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While adult anthropometric measures are well-studied in relation to colorectal cancer

systematic literature review and meta-analysis examining early-life anthropometry,
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higher CRC risk. Associations for young adult BMI were most pronounced for colon
cancer (RR per 5 kg/m?: 1.15, 95% Cl: 1.06-1.24). Descriptive synthesis showed that
childhood and adolescent BMI were also associated with higher colon and/or CRC
risk. Evidence for all the above associations was graded by the Expert Panel as
“strong-probable.” Additionally, there was “limited-suggestive” evidence linking
higher birthweight to higher colon cancer risk, taller childhood height to higher CRC
risk, early-life adiposity—measured by BMI pictograms—to higher colon and CRC risk
and higher young adult BMI to rectal cancer risk. Other exposure-outcome associa-
tions were graded as “limited-no conclusion.” Altogether, these results imply that

larger body size during early life is associated with higher adult CRC risk.
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anthropometry, birthweight, colorectal cancer risk, early-life exposure, systematic review

What's New?

While adult anthropometry is linked to colorectal cancer (CRC) risk, associations between
anthropometric measures across early-life stages and CRC risk remain unclear. In this study, the
authors systematically reviewed and meta-analysed early-life anthropometry and adult CRC risk
across early-life stages. Higher birthweight as well as higher BMI in childhood, adolescence, and
young adulthood were associated with an increased CRC risk. This evidence was graded as
strong-probable. The findings imply that larger body size in early-life is relevant to CRC risk,
which could help inform lifestyle recommendations for CRC prevention.

1 | INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer worldwide.*
While adiposity and adult attained height are associated with a higher
risk of CRC,%® most research focused on adult exposures. Early-life
anthropometry, including birth size, height and adiposity, may also
affect cancer risk later in life as early life is a critical developmental
period,* lifelong habits are often established early in life> and expo-
sure to early-life risk factors can lead to prolonged cumulative
exposure.”

Studies have shown that adiposity during early life is associated
with CRC risk in adulthood.®'° However, associations between
anthropometry and CRC risk may differ between early-life stages, that
is, at birth, infancy, childhood, adolescence and young adulthood. To
date, only one review including studies from the Copenhagen School
Health Records Register has provided results by specific early-life
stages.!! They reported that body mass index (BMI) and height during
childhood and adolescence, as well as higher birthweight, were associ-
ated with the risk of several cancers, including colon cancer.’* No
other reviews have examined associations between anthropometry in
different early-life stages and CRC risk in adulthood, except for birth-
weight. High birthweight has been associated with a higher CRC risk
compared with low birthweight,?%12 although there was no conclusive
evidence in linear and nonlinear dose-response meta-analyses.%12

Given the lack of consistent evidence, we conducted a systematic
literature review and dose-response meta-analyses to summarise the

evidence on birth size and various anthropometric measures during

infancy, childhood, adolescence and young adulthood in relation to
CRC risk through the Global Cancer Update Programme (CUP
Global)—the flagship research programme of the WCRF network. The
CUP Global Expert Panel used pre-defined criteria to grade the
evidence.

2 | METHODS

We report this review according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (Table S1).

2.1 | Search strategy

We conducted a systematic search for relevant publications in Med-
line, Embase, Web of Science and CENTRAL from inception up to
7 November 2022. Detailed search queries are provided in Text S1.
Additionally, we reviewed the CUP Global database and reference

lists of relevant reviews and meta-analyses.

2.2 | Study selection
This review included prospective studies—cohort, case-cohort, nested
case-control, intervention and Mendelian randomisation (MR)

studies—while excluding case-control studies, cross-sectional studies



VAN ZUTPHEN ET AL.

INTERNATIONAL 3
JOURNAL of CANCER

and case reports. Eligible studies had to provide relative risk (RR;
e.g., hazard ratio, odds ratio) estimates and 95% confidence intervals
(Cls) for the association between early-life anthropometric factors and
colorectal, colon, or rectal cancer risk in adulthood. We defined early-
life as age < 25 years, encompassing birth, infancy (0 to <2 years), child-
hood (2 to 9 years), adolescence (10 to 19 years) and young adulthood
(18 to 25 years). The age range for adolescence and young adulthood
slightly overlapped because for 18- to 19-year-olds BMI could have
been reported either as BMI z-scores (appropriate for adolescents) or as
BMI values (appropriate for [young] adults) in the respective papers. All
studies that examined adolescent exposures also included individuals
aged <17 years at exposure assessment. Study selection was conducted
in duplicate by multiple independently working authors, with disagree-
ments resolved through consensus. To avoid duplication of results from
the same study populations within an early-life stage, we prioritised
publications with the largest sample size. Publications with repeatedly
measured exposures could be included in multiple life stages, but within
each early-life stage, only one exposure measurement was retained
(at the age most reported across studies). Studies were excluded if the
study population was not exclusively aged <25 years, if the outcome
focused solely on cancer mortality, or if the publication was not written
in English. Additionally, we excluded studies focusing solely on early-
onset CRC, since early-onset CRC might differ from later-onset CRC in
terms of aetiology and risk factors.*

2.3 | Data extraction

Study and participants' characteristics, along with results for each
exposure-outcome association, were extracted into a pilot-tested data
extraction sheet. When the studies reported multiple RRs and 95%
Cls for different CRC subtypes, adjustment models, or subgroups, we
extracted all relevant estimates. Extracted data are shown in
Tables S2-Sé6. At least 10% of the extracted data was randomly
checked for accuracy by a second author and was fully accurate.

2.4 | Risk of bias assessment

Risk of bias for all studies, except MR studies, was assessed using the
Newcastle Ottawa Quality Assessment Scale (NOS).1> The NOS eval-
uates selection of the study population, comparability of groups and
ascertainment of the outcome (Tables S2-S6). To ensure accuracy, at
least 90% of publications were independently assessed by two
authors. Discrepancies were resolved through consensus. The NOS
score ranges from 0 to 9.2°> We considered scores >7 as well-designed

studies with low risk of bias.*®

2.5 | Statistical analyses

For linear and nonlinear dose-response meta-analyses, we included

publications reporting at least three exposure categories with known

mean or median values, along with RR, 95% CI and number of cases
and person-years (or number of people) per category. When exposure
category values, cases, or person-years were missing, we performed
standard imputations.'”*® The midpoint of each exposure category
was used for corresponding RR estimates, and the width of open-
ended extreme categories was assumed to be the same as the adja-
cent interval. Studies unable to undergo imputation due to missing
information (on exposure category values or on both cases and
person-years) were excluded from the review (n = 1). Publications
reporting RR and 95% ClI for linear trends, but not for exposure cate-
gories, were only included in linear dose-response meta-analyses.

Linear and nonlinear dose-response meta-analyses were con-
ducted separately for anthropometric measures within each early-life
stage and their association with colorectal, colon (or its subsites), or
rectal cancer risk. Linear and non-linear dose-response meta-analyses
were conducted when at least three or five (non-MR) studies provided
data, respectively, consistent with previous meta-analyses conducted
as part of CUP Global.'?2?° Otherwise, results were descriptively
synthesised. For this review, we selected RRs and 95% Cls from the
most adjusted models that excluded adjustment for the exposure of
interest in adult life (e.g., adult BMI or adult height), when available.

For linear dose-response meta-analyses, we utilised RRs and 95%
Cls reported for the linear trend in original publications or estimated the
linear trend based on category-specific results.>*~2% For young adult BMI,
we excluded the underweight category (BMI <18.5 kg/m? or as defined
by studies) when the linear trend was estimated. Linear trends for child-
hood and adolescent BMI were reported directly and did not require esti-
mation. For BMI pictograms (range 1-9), we reported RRs for overweight
(pictogram 5-9) versus non-overweight (pictogram 1-4); when studies
reported alternative comparisons, we used the Hamling method to esti-
mate relevant RRs.2* When only subgroup-specific RR estimates were
available, these were pooled in a fixed-effect model to derive an overall
study estimate before summarising with the other studies using the
DerSimonian-Laird random-effects model.?> For birthweight, additional
categorical meta-analyses were performed comparing either high or low
birthweight to normal birthweight (2500-4000 g) as five out of eight
identified studies reported results for these clinically relevant categories.
Between-study heterogeneity was assessed by Cochran's Q test and 122
with thresholds of 30% and 50% categorising low, moderate and high
percentage of inconsistency across studies attributed to heterogeneity
rather than chance. Egger's test was used to assess small study effects as
an indication of publication bias when more than 10 studies were avail-
able, with pooled publications counted as single studies.?”

One-stage nonlinear dose-response meta-analyses were con-
ducted using restricted cubic splines to explore shapes of the associa-
tions.2* Three a priori chosen knots were placed at the 10th, 50th and
90th percentiles of the exposure distribution. Based on the number of
available studies (25), these analyses were possible for birthweight
(reference 3000 g) and young adult BMI (reference 18.5 kg/m?).

To assess consistency of results, we conducted subgroup analyses
when at least two strata in at least three studies were available. Sub-
group analyses were conducted for birthweight/BMI assessment

method, sex and geographic location. Influence of single studies on the
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summary RR estimate was examined by leave-one-out analyses, where
studies were omitted one-by-one from the meta-analyses. Leave-
one-out analyses were only performed when at least three studies
remained in the analyses. Statistical significance was set at a two-sided
alpha level of 0.05, except for Egger's test where we used 0.1. All statis-
tical analyses were conducted using R (version 4.3.3) with the ‘meta’

(version 7.0.0)*® and ‘dosresmeta’ (version 2.0.1)?* packages.

2.6 | Evidence grading criteria

Preliminary judgements were made by the CUP Global Expert Com-
mittee on Cancer Incidence. These judgements, alongside the litera-
ture review and supporting evidence, were used by the CUP Global
Expert Panel to grade the evidence into strong (subgrades: convincing,
probable, or substantial effect on risk unlikely) or limited (subgrades:
limited-suggestive or limited-no-conclusion) based on pre-defined
grading criteria to assess quantity, consistency, magnitude and preci-
sion of the summary estimates, existence of a dose-response, study
design, risk of bias, generalisability and mechanistic plausibility of the
results (for overview of criteria, see Table S7). Forest plots were visu-
ally inspected for consistency of associations, noting the direction and
size of the RR estimates and overlapping of the Cls across included
studies as part of evidence grading. Neither the CUP Global Expert
Committee on Cancer Incidence nor the CUP Global Expert Panel was

involved in the review and analyses of the literature.

3 | RESULTS
Figure S1 outlines the study selection process. We identified 54 rele-
vant publications on early-life anthropometry and colorectal, colon, or

29-45

rectal cancer risk. After excluding 17 publications not meeting

inclusion criteria (Table S8), 37 publications were included.1?1346-80
Of these, 9 non-MR publications focused on birth size,*>*¢7>% 6 on
children,*=>? 5 on adolescents,>*>”°~%2 15 on young adults®*>7¢3-75

54,56

and 2 on changes across early-life stages, with some studies investi-

gating more than one early-life stage. No studies were identified for
infants. Seven publications were MR studies!%¢376-80

Among the publications on conventional observational studies,
16 were from Europe,t347-52:54-56.58,59.61,63.67.72 1) from the United
States,#6:53:57:62:64.65.68.707375 3 from Asia,?%¢%¢? 1 from Australia’*
and 1 was multinational.”* MR studies only included people from
European ancestry.12¢%76780 The majority of studies (n = 27; 79%)

746751,53761,63,64,66770,72,74,75 and were

had a NOS quality score of >
therefore considered to be of high quality, whereas three studies had
a score of 6,°%%71 three studies had a score of 5271 and one

study had a score of 4.°?

3.1 | Birthsize

For birthweight, the linear meta-analysis included 8134 CRC cases
from eight studies.’®*">2 Each 1000 g increase in birthweight was

associated with a 9% increase in CRC risk (summary RR = 1.09,
95% Cl 1.01-1.16), showing low heterogeneity (I =21%,
Pheterogeneity = -27) (Figure 1A). There was no evidence for
134648-5052  (Fioyre  1B).

Descriptive syntheses by tumour subsites included 2 studies with

nonlinearity  (p-nonlinearity = .54)
a total of 2090 colon cancer cases*”> and 1 study with 961 rectal
cancer cases.*” The studies examining colon cancer indicated that
each 1000 g increase in birthweight was associated with a statisti-
cally significant 14%-19% higher risk (data not shown).*”>3 The
study examining rectal cancer suggested a potential nonlinear
association, with an inverse association for birthweights above
3500 g4’

Additional meta-analyses comparing low (<2500 g) with normal
birthweight (2500-4000 g)134648:49:52 o comparing high (24000 g)
with normal birthweight13"“”48":’2 included 4830 and 4750 CRC cases,
respectively. Results aligned with linear meta-analyses, although the
positive association between high birthweight and CRC risk was not
statistically significant (summary RR =1.19, 95% CI 0.94-1.51,
I = 33%, Pheterogencity = -21) (Figure 1C).

For birth length, a total of 754 CRC cases from three studies were
included in the linear meta-analysis.*’ ! There was no clear associa-
tion between each 1-cm increase and CRC risk (summary RR = 1.03,
95% C1 0.99-1.09, I = 22%, Pheterogeneity = -28) (Figure 1D).

MR studies did not support the positive association between
birthweight and CRC risk (Table S9). The four available MR studies
showed no clear associations between genetically predicted birth-
weight and CRC risk, with RRs ranging from 0.69 to 1.22, none of
which reached statistical significance.’?7%778% No MR studies were
identified for birth length.

3.2 | Child anthropometry

For BMI during childhood, the linear meta-analysis included 4494
CRC cases from 3 studies.>**®>° There was no clear association
between each 1 standard deviation (SD) increase in child BMI and
CRC risk (summary RR=1.05 95% Cl 0.98-1.12, I*>=37%,
Pheterogeneity = -20) (Figure 2A). Descriptive synthesis by tumour sub-
site included 2 studies reporting stratified results for colon (2744
cases) and rectal (1712 cases) cancer separately, indicating a higher
risk for colon cancer, but not for rectal cancer”*>® (Figure 2B).

For child BMI pictograms, the meta-analysis included 1884 colon
cancer cases from 3 studies.>®>>” Being overweight was associated
with a 19% higher colon cancer risk compared with not being over-
(summary RR=1.19, 95% Cl 1.01-1.40, I?>=0%,
Pheterogeneity = -60)  (Figure 2C). Additional descriptive synthesis

weight

included 2 studies that reported on CRC (2100 cases) and rectal can-
cer (451 cases) risk.”” Results showed that a positive association may
be present for CRC (RRs 1.12 and 1.32, only 1 statistically significant),
but was not shown for rectal cancer (Figure 2D).

For child height, the linear meta-analysis included 4515 CRC cases
from 3 studies.>**%>® Each 1-SD increase was associated with a 9%
increased CRC risk (summary RR = 1.09, 95% Cl 1.06-1.12, I> = 0%,
Pheterogeneity = -62) (Figure 2E). Descriptive synthesis by tumour subsite,
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(A)
Author Year Study RR (95% CI) Weight
Murphy 2022 CHDS —————— 159(0.97,261)  1.9%
Smith 2016 CSHRR - 1.05(0.98,1.12)  41.0%
Yang 2014 MWS L 1.09 (1.01,1.17)  39.1%
Barker 2013 HBCS — T 1.10 (0.80,1.51) 4.4%
Cnattingius 2010 STR 0.97 (0.61,1.54) 2.2%
McCormack 2005 UBCoS — 1.39 (1.04,1.87) 5.1%
Nilsen 2005 St. Olav's hospital 0.78 (0.52,1.18) 2.7%
Sandhu 2002 EPIC Norfolk 1.20 (0.84,1.71) 3.6%
Random effects model ‘ : [ : : : 1.09 (1.01,1.16) 100.0%

Heterogeneity: /% = 21%, p = 0.27
05 07 1 15 2 26
RR for 1000g increase of birth weight

(€)

Author Year Study RR (95% CI) Weight Comparison (g)
High birth weight

Murphy 2022 CHDS 1.95 (0.86,4.42) 4.7% =4,000 vs 2,500-3,999
Yang 2014 MWS 1.06 (0.99,1.14)  74.7% =4,000 vs 2,500-3,900
Barker 2013 HBCS R 1.04 (0.55,1.97) 7.4% >4,000 vs 2,500-4,000
Sandhu 2002 EPIC Norfolk +—+—— 154(0.97,243) 13.2% >4,000 vs 2,500-4,000

Random effects model —
Heterogeneity: 1% =33%, p=021

1.19 (0.94,1.51) 100.0%

Low birth weight

Murphy 2022 CHDS <«———————— 0.44(0.06,3.23) 0.7% <2,500 vs 2,500-3,999
Yang 2014 MWS = 0.90 (0.83,0.98) 58.9% <2,500 vs 2,500-3,900
Barker 2013 HBCS — 0.94 (0.70,1.26) 21.6% <2,500 vs 2,500-4,000
Cnattingius 2009 STR — 1.07 (0.69,1.66) 11.8% <2,500 vs 2,500-2,999
Sandhu 2002 EPIC Norfolk s 1.29 (0.72,2.33) 7.1% <2,500 vs 2,500-4,000

Random effects model
Heterogeneity: /% = 0%, p = 0.65

0.91 (0.85,0.99) 100.0%

03 05 1 2 3
Relative Risk (RR)
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Author Year Study RR (95% CI) Weight
Cnattingius 2010 STR = 1.02(0.96,1.08)  49.0%
McCormack 2005 UBCoS —=— 1.08 (1.01,1.15)  39.1%
Nilsen 2005  St. Olav's hospital 0.97 (0.85,1.11)  11.9%
Random effects model - 1.03 (0.99,1.09) 100.0%

Heterogeneity: /% = 22%, p = 0.28 f T !
0.8 1 1.2 1.5
RR for 1cm increase of birth length

Associations between birthweight, birth length and colorectal cancer risk in adulthood. This figure shows the results from

(A) linear dose-response association between birthweight and colorectal cancer risk; (B) nonlinear dose-response association between
birthweight and colorectal cancer risk (Pnoniinearity = -54); (C) comparison of high and low birthweight versus normal birthweight and colorectal
cancer risk; (D) linear dose-response association between birth length and colorectal cancer risk. The diamond represents the summary relative
risk (RR) estimate, with its width indicating the 95% confidence interval (Cl). The squares and horizontal lines show study-specific RRs and their
95% Cls. The area of each square reflects the study's weight in the meta-analysis. The increment unit in the linear dose-response analyses is

1000 gor 1 cm.

including two studies, showed no clear associations between child
height and risk of colon or rectal cancer®*>¢ (Figure 2F).

MR studies seemed to support the positive association
between childhood BMI and CRC risk”’"78 (Table S9). The three
available MR studies reported RRs >1 for genetically predicted
childhood BMI or obesity and CRC risk, although only one study
reached statistical significance.”® No MR studies were identified
for child height.

3.3 | Adolescent anthropometry

For BMI during adolescence, the descriptive synthesis included 5643
CRC cases from 4 studies with different comparisons.’®¢°=¢? The
2 largest studies (5511 cases combined) indicated that higher BMI
was associated with increased CRC risk (RRs 1.05 per 1-SD and 1.18

per 5 kg/m?)%¢¢C (

Figure 3A). These larger studies also reported
higher risk for colon, but not rectal, cancer. Also, studies reporting on
BMI categories showed RRs >1 (Figure 3B). The largest study (2801
CRC cases) reported that obesity (295th BMI percentile) was associ-
ated with increased CRC risk compared with the lower healthy weight
range (5th to 49th BMI percentile) (RR = 1.60, 95% C| 1.29-1.98),%°
but the 2 smaller studies (132 cases combined) showed non-

significant associations.®%%2

For adolescent BMI pictograms, the descriptive synthesis
included 2100 CRC cases from 2 cohorts®” (Figure 3C). Consistent
with the results for adolescent BMI, overweight adolescents had an
increased CRC risk compared with their non-overweight peers (RRs
1.16 and 1.31, only the latter being statistically significant), with the
association being most pronounced in women. When stratified by
tumour subsite, RRs >1 were observed for colon and rectal cancer
risk, though none were statistically significant.

For adolescent height, the descriptive synthesis included 4040
CRC cases from 1 study.”® Each 1-SD increase in height was associ-
ated with a 9% increase in CRC risk (RR = 1.09, 95% Cl 1.05-1.13).

MR studies supported the positive association between adoles-
cent adiposity and CRC risk (Table S9). The two available MR studies
reported RRs >1 for genetically predicted adiposity at age 10 and
CRC risk, although associations did not reach statistical signifi-
cance.®®>”? One MR study, stratified by tumour subsite, also reported

k.79

RRs >1 for colon and rectal cancer ris No MR studies were identi-

fied for adolescent height.

3.4 | Young adult anthropometry

For young adult BMI, the linear meta-analysis included 20,365
CRC cases from 16 studies.>*°”%373 Each 5 kg/m? increase in BMI
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(A) (B)
Author Year Study RR (95% Cl)
Author  Year Study RR (95% CI) Weight
Celind 2019 Gothenburg \* 1.11(1.01,1.22)  31.1% Celind 2019 Gothenburg —_— 1.19 (1.06,1.34)
Jensen 2017 CSHRR = 1.02 (0.98,1.06) 64.8% Jensen 2017 CSHRR — 1.07 (1.02,1.12)
Jeffreys 2004  Boyd Orr — 0.96 (0.70,1.32) 4.1%
Random effects model > 1.05(0.98,1.12) 100.0% Celind 2019 Gothenburg — 0.99 (0.85,1.15)
Heterogeneity: 12 = 37%, p = 0.20 T ! Jensen 2017  CSHRR — 0.96 (0.91,1.01)
0.7 1 15 2 f T !
RR for 1-SD increase of BMI 0.7 1 1.5 2
RR for 1-SD increase of BMI
(C) (D)
Author Year Study RR (95% CI)
Author Year Study RR (95% Cl) Weight
Li 2017 KARMA —Ft———  1.28(0.851.93) 15.9% Zhang 2015 HPFS —_—t 1.12 (0.89,1.41)
Zhang 2015 HPFS —_—r— 1.07 (0.82,1.40) 37.6% Zhang 2015 NHS —_— 1.32(1.08,1.61)
Zhang 2015 NHS s 1.27 (1.00,1.61)  46.6%
Random effects model st 1.19 (1.01,1.40) 100.0% Zhang 2015 HPFS «——— 0.93 (0.57,1.52)
Heterogeneity: 12 = 0%, p = 0.60 T 1 Zhang 2015 NHS 1.34 (0.85,2.11)
0.7 1 1.5 2 f T !
RR for overweight vs. non-overweight 0.7 1 1.5 2
RR for overweight vs. non—overweight
(E) (F)
Author Year Study RR (95% Cl)
Author  Year Study RR (95% Cl) Weight
Celind 2019 Gothenburg —T 1.04 (0.94,1.14) 8.3% Celind 2019 Gothenburg —_1— 1.05 (0.93,1.19)
Jensen 2017 CSHRR 1.09 (1.06,1.12)  90.3% Jensen 2017 CSHRR -+ 1.13(1.09,1.17)
Whitley 2009  Boyd Orr — 1.06 (0.84,1.34) 1.4%
Random effects model <* 1.09 (1.06,1.12) 100.0% Celind 2019 Gothenburg e 1.02 (0.87,1.20)
Heterogeneity: 12 = 0%, p=062 T T ! Jensen 2017 CSHRR T 1.02 (0.97,1.07)
r T

0.7 1 1.5 2
RR for 1-SD increase of height

0.7 1 1.5 2
RR for 1-SD increase of height

FIGURE 2 Associations between child anthropometry and colorectal, colon, or rectal cancer risk in adulthood. This figure shows the results
from (A) linear dose-response associations between body mass index (BMI) z-scores and colorectal cancer risk; (B) descriptive synthesis of linear
dose-response associations between BMI z-scores and colon and rectal cancer risk; (C) comparison of overweight (BMI pictogram 25) versus
non-overweight (BMI pictogram <5) and colon cancer risk; (D) descriptive synthesis of comparison of overweight (BMI pictogram >5) versus non-
overweight (BMI pictogram <5) and colorectal and rectal cancer risk; (E) linear dose-response associations between height z-scores and colorectal
cancer risk; (F) descriptive synthesis of linear dose-response associations between height z-scores and colon or rectal cancer risk. The black
diamond represents the summary relative risk (RR) estimate, with its width indicating the 95% confidence interval (Cl). The squares and horizontal
lines show study-specific RRs and their 95% Cls. The area of each grey square reflects the study's weight in the meta-analysis. The increment unit

in (A), (B), (E), and (F) is 1 standard deviation (SD).

was associated with a 12% increased CRC risk (summary RR = 1.12,
95% ClI 1.07-1.17) (2 = 49%,

Pheterogeneity = -01) (Figure 4A). Despite some heterogeneity in the

with moderate heterogeneity

magnitude of RRs among the studies, all consistently reported RRs >1.
In the nonlinear meta-analysis,>”**7% there was evidence of nonli-
nearity, suggesting a somewhat steeper risk increase at higher
BMI, but no higher risk at underweight BMI (p-nonlinearity = .01;
Figure 4B). Egger's test indicated small study effects such as publi-
cation bias (p = .06). Publication bias was explained by Kantor
et al.®” (Figure S2). After omitting this study, the positive as-
sociation with CRC risk remained (summary RR = 1.09, 95% ClI
1.06-1.13; I> = 10%).

When stratified by tumour subsite, each 5 kg/m? increase in
young adult BMI was associated with a higher risk of colon cancer
RR=1.15, 95% CI 1.06-1.24, 1> =55%,
Pheterogeneity = -02) (Figure 4C), proximal colon cancer (summary
RR=1.07, 95% CI 1.01-1.14, I*>=0%,

(summary

Pheterogeneity = 53)

(Figure S3A) and distal colon cancer (summary RR = 1.10, 95% ClI:
1.00-1.21, I? = 41%, Pheterogeneity = -18) (Figure S3B). For rectal
cancer risk, there might also be a positive association, but this did
not reach statistical significance (summary RR = 1.07, 95% CI
0.97-1.17; > = 0%, Pheterogeneity = -60) (Figure 4C). There was no
evidence of nonlinearity for colon®”:6770.7274.75 and rectal®”:¢7-70.72
cancer risk (Figure 4D,E).

No MR studies were identified for young adult adiposity.

3.5 | Changes in body mass index during early life

One study reported that an above-average increase in BMI (versus
average increase) between ages 7 and 13 years was associated with a
higher risk of colon, but not rectal cancer.>® The other study indicated
that BMI changes between 8 and 20 years were not associated with

either colon or rectal cancer risk.>*
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(A) (C)
o .
Author Year  Study RR (95% Cl) Comparison Author Year Study RR (95% CI)
Furer 2020 Israel —— 1.18 (1.11,1.25)  Per 5 kg/m? |
Jensen 2017 CSHRR - 105 (1.011.09)  Per 1-SD 5:2:9 gg]g FLZFSS };? ﬁ?'gg']'g‘:;
Batty 2015 SMS1947 —_— 1.01(0.85,1.20)  Per 1-SD 9 : e
Furer 2020 lsrael — 124 (1.151.34)  Per 5 kg/m? 52229 gg]g mfg’ ] 1'% Eg'giq‘gg;
Jensen 2017 CSHRR — 1.09 (1.04,1.14) Per 1-SD 9 ) T
Furer 2020 lsrael +— 1.08 (0.98,1.19)  Per 5 kg/m? 52229 gg]g mZFSS 1 1?’; Eg'g;;';g;
Jensen 2017 CSHRR | —t : | 0.97 (0.92,1.02)  Per 1-SD 9 T T - e
0.5 1 2 3
0.7 1 1.5 2 . )
RR for continously expressed BMI RR for overweight vs. non-overweight
(B)

Author Year  Study RR (95% Cl) Comparison

Furer 2020 Israel —— 1.60(1.29, 1.98) =95th vs 5th—49th percentile

Batty 2015 SMS1947 1.02 (0.62, 1.68) quartile 4 vs quartile 1

Must 1992 3rd HGS | : | 6.50 (0.70,60.35) >75th vs 25th-50th percentile

0.7 1 1.5 2
Relative Risk (RR)

FIGURE 3 Descriptive synthesis of association between adolescent adiposity and colorectal, colon, and rectal cancer risk in adulthood. This
figure shows the results for (A) linear dose-response association between body mass index (BMI) and colorectal, colon, and rectal cancer risk;
(B) comparison of high versus low BMI and colorectal cancer risk; (C) comparison of overweight (BMI pictogram =5) versus non-overweight (BMl
pictogram <5) and colorectal, colon, or rectal cancer risk. The squares and horizontal lines show study-specific relative risks (RRs) and their 95%
confidence intervals (Cls).

(A) (C) Author  Year Study RR (95% CI)  Weight
o . Colon cancer
Author Year Study RR (95% CI)  Weight Celind 2019 1.23(0.96,1.58)  6.0%
) Pang 2018 CKB —+— 1.04(0.94,1.14)  19.6%
= o
Mariosa 2022 EPIC b 1.06(0.99.1.13)  11.0% Kantor 2016 Swedish Military Register — 166 (1.32.2.09)  6.8%
Celind 2019 Gothenburg i 1.16(0.951.41)  3.7% Li 2013 —f——————— 1.54(0.87,272) 1.4%
Liu 2019 NHSI [ — 119(0941561)  27% i 2013 SWHS I 1.05(0.77.144)  41%
Pang 2018 CKB = 1.08(1.00.1.16)  10.4% Renehan 2012 NIH-AARP = 110 (1.02,1.19)  22.4%
Zheng 2018 PCLO — 1.14(1.051.24)  9.8% Hughes 2011 NLCS Lo 107 (100.1.15)  23.8%
Kantor 2016 Swedish Military Register —e— 151(1.281.78)  47% Bassett 2010 MCCs J 112(0.94135)  9.7%
Znang 2015 HPES = 102 }?gﬂ ;;{ 2% Lee “992 HAHS 128(100163) 62%
'ang 4 A .07,1. 2% 1.4 2%
Han 2014 ARIC —a— 1.08(0.91,1.26)  4.8% E::;:)or:n:;fe?gs:rgglel om -> 1.15(1.06,1.24) 100.0%
Li 2013 SMHS — 1.33(0.87,2.04)  0.9% genetty op =0
Li 2013 SWHS — 1.04(0.82,1.32)  2.8% Rectal cancer
Renehan 2012 NIH-AARP - 1.08(1.00,1.16)  10.5% Celind 2019 04 (0.76,1.43)  10.4%
Win 2011 COLON CFR - MMR- 1.64(1.02264)  0.8% Kantor 2016 Swedish Military Register e 1.32(1.00,1.73)  13.6%
Win 2011 COLON CFR - MMR+ —— 1.30(1.08,1.56)  4.0% L 2013 o 08(0.57,2.06)  2.8%
Hughes 2011 NLCS il 1.08(097.121)  7.6% Li 2013 SWHS 102 (0.69.150)  7.3%
Oxentenko 2010 IWHS — 103(091,1.17)  6.8% Renehan 2012 NIH-AARP 098 (0.85,1.13) 35.1%
Random effects model ’_‘0_'_'_‘ 1.12(1.07,1.17) 100.0% m';hes gg” coh?gsc R 1'3; }3‘3‘}%33 255;70«”/“
Heterogeneity: 1° = 49%, p = 0.01 07 X 15 2 25 Random effects model 1.07 (0.97,1.17)  100.0%
- 0 - Heterogeneity: /% = 0%, p = 0.60
RR for 5 kg/m? increase of BMI
7 1 15 2 25
(B) (D) (E) RR for 5 kg/m? increase of BMI
254 Best fitting cubic spline 254 Best fitting cubic spline 254 Best fitting cubic spline
,,,,,, 95% confidence interval -~ 95% confidence interval ----- 95% confidence interval
20 20 20
P non-linearity 0.01 P non-linearity 0.13 P non-linearity 0.13 3
15 _— 15 _— 15 —
4 — [ — 3 -
|4 © - x g
o B 3
kS E E
3 3 3
& & &
05 05 - 05
s » 2 w0 % s » 2 w0 5 s » 2 w 5
Body Mass Index (kg/m?) Body Mass Index (kg/m?) Body Mass Index (kg/m?)
FIGURE 4 Linear and nonlinear dose-response associations between young adult body mass index (BMI) and colorectal, colon, and rectal

cancer risk in adulthood. This figure shows the results from (A) linear dose-response associations between BMI and colorectal cancer risk;

(B) nonlinear dose-response association between BMI and colorectal cancer risk (pnoniinearity = -01); (C) linear dose-response association between
BMI and colon or rectal cancer risk; (D) nonlinear dose-response association between BMI and colon cancer risk (Pnoniinearity = -13); (E) nonlinear
dose-response association between BMI and rectal cancer risk (pnoniinearity = -72). The black diamond represents the summary relative risk

(RR) estimate, with its width indicating the 95% confidence interval (Cl). The squares and horizontal lines show study-specific RRs and their 95%
Cls. The area of each grey square reflects the study's weight in the meta-analysis. The increment unit is 5 kg/m?.
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3.6 | Consistency of findings

For birthweight, we were able to stratify our meta-analyses by birth-
weight ascertainment method; while for young adult BMI, we strati-
fied by sex, geographical location and BMI ascertainment method
(Table 1). Summary RRs were generally consistent across the sub-
groups, except for the association with colon cancer which was stron-
ger in studies in which young adult BMI was objectively measured
(summary RR = 1.38, 95% ClI 1.15-1.67, > = 45%) compared with
recalled during adult life (summary RR = 1.08, 95% Cl 1.03-1.13,
I? = 0%; Psubgroup = -01). Results for young adults remained stable in
leave-one-out analysis. Birthweight results were influenced by one

study®®; the associations of both the dose-response and low versus
normal analyses were no longer statistically significant, while the asso-
ciation for high versus normal birthweight reached statistical signifi-

cance when excluding the study by Yang et al. (Figure S4).

3.7 | Evidence grading

Overall, the evidence from prospective observational studies led to
8 associations being classified as ‘strong’ (subgrade: probable)
(Table 2). The evidence showed higher risk of colon and/or CRC with
higher birthweight and with higher BMI during childhood, adolescence

TABLE 1  Subgroup meta-analyses of birthweight and young adult body mass index (BMI) in relation to colorectal, colon and rectal cancer risk

in adulthood by sex, geographic location and exposure assessment method.

Subgroup N studies, cases RR (95% Cl) I? DT iarEaesy Included publications
Birthweight, per 1000 g
Colorectal cancer
Weight assessment 0.63
Birth record 5 studies 1097 cases 1.14 (0.90-1.43) 45% 46:48-51
Recalled 3 studies, 7037 cases 1.07 (1.01-1.13) 0% 13,47,52
Young adult BMI, per 5 kg/m?
Colorectal cancer
Sex 0.19
Men 10 studies, >8852 cases 1.15 (1.07-1.24) 60% 26:27:63,62,67,88. 70073
Women 10 studies, >8289 cases 1.09 (1.04-1.14) 0% THERELTE
Geographic location 0.11
China 3 studies, 3297 cases 1.08 (1.01-1.16) 0% A
Europe 4 studies, 6665 cases 1.17 (1.02-1.17) 80% Sl
Multinational 2 studies, 658 cases 1.34 (1.13-1.59) 0% 71
United States 7 studies, 9945 cases 1.09 (1.05-1.14) 16% HALALEGATE
Colon cancer
Sex 0.20
Men 7 studies, 3438 cases 1.25 (1.10-1.42) 53% FUHESH G
Women 4 studies, 2188 cases 1.19 (1.10-1.28) 0% SRR
Geographic location 0.48
Australia 1 study, 569 cases 1.12 (0.94-1.35) - 74
China 3 studies, 2186 cases 1.05 (0.96-1.15) 0% C
Europe 3 studies, 2298 cases 1.28 (0.98-1.68) 85% ez
United States 2 studies, 2318 cases 1.13 (1.01-1.26) 19% 2631
BMI assessment 0.01
Measured 3 studies, 1024 cases 1.38 (1.15-1.67) 45% ST
Recalled 6 studies, 6347 cases 1.08 (1.03-1.13) 0% COERAAL
Rectal cancer
Sex 0.40
Men 5 studies, 1592 cases 1.08 (0.97-1.21) 0% 02.25.2228 28
Women 3 studies, 671 cases 0.99 (0.83-1.18) 0% R

Note: The results are organized by exposure (bold) and outcome (underlined).
Abbreviations: ClI, confidence interval; RR, relative risk.
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and young adulthood. Lower CRC risk was shown with low versus
normal birthweight.

Seven other associations were classified as ‘limited-suggestive’
based on the predetermined grading criteria. The evidence tended to
link higher birthweight with higher colon cancer risk, taller childhood
height with higher CRC risk, early-life adiposity (measured by BMI pic-
tograms) with higher colorectal and colon cancer risk and higher
young adult BMI with higher rectal cancer risk.

All other associations were classified as ‘limited-no conclusion’.
While associations with ‘limited-no conclusion’ evidence grades con-
cerning colon cancer or CRC risk generally pointed in the same direc-
tion as the other associations receiving a stronger evidence grade,
they were based on few studies. For rectal cancer, all associations,
except for young adult BMI, were graded as ‘limited-no conclusion’,

due to the availability of only one or two studies.

4 | DISCUSSION

We systematically reviewed findings from prospective observational
studies on the association between early-life anthropometrics and
CRC risk in adulthood. Early-life anthropometry, particularly higher
birthweight and BMI during childhood, adolescence and young adult-
hood, was associated with a higher risk of colon cancer and CRC.
Findings for childhood and adolescent adiposity were generally sup-
ported by MR studies.

The positive association between birthweight and CRC risk was
graded as ‘strong-probable’ by the CUP Global Expert Panel. Higher
birthweight was associated with higher CRC risk and low versus nor-
mal birthweight with lower CRC risk, with low or no between-study
heterogeneity. MR studies did not show a clear association between
genetically predicted birthweight and CRC risk. However, three out of
five MR studies, including the largest MR study to date®! which
was published after our search, found a suggestive positive associ-
ation of birthweight with CRC risk.”®8%81 Birthweight reflects a
complex interplay of genetic, nutritional and other environmental
factors affecting foetal growth. Factors resulting in higher birth-
weight, or its consequences, may impact CRC development
through largely uncharacterised biological mechanisms. One
potential mechanism linking birthweight to CRC is epigenetic pro-
gramming. Epigenome-wide association studies demonstrated that
DNA methylation profiles in neonatal blood were associated with
birthweight.®? Likewise, various studies imply a role for aberrant
gene-specific DNA methylation patterns in blood in CRC risk.83-8°

The positive associations between early-life BMI and colorectal
and/or colon cancer risk were graded as ‘strong-probable’. Sixteen
studies consistently showed that higher BMI in young adults was
associated with higher CRC risk, mirroring the well-established associ-
ations between adult BMI and CRC risk.® In contrast, fewer studies
were available for BMI during adolescence and childhood. Our
descriptive synthesis indicated that higher BMI in childhood was asso-
ciated with higher risk of colon cancer, while higher BMI during ado-

lescence was associated with risk of both colon cancer and CRC.

JOURNAL of CANCER

Although these findings were based on two observational studies
within each early-life stage, these studies were large, well-designed
and showed narrow confidence intervals. Findings were further sup-
ported by MR studies, leading the Expert Panel to grade this evidence
as ‘strong-probable’. In addition, higher adiposity during childhood
and adolescence, measured by BMI pictograms, also tended to be
associated with higher CRC risk whereas higher young adult BMI
tended to be associated with higher rectal cancer risk. This body of
evidence was graded as ‘limited-suggestive’. Being taller during child-
hood also tended to be associated with higher CRC risk, reflecting
associations observed in adults,® however findings were mainly based
on one large study.’® Mechanisms underlying associations between
early-life adiposity and CRC risk remain poorly understood but may
involve inflammation and immune cell dysfunction.®¢ Children with
overweight or obesity show higher circulating levels of proinflamma-
tory markers like C-reactive protein, interleukine-6 and tumor necrosis
factor-a compared with children with normal weight, pointing towards
potential chronic low-grade inflammation.2”-®® This inflammatory state
may encourage tumour growth, potentially through impairments in
natural killer cell functioning.®® Initial studies in children have sug-
gested that natural killer cells from children with obesity are activated,
metabolically stressed and functionally impaired, potentially weaken-
ing antitumor immunity long before cancer develops.®¢

Several limitations should be considered when interpreting the
results of our systematic literature review and meta-analyses. While
we observed positive associations between early-life adiposity and
CRC risk in adulthood, it remains unclear whether these associations
are independent of later-life exposures. This is mainly because individ-
uals with obesity in childhood often still have obesity in adulthood
due to behavioural, environmental and genetic factors.8??° Although
observational and MR studies have both reported positive associa-
tions for early-life adiposity and CRC risk, one MR study suggested
that adult adiposity may explain the observed association.”® Specifi-
cally, the association between genetically predicted early-life BMI and
CRC risk was attenuated to the null after including genetically pre-
dicted adult BMI in the model.”” The only formal mediation analyses
examining whether adult BMI mediates the association between
early-life anthropometry and CRC risk focused on birthweight.”* They
reported a positive association between birthweight and CRC risk,
with adult BMI partially mediating this association.”* Our review
focused exclusively on early-life periods and did not examine BMI tra-
jectories extending beyond young adulthood. While trajectory model-
ling could provide further insights by tracking body growth patterns

across life stages, such studies are scarce, 2899293

d,65’92

often begin in
young adulthoo with few participants having overweight or
obesity in early life®>8%92 |imiting the ability to assess whether nor-
malising BMI reduces CRC risk. In summary, it remains unclear
whether early life is a sensitive period for CRC risk or if prolonged
exposure to high adiposity is the contributing factor.

A further limitation is that many included studies relied on recall
data rather than objectively measured anthropometrics, likely affect-
ing accuracy of exposure assessment. Our subgroup analyses, how-

ever, revealed that exposure ascertainment method for birthweight
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did not alter conclusions. Furthermore, many studies failed to adjust
for potential confounders or were potentially over-adjusted for adult
lifestyle factors. Only three studies took premature birth into account
and no studies adjusted for early-life physical activity. Nevertheless,
five young adult studies that did not adjust for adult lifestyle factors
showed similar results to those that did. Also MR studies, which are
less prone to confounding, supported positive associations between
early-life BMI and CRC risk. In addition, although our subgroup analy-
sis showed that results did not differ between China, Europe and the
United States, most studies were conducted in high-income countries
which may limit generalisability to low- and middle-income countries,
were the double burden of malnutrition is present.”* Finally, some
analyses may have had limited power due to the small number of
available studies. Based on predetermined grading criteria—including
the number of studies and precision of summary estimates—several
associations received ‘limited-no conclusion’ grades. However, these
associations generally aligned with associations of comparable expo-
sure with strong evidence grades, suggesting similar trends despite
limited power.

Despite its limitations, this is the most comprehensive sys-
tematic review and meta-analysis on early-life anthropometry and
CRC risk conducted to date. Evidence was systematically synthe-
sised and graded by the CUP Global Expert Panel following stan-
dardised grading criteria. This review uniquely addressed
exposures across different early-life stages, including birth-related
characteristics, childhood, adolescence and young adulthood.
Inclusion of both conventional observational studies and MR stud-
ies adds robustness, as each approach has distinct strengths and
limitations. Future studies can expand the evidence base, particu-
larly in under-researched areas like infancy, childhood and
adolescence.

5 | CONCLUSIONS

There is ‘strong’ (subgrade: probable) evidence for the associa-
tions between higher birthweight and early-life BMI and a higher
risk of colon cancer and/or CRC. There is ‘limited-suggestive’ evi-
dence for the positive associations between birthweight and
colon cancer, early-life adiposity during childhood and adoles-
cence and colon cancer and/or CRC, young adult BMI and rectal
cancer, and being taller during childhood and CRC risk. Other
exposure-outcome associations received a ‘limited-no conclusion’
grading.

This study highlights the potential to inform lifestyle recommen-
dations aimed at reducing CRC risk. Although birthweight and height
are not direct targets for cancer prevention, their associations with
CRC provide insights into the possible early origins of the disease.
Further research with repeated measurements during early life may
indicate the potential for how reducing adiposity in early life might
impact adult CRC risk.”* Further studies are also needed in low- and
middle-income countries, where the double burden of malnutrition is

prevalent.”*

JOURNAL of CANCER

AUTHOR CONTRIBUTIONS

Moniek van Zutphen: Writing - original draft; writing - review and
editing; visualization; formal analysis; investigation; methodology; data
curation. Auke J. C. F. Verkaar: Writing - original draft;
writing - review and editing; formal analysis; methodology; investiga-
tion; data curation. Franzel J. B. van Duijnhoven: Supervision;
writing - review and editing. Trudy Voortman: Conceptualization;
methodology; supervision; writing - review and editing; funding
acquisition. Monica L. Baskin: Writing - review and editing. Rajiv
Chowdhury: Writing - review and editing. Ellen Copson: Writing -
review and editing. Sarah J. Lewis: Writing - review and editing.
Lynette Hill: Writing - Krebs:
Writing - review and editing. Matty P. Weijenberg: Writing - review

review and editing. John
and editing. Jacob C. Seidell: Writing - review and editing. Yikyung
Park: Writing - review and editing. Jennifer L. Baker: Writing - review
and editing. Mojgan Amiri: Investigation; writing - review and editing.
Tosca O. E. de Crom: Investigation; writing - review and editing. Erand
Llanaj: Investigation; writing - review and editing. Amber Meulenbeld:
Investigation; writing - review and editing. Macarena Lara: Writing -
review and editing; data curation; investigation. Yuchan Mou: Investiga-
tion; writing - review and editing. Vanessa L. Z. Gordon-Dseagu:
Project administration; writing - review and editing. Esther
M. Gonzalez-Gil: Writing - review and editing. Georgios Marko-
zannes: Supervision; writing - review and editing; methodology.
Konstantinos K. Tsilidis: Writing - review and editing. Doris S. M.
Chan: Supervision; writing - review and editing; methodology.
Ellen Kampman: Funding acquisition; supervision; conceptualiza-
tion; writing - review and editing. Dieuwertje E. Kok: Investiga-

tion; supervision; writing - review and editing.

AFFILIATIONS

Division of Human Nutrition and Health, Wageningen University and
Research, Wageningen, The Netherlands

2Department of Epidemiology, Erasmus MC, University Medical
Center Rotterdam, Rotterdam, The Netherlands

SUPMC Hillman Cancer Center, Pittsburgh, Pennsylvania, USA
“Department of Global Health, Florida International University, Miami,
Florida, USA

SCancer Sciences Academic Unit, University of Southampton,
Southampton, UK

6Department of Population Health Sciences, Bristol Medical School,
University of Bristol, Bristol, UK

“World Cancer Research Fund International, London, UK
8Department of Zoology, University of Oxford, Oxford, UK
?Department of Epidemiology, Maastricht University, Maastricht, The
Netherlands

10Faculty of Science, Department of Health Sciences, Vrije
Universiteit Amsterdam, Amsterdam, The Netherlands

1Department of Surgery, Washington University in St. Louis, St.
Louis, Missouri, USA

12Center for Clinical Research and Prevention, Copenhagen
University Hospital - Bispebjerg and Frederiksberg, Copenhagen,
Denmark



14 | INTERNATIONAL
JOURNAL of CANCER

VAN ZUTPHEN ET AL.

Nutrition and Metabolism Branch, International Agency for
Research on Cancer, World Health Organization, Lyon, France
14Department of Epidemiology and Biostatistics, School of Public
Health, Imperial College London, London, UK

15Department of Hygiene and Epidemiology, University of loannina
Medical School, loannina, Greece

ACKNOWLEDGEMENTS

We acknowledge the input from the CUP Global Expert Committee
on Cancer Incidence to the preliminary evidence gradings: Monica
Baskin, Yikyung Park, Michael Leitzmann, Elisa Bandera, Ken Ong,
Jennifer Lyn Baker, Mark Sherman, Steven Clinton and Paul Brennan.
We thank Teresa Norat for leading the WCRF/ACIR Continuous
Update Project (CUP) as principal investigator from 2007 to 2020.
We acknowledge the input from the CUP Global Secretariat members:
Giota Mitrou, Kate Allen, Helen Croker, Martin Wiseman, Deidre
McGinley-Gieser, Nigel Brockton, Christelle Clary, Holly Paden and
Sarah Kefyalew for providing overall coordination for the work
and for convening and facilitating discussions with the CUP Global
Expert Committee and Expert Panel. We acknowledge the input from
IARC: Laure Dossus, Marc Gunter, Beatrice-Lauby-Secretan, Nahid
Ahmadi, as well as Stephen Hursting (deputy chair—Cancer
Mechanisms Expert Committee). We acknowledge the preliminary
work undertaken by the Lifecourse Transition Workstream members:
Ellen Kampman, Jennifer Lyn Baker, Ken Ong, Sian Robinson, Zdenko
Herceg, Teresa Norat, Trudy Voortman, and Doris Chan. We also
acknowledge the assistance of ChatGPT (https://chat.openai.com)
which provided support in English language editing.

FUNDING INFORMATION

This work was funded by the World Cancer Research Fund network of
charities: American Institute for Cancer Research (AICR), World Cancer
Research Fund (WCRF), Wereld Kanker Onderzoek Fonds (WKOF)
(Project reference number: CUP_2021_001). The process was based on
the method developed by WCREF International's Methodology Task Force
for the WCRF/AICR Second Expert Report.

CONFLICT OF INTEREST STATEMENT

Jennifer Lynn Baker declares no conflicts of interest relevant to this
manuscript and has received consulting fees from Novo Nordisk
A/S. Ellen Copson declares no conflicts of interest relevant to this
manuscript and has received research support from SECA. All other

authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

Only publicly available data were used in this study. Data sources and
handling of these data are described in the methods section. Further
details are available from the corresponding author upon request.

ETHICS STATEMENT

This review is part of a larger review project on diet, physical activity,
and anthropometry in early life and CRC risk for which the protocol
was registered at PROSPERO (CRD42020213415).

ORCID
Moniek van Zutphen
Auke J. C. F. Verkaar
Frdnzel J. B. van Duijnhoven
2352

Jennifer L. Baker

https://orcid.org/0000-0002-2368-0606
https://orcid.org/0000-0001-9252-6752
https://orcid.org/0000-0001-8367-

https://orcid.org/0000-0002-9649-6615
https://orcid.org/0000-0001-8481-579X
https://orcid.org/0000-0002-8452-8472
https://orcid.org/0000-0002-0198-1897
https://orcid.org/0000-0001-7154-8207

Georgios Markozannes
Konstantinos K. Tsilidis
Doris S. M. Chan

Dieuwertje E. Kok

REFERENCES

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA
Cancer J Clin. 2023;73:17-48.

2. World Cancer Research Fund/American Institute for Cancer
Research. Diet, Nutrition, Physical Activity and Cancer: a Global Per-
spective. Continuous Update Project Expert Report. World Cancer
Research Fund International; 2018.

3. Abar L, Vieira AR, Aune D, et al. Height and body fatness and colorec-
tal cancer risk: an update of the WCRF-AICR systematic review of
published prospective studies. Eur J Nutr. 2018;57:1701-1720.

4. Kuh D, Shlomo YB. A Life Course Approach to Chronic Disease Epidemi-
ology. Oxford University Press; 2004.

5. Pratt HD, Tsitsika AK. Fetal, childhood, and adolescence interventions
leading to adult disease prevention. Prim Care. 2007;34(2):203-217.
doi:10.1016/j.pop.2007.04.004

6. Hidayat K, Yang CM, Shi BM. Body fatness at an early age and risk of
colorectal cancer. Int J Cancer. 2018;142:729-740.

7. Lei XL, Song SL, Li X, Geng C, Wang CH. Excessive body fat at a
Young age increases the risk of colorectal cancer: a systematic review
and meta-analysis. Nutr Cancer. 2021;73:1601-1612.

8. Nimptsch K, Wu K. Is timing important? The role of diet and lifestyle
during early life on colorectal neoplasia. Curr Colorectal Cancer Rep.
2018;14:1-11.

9. Garcia H, Song M. Early-life obesity and adulthood colorectal cancer
risk: a meta-analysis. Rev Panam Salud Publica. 2019;43:e3.

10. Mohammadian Khonsari N, Shahrestanaki E, Ehsani A, et al. Associa-
tion of childhood and adolescence obesity with incidence and mortal-
ity of adulthood cancers. A systematic review and meta-analysis.
Front Endocrinol. 2023;14:1069164.

11. Aarestrup J, Bjerregaard LG, Meyle KD, et al. Birthweight, childhood
overweight, height and growth and adult cancer risks: a review of
studies using the Copenhagen school health records register. Int J
Obes. 2020;44:1546-1560.

12. Chen C, Chen X, Wu D, et al. Association of birth weight with cancer
risk: a dose-response meta-analysis and Mendelian randomization
study. J Cancer Res Clin Oncol. 2023;149:3925-3935.

13. Yang TO, Reeves GK, Green J, Beral V, Cairns BJ, Million Women
Study Collaborators. Birth weight and adult cancer incidence: large
prospective study and meta-analysis. Ann Oncol. 2014;25:1836-1843.

14. Saraiva MR, Rosa |, Claro I. Early-onset colorectal cancer: a review of
current knowledge. World J Gastroenterol. 2023;29:1289-1303.

15. Wells G, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Ana-
lyses. Accessed February 11, 2021. https://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp

16. Lo CK-L, Mertz D, Loeb M. Newcastle-Ottawa Scale: comparing
reviewers' to authors' assessments. BMC Med Res Methodol. 2014;14:45.

17. Aune D, Greenwood DC, Chan DS, et al. Body mass index, abdominal
fatness and pancreatic cancer risk: a systematic review and non-linear
dose-response meta-analysis of prospective studies. Ann Oncol. 2012;
23:843-852.


https://chat.openai.com
https://orcid.org/0000-0002-2368-0606
https://orcid.org/0000-0002-2368-0606
https://orcid.org/0000-0001-9252-6752
https://orcid.org/0000-0001-9252-6752
https://orcid.org/0000-0001-8367-2352
https://orcid.org/0000-0001-8367-2352
https://orcid.org/0000-0001-8367-2352
https://orcid.org/0000-0002-9649-6615
https://orcid.org/0000-0002-9649-6615
https://orcid.org/0000-0001-8481-579X
https://orcid.org/0000-0001-8481-579X
https://orcid.org/0000-0002-8452-8472
https://orcid.org/0000-0002-8452-8472
https://orcid.org/0000-0002-0198-1897
https://orcid.org/0000-0002-0198-1897
https://orcid.org/0000-0001-7154-8207
https://orcid.org/0000-0001-7154-8207
info:doi/10.1016/j.pop.2007.04.004
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

VAN ZUTPHEN ET AL.

INTERNATIONAL

1o

1JC

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bekkering GE, Harris RJ, Thomas S, et al. How much of the data pub-
lished in observational studies of the association between diet and
prostate or bladder cancer is wusable for meta-analysis?
Am J Epidemiol. 2008;167:1017-1026.

Tsilidis KK, Cariolou M, Becerra-Tomas N, et al. Postdiagnosis
body fatness, recreational physical activity, dietary factors and
breast cancer prognosis: Global Cancer Update Programme (CUP Global)
summary of evidence grading. Int J Cancer. 2023;152:635-644.

Tsilidis KK, Markozannes G, Becerra-Tomas N, et al. Post-diagnosis
adiposity, physical activity, sedentary behaviour, dietary factors, sup-
plement use and colorectal cancer prognosis: Global Cancer Update
Programme (CUP Global) summary of evidence grading. Int J Cancer.
2024;155:471-485.

Crippa A, Orsini N. Multivariate dose-response meta-analysis: the
dosresmeta R package. J Stat Softw. 2016;72:1-15. doi:10.18637/jss.
v072.c01

Shim SR, Lee J. Dose-response meta-analysis: application and practice
using the R software. Epidemiology and Health. 2019;41:e2019006.
Greenland S, Longnecker MP. Methods for trend estimation from
summarized dose-response data, with applications to meta-analysis.
Am J Epidemiol. 1992;135:1301-1309.

Hamling J, Lee P, Weitkunat R, Ambuhl M. Facilitating meta-analyses
by deriving relative effect and precision estimates for alternative
comparisons from a set of estimates presented by exposure level or
disease category. Stat Med. 2008;27:954-970.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials. 1986;7:177-188.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-anal-
ysis. Stat Med. 2002;21:1539-1558.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629-634.

Balduzzi S, Ricker G, Schwarzer G. How to perform a meta-analysis with
R: a practical tutorial. Evidence Based Mental Health. 2019;22:153-160.
Ahlgren M, Wohlfahrt J, Olsen LW, Sorensen Tl, Melbye M. Birth
weight and risk of cancer. Cancer. 2007;110:412-419.

Levi Z, Kark JD, Katz LH, et al. Adolescent body mass index and risk
of colon and rectal cancer in a cohort of 1.79 million Israeli men and
women: a population-based study. Cancer. 2017;123:4022-4030.

Levi Z, Kark JD, Barchana M, et al. Measured body mass index in ado-
lescence and the incidence of colorectal cancer in a cohort of 1.1 mil-
lion males. Cancer Epidemiol Biomarkers Prev. 2011;20:2524-2531.
Chute CG, Willett WC, Colditz GA, et al. A prospective study of body
mass, height, and smoking on the risk of colorectal cancer in women.
Cancer Causes Control. 1991;2:117-124.

Hughes LA, Simons CC, van den Brandt PA, et al. Body size, physical
activity and risk of colorectal cancer with or without the CpG Island
methylator phenotype (CIMP). PLoS One. 2011;6(4):e18571. doi:10.
1371/journal.pone.0018571

Jenniskens JCA, Offermans K, Simons C, et al. Energy balance-related
factors in childhood and adolescence and risk of colorectal cancer
based on KRAS, PIK3CA, and BRAF mutations and MMR status. Mol
Carcinog. 2022;61:1099-1115.

Jenniskens JCA, Offermans K, Simons C, et al. Energy balance-related
factors in childhood and adolescence and risk of colorectal cancer
expressing different levels of proteins involved in the Warburg-effect.
Int J Cancer. 2022;150:1812-1824.

Simons CC, van den Brandt PA, Stehouwer CD, van Engeland M,
Weijenberg MP. Body size, physical activity, early-life energy
restriction, and associations with methylated insulin-like growth factor-
binding protein genes in colorectal cancer. Cancer Epidemiol Biomarkers
Prev. 2014;23(9):1852-1862. doi:10.1158/1055-9965.EPI-13-1285
Gausman V, Liang PS, O'Connell K, Kantor ED, Du M. Evaluation of
early-life factors and early-onset colorectal cancer among men and
women in the UK biobank. Gastroenterology. 2022;162:981-983
e983.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

54.

55.

56.

57.

JOURNAL of CANCER

Li H, Boakye D, Chen X, et al. Associations of body mass index at dif-
ferent ages with early-onset colorectal cancer. Gastroenterology.
2022;162:1088-1097 €1083.

Chang VC, Cotterchio M, De P, Tinmouth J. Risk factors for early-
onset colorectal cancer: a population-based case-control study in
Ontario, Canada. Cancer Causes Control. 2021;32(10):1063-1083. doi:
10.1007/s10552-021-01456-8

Russo A, Franceschi S, La Vecchia C, et al. Body size and colorectal-
cancer risk. Int J Cancer. 1998;78:161-165.

Boyle T, Fritschi L, Tabatabaei SM, Ringwald K, Heyworth JS. Smok-
ing, alcohol, diabetes, obesity, socioeconomic status, and the risk of
colorectal cancer in a population-based case-control study. Cancer
Causes Control. 2014;25:1659-1668.

Ishimaru S, Mimori K, Yamamoto K, et al. Increased risk for CRC in
diabetic patients with the nonrisk allele of SNPs at 8q24. Ann Surg
Oncol. 2012;19:2853-2858.

Campbell PT, Jacobs ET, Ulrich CM, et al. Case-control study of over-
weight, obesity, and colorectal cancer risk, overall and by tumor
microsatellite instability status. J Natl Cancer Inst. 2010;102(6):391-
400. doi:10.1093/jnci/djq011

Campbell PT, Cotterchio M, Dicks E, Parfrey P, Gallinger S,
McLaughlin JR. Excess body weight and colorectal cancer risk in
Canada: associations in subgroups of clinically defined familial risk of
cancer. Cancer Epidemiol Biomarkers Prev. 2007;16:1735-1744.

Wu AH, Paganini-Hill A, Ross RK, Henderson BE. Alcohol, physical
activity and other risk factors for colorectal cancer: a prospective
study. Br J Cancer. 1987;55:687-694.

Murphy CC, Cirillo PM, Krigbaum NY, et al. Maternal obesity, preg-
nancy weight gain, and birth weight and risk of colorectal cancer. Gut.
2022;71:1332-1339.

Smith NR, Jensen BW, Zimmermann E, Gamborg M, Sorensen TI,
Baker JL. Associations between birth weight and colon and rectal cancer
risk in adulthood. Cancer Epidemiol Biomarkers Prev. 2016;42:181-185.
Barker DJ, Osmond C, Thornburg KL, Kajantie E, Eriksson JG. The
shape of the placental surface at birth and colorectal cancer in later
life. Am J Hum Biol. 2013;25:566-568.

Cnattingius S, Lundberg F, lliadou A. Birth characteristics and risk of
colorectal cancer: a study among Swedish twins. Br J Cancer. 2009;
100:803-806.

Nilsen TI, Romundstad PR, Troisi R, Potischman N, Vatten LJ. Birth
size and colorectal cancer risk: a prospective population based study.
Gut. 2005;54:1728-1732.

McCormack VA, dos Santos Silva |, Koupil I, Leon DA, Lithell HO.
Birth characteristics and adult cancer incidence: Swedish cohort of
over 11,000 men and women. Int J Cancer. 2005;115(4):611-617. doi:
10.1002/ijc.20915

Sandhu MS, Luben R, Day NE, Khaw KT. Self-reported birth weight
and subsequent risk of colorectal cancer. Cancer Epidemiol Biomarkers
Prev. 2002;11:935-938.

. Spracklen CN, Wallace RB, Sealy-Jefferson S, et al. Birth weight and subse-

quent risk of cancer. Cancer Epidemiol Biomarkers Prev. 2014;38:538-543.
Celind J, Ohlsson C, Bygdell M, Nethander M, Kindblom JM. Child-
hood body mass index is associated with risk of adult colon cancer in
men: An association modulated by pubertal change in body mass
index. Cancer Epidemiol Biomarkers Prev. 2019;28:974-979.

Li J, Eriksson M, He W, Hall P, Czene K. Associations between child-
hood body size and seventeen adverse outcomes: analysis of 65,057
European women. Sci Rep. 2017;7:16917.

Jensen BW, Gamborg M, Gogenur |, Renehan AG, Sorensen TIA,
Baker JL. Childhood body mass index and height in relation to site-
specific risks of colorectal cancers in adult life. Eur J Epidemiol. 2017;
32:1097-1106.

Zhang X, Wu K, Giovannucci EL, et al. Early life body fatness and risk
of colorectal cancer in U.S. women and men-results from two large
cohort studies. Cancer Epidemiol Biomarkers Prev. 2015;24:690-697.


https://doi.org/10.18637/jss.v072.c01
https://doi.org/10.18637/jss.v072.c01
info:doi/10.1371/journal.pone.0018571
info:doi/10.1371/journal.pone.0018571
info:doi/10.1158/1055-9965.EPI-13-1285
info:doi/10.1007/s10552-021-01456-8
info:doi/10.1093/jnci/djq011
info:doi/10.1002/ijc.20915

16 | INTERNATIONAL
JOURNAL of CANCER

58.
59.
60.

61.

62.
63.

64.
65.

66.
67.
68.
69.
70.
71.

72.

73.

74.

75.
76.
77.
78.

79.

VAN ZUTPHEN ET AL.

Whitley E, Martin RM, Smith GD, Holly JM, Gunnell D. Childhood
stature and adult cancer risk: the Boyd Orr cohort. Cancer Causes
Control. 2009;20:243-251.

Jeffreys M, Smith GD, Martin RM, Frankel S, Gunnell D. Childhood
body mass index and later cancer risk: a 50-year follow-up of the
Boyd Orr study. Int J Cancer. 2004;112:348-351.

Furer A, Afek A, Sommer A, et al. adolescent obesity and midlife can-
cer risk: a population-based cohort study of 2.3 million adolescents in
Israel. Lancet Diabetes Endocrinol. 2020;8:216-225.

Batty GD, Calvin CM, Brett CE, Cukic I, Deary 1J. Childhood body
weight in relation to morbidity from cardiovascular disease and can-
cer in older adulthood: 67-year follow-up of participants in the 1947
Scottish Mental Survey. Am J Epidemiol. 2015;182:775-780.

Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH. Long-term morbid-
ity and mortality of overweight adolescents. A follow-up of the Harvard
Growth Study of 1922 to 1935. N Engl J Med. 1992;327:1350-1355.
Mariosa D, Smith-Byrne K, Richardson TG, et al. Body size at differ-
ent ages and risk of 6 cancers: a Mendelian randomization and pro-
spective cohort study. J Natl Cancer Inst. 2022;114:1296-1300.

Liu PH, Wu K, Ng K, et al. Association of Obesity with Risk of early-
onset colorectal cancer among women. JAMA Oncol. 2019;5:37-44.
Zheng R, Du M, Zhang B, et al. Body mass index (BMI) trajectories and risk
of colorectal cancer in the PLCO cohort. Br J Cancer. 2018;119:130-132.
Pang Y, Kartsonaki C, Guo Y, et al. Adiposity and risks of colorectal
and small intestine cancer in Chinese adults: a prospective study of
0.5 million people. Br J Cancer. 2018;119:248-250.

Kantor ED, Udumyan R, Signorello LB, Giovannucci EL, Montgomery S,
Fall K. Adolescent body mass index and erythrocyte sedimentation rate
in relation to colorectal cancer risk. Gut. 2016;65:1289-1295.

Han X, Stevens J, Truesdale KP, et al. Body mass index at early adult-
hood, subsequent weight change and cancer incidence and mortality.
Int J Cancer. 2014;135:2900-2909.

Li H, Yang G, Xiang YB, et al. Body weight, fat distribution and colorectal
cancer risk: a report from cohort studies of 134255 Chinese men and
women. Int J Obes (Lond). 2013;37(6):783-789. doi:10.1038/ij0.2012.152
Renehan AG, Flood A, Adams KF, et al. Body mass index at different adult
ages, weight change, and colorectal cancer risk in the National Institutes
of Health-AARP Cohort. Am J Epidemiol. 2012;176:1130-1140.

Win AK, Dowty JG, English DR, et al. Body mass index in early adulthood
and colorectal cancer risk for carriers and non-carriers of germline muta-
tions in DNA mismatch repair genes. Br J Cancer. 2011;105:162-169.
Hughes LA, Simons CC, van den Brandt PA, Goldbohm RA, van
Engeland M, Weijenberg MP. Body size and colorectal cancer risk after
16.3 years of follow-up: an analysis from the Netherlands cohort study.
Am J Epidemiol. 2011;174(10):1127-1139. doi:10.1093/aje/kwr247
Oxentenko AS, Bardia A, Vierkant RA, et al. Body size and incident
colorectal cancer: a prospective study of older women. Cancer Prev
Res (Phila). 2010;3:1608-1620.

Bassett JK, Severi G, English DR, et al. Body size, weight change, and risk
of colon cancer. Cancer Epidemiol Biomarkers Prev. 2010;19:2978-2986.
Lee IM, Paffenbarger RS Jr. Quetelet's index and risk of colon cancer
in college alumni. J Natl Cancer Inst. 1992;84(17):1326-1331. doi:10.
1093/jnci/84.17.1326

Jarvis D, Mitchell JS, Law PJ, et al. Mendelian randomisation analysis
strongly implicates adiposity with risk of developing colorectal cancer.
Br J Cancer. 2016;115:266-272.

Gao C, Patel CJ, Michailidou K, et al. Mendelian randomization study of
adiposity-related traits and risk of breast, ovarian, prostate, lung and colo-
rectal cancer. Int J Epidemiol. 2016;45(3):896-908. doi:10.1093/ije/dyw129
Fang X, Wang X, Song Z, et al. Causal association of childhood obe-
sity with cancer risk in adulthood: a Mendelian randomization study.
Int J Cancer. 2021;149:1421-1425.

Papadimitriou N, Bull CJ, Jenab M, et al. Separating the effects of
early and later life adiposity on colorectal cancer risk: a Mendelian
randomization study. BMC Med. 2023;21:5.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Cornish AJ, Law PJ, Timofeeva M, et al. Modifiable pathways for colo-
rectal cancer: a mendelian randomisation analysis. Lancet Gastroen-
terol Hepatol. 2020;5:55-62.

Went M, Sud A, Mills C, et al. Phenome-wide Mendelian randomisa-
tion analysis of 378,142 cases reveals risk factors for eight common
cancers. Nat Commun. 2024;15:2637.

Kupers LK, Monnereau C, Sharp GC, et al. Meta-analysis of
epigenome-wide association studies in neonates reveals widespread
differential DNA methylation associated with birthweight. Nat Com-
mun. 2019;10:1893.

Onwuka JU, Li D, Liu Y, et al. A panel of DNA methylation signature
from peripheral blood may predict colorectal cancer susceptibility.
BMC Cancer. 2020;20:692.

Ally MS, Al-Ghnaniem R, Pufulete M. The relationship between gene-
specific DNA methylation in leukocytes and normal colorectal mucosa
in subjects with and without colorectal tumors. Cancer Epidemiol Bio-
markers Prev. 2009;18:922-928.

Gao Y, Killian K, Zhang H, et al. Leukocyte DNA methylation and
colorectal cancer among male smokers. World J Gastrointest Oncol.
2012;4:193-201.

Weihe P, Spielmann J, Kielstein H, Henning-Klusmann J, Weihrauch-
Bluher S. Childhood obesity and cancer risk in adulthood. Curr Obes
Rep. 2020;9:204-212.

Kelishadi R, Roufarshbaf M, Soheili S, Payghambarzadeh F, Masjedi M.
Association of Childhood Obesity and the immune system: a systematic
review of reviews. Child Obes. 2017;13:332-346.

Silva LR, Stefanello JM, Pizzi J, Timossi LS, Leite N. Atherosclerosis
subclinical and inflammatory markers in obese and nonobese children
and adolescents. Rev Bras Epidemiol. 2012;15:804-816.

Song M, Willett WC, Hu FB, et al. Trajectory of body shape across
the lifespan and cancer risk. Int J Cancer. 2016;138:2383-2395.
Wright C, Heron J, Kipping R, Hickman M, Campbell R, Martin RM.
Young adult cancer risk behaviours originate in adolescence: a longi-
tudinal analysis using ALSPAC, a UK birth cohort study. BMC Cancer.
2021;21:365.

Su L, Hendryx M, Li M, et al. Birth weight, adult body size, and risk of
colorectal cancer. Cancer Epidemiol. 2023;85:102407.

Yang Y, Lynch BM, Dugue PA, et al. Latent class trajectory modeling
of adult body mass index and risk of obesity-related cancer: findings
from the Melbourne collaborative cohort study. Cancer Epidemiol Bio-
markers Prev. 2021;30:373-379.

Jensen BW, Aarestrup J, Blond K, et al. Childhood body mass index
trajectories, adult-onset type 2 diabetes, and obesity-related cancers.
J Natl Cancer Inst. 2023;115:43-51.

Baker JL, Gordon-Dseagu VLZ, Voortman T, et al. Lifecourse research
in cancer: context, challenges, and opportunities when exploring
exposures in early life and cancer risk in adulthood [version 1; peer
review: awaiting peer review]. Health Open Res. 2024;6:16. doi:10.
12688/healthopenres.13748.1

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: van Zutphen M, Verkaar AJCF, van
Duijnhoven FJB, et al. Early-life anthropometry and colorectal
cancer risk in adulthood: Global Cancer Update Programme
(CUP Global) systematic literature review and meta-analysis of
prospective studies. Int J Cancer. 2025;1-16. doi:10.1002/ijc.
35461


info:doi/10.1038/ijo.2012.152
info:doi/10.1093/aje/kwr247
info:doi/10.1093/jnci/84.17.1326
info:doi/10.1093/jnci/84.17.1326
info:doi/10.1093/ije/dyw129
https://doi.org/10.12688/healthopenres.13748.1
https://doi.org/10.12688/healthopenres.13748.1
info:doi/10.1002/ijc.35461
info:doi/10.1002/ijc.35461

	Early‐life anthropometry and colorectal cancer risk in adulthood: Global Cancer Update Programme (CUP Global) systematic li...
	Abstract
	What's New?
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Search strategy
	2.2  |  Study selection
	2.3  |  Data extraction
	2.4  |  Risk of bias assessment
	2.5  |  Statistical analyses
	2.6  |  Evidence grading criteria

	3  |  RESULTS
	3.1  |  Birth size
	3.2  |  Child anthropometry
	3.3  |  Adolescent anthropometry
	3.4  |  Young adult anthropometry
	3.5  |  Changes in body mass index during early life
	3.6  |  Consistency of findings
	3.7  |  Evidence grading

	4  |  DISCUSSION
	5  |  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	AFFILIATIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


