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LETTER TO TH E EDITOR

Childhood overweight and risk of obesity-related adult
cancer in men
Dear Editor,
The global burden of cancer is significant. The list
of malignancies regarded as obesity-related continues to
expand as evidence accumulates [1, 2]. Fueled by the ongoing obesity epidemic, obesity has emerged as one of the
most important preventable causes of cancer worldwide [1,
3]. Given the long latency periods of many obesity-related
adult cancers, risk factors with onset during early age and
accumulation of risks during one’s life course are likely to
be of importance [4].
Early age overweight is a proposed risk factor for obesityrelated cancer as isolated measurements of high body mass
index (BMI) in both childhood and late adolescence have
been reported to associate with certain obesity-related cancers [2, 5, 6]. However, obesity-related cancer as a composite group has so far only been studied in relation to
adult BMI [7]. Studies of the relative contribution of overweight or obesity in childhood and young adulthood for
the risk of adult cancer have been scarce [4]. In this present
study, we tested our hypothesis that childhood overweight
is associated with the risk of obesity-related adult cancer (Supplementary Table S1), independent of overweight
status in young adulthood, using the BMI Epidemiology
Study Gothenburg [8]. This population-based cohort was
initiated with the overall objective to study the associations between developmental BMI and the risk of adult disease. A total of 36,566 men born in 1945-1961 with height
and weight measurements from school health care records
were investigated. Childhood body mass index (BMI) at
age 8 years and young adult BMI at 20 years of age were
calculated using the raw data of all paired height and
weight measurements in the age period of 6.5-9.5 years for
childhood BMI, and in the age period of 17.5-22.0 years
for young adults. During the 1.5 million person-years of
follow-up after 20 years of age (median follow-up 41.3
years, interquartile range 37.7-45.6 years), 1,562 (32% of all
cancer diagnoses) obesity-related cancer diagnoses and 570
Abbreviations: BMI, Body Mass Index; IARC, International Agency
for Research on Cancer; IGF-1, Insulin-Like Growth Factor 1

deaths (55% of all cancer deaths) due to cancer classified as
obesity-related occurred. The cohort is detailed in Supplementary Table S2 and the inclusion process in Supplementary Figure S1.
We found that boys with childhood overweight (BMI >
17.9 kg/m2 ; Supplementary Methods 1.2) had a markedly
increased risk of obesity-related adult cancer and death
due to obesity-related cancer, compared with their normalweight peers (Table 1, Panel A). Overweight in young
adulthood (BMI ≥ 25 kg/m2 ) was moderately associated
with increased risk of obesity-related adult cancer, but not
with obesity-related cancer death. In the model including both overweight status in childhood and young adulthood in the same analysis (Table 1, Panel A), the associations between childhood overweight and obesity-related
cancer incidence and mortality were robust. The association between overweight in young adulthood and obesityrelated cancer incidence did not reach statistical significance after adjustment for childhood overweight.
Next, we evaluated the impact of change in overweight
status from childhood to young adulthood on the risk of
obesity-related adult cancer. Interestingly, men with childhood overweight that normalized during puberty had a
38% increased risk of obesity-related adult cancer, compared with men who had normal weight both in childhood and young adulthood (Table 1). In contrast, men
with pubertal onset overweight did not have an increased
risk of obesity-related adult cancer compared with men
who had normal weight both in childhood and young
adulthood (Table 1). The results were robust even after
adjustments (Supplementary Table S3). Results from sensitivity analyses were coherent with our main analyses
(Supplementary Results 2.1 and 2.2), including analyses
where the first 10 years of follow-up were excluded to
rule out undiagnosed disease-related weight loss (Supplementary Table S4), and using the less inclusive definition
of obesity-related cancer by the International Agency for
Research on Cancer (IARC) from 2016 (Supplementary
Table S5). Further assessments did not indicate that mortality from causes other than obesity-related cancer had
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T A B L E 1 Risk of obesity-related adult cancer in relation to overweight status at childhood and young adulthood. Hazard ratios (HR) for
obesity-related adult cancer were calculated using Cox proportional hazards regression models adjusted for birth year, country of birth and
educational level. Panel A: HRs for obesity-related adult cancer incidence (1562 cases) and mortality (570 deaths) in relation to overweight in
childhood and young adulthood, compared to normal weight, i.e., either overweight at 8 years (n = 2204, 136 cases, 45 deaths) together with
the covariates birth year, country of birth and education level, or overweight at 20 years (n = 2714, 135 cases, 43 deaths) together with
covariates. In the combined model, both childhood overweight and young adult overweight were included, in addition to birth year, country
of birth and educational level. Total cohort (n = 36,566) included in analyses. * p < 0.05. Panel B: HRs for obesity-related adult cancer
incidence (n = 1562) for combinations of overweight status at childhood and young adult ages were calculated using Cox proportional hazards
regression adjusted for birth year, country of birth and educational level. Normal weight–Normal weight = Not overweight at 8 or 20 years of
age, Overweight – Normal weight = Overweight at 8 but not at 20 years of age, Normal weight – Overweight = Overweight at 20 but not at 8
years of age, Overweight – Overweight = Overweight both at 8 and 20 years of age
Panel A: Association of childhood and young adult overweight with adult obesity-related cancer
Mortality HR (95% CI)
Incidence HR (95% CI)
compared to normal
compared to normal
Separate and combined analyses of overweight
weight
weight
status at different ages
Childhood overweight (separate analysis)

1.51 (1.26-1.80)

1.38 (1.02-1.87)

Young adult overweight (separate analysis)

1.25 (1.05-1.49)

1.15 (0.83-1.59)

Childhood overweight (both in the same analysis)

1.46 (1.20-1.76)

1.39 (1.00-1.93)*

Young adult overweight (both in the same analysis)
1.09 (0.90-1.33)
0.98 (0.70-1.37)
Panel B: Association of change in childhood and young adult overweight with adult obesity-related cancer incidence
Incidence
Total number of
persons (number of
cancer cases)
BMI status at 8 and 20 years
HR (95% CI)
Normal weight – Normal weight

Reference

32,519 (1355)

Overweight – Normal weight

1.38 (1.09-1.75)

1333 (72)

Normal weight – Overweight

1.04 (0.81-1.31)

1753 (71)

Overweight – Overweight

1.69 (1.31-2.17)

961 (64)

Abbreviations: HR, hazard ratio; CI, confidence interval; BMI, body mass index;
Note: Total cohort n = 36,566. Childhood refers to 8 years of age; young adulthood refers to 20 years of age. According to the Centers for Disease Control and
Prevention, childhood overweight was defined as BMI ≥ 17.9 kg/m2 at 8 years of age, and young adulthood overweight as BMI ≥ 25 kg/m2 at 20 years of age,
including both overweight and obese subjects.

biased the observed increased risk of obesity-related cancer for boys with childhood overweight (Supplementary
Figure S2). The absolute event rates of obesity-related cancer per 100,000 person-years were significantly higher for
boys with childhood overweight than normal-weight boys
(Supplementary Results 2.3). Thus, overweight in childhood was associated with an increased risk of obesityrelated adult cancer, and this risk was not reversed if
the childhood overweight status normalized before young
adulthood.
These findings establish childhood overweight as an
independent risk factor for obesity-related adult cancer
in men. Studies using BMI from the conscription examination in Israel and Sweden have reported that BMI in
late adolescence was associated with the risk of some
cancer diagnoses in men [2, 6]. However, these previous
studies [2, 6, 9] had only one BMI measurement available and were therefore unable to evaluate the relative
importance of childhood overweight and overweight in
young adulthood for the risk of obesity-related adult can-

cer diagnosis. The results of this present study from analyses of overweight in young adulthood alone are in agreement with these studies. However, when childhood overweight was included in the same model, childhood overweight, but not overweight in young adulthood, was associated with the risk of adult obesity-related cancer. The
present results suggest that being overweight, specifically
during the childhood period, may initiate biological processes that eventually lead to an increased risk of cancer and that this effect initiated during childhood was not
reversed by normalization of BMI during puberty. It is
plausible that being overweight at sensitive developmental stages could stimulate long-term changes that promote
cancer genesis. We propose that childhood might be a
developmental period especially sensitive to the deleterious effects of overweight on cancer genesis. Possible mechanisms include epigenetic, endocrine, or metabolic programming through hyperinsulinemia, systemic inflammation, adipokine aberration, or excess stimulation by growth
hormone/insulin-like growth factor-1 (IGF-1) [10].
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For our main analyses, obesity-related cancer was
defined according to the IARC report [1], with the addition of the cancer types (oral cancer, malignant melanoma,
male breast cancer, lymphoma, and leukemia) where accumulated evidence, including the findings from the recent
well-powered Israeli military study in adolescents [2], support a link with obesity in men. However, the main findings of this present study were unaltered when using
the less inclusive, conservative IARC-definition of obesityrelated cancer. The strengths of the present study include
the large size of the cohort and the long and near-complete
follow-up in high-quality national disease registers. The
population-based nature of the cohort with BMI available
both in childhood and young adulthood provides a unique
possibility to study the relative contribution of the onset of
overweight during childhood and puberty to adult disease.
The limitations include that we were not able to include
women. Further, adjustment for potential residual confounders such as overweight later in the adult period or
for lifestyle habits such as smoking, diet, alcohol intake,
or physical exercise was not possible. Prevalence of childhood obesity at the time of the present cohort was low,
and hence, analyses of childhood obesity included too few
cases.
In conclusion, we identified childhood overweight as a
risk factor for obesity-related adult cancer in men, which
was independent of overweight status in young adulthood.
Our findings suggest that weight control during childhood
could prevent obesity-related adult cancer in men. Key
issues for the future include finding effective strategies for
the prevention and treatment of childhood overweight and
obesity, and to define the associations between childhood
overweight, adult overweight status and obesity-related
cancer in women.
D E C L A R AT I O N S
AU T H O R S H I P
Conceptualization: CO, JC, JMK. Data curation: JM, JMK,
JC, MB. Formal analysis: JC, JM, JMK. Funding acquisition: CO, JC, JMK. Investigation: JC, JM. Methodology:
CO, JK, JC. Project administration: JC, JMK. Resources:
CO, JMK, MB. Software: JM. Supervision: JMK. Validation:
CO, JC, JMK. Analyzed data: CO, JC, JMK. Writing - original draft: JC. Writing, review and editing: CO, JC, JM, MB,
JMK.
E T H I C S A P P R O VA L A N D C O N S E N T T O
PA R T I C I PA T E
The Ethics Committee of the University of Gothenburg,
Sweden, approved the study (protocol code DNR 013–10,
28-01-2010) and waived the need for informed consent due
to the register-based nature of the study.

3

C O N S E N T F O R P U B L I C AT I O N
The Ethics Committee waived consent for publication.
FUNDING
This work was supported by the Swedish Research Council
and by grants from the Swedish state under the agreement
between the Swedish Government and the County Councils, the ALF-agreement (grant numbers 883541, 723791 and
238261), Swedish Heart-Lung Foundation, the Lundberg
Foundation, the Torsten Söderberg Foundation, the Novo
Nordisk Foundation and the Knut and Alice Wallenberg
Foundation. None of the funders had any role in the design
and conduct of the study; collection, management, analysis, and interpretation of the data; or preparation, review,
or approval of the manuscript.
AC K N OW L E D G M E N T S
This work is based on the previous work by Maria
Nethander and Arvid Sondén, and was possible through
the valuable support and collaboration from the former
director of the Archives of Region Västra Götaland, the late
Bo Thalén.
COMPETING INTERESTS
None of the authors have any competing interests to
declare.
D A T A AVA I L A B I L I T Y S T A T E M E N T
Research data is not publicly available due to privacy
and ethical restrictions. However, anonymized data that
are minimally required to reproduce results can be made
available from the corresponding author upon reasonable
request, upon approval from the University of Gothenburg,
if the data can be made available according to mandatory
national law.
Jimmy Célind1,2
Maria Bygdell1
Jari Martikainen3
Claes Ohlsson1,4
Jenny M Kindblom1,5
1 Sahlgrenska

Osteoporosis Centre, Centre for Bone and
Arthritis Research, Institute of Medicine, Sahlgrenska
Academy at University of Gothenburg, Gothenburg, Västra
Götaland, 413 45, Sweden
2 Department of Pediatrics, Institute of Clinical Sciences,
The Sahlgrenska Academy at University of Gothenburg,
Gothenburg, Västra Götaland, 411 24, Sweden
3 Bioinformatics Core Facility, Sahlgrenska Academy,
University of Gothenburg, Gothenburg, Västra Götaland,
411 24, Sweden

4

LETTER TO THE EDITOR

4 Department

of Drug Treatment, Sahlgrenska University
Hospital, Region Västra Götaland, Gothenburg 413 45,
Sweden
5 Pediatric Clinical Research Center, Sahlgrenska University
Hospital, Region Västra Götaland, Gothenburg 413 45,
Sweden
Correspondence
Jimmy Célind, Klin farm lab, Vita stråket 11, 413 45
Gothenburg, Sweden.
Email: jimmy.celind@gu.se
Claes Ohlsson and Jenny M Kindblom contributed
equally to this paper and should be considered joint last
author
ORCID
Jimmy Célind https://orcid.org/0000-0002-2885-3860
Jari Martikainen https://orcid.org/0000-0003-03661683

4.
5.

6.

7.

8.

9.

REFERENCES
1. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini
F, Straif K, et al. Body Fatness and Cancer–Viewpoint of the
IARC Working Group. N Engl J Med. 2016;375(8):794-8.
2. Furer A, Afek A, Sommer A, Keinan-Boker L, Derazne E, Levi Z,
et al. Adolescent obesity and midlife cancer risk: a populationbased cohort study of 2.3 million adolescents in Israel. Lancet
Diabetes Endocrinol. 2020;8(3):216-25.
3. World Health Organization. WHO Report on cancer: Setting
priorities, investing wisely and providing care for all. Geneva:

10.

World Health Organization; 2020 Contract No.: ISBN 978-92-4000129-9.
Clarke MA, Joshu CE. Early Life Exposures and Adult Cancer
Risk. Epidemiol Rev. 2017;39(1):11-27.
Aarestrup J, Bjerregaard LG, Meyle KD, Pedersen DC, Gjaerde
LK, Jensen BW, 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 (Lond).
2020;44(7):1546-60.
Ortega FB, Silventoinen K, Tynelius P, Rasmussen F. Muscular
strength in male adolescents and premature death: cohort study
of one million participants. BMJ. 2012;345:e7279.
Bjorge T, Haggstrom C, Ghaderi S, Nagel G, Manjer J, Tretli
S, et al. BMI and weight changes and risk of obesity-related
cancers: a pooled European cohort study. Int J Epidemiol.
2019;48(6):1872-85.
Ohlsson C, Bygdell M, Sonden A, Rosengren A, Kindblom JM.
Association between excessive BMI increase during puberty and
risk of cardiovascular mortality in adult men: a populationbased cohort study. Lancet Diabetes Endocrinol. 2016;4(12):101724.
Batty GD, Calvin CM, Brett CE, Cukic I, Deary IJ. Childhood
body weight in relation to morbidity from cardiovascular disease and cancer in older adulthood: 67-year follow-up of participants in the 1947 Scottish Mental Survey. Am J Epidemiol.
2015;182(9):775-80.
Calle EE, Kaaks R. Overweight, obesity and cancer: epidemiological evidence and proposed mechanisms. Nat Rev Cancer.
2004;4(8):579-91.

S U P P O RT I N G I N F O R M AT I O N
Additional supporting information may be found in the
online version of the article at the publisher’s website.

