obtained
data were not reported in the manuscript. In such cases, we extracted
the data that was publicly available on their websites. Furthermore,
regardless of the statistical significance of the SNP-BMI associations
in the J-CGE, all selected SNPs were included in sets of instrumental
variables to overcome biases from false negatives arising from insuf-

ficient power20 and from overfitting.23

2.2 | Data source for the estimations of SNP effect
on exposure

For the analysis of SNP-BMI associations, we used study data from
the J-CGE and undertook a meta-analysis with 36 303 subjects.
The J-CGE consisted of Japanese population-based and hospital-
based studies: the Tohoku Medical Megabank Community-Based
Cohort (TMM) Study (n = 8901), the JPHC Study (n = 10 290), the
J-MICC Study (n = 14 070), and the HERPACC (n = 3042). The
data obtained from these studies are summarized below the same
protocol. In each study, the BMI was assessed at baseline through
health check-ups (83%) or self-administered questionnaires.
Although the question style differed in each study, the BMI was
calculated as follows: weight (in kilograms) divided by the square
of the height (in meters). All studies were approved by the respec-
tive institutional review boards. The characteristics of each study
are described in Table S4.

2.3 | Data source for the estimations of SNP effect
on outcome

For the analysis of SNP-CRC associations, we used individual-level
data from the JPHC study, the NAGANO study, and the HERPACC
study, and publicly available summary statistics-level data from a

previous GWAS reported by the BBJ project.’”

Briefly, these stud-
ies were all based on individuals of Japanese ancestry and included
cases and controls from the JPHC case-cohort study-base (JPHC-
base; 482 cases and 2434 controls), the JPHC case-cohort study-
5 year (JPHC-5 year; 194 cases and 3607 controls), the NAGANO
study (105 cases and 103 controls), the HERPACC study (163 cases
and 3819 controls), and the BBJ study (6692 cases and 27 178

controls). All studies were approved by the respective institutional

review boards. For each study, the characteristics and ascertainment
of CRC are described in Table S5.

2.4 | Statistical analysis

Meta-analysis was carried out on the study-level data and publicly
available summary statistics-level data using the IVW method in a
fixed-effect model, using META (version 1.7) or METAL,?* and the
overall SNP-exposure or SNP-outcome effect (coefficient) was cal-
culated. Methods of association analysis and information on DNA-
typing based on individual-level data are listed in Table Sé.

We undertook the two-sample MR analyses to assess the associ-
ation between BMI and CRC risk, using the MR-Base platform.2> We
used the IVW method as the main analysis to combine the ratio es-
timates of all BMI-associated SNPs on CRC, based on a fixed-effects
model.?® As our sets of instrumental variables consist of many SNPs,
certain invalid SNPs that may not meet the MR assumption might
have also been included in them. Therefore, to assess the robust-
ness and to relax the assumptions, we used several MR methods:
the funnel plot analysis, the leave-one-out analysis, and three other
MR methods including weighted median,?” MR-Egger,?® and MR-
PRESSO.?’ The weighted median method provides robust results
even when the instruments include 50% invalid SNPs. The MR-Egger
and MR-PRESSO methods examine the violation of the assumptions
by testing the intercept of regression or the outlier SNPs.

Additionally, we also carried out split-sample MR analyses using
the aforementioned methods for sensitivity analyses. Generally, two-
sample MR analysis identifies SNPs associated with exposure in one
dataset and investigates the association of these SNPs with the out-
come in a separate dataset, to reduce the bias toward conventional ob-
servational analysis results®®L; however, our exposure and outcome
datasets showed slight overlap of samples. Therefore, we used the
split-sample MR analyses as the sensitivity analyses to remove sample
overlap bias.®>% Our split-sample MR design is depicted in Figure S2.

Furthermore, for additional sensitivity analyses, we excluded
the unreplicated SNPs from the set of 68 or 654 selected SNPs and
conducted MR analyses using 46 or 124 replicated SNPs. We did
not utilize estimates from previous GWAS reports of BMI-associated
SNPs because there is a possibility of the overestimation of SNP-
BMI associations (called winner’s curse) in the GWAS discovery
stage, which could lead to the underestimation of MR results.34%°
However, analysis of the SNP effect on BMI in the normal Japanese
populations of J-CGE revealed that some of the SNPs used as in-
strumental variables were not significant. Therefore, we carried out
analyses with the replication criteria, using the same directions of
SNP-exposure effects between the J-CGE and previous studies, and
P value less than .05 in the J-CGE.

Power calculations for MR analysis are presented in Table S7, sug-
gesting that this study possessed the power to detect the association.
Thresholds for nominal significance were set at a P value less than .05.
Statistical analyses were carried out using SAS (version 9.4) or R (ver-
sion 3.5.2), with the TwoSampleMR and MR-PRESSO packages.
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and Figure 2). The odds ratios from the MR-Egger and weighted
median were 1.11 (0.99-1.24) and 1.17 (1.07-1.28), respectively. The
MR-Egger intercept P value was .72. Additionally, no outlier was

0.6

FIGURE 2 Scatter plot of single
nucleotide polymorphism (SNP)-body
mass index (BMI) associations against
SNP-colorectal cancer (CRC) associations
using 68 SNPs. MR, Mendelian
randomization

FIGURE 3 Scatter plot of single
nucleotide polymorphism (SNP)-body
mass index (BMI) associations against
SNP-colorectal cancer (CRC) associations
using 654 SNPs. MR, Mendelian
randomization

detected while using the MR-PRESSO method (Table S12), thus sug-
gesting the absence of pleiotropic effect. Moreover, this symmetri-
cal funnel plot of one divided by the standard error of the MR effects
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against the MR effects of 68 individual SNPs indicated the absence
of heterogeneity between the MR effects of each SNP and balanced
pleiotropy (Figure S5).

Mendelian randomization analyses of 654 SNPs showed a slightly
weaker association between BMI and CRC (IVW, 1.07 [1.03-1.11];
MR-Egger, 1.08 [1.02-1.15]; Egger-intercept P value, .68; weighted
median, 1.11 [1.04-1.18]; MR-PRESSO, 1.07 [1.03-1.11]; Tables 1 and
S12, Figure 3). The funnel plot showed a roughly symmetrical distri-
bution (Figure S5), suggesting little evidence of estimates biased by
pleiotropy.

Similar results were observed in the spilt-sample MR analyses,
which were used to avoid sample overlap between the exposure and
outcome datasets (Tables 1 and S13-516). As the split-sample anal-
yses yielded almost identical results, sample overlap bias was not a
concern in this study. Furthermore, the application of restrictions
to 46 or 124 replicated SNPs also showed similar results (Table S17
and Figure S6).

Finally, we assessed the impact of a potential outlier SNP using
the leave-one-out analysis. We excluded one SNP from the instru-
ment variables and applied the IVW method in turn. All analyses on
the 68 SNPs and 654 SNPs showed consistent results (Tables S18
and S19).

4 | DISCUSSION

In this MR study, we showed that genetically predicted higher BMI
was associated with an increased risk of CRC, using individual-level,
study-level, and publicly available summary statistics-level data in
Japanese populations. The results remained consistent despite strict
variant selection, and across a variety of sensitivity analyses. To our
best knowledge, this is the first study to provide evidence of a link
between BMI and CRC risk using the MR framework in an Asian
population. Importantly, the identified positive association between
higher BMI and CRC risk is in line with the findings of previous MR
studies in Europeans.m*11 In contrast to the differences in the distri-
butions of SNPs'? and BMI®® across ethnicities, our findings seem to
suggest that the MR estimates for the BMI-CRC association remain
consistent across different ethnicities. Moreover, as this association
was observed in a population of relatively low mean BMI, current
findings could be important for the prevention of CRC.

The largest systematic review of seven million participants
showed that the relative risk of a one-unit increase in BMI was 1.03
(95% confidence interval, 1.03-1.04).%” With respect to the Asian
populations, a prospective observational study of 300 000 Japanese
participants reported that the adjusted hazard ratio for a one-unit
increase in BMI was 1.03 (1.02-1.04) for male participants and 1.02
(1.00-1.03) for female participants.38 Nevertheless, conventional
observational studies have inherent limitations, such as residual con-
founding and reverse causation. Additionally, evidence from other
approaches to pursue the causal relationship between BMI and CRC
is sparse. Here, to evaluate that higher BMI influences increased risk

of CRC, we undertook an MR study, which resulted in the positive
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association. The magnitude of the association, identified through our
MR study (odds ratio 1.13), was larger than that observed in con-
ventional observational studies (odds ratio 1.03).%” This difference
of magnitude could be explained by the fact that genetically deter-
mined BMI is likely to reflect lifelong exposure.?4° In fact, there is
empirical evidence showing that the magnitude of the association
for lifelong exposure to the risk of disease estimated by the MR ap-
proach is larger than that for the short-term exposure beginning later
in life estimated by the randomized controlled trial.** Considering
the differences in the timing and duration of the exposure between
the MR approach and other study designs, our MR estimates might
have been inflated, to some extent, compared with the real-world ef-
fects. Although we believe our sets of instrumental variables satisfy
three MR assumptions, another possibility is an overestimation due
to the violation of the assumptions.

For the relevance assumption, only a part of the SNPs used as in-
strumental variables reached significant levels. However, as the ex-
plained variance in BMI in the study population was 2.0% and 5.0%
on a set of 68 and 654 SNPs, respectively, we realized that our sets
of SNPs were related to the BMI. For the independent assumption,
the population structure could be a confounding factor in the associ-
ation between BMI and CRC.? Nevertheless, as the subjects were re-
stricted to the Japanese population and our SNP-BMI and SNP-CRC
analyses were adjusted for it using principal components, the pop-
ulation structure is unlikely to distort the results. For the exclusion
restriction assumption, multiple BMl-associated SNPs affect other
traits, a condition termed as horizontal pleiotropy. However, the re-
sults of MR-PRESSO and the weighted median method consistently
showed the association. Furthermore, MR-Egger, the intercept of
which could indicate the overall pleiotropy in the same way as small
study bias in meta-analysis,28 did not detect pleiotropy. Although
each SNP might show a pleiotropy effect, in our sets of instrumental
variables, the overall pleiotropy could be balanced and not introduce
any bias on our estimates.?®*? In addition, the symmetrical distribu-
tion in the funnel plot supported balanced pleiotropy (Figure S5). For
the study design, although the bias arising from slight sample overlap
between the analyses of SNP-BMI and SNP-CRC associations could
lead to overestimation,®! our results were robust for biases arising
from the violation of the MR assumption or design.

A previous MR study from Europe showed the odds ratio of 1.50
(1.13-2.01) for every five-unit increase in BMI corresponding to the
odds ratio of 1.08 (1.02-1.15) for every one-unit increase in BM|.10
Another European study showed an odds ratio of 1.26 (1.10-1.44)
for every one-unit increase in BMI.1* Apart from ethnicity, certain
other differences also exist between the aforementioned studies
and the current study. The current study has progressed one step
ahead of the aforementioned MR studies. Neither of the previous
studies considered sample overlap between SNP-BMI and SNP-CRC
analyses, resulting in bias toward to non-null.®* In contrast, we used
the split-sample analyses, a more robust method compared to the
previously mentioned analysis methods, to evaluate the associa-
tion between BMI and CRC. Second, we utilized two sets of instru-

mental variables for BMI. One was limited to the SNPs identified in
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the Japanese population, which explained 2.0% (68 SNPs) in BMI
variance. The other covered all SNPs identified in any ethnicity in
order to obtain more precise estimates, which explained 5.0% (654
SNPs) of the variance. The latter explained variance was higher than
the studies by Thrift et al (1.2%; 77 SNPs)™ or Jarvis et al (3.0%; 76
SNPs).1

The strengths of the study include the harmonization of the MR
framework and the identification of two sets of instrumental vari-
ables. For the SNP-BMI analysis, we used a common protocol and
undertook a meta-analysis on normal Japanese populations. For
SNP-CRC analyses, we used individual-level and publicly available
summary statistics-level data of Japanese populations to obtain a
relatively large sample size of non-Europeans. In addition, we sys-
tematically identified instrumental variables from multiple GWAS.
We believe that this selection of a comprehensive set of SNPs makes
our estimates precise.

Our study has also several limitations. First, similar to previous
MR studies, we failed to exclude the possibility of violation of as-
sumptions by the SNPs used as instrumental variables. Second, as
we used the two-sample MR framework and assumed that BMI had
a linear effect on CRC risk, we could not investigate whether the ef-
fect of BMI on CRC risk varies across the BMI range. Third, we could
not access information on the histological and molecular subtype of
the CRC. To assess complex pathological processes from adiposity
to CRC,™ further epidemiological research is warranted. Finally, as
Japanese populations possess different allele frequencies for the
SNPs'? compared to South Asians, the extrapolation of the study
findings to other Asians populations might be limited. Further MR
study is required for other populations as well.

Our findings add to the current body of evidence that obesity
strongly influences the development of CRC. Many observational
studies have reported the association between higher BMI and CRC.
However, repeating the study by the same method is not enough to
pursue the truth. To present the evidence confidently, the concept
of triangulation, which is the practice of using multiple approaches
to address one question, is useful. Each approach uses different
unrelated assumptions that are likely to cause bias.*>** As the de-
velopment of CRC occurs over a period of time in obese individu-
als, randomized controlled studies are not feasible. Therefore, we
undertook an MR study using genetically predicted BMI to improve
the quality of evidence. However, the biological functions of many
SNPs used as instrumental variables are not clear. Previous GWAS
have reported that SNPs might play a role in the central nervous sys-

2145 \yhereas traditional studies have proposed three hormonal

tems,
mechanisms—sex hormone hypothesis, insulin-IGF hypothesis, and
inflammatory mediators and adipokine hypothesis—to explain the
association between adiposity and cancer risk.*%” Therefore, fur-
ther experimental research is needed to elucidate the underlying
mechanisms. This is essential to strengthen the confidence of the
evidence.

In addition, this is the first MR study that evaluated the associa-
tion between BMI and CRC among an Asian population. Of note, in

recent years, the proportion of obesity3®*® and CRC incidence®*’

is on the rise in Asian populations. Although Asians are leaner than
Europeans and North Americans, Asians possess higher body fat for
a given body weight compared to matched Caucasians.** Moreover,
they also have stronger tendency towards predominance of insulin
resistance than other populations,’®°%°! thereby suggesting that
Asians could be more likely to develop obesity-related diseases.
Therefore, it is critical to reveal the association between BMI and
CRC, and implement preventive strategies to avert obesity in Asians.

In conclusion, we found the positive association between genet-
ically predicted BMI and CRC risk in an Asian population. This MR
study strongly supports the role of higher BMI in the development
of CRC. Although generally Asians are leaner than Europeans and
North Americans, averting higher BMI could be important for the
prevention of CRC in Asian populations.
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