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1 | INTRODUCTION

PAPADIMITRIOU ET AL.

Summary

Background: Varying obesogenic inherited predisposition in early to later life may
differentially impact colorectal cancer (CRC) development. Previous Mendelian ran-
domization (MR) studies, conducted in populations of European genetic similarity,
have not observed any significant associations between early life body weight with
CRC risk. However, it remains unclear whether body mass index (BMI) at different
early lifetime points is causally related with CRC risk in both Europeans and East
Asian populations.

Objectives: We conducted a two-sample MR study to investigate potential causal
relationships between genetically predicted BMI during early life (birth to 8 years
old) and at specific periods (birth, transient, early rise and late rise) and CRC risk.
Methods: Summary data were obtained from genome-wide association study
(GWAS) of BMI in 28 681 children from the Norwegian Mother, Father and Child
Cohort Study (MoBa) study and applied to CRC GWAS data from European and
East Asian descent populations (102 893 cases and 485 083 non-cases).

Results: There were no significant associations observed between early life BMI
and CRC risk in European or East Asian populations. The effect estimates were sim-
ilar in European studies (odds ratio [OR] per a 1-standard deviation [SD] increase:
1.01, 95% confidence interval [CI]: 0.95, 1.07) and in East Asians (OR per a 1-SD
increase: 1.02, 95% Cl: 0.91, 1.14). Similar nonsignificant associations were found
between time of BMI measurement during childhood and cancer-site-specific
analyses.

Conclusions: We found little evidence of any associations between early life adi-

posity on later life CRC risk.

KEYWORDS
colorectal cancer, early life, mendelian randomization, obesity

Most of the current evidence comes from conventional observa-

tional studies. Two meta-analyses have reported positive associations

In recent decades, the increasing prevalence of childhood obesity in
most world regions has become an important health problem.* There
is substantial evidence from observational studies linking early life adi-
posity with increased risks of chronic diseases, including cancers.>™*
Therefore, more prevalent obesity from younger ages can have impor-
tant consequences for population health, regardless of body size in
adulthood. Colorectal cancer (CRC) is one of the most common cancer
types globally with almost 2 million new cancer cases and over
900 000 related deaths in 2020.> CRC has a long latency period
meaning that exposures across long life periods occurring many years
before diagnosis may be etiologically implicated. It is thus plausible
that childhood constitutes a critical period during which adiposity can
affect the future development of obesity related cancers in adult-
hood.® Furthermore, obesity during early life has been linked with
unfavourable metabolic profiles that may affect cancer risk.” There-
fore, it is possible that the obesity in early life periods including

infancy and childhood may increase the risk of CRC in later life.

between early life body size and later life CRC risk in both men and
women.2? However, causal inference is limited due to the inherent
biases of these epidemiological study designs, such as residual con-
founding, recall bias, selection bias, and reverse causality.lo'11 Mende-
lian randomization (MR) is an alternative approach to investigate
potential causal associations using germline genetic variants as proxies
for exposures of interest to allow causal inference between a given
exposure and outcome.'? In contrast to observational analyses, MR
analyses are less susceptible to confounding and reverse causality due
to the random assortment of alleles at meiosis and germline genetic
variants being fixed at conception, and thus unaffected by the disease
process.’® To this end, recently several MR studies have been con-
ducted which did not provide any evidence of effect of early life adi-
posity on CRC.}*"1® However, some of these studies derived their
genetic instruments based on recalled body size information from

)15,16

adults or focused on a specific time point (age of 10 or did not

conduct sex or CRC site-specific analyses.**°
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In the current study, we conducted a two-sample MR analysis to
explore potential causal associations between body mass index (BMI)
at infancy and early life (up to 8 years) with CRC risk in adulthood.
Genetic instruments for BMI were derived from a recent genome-
wide association study (GWAS) of 28 681 children.'” Information on
GWAS of CRC risk was obtained from two large CRC European
genetic consortia.*®2° Finally, due to the lack of similar studies in
Asian populations, we also conducted an exploratory MR analysis
using CRC data from a consortium with participants of East Asian

genetic similarity.?!

2 | METHODS

21 | Summary genetic data on early life body size

Genetic variants associated with early life BMI were identified from a
recent GWAS of 28 681 children of European genetic similarity from
the Norwegian Mother, Father, and Child Cohort Study (MoBa).”
Length/height and weight of the children were measured at hospitals
at birth and during visits in the primary health care system by nurses at
6 weeks, 3, 6 and 8 months, and 1, 1.5, 2, 3, 5, 7 and 8 years of age.'”
A linear mixed model was conducted using BOLT-LMM (v2.3.4) adjust-
ing for batch, sex, pregnancy duration and 10 principal components as
covariates used to conduct the GWAS analysis.'” Forty-six SNPs were
identified that were genome-wide significant for at least one time
point. In our analysis, we included 39 independent (linkage disequilib-
rium R? < 0.01) SNPs with an effect allele frequency over 0.01, out of
which eight were exclusively related to BMI at birth and the remaining
31 to early life BMI. Furthermore, three subgroups of SNPs for early life
BMI which correspond to distinct biological processes were defined in
the original GWAS and were used in our analysis.” More specifically,
after birth, BMI increases till a maximum value at the age of 9 months
and then followed by a gradual decline reaching a minimum point
around the 5-6 years of age. These two time points are known as the
adiposity peak (AP) and adiposity rebound (AR) points. Consequently,
the ‘transient’ group (17 SNPs) includes SNPs with no effect at birth, a
peak association during infancy or early childhood, and little or no
effect after the AR point. The ‘early rise’ group (10 SNPs) includes
SNPs that show a gradually stronger association with BMI from infancy
into childhood, plateauing at AR and 7 to 8 years of age. Finally, the
‘late rise’ group (4 SNPs) includes SNPs that show little to no associa-
tion before AR while they show a large increase after this point. The
39 SNPs used as instruments were identified in 37 loci demonstrating a
small overlap between the phenotypes. Tables S1 and S2 include the

SNPs that were used in our analysis.

2.2 | Summary genetic data on colorectal
cancer (CRC)

Summary data for the associations of the early life BMI associated

genetic variants with CRC risk in participants of European and East

Asian genetic similarity were obtained from CRC GWAS studies
within three genetic consortia. For overall CRC, we used summary-
level data from a meta-analysis of 16 GWASs, including 160 527
adults (73 673 cases and 86 854 controls) of European genetic simi-
larity.?° Data on sex and site-specific CRC (colon, proximal colon, dis-
tal colon and rectum) were collected from a meta-analysis of three
genetic consortia  within  ColoRectal Transdisciplinary  Study
(CORECT), the Colon Cancer Family Registry (CCFR), and the Genetics
and Epidemiology of Colorectal Cancer (GECCO).*® Finngen combined
imputed genotype data integrated from Finnish biobanks and digital
health registry records, and it is frequently updated.!” The version
(R10) includes 412 181 participants out of which 4143 developed
colon cancer and 2490 rectal cancer. (https://r8.risteys.finngen.fi/
phenocode/C3_COLORECTAL). Summary data from Finngen was
used only in the site-specific analyses as Finngen was also part of the
latest CRC GWAS study we used in the overall CRC analysis. The Asia
Colorectal Cancer Consortium (ACCC) includes 72 272 participants
(23 572 cases and 48 700 controls) of East Asian genetic similarity
from 15 studies conducted in China, Japan and South Korea.?? All
cancer estimates from the three consortia are presented in the
Tables S3-S8.

Regarding the summary data used in the MR analyses, informed
consents were obtained from the participants and study protocols

were approved by respective institutional review boards.” 2022

3 | STATISTICAL ANALYSIS

3.1 | Mendelian randomization

A two-sample MR approach using summary data and the random
effects inverse variance weighting (IVW) method was implemented.
MR studies depend on three main assumptions for their estimates to
be valid: (1) the genetic instrument is strongly associated with the
exposure; (2) the genetic instrument is not associated with any poten-
tial confounder of the exposure—outcome association; and (3) the
genetic instrument does not affect the outcome independently of the
exposure (i.e., exclusion of horizontal pleiotropy). The strength of each
genetic instrument can be evaluated through the F-statistic using the
following formula: F =R?(N—2)/ (1 - Rz), where R? is the proportion
of the variability of the exposure explained by each instrument and N
the sample size of the GWAS for the SNP- early life BMI association.
To calculate the R? for the genome-wide significant SNPs the follow-
ing formula was used: 2 x EAF x (1 — EAF) x beta®, where EAF is the
effect allele frequency and beta is the estimated genetic effect on
BMI. Cochran's Q was computed to quantify heterogeneity across the
individual causal effects, with a p-value <0.05 indicating the presence
of pleiotropy.?®2*

Several sensitivity analyses were conducted to identify and cor-
rect for the presence of horizontal pleiotropy in our results. MR-Egger
regression provides valid MR estimates in the presence of horizontal
pleiotropy when the pleiotropic effects of the genetic variants are

independent from the genetic associations with the exposure.?®
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TABLE 1
(CRQ) risk.
Exposure Study Sample size Ratio of cases to controls
Birth CRC consortium 160 527 0.85
ACCC 72272 0.47
Early life CRC consortium 160 527 0.85
ACCC 72272 0.47
Transient CRC consortium 160 527 0.85
ACCC 72272 0.47
Early rise CRC consortium 160 527 0.85
ACCC 72272 0.47
Late rise CRC consortium 160 527 0.85
ACCC 72272 0.47

Sample size and statistical power in Mendelian randomization (MR) study of early body mass index (BMI) and colorectal cancer

Selected scenarios®

OR=105 OR=11 OR=115 OR=12 OR=125
0.28 0.77 0.98 1.00 1.00
0.13 0.39 0.69 0.89 0.97
0.67 1.00 1.00 1.00 1.00
0.32 0.82 0.99 1.00 1.00
0.39 0.91 1.00 1.00 1.00
0.18 0.53 0.85 0.97 1.00
0.28 0.77 0.98 1.00 1.00
0.13 0.39 0.69 0.89 0.97
0.16 0.48 0.80 0.95 0.99
0.09 0.22 0.41 0.62 0.79

Note: The numbers under the OR columns in the selected scenarios section correspond to the statistical power of our analysis for each of the five

exposure variables given a specific value of OR.

Abbreviation: ACCC, Asian colorectal cancer consortium; CRC, colorectal cancer; OR, odds ratio.
2Type 1 error of 5% and a proportion of variance explained equal to 2%, 6%, 3%, 2% and 1% are assumed for birth, overall early life, transient, early rise

and late rise periods, respectively.

Deviations from zero for the intercept test denote the presence of
horizontal pleiotropy across the genetic variants. In such a case, the
slope of the MR-Egger regression provides valid MR estimates when
the pleiotropic effects of the genetic variants are independent from
the genetic associations with the exposure.2>2¢ Additionally, the Iéx
statistic was calculated to estimate the expected relative bias of the
MR-Egger causal estimate in the context of a two-sample MR.2’
Moreover, causal estimates were also computed using the weighted-
median method that provides valid MR estimates under the presence
of horizontal pleiotropy when up to 50% of the included instruments
are invalid?®® The MR pleiotropy residual sum and outlier test
(MR-PRESSO) was also used to assess the presence of pleiotropy. The
MR-PRESSO test relies on a regression framework to identify outlying
genetic variants which may potentially be pleiotropic. Thereupon, we
repeated the analysis after excluding these outlying variants.??

The statistical power for the MR analysis was calculated a priori

/.3 Given

using an online tool at https://sb452.shinyapps.io/power
a type 1 error of 5%, for early life BMI an expected OR per 1 stan-
dard deviation (SD) 21.06 and 21.1 was needed to have adequate
statistical power (>80%) in GECCO and ACCC, respectively. Table 1
presents the power estimates under different scenarios for the five
exposures. All the results correspond to a 1-SD increase in early
life BMI.

As a final step, we conducted a random effects meta-analysis in
the cases of colon and rectal cancer combining the results from CCFR,
CORECT and GECCO with Finngen to get an overall estimate using
the metan command in Stata (College Station, Texas), and heterogene-
ity between the two studies was quantified using the I? statistic.3!

MR analyses were performed using R (Vienna, Austria) version
4.3.3, using the “MendelianRandomization” (version 0.9) package. The
current study followed the Strengthening the Reporting of

Observational Studies in Epidemiology using Mendelian Randomiza-
tion (STROBE-MR) guidelines.

4 | RESULTS

Figure 1 shows the results for overall early life BMI where no relation-
ships were observed between genetically predicted BMI in early life
and CRC risk. The odds ratio (OR) per 1-SD increase of overall early
life BMI in the CRC consortium was 1.01 (95% confidence interval
[Cl]: 0.95, 1.07). Similar non-significant risk estimates were also
observed in the site-specific analyses (Figure 1).

Examination of BMI at specific time periods also indicated
no evidence of an association. Although, in Finngen some opposite
but imprecise effects were observed for rectal cancer between
genetically predicted BMl in the early rise phase (OR: 0.79, 95% Cl:
0.55, 1.11) compared with the late rise phase (OR: 1.27, 95% Cl:
0.84, 1.93) with overlapping Cls (Figure 2 and Tables S9-S13).
The sex-specific analysis in GECCO also did not identify any
associations of birth or early life BMI with CRC risk (Figure S1). The
analysis in ACCC also did not indicate any apparent effects of early
life BMI and overall CRC risk (OR: 1.02, 95% Cl: 0.91, 1.14)
(Figure 1).

Based on the F-statistics, the genetic instruments were deemed
strong (F-statistic all 235) (Table S1). There was some evidence of het-
erogeneity mainly in the analysis of birth BMI (maximum p-value for
the Q statistic 0.003) (Table S13). Additionally, Egger's intercept test
showed some evidence of directional pleiotropy in the analyses of
overall early life BMI and risk of overall colorectal and colon cancer
(Table S9). The MR-Egger regression effect for colon cancer was
stronger than the IVW approach (OR: 1.25, 95% CI: 1.02, 1.52)


https://sb452.shinyapps.io/power/
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Overall early life

Outcome Odds ratio (95% Cl)

Colorectal

Overall

CRC consortium 1.01 (0.95, 1.07)

ACCC 1.02 (0.91, 1.14)
Colon

CCFR+CORECT+GECCO —-.— 1.03 (0.96, 1.09)

Finngen . ] 0.95 (0.83, 1.11)

Meta-analysis TP 1.02 (0.96, 1.08)
Proximal colon

CCFR+CORECT+GECCO —B— 1.02 (0.94, 1.11)
Distal colon

CCFR+CORECT+GECCO —B— 1.04 (0.96, 1.13)
Rectal

CCFR+CORECT+GECCO —-.— 1.03 (0.93, 1.11)

Finngen B 0.95 (0.80, 1.13)

Meta-analysis 1.01 (0.94, 1.10)

I T 1 1
0.76  0.86 1.0 1.16

FIGURE 1 Mendelian randomization (MR) analysis for early life
BMI (31 SNPs) in relation to colorectal cancer (CRC) in GECCO,
Finngen and Asia Colorectal Cancer Consortium (ACCC). The x axis
corresponds to an OR change per 1 standard deviation increase in
BMI. The MR result corresponds to a random effects model. OR, odds
ratio (black filled square); 95% Cl, 95% confidence interval (black line);
SNP, single nucleotide polymorphism.

(Table S9). However, the 12, statistic was low (<55%) meaning that
there is evidence of weak instrument bias in these results and addi-
tionally the weighted median approach also did not show any positive
effects. The MR-PRESSO technique identified two outlying SNPs
(rs1032296 and rs1772945) both present in the analysis of overall
early life and transient BMI and overall CRC risk; however, their exclu-

sion had minimal effect on the observed associations (Tables S9 and

S10). Additionally, five out of the eight SNPs (rs11708067,
rs1482853, rs11187129, rs7310615 and rs739669) in the analysis of
birth BMI were also identified as outliers; however, the inference did
not change after their exclusion from the genetic instrument (OR:
1.08, 95% Cl: 0.90, 1.30) (Table S13).

5 | DISCUSSION

In the current study, genetically predicted early life BMI, both in over-
all and measured at different time periods, did not show a significant
association with CRC risk in adulthood. Furthermore, our analysis in a
population of Asian descent also did not identify any potential associ-
ations either.

Recently, several MR studies have addressed this question using
different approaches. The first study examined the associations
between childhood obesity and cancer risk, creating a genetic instru-
ment of 15 SNPs from a GWAS of 47 541 children from the Early
Growth Genetics consortium.'* The results of this study did not sup-
port any positive relationship between genetically predicted childhood
BMI and overall CRC (OR: 1.11, 95% ClI: 0.93, 1.32). However, the
SNPs in this GWAS were derived from a meta-analysis of studies
where the phenotype analysed was BMI at the latest time point
between 2 and 10 years.>? Therefore, we cannot exclude potential
bias in the results given the mixing of results coming from studies with
different protocols using different time-specific endpoints. Two addi-
tional MR studies using an instrument of body size at the age of
10 from UK Biobank (UKBB) also did not report any significant associ-
ations after adjusting for body size during adulthood, although there
was a weak evidence of a positive effect for distal colon cancer (OR:
1.27, 95% Cl: 0.90, 1.77).1>¢ However, under the univariable MR
framework positive effect estimates were found for overall colon (OR:
1.16, 95% Cl: 1.00, 1.35) and distal colon (OR: 1.25, 95% ClI: 1.04,
1.51) cancer.*® In our analysis, we did not observe similar results
either for overall early life or time-period specific BMI. Potential rea-
sons could be the difference in the size between the two GWASs
used to obtain the SNPs included in the genetic instrument as well as
the different phenotypes. The previous publication used the summary
of a much larger GWAS of early life body size within the UKBB thus
increasing the power of the analysis. Moreover, in contrast to our
analysis where SNPs of measured BMI were used, the exposure in
UKBB was based on a self-reported questionnaire of early life body
type at the age of 10 years (thinner, plumper or about average) than
on direct measurements, which could potentially introduce recall bias
in the measurements.

There is also additional evidence from observational studies.
Two recent meta-analyses have both reported an increased CRC
risk in adulthood for elevated BMI assessed during adolescence or
early adulthood (maximum age: 30 years). More specifically, the
first meta-analysis found that men with obesity had 39% higher
CRC risk during late adulthood compared with men without obesity
while the risk was 19% in women.® Furthermore, the second meta-

analysis reported that each 5 kg/m? increase in BMI was associated
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Birth

Outcome Odds ratio (95% CI)
Colorectal
Overall

CRC consortium —_— 1.12 (0.79, 1.58)

ACCC —— 1.17 (0.98, 1.42)
Colon

CCFR+CORECT+GECCO —_— 1.16 (0.81, 1.68)

Finngen —_— 0.85 (0.61, 1.09)

Meta-analysis — 0.97 (0.72, 1.32)
Proximal colon

CCFR+CORECT+GECCO —_— 1.23 (0.83, 1.84)
Distal colon

CCFR+CORECT+GECCO B e — 1.13 (0.80, 1.58)
Rectal

CCFR+CORECT+GECCO —_—— 1.09 (0.84, 1.43)

Finngen —a——— 1.49(0.98,2.25)

Meta-analysis 1.22 (0.91, 1.64)

T 1 1
071 1.0 141 20
Early rise

Outcome Odds ratio (95% CI)
Colorectal
Overall

CRC consortium —— 1.01 (0.91,1.12)

ACCC —_— 1.01 (0.79, 1.28)
Colon

CCFR+CORECT+GECCO —_— 1.07 (0.93, 1.22)

Finngen 1.03 (0.81, 1.31)

Meta-analysis —— 1.06 (0.94, 1.19)
Proximal colon

CCFR+CORECT+GECCO —_— 1.07 (0.92, 1.25)
Distal colon

CCFR+CORECT+GECCO —_— 1.11 (0.95, 1.27)
Rectal

CCFR+CORECT+GECCO —_— 1.00 (0.87, 1.15)

Finngen —_— 0.84 (0.62, 1.15)

Meta-analysis : ———— | 0.97 (0.85, 1.10)

0.71 1.0 1.41

Transient

Outcome Odds ratio (95% Cl)
Colorectal
Overall

CRC consortium —_— 1.02 (0.92, 1.13)

ACCC —_— 0.99 (0.84, 1.16)
Colon

CCFR+CORECT+GECCO —_— 1.00 (0.91, 1.11)

Finngen e 0.94 (0.78, 1.13)

Meta-analysis —— 0.99 (0.90, 1.08)
Proximal colon

CCFR+CORECT+GECCO —— 0.97 (0.88, 1.08)
Distal colon

CCFR+CORECT+GECCO —_— 1.02 (0.91, 1.13)
Rectal

CCFR+CORECT+GECCO —— 1.03 (0.89, 1.19)

Finngen 0.88 (0.69, 1.11)

Meta-analysis : : 0.98 (0.85, 1.13)

0.70 086 1.0 1.22
Late rise

Outcome Odds ratio (95% CI)
Colorectal
Overall

CRC consortium —— 0.98 (0.90, 1.08)

ACCC —— 1.09 (0.91, 1.31)
Colon

CCFR+CORECT+GECCO - 1.04 (0.91, 1.20)

Finngen 0.88 (0.62, 1.26)

Meta-analysis —— 1.02 (0.89, 1.16)
Proximal colon

CCFR+CORECT+GECCO —_— 1.05 (0.89, 1.26)
Distal colon

CCFR+CORECT+GECCO — 1.01 (0.85, 1.21)
Rectal

CCFR+CORECT+GECCO — 1.03 (0.86, 1.22)

Finngen ———s——— 1.43(0.97,2.10)

Meta-analysis : —--—I : 1.16 (0.85, 1.58)

0.71 1.0 1.41 2.0

FIGURE 2 Mendelian randomization (MR) analysis for BMI at birth (8 SNPs) as well as in specific time periods (transient: 17 SNPs, early rise:
10 SNPs, late rise: 4 SNPs) in relation to colorectal cancer (CRC) in GECCO, Finngen and Asia Colorectal Cancer Consortium (ACCC). The x axis
corresponds to an OR change per 1 standard deviation increase in BMI. The MR result corresponds to a random effects model. OR, odds ratio
(black filled square); 95% Cl, 95% confidence interval (black line); SNP,- single nucleotide polymorphism.

with a 13% higher CRC risk in men and women combined, with the
risk being higher in men than in women.? An additional large Israeli
study of almost 1.8 million men and women reported that being
overweight and obese at adolescence was linked with higher colon
cancer risk for both men (Hazard ratio [HR] for overweight: 1.53,
95% Cl; 1.28, 1.84; HR for obesity: 1.54, 95% Cl: 1.15, 2.06) and
women (HR for overweight: 1.54, 95% Cl: 1.22, 1.93; HR for obe-
sity: 1.51, 95% Cl: 0.89, 2.57). However, information on important
potential confounders such as adult BMI, diet, alcohol, and smoking
was missing.>® Additionally, our study focused on an earlier time
point than most of the observational studies. Also, contrary to MR
analyses, these studies can also be prone to additional biases like
recall and selection bias due to their observational nature as men-
tioned earlier.

To our knowledge, there are no studies conducted in Asian popu-
lations regarding the role of obesity during early life and CRC risk.
However, current evidence from MR studies supports a positive link

between adult adiposity and CRC, aligning with results from studies
conducted in populations of European genetic similarity. More specifi-
cally, a recent MR study in Japanese participants indicated that a one-
unit increase in genetically predicted BMI increased CRC risk by 13%
(OR: 1.13, 95% ClI: 1.06, 1.20).3% Our results in ACCC did not find any
associations between early life BMI and CRC; however, GWAS stud-
ies of early life BMI in populations of East Asian genetic similarity are
required to give more precise answers.

To our knowledge, the current MR study is the first one that tried
to investigate the role of early life BMI at different time periods and
CRC in adulthood using genetic instruments strongly associated with
early life BMI, as denoted by the large values for the F-statistic. We
also conducted tumour subsite specific analyses to further inspect the
role of early life adiposity on CRC risk. Another strength comes from
the MoBa study which was able to conduct detailed time-specific ana-
lyses rather than just combining data from studies performed under

different protocols and time points.t” Furthermore, there was no
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overlap between the exposure and outcome studies which could lead
to biased results.>®> Additionally, measured rather than self-reported
BMI was used in the body size GWAS, which is less likely prone to
recall bias, while the inclusion of sex-specific and cancer-site-specific
analyses allowed us to conduct more detailed analyses. Also, MR-
Egger and MR-PRESSO methods were also applied to examine the
robustness of our results given that in general the BMl-related vari-
ants tend to be pleiotropic. Finally, the MR design is less prone to the
limitations of observational studies while the consistency among
the different MR methods applied strengthens the robustness of the
results.

The main limitation was the small sample size of the MoBa study
which resulted in a relatively small number of identified SNP that
could be used in our analysis. A direct consequence of that is the lim-
ited statistical power of our analysis, especially for the different can-
cer subtypes. However, this detailed data collection at several time
points since birth is valuable and future, larger GWAS studies should
follow the same paradigm which will allow the identification of a
larger number of genetic variants. The genetic instruments were
selected from a single cohort of Norwegian children, and further
research is needed to evaluate the generalizability of the results to
other populations. Additionally, body composition as well as the allele
frequencies of the SNPs that were used in the MR analysis are in gen-
eral different between populations of European and East Asian
genetic similarity. Given differences in linkage disequilibrium across
different population it is likely that the instrument is weaker in East
Asians. Similarly, we cannot exclude the presence of confounding due
to population stratification in the analysis of East Asians since the
SNP-early life BMI GWAS was undertaken in a different study popula-
tion than the SNP-CRC GWAS.*® Consequently, caution is needed
when interpreting the results from the ACCC analysis. As mentioned
earlier, GWAS of early BMI in populations of Asian genetic similarity
are needed to produce more valid results. Unfortunately, we are not
aware of any data in East Asian populations that have BMI measured
early in life and have GWAS data to assess if our instrument is stable
in East Asians. Therefore, this analysis is more of an exploratory
nature untill such GWAS studies become available. In our analysis,
seven SNPs mainly in “late rise” cluster have also been linked with
BMI during adulthood.” However, our sensitivity analyses generated
results consistent with the main findings. Additionally, given the null
associations, any effect of adult BMI is minimal.

In summary, our current study did not find any statistically signifi-
cant support for causal effects of BMI at birth or during childhood
with risk of CRC in adulthood. Larger GWAS studies from different
populations and with measures of BMI at different time points during
childhood are needed to better identify potential critical periods of
weight and weight change in early life in relation to CRC development
in adulthood.
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