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Abstract

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

(CRC) risk, the impact of early-life anthropometry remains unclear. We conducted a

systematic literature review and meta-analysis examining early-life anthropometry,

including birth size, height and adiposity and adult CRC risk. We searched Medline,

Embase, Web of Science and CENTRAL. Early-life stages were categorised as at birth,

infancy (0 to <2 years), childhood (2 to 9 years), adolescence (10 to 19 years) and

young adulthood (18 to 25 years). Random-effects meta-analyses were conducted

when ≥3 prospective observational studies provided sufficient information; other-

wise, results were descriptively synthesised. We included 37 publications, and evi-

dence was graded by the Global Cancer Update Programme Expert Panel.

Higher birthweight (relative risk [RR] per 1000 g: 1.09, 95% confidence interval

[CI] 1.01–1.16; 8 studies, 8134 cases) and young adult body mass index (BMI, RR per

5 kg/m2: 1.12, 95% CI 1.07–1.17; 16 studies, 20,365 cases) were associated with

Abbreviations: BMI, body mass index; CI, confidence interval; CRC, colorectal cancer; CUP Global, Global Cancer Update Programme; MR, Mendelian randomisation; NOS, Newcastle Ottawa

Quality Assessment Scale; RR, relative risk; SD, standard deviation; WCRF, World Cancer Research Fund.
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higher CRC risk. Associations for young adult BMI were most pronounced for colon

cancer (RR per 5 kg/m2: 1.15, 95% CI: 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.

K E YWORD S

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.1

While adiposity and adult attained height are associated with a higher

risk of CRC,2,3 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,4 lifelong habits are often established early in life5 and expo-

sure to early-life risk factors can lead to prolonged cumulative

exposure.4

Studies have shown that adiposity during early life is associated

with CRC risk in adulthood.6–10 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.11 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.11 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,11,12 although there was no conclusive

evidence in linear and nonlinear dose–response meta-analyses.12,13

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
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and case reports. Eligible studies had to provide relative risk (RR;

e.g., hazard ratio, odds ratio) estimates and 95% confidence intervals

(CIs) 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.14

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%

CIs for different CRC subtypes, adjustment models, or subgroups, we

extracted all relevant estimates. Extracted data are shown in

Tables S2–S6. 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).15 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 9.15 We considered scores ≥7 as well-designed

studies with low risk of bias.16

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.17,18 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% CI 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.19,20 Otherwise, results were descriptively

synthesised. For this review, we selected RRs and 95% CIs 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%

CIs reported for the linear trend in original publications or estimated the

linear trend based on category-specific results.21–23 For young adult BMI,

we excluded the underweight category (BMI <18.5 kg/m2 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.24 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.25 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 I2,26

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.27

One-stage nonlinear dose–response meta-analyses were con-

ducted using restricted cubic splines to explore shapes of the associa-

tions.21 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 (≥5), these analyses were possible for birthweight

(reference 3000 g) and young adult BMI (reference 18.5 kg/m2).

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)28 and ‘dosresmeta’ (version 2.0.1)21 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 CIs 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

rectal cancer risk. After excluding 17 publications29–45 not meeting

inclusion criteria (Table S8), 37 publications were included.12,13,46–80

Of these, 9 non-MR publications focused on birth size,13,46–53 6 on

children,54–59 5 on adolescents,56,57,60–62 15 on young adults54,57,63–75

and 2 on changes across early-life stages,54,56 with some studies investi-

gating more than one early-life stage. No studies were identified for

infants. Seven publications were MR studies12,63,76–80

Among the publications on conventional observational studies,

16 were from Europe,13,47–52,54–56,58,59,61,63,67,72 10 from the United

States,46,53,57,62,64,65,68,70,73,75 3 from Asia,60,66,69 1 from Australia74

and 1 was multinational.71 MR studies only included people from

European ancestry.12,63,76–80 The majority of studies (n = 27; 79%)

had a NOS quality score of ≥746–51,53–61,63,64,66–70,72,74,75 and were

therefore considered to be of high quality, whereas three studies had

a score of 6,65,69,71 three studies had a score of 513,62,71 and one

study had a score of 4.52

3.1 | Birth size

For birthweight, the linear meta-analysis included 8134 CRC cases

from eight studies.13,46–52 Each 1000 g increase in birthweight was

associated with a 9% increase in CRC risk (summary RR = 1.09,

95% CI 1.01–1.16), showing low heterogeneity (I2 = 21%,

pheterogeneity = .27) (Figure 1A). There was no evidence for

nonlinearity (p-nonlinearity = .54)13,46,48–50,52 (Figure 1B).

Descriptive syntheses by tumour subsites included 2 studies with

a total of 2090 colon cancer cases47,53 and 1 study with 961 rectal

cancer cases.47 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).47,53 The

study examining rectal cancer suggested a potential nonlinear

association, with an inverse association for birthweights above

3500 g.47

Additional meta-analyses comparing low (<2500 g) with normal

birthweight (2500–4000 g)13,46,48,49,52 or comparing high (≥4000 g)

with normal birthweight13,46,48,52 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,

I2 = 33%, pheterogeneity = .21) (Figure 1C).

For birth length, a total of 754 CRC cases from three studies were

included in the linear meta-analysis.49–51 There was no clear associa-

tion between each 1-cm increase and CRC risk (summary RR = 1.03,

95% CI 0.99–1.09, I2 = 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.12,76,77,80 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.54,56,59 There was no clear association

between each 1 standard deviation (SD) increase in child BMI and

CRC risk (summary RR = 1.05, 95% CI 0.98–1.12, I2 = 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 cancer54,56 (Figure 2B).

For child BMI pictograms, the meta-analysis included 1884 colon

cancer cases from 3 studies.55,57 Being overweight was associated

with a 19% higher colon cancer risk compared with not being over-

weight (summary RR = 1.19, 95% CI 1.01–1.40, I2 = 0%,

pheterogeneity = .60) (Figure 2C). Additional descriptive synthesis

included 2 studies that reported on CRC (2100 cases) and rectal can-

cer (451 cases) risk.57 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.54,56,58 Each 1-SD increase was associated with a 9%

increased CRC risk (summary RR = 1.09, 95% CI 1.06–1.12, I2 = 0%,

pheterogeneity = .62) (Figure 2E). Descriptive synthesis by tumour subsite,
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including two studies, showed no clear associations between child

height and risk of colon or rectal cancer54,56 (Figure 2F).

MR studies seemed to support the positive association

between childhood BMI and CRC risk76–78 (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.76 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.56,60–62 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/m2)56,60 (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 (≥95th 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% CI 1.29–1.98),60

but the 2 smaller studies (132 cases combined) showed non-

significant associations.61,62

For adolescent BMI pictograms, the descriptive synthesis

included 2100 CRC cases from 2 cohorts57 (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.56 Each 1-SD increase in height was associ-

ated with a 9% increase in CRC risk (RR = 1.09, 95% CI 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.63,79 One MR study, stratified by tumour subsite, also reported

RRs >1 for colon and rectal cancer risk.79 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.54,57,63–73 Each 5 kg/m2 increase in BMI

Author

Random effects model
Heterogeneity: I2 = 21%, p = 0.27

Murphy
Smith
Yang
Barker
Cnattingius
McCormack
Nilsen
Sandhu

Year

2022
2016
2014
2013
2010
2005
2005
2002

Study

CHDS
CSHRR
MWS
HBCS

STR
UBCoS

St. Olav's hospital
EPIC Norfolk

0.5 0.7 1 1.5 2 2.6

RR for 1000g increase of birth weight

RR (95% CI)

1.09 (1.01,1.16)

1.59 (0.97,2.61)
1.05 (0.98,1.12)
1.09 (1.01,1.17)
1.10 (0.80,1.51)
0.97 (0.61,1.54)
1.39 (1.04,1.87)
0.78 (0.52,1.18)
1.20 (0.84,1.71)

Weight

100.0%

1.9%
41.0%
39.1%
4.4%
2.2%
5.1%
2.7%
3.6%

(A) (B)

Author

High birth weight

Low birth weight 

Random effects model

Random effects model

Heterogeneity: I2 = 33%, p = 0.21

Heterogeneity: I2 = 0%, p = 0.65

Murphy

Yang
Barker
Sandhu

Murphy
Yang

Barker

Cnattingius
Sandhu

Year

2022

2014
2013
2002

2022
2014

2013

2009
2002

Study

CHDS

MWS
HBCS

EPIC Norfolk

CHDS
MWS

HBCS

STR
EPIC Norfolk

0.3 0.5 1 2 3

Relative Risk (RR)

RR (95% CI)

1.19 (0.94,1.51)

0.91 (0.85,0.99)

1.95 (0.86,4.42)

1.06 (0.99,1.14)
1.04 (0.55,1.97)
1.54 (0.97,2.43)

0.44 (0.06,3.23)
0.90 (0.83,0.98)

0.94 (0.70,1.26)

1.07 (0.69,1.66)
1.29 (0.72,2.33)

Weight

100.0%

100.0%

4.7%

74.7%
7.4%

13.2%

0.7%
58.9%

21.6%

11.8%
7.1%

Comparison (g)

=4,000 vs 2,500−3,999

=4,000 vs 2,500−3,900
>4,000 vs 2,500−4,000
>4,000 vs 2,500−4,000

<2,500 vs 2,500−3,999
<2,500 vs 2,500−3,900

<2,500 vs 2,500−4,000

<2,500 vs 2,500−2,999
<2,500 vs 2,500−4,000

(C)

Author

Random effects model
Heterogeneity: I2 = 22%, p = 0.28

Cnattingius

McCormack
Nilsen

Year

2010

2005
2005

Study

STR

UBCoS
St. Olav's hospital

0.8 1 1.2 1.5
RR for 1cm increase of birth length

RR (95% CI)

1.03 (0.99,1.09)

1.02 (0.96,1.08)

1.08 (1.01,1.15)
0.97 (0.85,1.11)

Weight

100.0%

49.0%

39.1%
11.9%

(D)

F IGURE 1 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 (pnonlinearity = .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 (CI). The squares and horizontal lines show study-specific RRs and their
95% CIs. 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 g or 1 cm.
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was associated with a 12% increased CRC risk (summary RR = 1.12,

95% CI 1.07–1.17) with moderate heterogeneity (I2 = 49%,

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

magnitude of RRs among the studies, all consistently reported RRs >1.

In the nonlinear meta-analysis,57,64–73 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.67 (Figure S2). After omitting this study, the positive as-

sociation with CRC risk remained (summary RR = 1.09, 95% CI

1.06–1.13; I2 = 10%).

When stratified by tumour subsite, each 5 kg/m2 increase in

young adult BMI was associated with a higher risk of colon cancer

(summary RR = 1.15, 95% CI 1.06–1.24, I2 = 55%,

pheterogeneity = .02) (Figure 4C), proximal colon cancer (summary

RR = 1.07, 95% CI 1.01–1.14, I2 = 0%, pheterogeneity = .53)

(Figure S3A) and distal colon cancer (summary RR = 1.10, 95% CI:

1.00–1.21, I2 = 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; I2 = 0%, pheterogeneity = .60) (Figure 4C). There was no

evidence of nonlinearity for colon67,69,70,72,74,75 and rectal67,69,70,72

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.56 The other study indicated

that BMI changes between 8 and 20 years were not associated with

either colon or rectal cancer risk.54

Author

Random effects model
Heterogeneity: I2 = 37%, p = 0.20
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Year

2019
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Study

Gothenburg
CSHRR
Boyd Orr

0.7 1 1.5 2
RR for 1−SD increase of BMI

RR (95% CI)

1.05 (0.98,1.12)

1.11 (1.01,1.22)
1.02 (0.98,1.06)
0.96 (0.70,1.32)

Weight

100.0%

31.1%
64.8%

4.1%

(A)

Author

Colon Cancer 

Rectal Cancer

Celind
Jensen

Celind
Jensen

Year

2019
2017

2019
2017

Study

Gothenburg
CSHRR

Gothenburg
CSHRR

0.7 1 1.5 2
RR for 1−SD increase of BMI

RR (95% CI)

1.19 (1.06,1.34)
1.07 (1.02,1.12)

0.99 (0.85,1.15)
0.96 (0.91,1.01)

(B)

Author

Random effects model
Heterogeneity: I2 = 0%, p = 0.60

Li
Zhang
Zhang

Year

2017
2015
2015

Study

KARMA
HPFS
NHS

0.7 1 1.5 2
RR for overweight vs. non−overweight

RR (95% CI)

1.19 (1.01,1.40)

1.28 (0.85,1.93)
1.07 (0.82,1.40)
1.27 (1.00,1.61)

Weight

100.0%

15.9%
37.6%
46.6%

(C)

Author

Colorectal Cancer

Rectal Cancer

Zhang
Zhang

Zhang
Zhang

Year

2015
2015

2015
2015

Study

HPFS
NHS

HPFS
NHS

0.7 1 1.5 2
RR for overweight vs. non−overweight

RR (95% CI)

1.12 (0.89,1.41)
1.32 (1.08,1.61)

0.93 (0.57,1.52)
1.34 (0.85,2.11)

(D)

Author

Random effects model
Heterogeneity: I2 = 0%, p = 0.62

Celind
Jensen
Whitley

Year

2019
2017
2009

Study

Gothenburg
CSHRR
Boyd Orr

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

RR (95% CI)

1.09 (1.06,1.12)

1.04 (0.94,1.14)
1.09 (1.06,1.12)
1.06 (0.84,1.34)

Weight

100.0%

8.3%
90.3%

1.4%

(E)

Author

Colon Cancer 

Rectal Cancer

Celind
Jensen

Celind
Jensen

Year

2019
2017

2019
2017

Study

Gothenburg
CSHRR

Gothenburg
CSHRR

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

RR (95% CI)

1.05 (0.93,1.19)
1.13 (1.09,1.17)

1.02 (0.87,1.20)
1.02 (0.97,1.07)

(F)

F IGURE 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 ≥5) 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 (CI). The squares and horizontal

lines show study-specific RRs and their 95% CIs. 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).
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Author

Colorectal Cancer

Colon Cancer

Rectal Cancer

Furer
Jensen
Batty

Furer
Jensen

Furer
Jensen

Year

2020
2017
2015

2020
2017

2020
2017

Study

Israel
CSHRR

SMS1947

Israel
CSHRR

Israel
CSHRR

0.7 1 1.5 2
RR for continously expressed BMI

RR (95% CI)

1.18 (1.11,1.25)
1.05 (1.01,1.09)
1.01 (0.85,1.20)

1.24 (1.15,1.34)
1.09 (1.04,1.14)

1.08 (0.98,1.19)
0.97 (0.92,1.02)

Comparison

Per 5 kg/m²
Per 1−SD
Per 1−SD

Per 5 kg/m²
Per 1−SD

Per 5 kg/m²
Per 1−SD

(A)

Author

Colorectal Cancer

Colon Cancer

Rectal Cancer

Zhang
Zhang

Zhang
Zhang

Zhang
Zhang

Year

2015
2015

2015
2015

2015
2015

Study

HPFS
NHS

HPFS
NHS

HPFS
NHS

0.5 1 2 3
RR for overweight vs. non−overweight

RR (95% CI)

1.16 (0.93,1.44)
1.31 (1.06,1.61)

1.06 (0.82,1.36)
1.20 (0.94,1.53)

1.07 (0.67,1.70)
1.52 (0.97,2.37)

(C)

Author

Furer

Batty
Must

Year

2020
2015
1992

Study

Israel
SMS1947
3rd HGS

0.7 1 1.5 2
Relative Risk (RR)

RR (95% CI)

1.60 (1.29, 1.98)
1.02 (0.62, 1.68)

6.50 (0.70,60.35)

Comparison

=95th vs 5th−49th percentile
quartile 4 vs quartile 1

>75th vs 25th−50th percentile

(B)

F IGURE 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 (BMI
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 (CIs).

Author

Random effects model
Heterogeneity: I2 = 49%, p = 0.01

Mariosa
Celind
Liu
Pang
Zheng
Kantor
Zhang
Zhang
Han
Li
Li
Renehan
Win
Win
Hughes
Oxentenko

Year

2022
2019
2019
2018
2018
2016
2015
2015
2014
2013
2013
2012
2011
2011
2011
2010

Study

EPIC
Gothenburg

NHSII
CKB

PCLO
Swedish Military Register

HPFS
NHS
ARIC
SMHS
SWHS

NIH−AARP
COLON CFR − MMR−
COLON CFR − MMR+

NLCS
IWHS

0.7 1 1.5 2 2.5
       RR for 5 kg/m2 increase of BMI

RR (95% CI)

1.12 (1.07,1.17)

1.06 (0.99,1.13)
1.16 (0.95,1.41)
1.19 (0.94,1.51)
1.08 (1.00,1.16)
1.14 (1.05,1.24)
1.51 (1.28,1.78)
1.02 (0.93,1.11)
1.16 (1.07,1.25)
1.08 (0.91,1.26)
1.33 (0.87,2.04)
1.04 (0.82,1.32)
1.08 (1.00,1.16)
1.64 (1.02,2.64)
1.30 (1.08,1.56)
1.08 (0.97,1.21)
1.03 (0.91,1.17)

Weight

100.0%

11.0%
3.7%
2.7%

10.4%
9.8%
4.7%
9.2%

10.2%
4.8%
0.9%
2.8%

10.5%
0.8%
4.0%
7.6%
6.8%

(A) Author

Colon cancer 

Rectal cancer

Random effects model

Random effects model

Heterogeneity: I2 = 55%, p = 0.02

Heterogeneity: I2 = 0%, p = 0.60

Celind
Pang
Kantor
Li
Li
Renehan
Hughes
Bassett
Lee

Celind
Kantor
Li
Li
Renehan
Win
Hughes

Year

2019
2018
2016
2013
2013
2012
2011
2010
1992

2019
2016
2013
2013
2012
2011
2011

Study

Gothenburg
CKB

Swedish Military Register
SMHS
SWHS

NIH−AARP
NLCS
MCCS
HAHS

Gothenburg
Swedish Military Register

SMHS
SWHS

NIH−AARP
COLON CFR

NLCS

0.7 1 1.5 2 2.5
       RR for 5 kg/m2 increase of BMI

RR (95% CI)

1.15 (1.06,1.24)

1.07 (0.97,1.17)

1.23 (0.96,1.58)
1.04 (0.94,1.14)
1.66 (1.32,2.09)
1.54 (0.87,2.72)
1.05 (0.77,1.44)
1.10 (1.02,1.19)
1.07 (1.00,1.15)
1.12 (0.94,1.35)
1.28 (1.00,1.63)

1.04 (0.76,1.43)
1.32 (1.00,1.73)
1.08 (0.57,2.06)
1.02 (0.69,1.50)
0.98 (0.85,1.13)
1.31 (0.84,2.04)
1.09 (0.91,1.31)

Weight

100.0%

100.0%

6.0%
19.6%
6.8%
1.4%
4.1%
22.4%
23.8%
9.7%
6.2%

10.4%
13.6%
2.8%
7.3%
35.1%
5.7%
25.0%

(C)

(B) (D) (E)

F IGURE 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 (pnonlinearity = .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 (pnonlinearity = .13); (E) nonlinear
dose–response association between BMI and rectal cancer risk (pnonlinearity = .72). The black diamond represents the summary relative risk
(RR) estimate, with its width indicating the 95% confidence interval (CI). The squares and horizontal lines show study-specific RRs and their 95%
CIs. The area of each grey square reflects the study's weight in the meta-analysis. The increment unit is 5 kg/m2.
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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% CI 1.15–1.67, I2 = 45%) compared with

recalled during adult life (summary RR = 1.08, 95% CI 1.03–1.13,

I2 = 0%; psubgroup = .01). Results for young adults remained stable in

leave-one-out analysis. Birthweight results were influenced by one

study13; 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% CI) I2 psubgroup-heterogeneity 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/m2

Colorectal cancer

Sex 0.19

Men 10 studies, >8852 cases 1.15 (1.07–1.24) 60% 54,57,63,65,67,68,70–73

Women 10 studies, >8289 cases 1.09 (1.04–1.14) 0% 57,63–65,68–73

Geographic location 0.11

China 3 studies, 3297 cases 1.08 (1.01–1.16) 0% 66,69

Europe 4 studies, 6665 cases 1.17 (1.02–1.17) 80% 54,63,67,72

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% 57,64,65,68,70,73

Colon cancer

Sex 0.20

Men 7 studies, 3438 cases 1.25 (1.10–1.42) 53% 54,67,69,70,72,74,75

Women 4 studies, 2188 cases 1.19 (1.10–1.28) 0% 69,70,72,74

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% 66,69

Europe 3 studies, 2298 cases 1.28 (0.98–1.68) 85% 54,67,72

United States 2 studies, 2318 cases 1.13 (1.01–1.26) 19% 26,31

BMI assessment 0.01

Measured 3 studies, 1024 cases 1.38 (1.15–1.67) 45% 54,67,75

Recalled 6 studies, 6347 cases 1.08 (1.03–1.13) 0% 66,69,70,72,74

Rectal cancer

Sex 0.40

Men 5 studies, 1592 cases 1.08 (0.97–1.21) 0% 10,23,25,26,28

Women 3 studies, 671 cases 0.99 (0.83–1.18) 0% 69,70,72

Note: The results are organized by exposure (bold) and outcome (underlined).

Abbreviations: CI, 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 date81 which

was published after our search, found a suggestive positive associ-

ation of birthweight with CRC risk.76,80,81 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.82 Likewise, various studies imply a role for aberrant

gene-specific DNA methylation patterns in blood in CRC risk.83–85

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.3 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.

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,3 however findings were mainly based

on one large study.56 Mechanisms underlying associations between

early-life adiposity and CRC risk remain poorly understood but may

involve inflammation and immune cell dysfunction.86 Children with

overweight or obesity show higher circulating levels of proinflamma-

tory markers like C-reactive protein, interleukine-6 and tumor necrosis

factor-α compared with children with normal weight, pointing towards

potential chronic low-grade inflammation.87,88 This inflammatory state

may encourage tumour growth, potentially through impairments in

natural killer cell functioning.86 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.86

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.89,90 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.79 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.79 The only formal mediation analyses

examining whether adult BMI mediates the association between

early-life anthropometry and CRC risk focused on birthweight.91 They

reported a positive association between birthweight and CRC risk,

with adult BMI partially mediating this association.91 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,65,89,92,93 often begin in

young adulthood,65,92 with few participants having overweight or

obesity in early life65,89,92 limiting 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.94 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.94 Further studies are also needed in low- and

middle-income countries, where the double burden of malnutrition is

prevalent.94
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