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Abstract 

Background: Observational studies have linked childhood obesity with elevated risk of colorectal cancer; however, it 
is unclear if this association is causal or independent from the effects of obesity in adulthood on colorectal cancer risk.

Methods: We conducted Mendelian randomization (MR) analyses to investigate potential causal relationships 
between self-perceived body size (thinner, plumper, or about average) in early life (age 10) and measured body mass 
index in adulthood (mean age 56.5) with risk of colorectal cancer. The total and independent effects of body size 
exposures were estimated using univariable and multivariable MR, respectively. Summary data were obtained from a 
genome-wide association study of 453,169 participants in UK Biobank for body size and from a genome-wide associa-
tion study meta-analysis of three colorectal cancer consortia of 125,478 participants.

Results: Genetically predicted early life body size was estimated to increase odds of colorectal cancer (odds ratio 
[OR] per category change: 1.12, 95% confidence interval [CI]: 0.98–1.27), with stronger results for colon cancer (OR: 
1.16, 95% CI: 1.00–1.35), and distal colon cancer (OR: 1.25, 95% CI: 1.04–1.51). After accounting for adult body size 
using multivariable MR, effect estimates for early life body size were attenuated towards the null for colorectal cancer 
(OR: 0.97, 95% CI: 0.77–1.22) and colon cancer (OR: 0.97, 95% CI: 0.76–1.25), while the estimate for distal colon cancer 
was of similar magnitude but more imprecise (OR: 1.27, 95% CI: 0.90–1.77). Genetically predicted adult life body size 
was estimated to increase odds of colorectal (OR: 1.27, 95% CI: 1.03, 1.57), colon (OR: 1.32, 95% CI: 1.05, 1.67), and 
proximal colon (OR: 1.57, 95% CI: 1.21, 2.05).

Conclusions: Our findings suggest that the positive association between early life body size and colorectal cancer 
risk is likely due to large body size retainment into adulthood.

Keywords: Obesity, Colorectal cancer, Mendelian randomization, Adult, Early life

Background
Childhood obesity is a major global public health chal-
lenge with increasing prevalence observed in most geo-
graphic regions over the past three decades [1]. The rising 
prevalence of childhood obesity may have important con-
sequences for population health, irrespective of adiposity 
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later in life, given evidence from observational studies 
linking early life adiposity with elevated risks of chronic 
diseases, including cancer [1–4]. Colorectal cancer has 
a long latency period suggesting that important expo-
sures might have occurred many years ago and therefore 
is plausible that childhood and adolescence constitute a 
critical period during which adiposity influences cancer 
risk during adulthood [5]. Additionally, obesity during 
childhood and adolescence has been linked with unfa-
vorable metabolic profiles that may influence cancer risk 
[6]. Therefore, it is possible that the detrimental role of 
obesity on colorectal cancer risk during adulthood might 
have started earlier in life.

Two recent meta-analyses of observational studies have 
reported positive associations between early life body 
size measures (in adolescence and early adulthood) and 
later life colorectal cancer risk in both men and women 
[7, 8]. Despite these associations, causal inference of the 
health effects of early life adiposity on later life disease 
risk can be challenging, as individuals who are obese in 
childhood often remain so during adulthood [9]. Conse-
quently, it is currently unknown if the prior positive asso-
ciations between early life adiposity and colorectal cancer 
risk are a direct effect of early life obesity or to what 
extent they are mediated by later life adiposity.

Mendelian randomization (MR) uses germline genetic 
variants as proxies to allow causal inference between a 
given exposure and outcome [10]. Compared to tradi-
tional observational analyses, MR analyses should be 
less susceptible to conventional confounding and reverse 
causation, given the randomly allocated and fixed nature 
of genetic variants [11]. Additionally, multivariable MR 
allows the estimation of independent effects of multiple 
exposures (e.g., early life and adult body size) on disease 
outcomes [12–14]. Univariable MR can be used to esti-
mate the total effect of early life body size on colorectal 
cancer (Fig. 1A), whereas multivariable MR can be used 
to estimate the effect of childhood obesity specifically 
on later life chronic disease risk, independently of adult 
body size [15, 16]. Under the multivariable framework, 
we hypothesize three scenarios in which early life body 
size affects colorectal cancer risk after considering adult 
body size (Fig.  1B–D): firstly, early life body size solely 
has direct effects on colorectal cancer, which are not 
influenced by adult body size (Fig.  1B); secondly, early 
life body size has only indirect effects on colorectal can-
cer through adult body size (Fig.  1C); thirdly, early life 
body size can have both direct and indirect effects on 
colorectal cancer risk (Fig. 1D). The same approach was 
applied recently to investigate whether early life body 

Fig. 1 Directed acyclic graphs displaying four possible scenarios that could explain a causal effect between body size at age 10 years and 
colorectal cancer within the univariable and multivariable Mendelian randomization analysis. (Top left) The total effect of early life body size 
on colorectal cancer risk, (top right) early life body size has a direct effect on colorectal cancer risk independent of adult body size, (bottom 
left) early life body size has an indirect effect on colorectal cancer risk only through adult body size, and (bottom right) early life body size has 
both direct and indirect effects on colorectal cancer risk. The dashed arrows allude to the assumption that genetic instruments should not be 
associated with confounding factors
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size influences risk of several diseases in later life, includ-
ing breast and prostate cancer, and whether this effect is 
mediated by body size in adulthood [15].

We used a two-sample multivariable MR framework 
to examine potential causal associations between early 
life body size and colorectal cancer risk, independent of 
adult body size. We combined genetic variants associ-
ated with recalled early life and measured adult body size 
from a recent genome-wide association study (GWAS) of 
453,169 adults [15] and then examined the association of 
these variants with colorectal cancer risk in a large con-
sortium of up to 125,478 adults (58,131 cases and 67,347 
controls) [17, 18].

Methods
Data on early life and adult body size
Genetic variants associated with early life and adult body 
size were identified from a recent GWAS of 453,169 par-
ticipants of European descent from the UK Biobank [15]. 
For early life body size, participants were asked at base-
line: “When you were 10 years old, compared to average 
would you describe yourself as thinner, plumper, or about 
average?”. For adult body size, body mass index (BMI) 
was derived using height (centimeters) and weight (kilo-
grams) measured at baseline. To improve comparability 
between the different body size traits, BMI in adults was 
converted into a categorical variable with three groups 
like early life body size. A linear regression model was 
applied, assuming similar effects of a given single nucleo-
tide polymorphism (SNP) on moving from the lowest to 
the middle and from the middle to the highest category 
of the body size variables. The genome-wide significant 
(P < 5 ×  10−8) variants identified in this GWAS were 
pruned based on a linkage disequilibrium (LD) level of R2 
< 0.001 using genotype data from European individuals 
from phase 3 (version 5) enrolled in the 1000 genomes 
project as a reference panel [15]. The resulting instru-
ments for early life body size (305 SNPs) and adult body 
size (557 SNPs) explained 4.5% and 6.4% of variability in 
these traits, respectively. Early life and adult body size 
genetic instruments were comprised of 138 and 215 SNPs 
for women and 68 and 159 SNPs for men, respectively 
(Additional file  1: Table  S1). These genetic instruments 
have been used in prior MR studies and validated in 
external cohorts [15, 16, 19, 20]. The genetic correlation 
between early life and adult body size in UK Biobank was 
found to be 0.61 [15].

Data on colorectal cancer
Summary data for the associations of the early life and 
adult body size related genetic variants with colorectal 
cancer (overall and by site: colon, proximal colon, distal 
colon, rectum) were obtained from a GWAS of 125,478 

adults (58,131 cancer cases and 67,347 controls) within 
the ColoRectal Transdisciplinary Study (CORECT), the 
Colon Cancer Family Registry (CCFR), and the Genetics 
and Epidemiology of Colorectal Cancer (GECCO) con-
sortium [17]. Imputation was performed using the Hap-
lotype Reference Consortium (HRC) r1.0 reference panel 
and regression models were further adjusted for age, sex, 
genotyping platform, and genomic principal components 
as detailed here [17]. Subsite specific estimates by sex 
were obtained from a GWAS of 112,373 adults (48,214 
cancer cases and 64,159 controls) within the same con-
sortia [18]. Colorectal cancer estimates for each SNP are 
presented in Additional file  1: Table  S2. The summary 
statistics that were provided in the current analysis did 
not include UK Biobank study to avoid potential over-
lap between the two datasets. The final sample included 
98,715 participants (52,775 cancer cases and 45,940 con-
trols). Additional file 1: Table S3 presents the final num-
ber of cancer cases by sex and subsite.

Statistical analysis
Power calculations
The a priori statistical power was calculated using an 
online tool at http:// cnsge nomics. com/ shiny/ mRnd/ 
[21]. For early life body size, given a type 1 error of 5%, 
there was sufficient power (> 80%) to detect an odds ratio 
(OR) ≥ 1.10 for overall colorectal cancer per increase in 
odds conferred for each category change for both sexes 
combined, while an OR ≥ 1.15 was needed for the can-
cer sub-site analyses. In sex specific analyses, there was 
80% power to detect an OR ≥ 1.21 and 1.16 or men and 
women, respectively. For adult body size, given a type 1 
error of 5%, there was > 80% power to detect an OR ≥ 
1.09 for overall colorectal cancer increase in odds con-
ferred for each category change and an OR ≥ 1.17 in sex 
specific analyses. Additional file  1: Table  S4 presents in 
more detail the statistical power for the two exposures 
and all outcomes in sex combined and specific analyses.

Univariable MR analysis to estimate the total effect of early 
and adult body size on colorectal cancer
A two-sample MR approach using summary data and 
the fixed-effect inverse-variance weighted method was 
implemented. Where Cochran’s Q statistics identified 
heterogeneity across the individual SNPs in the early life 
and adult body size instruments, random-effect inverse-
variance weighted analyses were conducted [22–24]. Uni-
variable MR analyses for men and women combined were 
conducted to estimate the effect of both early life and 
adult body size independently on colorectal cancer risk. 
Analyses according to sex and tumor anatomical sub-
site were also conducted. Heterogeneity of associations 
according to sex and colorectal anatomical subsites was 

http://cnsgenomics.com/shiny/mRnd/
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assessed by calculating the χ2statistic [25]. The strength 
of each instrument was measured by calculating the 
F-statistic using the following formula: F = R2 ∗ (N − 2)/
(1 − R2), where R2 is the proportion of the variability of 
the phenotype explained by each instrument and N the 
sample size of the GWAS for the exposures, with values 
below 10 denoting the presence of weak instrument bias 
[26, 27].

Multivariable MR analysis to estimate the independent 
(direct) effects of early and adult body size on colorectal 
cancer
Due to the correlation between genetic determinants of 
early life and adult body size, any difference between the 
total and independent (direct) effects of later life body 
size is likely driven by pleiotropy if there is also a direct 
effect of early body size on colorectal cancer [15]. Conse-
quently, the focus of our analyses was on the total effect 
of early body size and the direct effects of early and adult 
body size. We therefore conducted multivariable MR 
analyses to estimate the direct effects of early and later 
life body size on colorectal cancer risk. For multivariable 
MR, we calculated three quantities: the conditional Fearly 

life body size, Fadult body size, and  Qa. Fearly life body size and Fadult 

body size to examine the variance explained by the genetic 
variants on the main (i.e., early life body size) and second-
ary exposures (i.e., adult body size); again, values over 10 
were interpreted to suggest little evidence of weak instru-
ment bias [13]. Qa is a generalization of the Q statistic for 
the multivariable scenario, where high values based again 
on a χ2

L−2
 distribution denote heterogeneity and potential 

pleiotropy even when corrected for adult body size [13].

Sensitivity analyses
Sensitivity analyses were used to check and correct for 
the presence of pleiotropy in the estimates. To evalu-
ate the extent to which directional pleiotropy may have 
affected the causal estimates for the early and adult body 
size and colorectal cancer association, we used MR-Egger 
regression [28, 29]. We also computed OR estimates 
using the complementary weighted-median method 
which can give valid MR estimates under the presence 
of horizontal pleiotropy when up to 50% of the included 
instruments are invalid [30].

Odds ratio estimates from MR analyses reflect the 
increase in odds conferred for each category change (i.e., 
thinner to average and average to plumper) in the early 
and adult life body size phenotypes. All analyses were 
undertaken using R (version 3.6.3) using the Mendelian-
Randomisation package [31, 32]. LD clumping between 
early life and adult body size SNPs in the multivariable MR 
analyses was done using the ieugwasr R package (based 
on linkage disequilibrium R2 = 0.001) and the plots were 

created using the forestplot R package [33, 34]. Summary 
statistics were harmonized using the harmonise_data 
function within the TwoSampleMR R package. All GWAS 
were assumed to be coded on the forward strand. The list 
of SNPs included in the multivariable MR analyses is given 
in Additional file 1: Table S5.

Reporting guidelines for MR studies were followed 
(MR STROBE checklist outlined in Additional file  1: 
Table S6) [35, 36].

Results
Early life body size
Genetically predicted early life body size was estimated 
to increase risk of colorectal cancer (OR per category 
change: 1.12, 95% confidence interval [CI]: 0.98–1.27), 
colon cancer (OR: 1.16, 95% CI: 1.00–1.35), and distal 
colon cancer (OR: 1.25, 95% CI: 1.04–1.51), although 
for overall colorectal cancer, the confidence interval 
crosses the null, while proximal colon and rectal cancer 
were minimally influenced by early life body size (OR: 
1.11, 95% CI: 0.93, 1.32 and OR: 1.14 95% CI: 0.93, 1.38, 
respectively) (Fig.  2, Additional file  1: Table  S7). In the 
multivariable models, the direct effect estimates of early 

Fig. 2 Forest plot showing the estimated direct and indirect effects 
for genetically predicted early (age 10 years) and adult body size 
(thinner, plumper, or about average)  on colorectal cancer both 
overall and by cancer sub-site. The error bars correspond to the 
odds ratios with 95% confidence intervals and those within the 
grey frameworks represent the results of the univariable Mendelian 
randomization (MR) analysis
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life body size were attenuated to null for colorectal (OR: 
0.97, 95% CI: 0.77–1.22) and colon cancer (OR: 0.97, 95% 
CI: 0.76–1.25), while an estimate of similar magnitude 
with more imprecision was observed for distal colon can-
cer (OR: 1.27, 95% CI: 0.90–1.77) (Fig.  2). In multivari-
able models for proximal colon and rectal cancer, there 
was little evidence for a direct effect of genetically pre-
dicted early life body size (OR: 0.82, 95% CI: 0.61, 1.09 
and OR: 1.05 95% CI: 0.76, 1.45, respectively).

For women, early life body size was estimated to 
increase colorectal cancer (OR: 1.20, 95% CI: 0.97–1.48) 
and colon cancer (OR 1.20, 95% CI: 0.95–1.51) (Fig.  3, 
Additional file  1: Table  S7). These genetically predicted 
effects attenuated towards the null in the multivariable 
model (colorectal cancer, OR: 1.08, 95% CI: 0.81–1.45; 
colon cancer, OR: 0.99, 95% CI: 0.71–1.36) with similar 
patterns for the other subsite models. For men, little evi-
dence for an effect of early life body size on colorectal 
cancer risk was observed in the univariable model (OR: 
0.96, 95% CI: 0.73–1.26) with an inverse point estimate 
observed in the multivariable model (OR: 0.74, 95% CI: 
0.49–1.12) (Fig. 3).

The effect estimates were similar across cancer sub-
site (P-heterogeneity ≥ 0.14) and by sex (P-heteroge-
neity ≥ 0.10) in both the univariable and multivariable 
analyses. For distal colon cancer opposing direct effect, 
estimates of early life body size with wide confidence 
intervals were observed for men (OR: 0.71, 95% CI: 
0.41, 1.23) and women (OR: 1.32, 95% CI: 0.87, 2.03); 
P-heterogeneity = 0.08.

Adult life body size
In the sex-combined multivariable model, adult body size 
was estimated to directly increase the risk of colorectal 
cancer (OR per category change: 1.27, 95% CI: 1.03, 1.57), 
colon cancer (OR: 1.32, 95% CI: 1.05, 1.67), and proxi-
mal colon cancer (OR: 1.57, 95% CI: 1.21, 2.05), whereas 
estimates for distal colon (OR: 1.02, 95% CI: 0.76, 1.38) 
and rectal (OR: 1.13, 95% CI: 0.84, 1.52) cancers were of 
smaller magnitude (Fig. 2).

For women, adult body size was estimated to directly 
increase, albeit imprecisely, the risk of colon (OR: 1.20, 
95% CI: 0.87, 1.65), proximal colon (OR: 1.63, 95% CI: 
1.12, 2.39), and rectal cancer (OR: 1.22, 95% CI: 0.79, 

Fig. 3 Forest plot showing the estimated direct and indirect effects for genetically predicted early (age 10 years) and adult body size (thinner, 
plumper, or about average)  on colorectal cancer both overall and by cancer sub-site in men and women separately. The error bars correspond 
to the odds ratios with 95% confidence intervals and those within the grey frameworks represent the results of the univariable Mendelian 
randomization (MR) analysis
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1.92), whereas null estimates were observed for colo-
rectal cancer (OR: 1.06, 95% CI: 0.79, 1.42) (Fig. 3). For 
men, adult body size was estimated to directly increase 
the risk of colorectal cancer (OR: 1.54, 95% CI: 1.06, 
2.20), colon cancer (OR: 1.52, 95% CI: 1.01, 2.32), and 
distal colon cancer (OR: 1.75, 95% CI: 1.07, 2.89) with 
similar positive effect estimates found for proximal 
colon (OR: 1.34, 95% CI: 0.81, 2.23) and rectal cancer 
(OR: 1.34, 95% CI: 0.84, 2.14) (Fig. 3).

Similarly to the early life body size analysis, opposing 
multivariable analysis estimates were observed for the 
direct effect of adult body size on distal colon cancer 
in men and women (OR: 1.75, 95% CI: 1.07, 2.89 and 
OR: 0.83, 95% CI: 0.54, 1.25, respectively, P-heteroge-
neity = 0.02).

Sensitivity analyses
F-statistics for genetic instruments indicated sufficient 
strength to satisfy the “relevance” assumption—we 
found little evidence of weak instrument bias under 
the univariable framework (F statistics were > 10 for 
all SNPs included in the analysis). In multivariable MR 
Fearly life body size, Fadult body size statistics were all over 10 
with the exception of the analysis in men where Fearly 

life body size was equal to 8, and Fadult body size was equal 
to 10 suggesting that weak instrument bias may influ-
ence the analyses for men (Additional file 1: Tables S1 
and S8). We evaluated heterogeneity and pleiotropy to 
test the “exchangeability” and “exclusion restriction” 
assumptions (that the instrument does not share a 
common cause with the outcome and that any effect of 
the instrument on the outcome is exclusively through 
its potential effect on the exposure, respectively). There 
was evidence of heterogeneity in most of the analyses 
as denoted by the Q statistics (Additional file 1: Tables 
S7 and S8). Under the univariable framework, based 
on Egger’s intercept test, evidence of directional plei-
otropy was found for the effect of early life body size 
on colorectal cancer (overall, women only) and proxi-
mal colon cancer (overall), with stronger positive effect 
estimates observed for the MR Egger regression models 
(overall colorectal cancer , OR 1.46, 95% CI: 1.09, 1.93; 
colorectal cancer women only, OR 1.84, 95% CI: 1.16, 
2.92; and overall proximal colon cancer, OR 1.60, 95% 
CI: 1.09, 2.34) (Additional file 1: Table S7). Finally, the 
multivariable MR Egger’s intercept test identified some 
evidence of pleiotropy in the analyses of adult body size 
on colorectal, colon and proximal colon risk, but the 
related effect estimates replicated the positive direct 
effects of adult body size observed in the main analysis 
(Additional file 1: Table S9).

Discussion
In the current study, we investigated the effect of early 
life body size (at age 10 years) on risk of later life colorec-
tal cancer and whether this effect remained robust after 
accounting for adult body size. Mendelian randomization 
estimates of the total effect of early life body size on colo-
rectal cancer risk revealed that genetically predicted early 
life body size was estimated to increase odds of colorec-
tal cancer  risk which were strongest for colon and distal 
colon cancer. However, these associations were generally 
attenuated following adjustment for adult body size, sug-
gesting no direct effects of early life body size on colo-
rectal cancer risk. One exception was distal colon cancer, 
where the point estimate for the effect of early life body 
size on cancer risk remained in the multivariable sce-
nario, though confidence intervals spanned the null. A 
similar pattern of results was reported in the sex-specific 
analyses, except for opposing effect estimates for both 
early life and adult body size on distal colon cancer under 
the multivariable framework, where greater early life 
body size appeared protective against distal colon cancer 
in male and detrimental in females and later life body size 
protective in females and detrimental in males, though 
both sets of estimates spanned the null.

Relatively few observational studies have examined the 
relationship between early life body size and risk of later 
life colorectal cancer. A joint Nurses’ Health Study (NHS) 
and Health Professionals Follow-up Study (HPFS) found 
that higher body fatness in early life (childhood and ado-
lescence) was associated with greater colorectal cancer 
risk for women but not men with similar results across 
cancer sub-sites [37], with these associations largely 
unchanged after multivariable adjustment for adult BMI 
[37]. A Swedish study of more than 200,000 men who had 
their height and weight measured in adolescence reported 
a more than twofold higher risk for later life colorectal 
cancer for the obese group (BMI ≥ 30 kg/m2) when com-
pared with the normal weight group (BMI 18.5-< 25 kg/
m2) [38]. A large Israeli study of almost 1.8 million men 
and women showed that being overweight and obese at 
adolescence was associated with higher colon cancer risk 
for both men (hazard ratio [HR] for overweight, 1.53; 95% 
CI, 1.28–1.84; HR for obesity, 1.54; 95% CI, 1.15–2.06; 
statistically significant from a BMI of 23.4 kg/m2) and 
women (HR for overweight, 1.54; 95% CI, 1.22–1.93; HR 
for obesity, 1.51; 95% CI, 0.89–2.57; significant from a 
BMI of 23.6 kg/m2) [39]. However, the Swedish and Israeli 
studies lacked data on information on important potential 
confounders including adult body size.

A recent MR study examined the associations 
between childhood obesity and cancer risk without 
taking into account adult body size, using a genetic 
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instrument of 15 SNPs from a GWAS of 47,541 children 
from the Early Growth Genetics (EGG) consortium 
[40]. Effect estimates from this study did not support 
a positive relationship between childhood BMI and 
overall colorectal cancer (OR, 1.11; 95% CI, 0.93–1.32) 
[40]. Results from our analyses that crucially adjusted 
for adult body size also reflect little evidence of a posi-
tive relationship between early life body size and later 
life colorectal cancer risk. An additional MR study fol-
lowing a similar approach but using a different dataset 
for colorectal cancer also did not find any positive rela-
tionship between childhood BMI and overall colorectal 
cancer after adjusting for adult body size [20]. How-
ever, this study did not investigate further associations 
stratified by sex or cancer sub-site. Our findings sug-
gest that positive effect estimates found between early 
life body size and colorectal cancer may be attributable 
to participants who were overweight or obese in child-
hood remaining this weight during adulthood, rather 
than any distinct harm from childhood adiposity itself. 
There was weak evidence for a direct effect of early life 
body size on distal colon cancer risk which warrants 
further investigation in new and larger studies with 
measured early life body size. Moreover, multivariable 
models estimated a greater effect of adult body size on 
CRC in men compared to women. This finding is con-
sistent with a recent MR study, which found a stronger 
effect of adult BMI on CRC for men in sex-stratified 
analyses (OR per 1 standard deviation change: 1.23; 
95% CI, 1.08–1.38 in men versus 1.09; 95% CI, 0.97–
1.22 in women) [41].

We observed divergent effect estimates for early life 
body size and distal colon cancer risk for men and 
women in the multivariable models (P-heterogeneity = 
0.08). However, caution is needed when interpreting the 
results for men as the estimates for early life body size 
might suffer from weak instrument bias based on the low 
conditional F statistic.

Strengths of the current study include our use of novel 
multivariable MR methods to disentangle the effects of 
early life body size from adult body size on colorectal 
cancer risk. Importantly, both early life and adult body 
size data were sourced from the identical participants 
within UK Biobank belonging to the same generation 
of individuals contributing data to the colorectal cancer 
GWAS used in this analysis; this should reduce bias that 
can be introduced to MR estimates when two samples do 
not represent the same underlying population [15]. We 
obtained summary stats for colorectal cancer from the 
Huyghe et al. GWAS excluding UK biobank participants; 
thus, independent datasets for the exposure and outcome 
phenotypes were used, avoiding potential bias due to 
sample overlap [42]. Finally, the large cancer sample size 

allowed us to conduct a more detailed analysis by sex and 
cancer sub-site.

A limitation of our study is that the early life body size 
phenotype was based on a self-reported questionnaire 
data than on direct measurements, so we cannot exclude 
potential recall bias in the measurements. However, the 
early life body size SNPs were successfully validated in 
three independent studies with direct measures of child-
hood BMI, demonstrating their validity as instruments 
for early life body size [15, 16, 19]. In the ALSPAC cohort, 
a genetic score based on the SNPs early life body size was 
found to be a stronger predictor of childhood BMI com-
pared with the score based on the adult variants (area 
under the curve [AUC]: 0.64 vs 0.61; average age 9.9 year) 
with a similar finding found in the Young Finns Study 
(AUC 0.74 vs 0.62; range 3–18 years of age) [15, 19]. In 
the HUNT study, it was observed that the genetic score 
for early life body size explained a higher proportion of 
variance in the measured BMI than the genetic score for 
adult body size (6.7% vs 2.4%; age group 12–15.9 years) 
[16]. As exposures investigated were categorical vari-
ables with three broad categories, this may limit power to 
detect small effects; this did not appear to limit site and 
sex combined analyses, but power was lower in analyses 
according to sex and subsite, as evidenced by the impre-
cision of these effect estimates. Moreover, analyzing 
two correlated phenotypes together like early and adult 
body size may have introduced collinearity which leads 
to greater imprecision and possible bias in the multivari-
able MR effect estimates especially for early life body size; 
however, the same set of SNPs were strong enough to 
show independent effects of early life body size on breast 
cancer (OR: 0.59, 95% CI: 0.50, 0.71) [15]. Additionally, 
examining the direct of early life body size on colorec-
tal cancer risk in the MVMR analysis may be biased due 
to mediator adjustment (i.e., induced collider bias due 
to mediator-outcome confounding). It would be inter-
esting to investigate the role of key confounders of the 
adult body size relationship; however, an MVMR model 
including confounders would considerably weaken the 
power of exposure instruments (as illustrated by the weak 
conditional F statistic for early life body size and reduced 
power for stratified analyses in Supplementary Table 4). 
Furthermore, given the random allocation of genetic 
variants at conception, the genetic instrument for adult 
body size should not be correlated with confounding fac-
tors. Additionally, it is expected that body size-related 
variants could contribute to CRC risk via different meta-
bolic pathways, e.g., lipids or glycemic traits. A recent 
MR study found effects of BMI or WHR on numerous 
lipids and glycemic traits—some consistent effects were 
observed for certain lipid metabolites, where levels were 
raised by BMI and positively associated with the risk of 
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distal colon cancer [41]. A future approach to minimize 
heterogeneity in instrument selection could be to analyze 
the association between clusters of genetic determinants 
of BMI in relation to CRC, informed by phenotypic asso-
ciations. The lack of ancestral diversity in UK Biobank 
limits the generalizability of results to diverse popula-
tions. Lastly, given the large number of comparisons, we 
cannot exclude that some of the observed effects might 
be due to chance.

Conclusions
In conclusion, we found that the suggested effects of 
early life body size on later life colorectal cancer risk 
are likely a consequence of individuals who are over-
weight or obese during childhood remaining this way 
into adulthood. Our results suggest that being over-
weight in childhood may not be detrimental in terms 
of colorectal carcinogenesis providing individuals 
reach and then maintain normal weight during adult-
hood. Further research is required to examine any pos-
sible role of early life body size on distal colon cancer 
development.
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