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Abstract

Objective: This study examined BMI in young men and incident site-specific cancer

to estimate population attributable fractions due to BMI based on projected obesity

prevalence.

Methods: A population-based cohort study with measured height and weight at age

18. Cox regression models assessed linear associations for BMI and included age,

year, and site of conscription as well as parental level of education as covariates.

Results: Primary analyses were performed in 1,489,115 men, of whom 78,217 subse-

quently developed cancer during a mean follow-up of 31 years. BMI was linearly

associated with risk of developing all 18 site-specific cancers assessed (malignant

melanoma; leukemia; myeloma; Hodgkin lymphoma; non-Hodgkin lymphoma; and

cancer in the lungs, head and neck, central nervous system, thyroid, esophagus,

stomach, pancreas, liver and gallbladder, colon, rectum, kidney, and bladder), in some

instances evident at BMI levels usually defined as normal (20–25 kg/m2). Higher BMI

was associated with lower risk of prostate cancer. The highest hazard ratios and pop-

ulation attributable fractions were seen for some gastrointestinal cancers.

Conclusions: This study reports linear associations between BMI at age 18 and sub-

sequent site-specific cancers, calling for rapid action to stem the obesity epidemic

and to prepare the health care system for steep increases in cancer cases.

Received: 12 June 2023 Revised: 4 September 2023 Accepted: 26 September 2023

DOI: 10.1002/oby.23942

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. Obesity published by Wiley Periodicals LLC on behalf of The Obesity Society.

Obesity (Silver Spring). 2023;1–14. www.obesityjournal.org 1

https://orcid.org/0000-0002-1946-3529
https://orcid.org/0000-0002-2653-0734
https://orcid.org/0000-0003-4247-5613
https://orcid.org/0000-0002-5409-6605
https://orcid.org/0000-0002-8786-0438
https://orcid.org/0000-0002-0323-1061
mailto:aron.onerup@gu.se
http://creativecommons.org/licenses/by-nc/4.0/
www.obesityjournal.org
http://crossmark.crossref.org/dialog/?doi=10.1002%2Foby.23942&domain=pdf&date_stamp=2023-11-06


INTRODUCTION

Obesity in adulthood is an established risk factor for cancer in the

esophagus, gastric cardia, colon and rectum, liver, gallbladder, pan-

creas, kidney, and thyroid as well as for multiple myeloma in men

according to the International Agency on Research on Cancer

(IARC) [1]. Reports on the association between overweight or obesity

in youth and future cancer risk are scarcer. A recent study on body

mass index (BMI) in youth confirmed several of the associations

reported for adults and added associations between BMI in youth

and cancers in the oral cavity, thyroid, and male breast as well as

with Hodgkin lymphoma, non-Hodgkin lymphoma, leukemia, and

melanoma [2].

High BMI early in life has been proposed to have a stronger asso-

ciation with development of cancer in adulthood than obesity devel-

oped later in life [2]. This would imply that the current obesity

epidemic that has already resulted in many millions of children, ado-

lescents, and young adults with overweight or obesity [3] will lead to

a drastic increase in several types of cancer for decades to come even

if the course of the epidemic could be changed. Physical activity

(PA) has protective effects for several site-specific cancers through

improving cardiorespiratory fitness (CRF) [4–6]. Because of the

inverse association between PA and BMI [4], some of the associations

between BMI and site-specific cancers may be confounded by CRF.

The first aim was to examine the associations between BMI and

future incidence of site-specific cancer in a large cohort of young

men, adjusting for CRF. The second aim was to estimate cancer site-

specific population attributable fractions (PAFs) of overweight and

obesity in youth, based on current and past prevalences of youth

overweight and obesity in Sweden and the United States.

METHODS

Design

This is a Swedish nationwide, register-based, observational cohort

study with prospective data. Ethical permission for conducting the

study was obtained on November 16, 2021, from the Swedish Ethical

Review Authority, EPN Dnr 462-14 with addendums Dnr

2021-05638-02 and 2023-04937-02. Because data were retrieved

from registers, no consent was obtained from individuals included in

the study. All men who underwent the conscription examination

between 1968 and 2005 at ages from 16 to 25 years were included.

Exclusion criteria were a cancer diagnosis before or within 5 years

after the military conscription and death or emigration within

5 years after conscription.

Data sources

Conscripts were identified in the Swedish military service conscription

register. Until 2010, conscription was compulsory by law for all male

citizens, except for imprisoned individuals or those with severe

chronic conditions or functional disabilities [7]. Data from conscription

were linked on the person level with sociodemographic data from Sta-

tistics Sweden, the Swedish national patient register [8], and the

Swedish cause of death register [9].

Exposure

Height was measured using a stadiometer and weight with weight

scales by a licensed nurse, and BMI was calculated as kilograms/

meters squared [7]. It was categorized into underweight (<18.5 kg/m2),

overweight (25–29.9), and obesity (≥30). Although the World Health

Organization defines 18.5 to 25 as normal, this concept is derived from

middle-aged people. From previous studies in this and other cohorts on

Study Importance

What is already known?

• In men, obesity is an established risk factor for cancer in

the esophagus, gastric cardia, colon and rectum, liver,

gallbladder, pancreas, kidney, and thyroid and for multiple

myeloma.

• In contrast, the evidence is weaker in adolescents and

young adults, although generally consistent with associa-

tions in older adults, according to the International

Agency for Research on Cancer.

What does this study add?

• We provide effect sizes for associations between BMI in

youth and site-specific cancers from a population-based

sample of 1.5 million men and can report linear associa-

tions between BMI and leukemia; myeloma; Hodgkin

lymphoma; non-Hodgkin lymphoma; and cancer in the

lungs, central nervous system, and urinary bladder.

• The uniform age at BMI assessment and the extended

follow-up period allowed us to provide projections of

attributable fractions accounting for the global obesity

epidemic.

How might these results change the direction of

research or the focus of clinical practice?

• If current obesity trends continue, our findings provide

additional support for rapid action to stem the course of

the obesity epidemic and, with a large prevalence of

youth overweight and obesity already in existence, to

prepare the health care system for a steeply increasing

number of cancer cases.
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BMI and cardiovascular disease and mortality, it has been shown that

the risk increase starts below BMI 25 for BMI assessed in youth

[10, 11]. Hence, we categorized normal weight into three categories

(18.5–19.9, 20.0–22.4, and 22.5–24.9) and used the lowest normal

weight category as reference in the analyses.

Outcome

Information on a cancer diagnosis was collected from the Swedish

national patient register and the cause of death register. Eighteen

types of site-specific cancers were defined according to Interna-

tional Classification of Diseases 8/9/10 codes (Table S1). The first

time a relevant cancer diagnosis was registered during an inpatient

or outpatient visit was used as diagnosis date. With some excep-

tions, diagnoses of different subtypes were treated independently.

For tumors in the lungs, central nervous system (CNS), and liver,

only diagnoses without any other preceding cancer diagnosis were

registered to reduce to risk for misclassification of metastatic

cancer.

Covariates

Information on CRF at conscription was assessed as maximal aero-

bic workload on a cycle ergometer test in Watt max [7]. Two test

procedures were used for muscle strength, previously described in

detail [7]. Parental level of education was collected from Statistics

Sweden and categorized according to highest level attained by

either parent: up to 9 years of compulsory school, high school to

≤2 years at university, or ≥3 years at university. Cognitive testing

was measured in different ways over the years, although a low score

was never a criterion for avoiding conscription. The test consisted

of four domains, initially including verbal, spatial, inductive logic,

and technical ability [7]. In 1968 to 1970 and 2002 to 2005, ques-

tions on smoking were included in the conscription procedures.

These were categorized into the following: no active smoking, 1 to

10 cigarettes or equivalent per day, and >10 cigarettes or equivalent

per day.

Statistical methods

A statistical analysis plan was specified before any statistical ana-

lyses were performed (supplementary material). No sample size cal-

culation was performed. Cox proportional hazards models were

used with follow-up starting at conscription and continuing until a

registered cancer diagnosis, date of death, first emigration after

conscription, or end of follow-up (December 31, 2019). The main

analyses assessed linear associations between BMI and site-specific

cancer, with additional analyses of categorized BMI for interpreta-

tion of the effect sizes. The proportional hazards assumption was

checked graphically for categorical predictors. Results were given in

terms of hazard ratios (HR) with 95% confidence intervals. The main

analysis included the following covariates, as deemed relevant accord-

ing to a directed acyclic graph: year, site, age, and parental education

level at conscription. We also assessed results in unadjusted models

(Table S2). Missing values lead to listwise deletion. All significance tests

were two-sided with a 5% significance level and performed in STATA/

SE software (17.0).

There were two prespecified sensitivity analyses. In the first, we

assessed confounding by CRF. In the second, we assessed how smok-

ing could confound the results. Associations were assessed between

BMI (dichotomized into underweight/normal weight vs. overweight/

obesity) and site-specific cancer in the subpopulation for which smok-

ing information was available (n = 24,505) with and without smoking

at baseline as covariate. We also tested models including interaction

terms between CRF and BMI categories with likelihood ratio testing

of the interaction terms. Ad hoc sensitivity analyses were performed

to see how adding cognitive ability as covariates changed the

estimates.

PAFs were calculated for overweight and obesity for each site-

specific cancer with linearly increased risk for cancer with increasing

BMI. We used this equation for multicategorical exposures [12]:

PAF¼

Pn

i¼1
piRRi�1

Pn

i¼1
piRRi

We wanted to illustrate the expected change in PAF with increas-

ing proportions of youth overweight and obesity in Sweden as well to

illustrate it for a country with considerably higher prevalence of youth

overweight and obesity. Hence, the proportions of 19-year-old men

with overweight and obesity in Sweden and the United States in

1989 and 2016 were used [3] (Table S3). With a mean time of

34 years between the BMI assessment at age 18 and the cancer diag-

nosis in our study (Table S3), the distributions in 1989 correlate to

cancers occurring in 2023, whereas the distribution in 2016 corre-

sponds to cancers occurring in 2050.

We used restricted cubic splines with four knots in combination

with Cox proportional hazard regression. To this end, we applied the

STATA subroutines rcsgen and partpred [13]. BMI = 20 was chosen

as reference value, which corresponds to the upper limit of the refer-

ence interval in Table 3. To reduce the influence of outliers, BMI

values were restricted to the interval 15 to 35.

RESULTS

After exclusions, 1,665,224 individuals were included in the study

population (Figure 1) and 1,489,115 could be included in the primary

analyses. Mean age at conscription was 18 years and mean BMI was

21.9, with 2.3% with BMI ≥ 30. Obesity increased gradually over time,

from 1.1% in 1968 to 1979 to 3.6% in 1990 to 2005, and the change

in prevalence corresponded to a decreasing prevalence of BMI < 20,
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an increasing prevalence of BMI ≥ 25, and a relatively consistent prev-

alence of BMI from 20 to 24.9 (Table S3). Mean follow-up time

was 31 years with mean age at cancer diagnosis varying between

39 years for Hodgkin lymphoma and 59 years for prostate cancer

(Table S4). Men across BMI categories were similar in terms of age,

height, and prevalence of diabetes, kidney disease, and alcohol

abuse at conscription (Table 1). Men with obesity were more likely

to have lower cognitive ability and hypertension and their parents

were slightly less likely to have higher education. Men with under-

weight and with obesity had lower CRF than their peers with nor-

mal weight.

In 1968 to 1970 (n = 24,505), 58% reported any current smoking

(Table 1). The proportion of smokers was similar in men with normal

weight and overweight whereas men with underweight and obesity

were more likely to smoke, with the highest proportion of men smok-

ing >10 cigarettes per day seen in those with obesity (38%). In 2002

to 2005, only 10% of conscripts reported any current smoking, with

only 2% reporting smoking >10 cigarettes per day (Table 1). Table S4

shows the absolute number of events.

Malignant melanoma

There was a linear association between BMI and increasing risk of

being diagnosed with malignant melanoma (Tables 2 and 3). This did

not seem to be confounded by smoking (Table S5).

Bronchi and lungs

In the primary analysis, there was no linear association between BMI

and the risk of lung cancer (Table 2). This was explained by a u-shaped

association, with higher risk in underweight men as well as in those

with obesity, Table 2. Adjusting for CRF removed the risk increase for

underweight men with less pronounced changes for men with over-

weight and obesity (Table 3), and the linear analysis was now border-

line significant. Although smoking was strongly associated with lung

cancer, the estimates for overweight/obesity remained similar with

and without adjusting for smoking (Table S5).

Head and neck

There was a linear association between BMI and the risk of developing

head and neck cancer (Table 2), with risk increases starting above BMI

20 (Table 3). Adjusting for smoking (Table S5) did not change the results.

CNS

There was a weak linear association between BMI and CNS tumors

(Table 2), with low risk increases with increasing BMI (Table 3). A bor-

derline linear association was seen in analyses adjusted for CRF

(Table 3). The effect sizes were the same before and after adjusting

for both CRF and cognitive ability, and the loss of associations

seemed to be due to a smaller sample size in those analyses and not

due to confounding by these variables. Sensitivity analyses adjusted

for smoking were not possible to perform due to too few events.

Thyroid gland

There was a linear association between BMI and the risk of develop-

ing thyroid cancer (Table 2). Adjusting for smoking did not change the

results (Table S5).

Gastrointestinal cancer

There were strong linear associations between BMI and cancer in the

esophagus, stomach, pancreas, liver and gallbladder, colon, and rectum

in the fully adjusted models including CRF (Table 3). For most of the

cancer sites, there were relatively large risk increases starting above

BMI 20. No tendency for confounding by smoking was seen for any

of the associations (Table S5).

Urological cancer

There was a linear protective association between BMI and the risk of

being diagnosed with prostate cancer (Table 2). Conversely, there

1,949,891 conscripts 
identified 1968-2005

1,811,024 

exclusion criteria I
• 49,195 no data on year or place 

of conscription
• 10,493 female
• 55,284 not within age 16–25
• 2,931 cases of cancer ≤ 

conscription
• 409 deaths and 872 emigrations 

in the year of conscription 
• 1,710 developed cancer <5 years
• 17,973 died or emigrated < 5 

years

1,665,224 included in 
analytic sample

exclusion criteria II
• 145,800 no BMI data

1,489,115 available for 
all analyses

• 176,109 no parental 
education

F I GU R E 1 Flowchart of individuals included in the study.
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were linear associations between increasing BMI and a higher risk of

developing cancer in the kidney. For bladder cancer, there was a rela-

tively weak linear association in the full cohort (Table 2), not reaching

statistical significance in the cohort restricted to having information

on CRF (Table 3). No confounding was seen for smoking (Table S5).

Hematological malignancies

There were linear associations between BMI and all hematological

malignancies (Table 2), with increasing risk for leukemia, myeloma,

Hodgkin lymphoma, and non-Hodgkin lymphoma. Significant risk

increases were seen from BMI 22.5. No confounding by smoking was

seen for Hodgkin or non-Hodgkin lymphomas, whereas it could not

be analyzed for leukemia or myeloma due to few events in the cohort

with information on smoking (Table S5).

Sensitivity analysis for smoking

Adjusting for smoking had no or very little effect on the estimates

(Table 3). Smoking was associated with a lower risk of malignant mela-

noma and prostate cancer and a higher risk of cancer in the lungs,

head and neck, esophagus, stomach, pancreas, liver and gallbladder,

and urinary bladder and a higher risk of non-Hodgkin lymphoma and

any cancer.

Adjusting for CRF

In the linear analyses, adjusting for CRF had minor effects on the

associations, with strengthened associations between BMI and

the risk of developing cancer in the lungs and bladder (Table 3). This

was explained by the effect sizes for underweight going toward pro-

tective associations. The most pronounced confounding by CRF for

underweight men was seen for lung cancer after adjusting for CRF

(Table 3). Adjusting for CRF also increased the HRs for overweight

and obesity for many cancer sites, especially gastrointestinal cancers.

This is probably explained by the reference population having a rela-

tively low CRF (Table 1) and low CRF being an independent risk factor

for many of the site-specific cancers [5]. Hence, the unadjusted ana-

lyses shown in Table 1 underestimate the effect size of body fat due

to confounding by low CRF for the reference category. Therefore, the

results adjusted for CRF are more appropriate, and we calculated PAF

based on these HRs.

Table S6 shows analyses stratified by CRF status at conscription.

These show that although higher BMI was associated with higher risk

for cancers both in men with low and moderate/high CRF, the higher

risk with BMI > 25 was more pronounced in men with low fitness for

cancer in the head and neck, esophagus, stomach, liver, colon, kidney,

and urinary bladder as well as for Hodgkin lymphoma. For urinary

bladder cancer, the association with higher BMI was only true in

men with low CRF and not for men with moderate/high CRF.T
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Conversely, the association between BMI and cancer in the CNS,

thyroid, and pancreas and with leukemia was more pronounced in

men with high/moderate CRF compared with men with low CRF.

Further sensitivity analyses

Adjusting for cognitive ability (Table S7) or muscle strength (Table S8)

at conscription had little effect on the results. Individuals in the full tar-

get population, the study sample, the analyses not adjusting for CRF,

and the analyses adjusted for CRF were comparable at baseline except

for chronic disease at age 18, with diabetes especially being more com-

mon in the full target population (Table S9). Analyses stratified by year

of conscription showed consistent directions of the associations and

overlapping confidence intervals between men who underwent con-

scription from 1968 to 1979 and from 1980 to 2005 (Table S10).

Cancer site-specific PAF for overweight and obesity

The PAF for overweight and obesity based on current and historic prev-

alences of youth overweight and obesity in Sweden and the

United States were calculated for each site-specific cancer, reflecting

the fractions in the two countries in 2023 and 2050, assuming no

change in other risk factors (Figure 2) [3]. These showed the highest

PAF for gastrointestinal cancer sites, with the estimates based on cur-

rent prevalences of youth overweight and obesity and the United States

exceeding 50% for cancers in the esophagus and stomach.

Restricted cubic splines

Figure 3 shows the associations with the risk of each site-specific can-

cer along the BMI continuum. Except for cancer in the bronchi and

lungs, the risk did not decrease above BMI 20, and for most site-

specific cancers the risk started increasing already at BMI 20.

DISCUSSION

This large population-based study of Swedish young men presents lin-

ear associations between BMI and site-specific cancer. In this young

population, we were able to confirm the associations between higher

BMI in adulthood and higher risk for site-specific cancers indicated by

the IARC as related to obesity (cancer in the esophagus, stomach,

liver, colon, rectum, pancreas, kidney, and thyroid) [1] and show that

these associations are independent of CRF. In addition, we can report

linear associations between BMI in youth and the risk of developing

leukemia; myeloma; Hodgkin lymphoma; non-Hodgkin lymphoma; and

cancer in the lungs, CNS, and urinary bladder as previously reported

in single reports but without consensus for BMI in neither youth nor

adulthood in the IARC statement [2]. Based on these results, we have

calculated current cancer site-specific PAF and estimated PAF for theT
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year 2050, based on current proportions of youth overweight and

obesity in Sweden and the United States, respectively.

This study has several strengths, including the population-based

approach, the use of prospectively registered data with high validity,

the large sample size, and the long follow-up. These strengths increase

both internal validity and generalizability and contribute to novel

information for some site-specific cancers. Another strength is the

possibility to adjust for CRF. We can show that the associations

between BMI and site-specific cancers are independent of the protec-

tive associations between CRF and cancer previously reported [6] that

could be explained by differences in PA and its effects on mechanisms

involved in tumor development [4, 14]. We could not confirm previ-

ously reported J-shaped associations between BMI and cancer, possi-

bly explained by the possibility of adjusting for CRF, and removing the

risk for reverse causality with the long time between BMI assessment

and cancer development in our study. We could also show that higher

BMI was associated with these cancer sites in men with both low and

moderate/high CRF. The use of BMI 18.5 to 20.0 as a reference is an

additional strength, because previous studies have shown that the risk

of both cardiovascular disease and mortality increases already below

the conventional threshold of BMI 25 for younger people, but not

older people [10, 11]. Our results show that this was the case for site-

specific cancer as well and add to previous information that the broad

category of 18.5 to 25.0 indicating normal weight may not be applica-

ble in young people. The BMI assessment during a narrow age span in

youth made it possible to assess both youth-specific associations and

to estimate future PAF, taking the increasing proportion of youth

overweight and obesity into account. The results illustrate the effect

of moving the population from BMI ≥ 25 to BMI 18.5–19.9 that is,

reversing the shift over time illustrated in Table S3. The PAF in our

study do not consider the risk increase seen from BMI 20 or 22.5.

Although interesting, these PAF only consider the change in BMI and

are not an attempt to include changes in other risk factors in the pop-

ulation [15]. The major limitation in this study is the lack of full data

on other known lifestyle risk factors, especially smoking, which

increases the risk of confounding. We have used the information on

smoking habits from a subpopulation of more than 24,000 individuals

for which this information was available to see how adjusting for

smoking changed the estimates. This detected smoking as a risk factor

for cancers in the lungs, head and neck, esophagus, stomach, pan-

creas, liver, and urinary bladder but did not suggest any confounding

by smoking for the associations between BMI and site-specific cancer.

However, the borderline significant results for smoking and the risk

increase associated only with obesity should lead to caution in inter-

preting the results for lung cancer. Smoking declined dramatically in

Sweden during the study period. Hence, any confounding from smok-

ing should be less prominent than that observed in the 1968 to 1970

cohort where smoking was frequent.

The relatively low proportion of men with obesity in this popula-

tion limits the statistical power for categorical analyses of obesity,
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which probably explains some nonsignificant associations for obesity

despite linear associations. Our study is also limited by a lack of infor-

mation on other lifestyle risk factors, such as alcohol and diet. Another

limitation is the lack of data on changes of BMI during the long

follow-up. Although BMI generally increases during midlife, BMI in

adolescence has been shown to have a strong predictive value for

F I GU R E 3 Restricted cubic splines illustrating the HR (y-axis) along the BMI continuum (x-axis) for each site-specific cancer. Adjusted for age, year,
and site of conscription, parental level of education, and cardiorespiratory fitness. HR, hazard ratio. [Color figure can be viewed at wileyonlinelibrary.com]
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predicting BMI in midlife [16, 17]. This single timepoint assessment

can also be considered a strength. Although some previous studies

have assessed BMI at ages differing by decades [18], we have an

assessment at a specific age. This strengthens the generalizability of

these results to the age group we have studied and facilitates accurate

estimates of future PAF due to the obesity epidemic. Because our

study only included men, our results are only applicable to men. How-

ever, the IARC concluded that the risk increase from body fatness

seems to be similar in men and women [1].

There is a similar Israeli study on BMI in youth and future risk of

site-specific cancer [2]. Our study contributes with the possibility

of validating those results in a population-based sample with different

ethnicity and to assess confounding by fitness [19]. Unfortunately,

the Israeli study had no information on smoking patterns for the BMI

categories. Because the BMI categories differed, the effect sizes are

hard to compare. Our results were similar for cancer in the stomach,

colon, rectum, pancreas, prostate, kidney, brain, and thyroid as well as

for Hodgkin and non-Hodgkin lymphomas, multiple myeloma, leuke-

mia, and malignant melanoma. However, the Israeli study reported an

inverse association between BMI and lung cancer and tendencies

toward reverse associations for cancer in the esophagus and liver and

gallbladder, whereas we reported linear risk increases with increasing

BMI. Interestingly, these three cancer sites were the sites where our

analyses showed the strongest confounding by adjusting for CRF,

while our sensitivity analyses did not suggest any significant con-

founding by smoking. This shows the importance of adding a measure

more related to PA to strengthen the interpretation of causal effects

from BMI from those from PA. Our finding that the increased cancer

risk for underweight was confounded by CRF might also explain previ-

ously reported nonlinear association between BMI and cancer from

other studies [20]. Our results support the finding of an association

between BMI in youth and melanoma in the Israeli study [2], where

the IARC concluded that there was inadequate evidence in the gen-

eral adult population [1].

Prostate cancer showed an inverse association with BMI in our

study. Wang et al. reported a lower prostate cancer angiogenesis, a

proxy for tumor growth, for individuals with weight gain early in life

but a higher angiogenesis with weight gain later in life [21]. Similarly,

Kelly et al. reported a nonsignificant lower risk for fatal prostate can-

cer with increasing BMI at age 18 but a higher risk with higher BMI in

men in their 60s [22]. In parallel studies in the same study population,

we have assessed the risk of 5-year mortality after prostate cancer as

well as the risk of fatal prostate cancer and found a higher 5-year mor-

tality in men with obesity and prostate cancer but no difference in the

risk of fatal prostate cancer [23, 24]. This has also been reported in a

similar British study in which they wrote that a possible explanation

was that diagnoses could be delayed or missed in people with over-

weight or obesity. Hence, it is probable that the protective

association between body fatness and prostate cancer diagnosis in our

current study is confounded by differences in prostate cancer testing

(e.g., with the prostate-specific antigen test). There was no organized

cancer screening program in place in Sweden for prostate cancer or any

other cancer site included in the current study during the study period.

Neither the IARC statement nor the Israeli study have reported

associations between body weight and cancer in the CNS or urinary

bladder. A systematic review described associations between BMI and

any brain tumor, including malignant tumors and meningiomas,

and reported separate results for gliomas and meningiomas [25]. No

significant association for obesity was found, but a small increase for

overweight for malignant brain tumors. Our results further indicate a

small risk increase for malignant brain tumors with higher BMI. For

the urinary bladder, results from a Danish study showed higher risk of

developing bladder cancer with higher childhood BMI and with weight

gain during childhood [26], while a systematic review identified no

results for bladder cancer [27]. Hence, our results with HR 1.48 for

men with obesity add new knowledge on a possible association

between BMI and bladder cancer.

Our results do not raise any controversies with the consensus

statement on associations between BMI in adults and cancer from the

IARC, [1] although our study does add new information and

strengthens the evidence base for BMI measured in youth. The IARC

reported that relative risks from meta-analyses were 1.2 to 1.5 for

overweight and 1.5 to 1.8 for obesity with respect to cancers of the

colon, stomach, liver, gallbladder, pancreas, and kidney [1]. In our ana-

lyses adjusted for fitness, overweight and obesity in youth were asso-

ciated with risk increases in that range for colon and pancreas,

whereas they were associated with higher risk increases for the liver

and gallbladder, stomach, and kidney. For multiple myeloma, the IARC

reported relative risks of 1.2 for both overweight and obesity [1]. For

cancer in the esophagus, the IARC reported a relative risk of 4.8 for a

BMI of 40 or more [1]. We could not assess the risk increase in that

BMI range with the BMI distribution in our population, but BMI ≥ 30

in youth was associated with HR 4.3. The generally higher risk

increases in our study might partially be explained by our reference

category for BMI being lower than in previous studies. The similar

Israeli study did not report any association between adolescent BMI

and esophagus cancer [2]. For thyroid cancer, the IARC reported a rel-

ative risk of 1.1 for the highest weight category [1], whereas we

report HR 1.9 for obesity, the Israeli study HR 1.3 [2], and an

Australian study reported HR 1.66 for overweight and 2.07 for obe-

sity in men [28].

Previous studies have assessed the burden of BMI on cancer.

With studies varying in terms of underlying assumptions on size of

risk increases, time lag, and with different distributions of overweight

and obesity, it is hard to directly compare PAF between studies.

Because our study included assessment at a specific age [18], and we

know that the effects sizes were true for a mean 34-year follow-up

between the assessment and the cancer diagnosis, we can use this

information to make more precise predictions. Andersson et al. calcu-

lated the proportion of avoidable cancers due to overweight and obe-

sity in the Nordic countries [29]. They had to assume relative risks for

both overweight and obesity for several cancer types. Of the cancer

sites that overlapped, their estimated PAFs for overweight/obesity for

year 2016 to 2045 were similar to our estimates for Sweden 2023 for

cancers in the colon (9% vs. 7%), rectum (5% vs. 5%), kidney (16%

vs. 19%), liver and gallbladder (14%–17% vs. 14%), thyroid (4% vs. 5%),
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and esophagus (24% vs. 28%), although it differed somewhat for pan-

creas (6% vs. 14%) and myeloma (11% vs. 6%). It is possible that the risk

increase associated with higher BMI varies with length of follow-up,

and the duration of this period is not well-established in previous stud-

ies linking obesity to cancer incidence, making assumptions regarding

the exposure time lag [18, 30]. Bhaskaran et al. estimated the PAF for

overweight and obesity for cancer cases in the United Kingdom [18].

Their estimates were in the same range as ours for the cancer sites that

were included in both studies: colon (11% vs. 7%), liver and gallbladder

(16%–20% vs. 14%), kidney (17% vs. 19%), thyroid (2% vs. 5%), and leu-

kemia (6% vs. 10%). Arnold et al. estimated the global burden of cancer

attributable to BMI > 25 in 2012 and presented results by world

region [30] They reported considerably higher PAFs than ours for can-

cer in the esophagus (44% vs. 28%), colon (18% vs. 7%), and rectum

(10% vs. 5%). However, their estimates were similar to ours for cancer

in the pancreas (12% vs. 14%) and kidney (22% vs. 19%). The agree-

ment between our results and those from both Nordic and international

studies support the validity of our results.

Our results indicate some future research directions. First, to con-

firm the results for cancer sites that have not been previously

reported. Second, to clarify the effect of body fatness on cancer in dif-

ferent periods of life. Third, to establish whether a higher risk of

developing cancer also translates into a higher mortality after being

diagnosed with cancer.

In conclusion, we report that higher BMI in young men is associ-

ated with a higher risk of developing malignant melanoma, leukemia,

myeloma, Hodgkin lymphoma, non-Hodgkin lymphoma, and cancer in

the lungs, head and neck, CNS, thyroid, esophagus, stomach, pan-

creas, liver and gallbladder, colon, rectum, kidney, and urinary bladder.

We used these results for BMI at age 18 to estimate the change in

PAF for site-specific cancers due to the obesity epidemic. These

results could be used in public health policymaking, further strength-

ening the incentive for public health effort in reversing the obesity

epidemic in children and adolescents.O

FUNDING INFORMATION

This work was supported by grants from the Swedish state under the

agreement between the Swedish government and the county

councils, the ALF agreement (ALFGBG-813511, ALFGBG-965149,

ALFGBG-30411, ALFGBG-720691, and ALFGBG 966211), Assar

Gabrielsson’s foundation (FB21-04), the Heart and Lung Foundation

(20180379), and the Swedish Research Council (VRREG 2022-00166,

2019-00193, and 2018-02527). The funders had no role in planning,

interpreting, or reporting the results of the study.

CONFLICT OF INTEREST STATEMENT

Hans-Georg Kuhn reports grants from the Childhood Cancer Fund;

Annika Rosengren reports grants from AFA; Mats Börjesson and Lau-

ren Lissner report grants from the Swedish state under the LUA/ALF

agreement Lauren Lissner reports roles in the International Scientific

Committee of Choices international and the board of Parker Institute;

all authors report no other relationships or activities that could appear

to have influenced the submitted work.

DATA AVAILABILITY STATEMENT

The data in this study is not available for data sharing.

ORCID

Aron Onerup https://orcid.org/0000-0002-1946-3529

Kirsten Mehlig https://orcid.org/0000-0002-2653-0734

Hans-Georg Kuhn https://orcid.org/0000-0003-4247-5613

Annika Rosengren https://orcid.org/0000-0002-5409-6605

Mats Börjesson https://orcid.org/0000-0002-8786-0438

Maria Åberg https://orcid.org/0000-0002-0323-1061

REFERENCES

1. Lauby-Secretan B, Scoccianti C, Loomis D, et al. Body fatness and

cancer — viewpoint of the IARC working group. N Engl J Med. 2016;

375:794-798.

2. 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.

3. NCD Risk Factor Collaboration. Worldwide trends in body-mass

index, underweight, overweight, and obesity from 1975 to 2016:

a pooled analysis of 2416 population-based measurement studies

in 128.9 million children, adolescents, and adults. Lancet. 2017;

390:2627-2642.

4. Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization

2020 guidelines on physical activity and sedentary behaviour. Br J

Sports Med. 2020;54:1451-1462.

5. Pozuelo-Carrascosa DP, Alvarez-Bueno C, Cavero-Redondo I,

Morais S, Lee IM, Martinez-Vizcaino V. Cardiorespiratory fitness and

site-specific risk of cancer in men: a systematic review and meta-

analysis. Eur J Cancer. 2019;113:58-68.

6. Onerup A, Mehlig K, Af Geijerstam A, et al. Associations between

cardiorespiratory fitness in youth and the incidence of site-specific

cancer in men: a cohort study with register linkage. Br J Sports Med.

2023;57:1248-1256.

7. Ludvigsson JF, Berglind D, Sundquist K, Sundstrom J, Tynelius P,

Neovius M. The Swedish military conscription register: opportunities

for its use in medical research. Eur J Epidemiol. 2022;37:767-777.

8. Ludvigsson JF, Andersson E, Ekbom A, et al. External review and vali-

dation of the Swedish national inpatient register. BMC Public Health.

2011;11:450.

9. Brooke HL, Talback M, Hornblad J, et al. The Swedish cause of death

register. Eur J Epidemiol. 2017;32:765-773.

10. Global BMI Mortality Collaboration, Di Angelantonio E,

Bhupathiraju SN, et al. Body-mass index and all-cause mortality:

individual-participant-data meta-analysis of 239 prospective stud-

ies in four continents. Lancet. 2016;388:776-786.

11. Rosengren A, Aberg M, Robertson J, et al. Body weight in adoles-

cence and long-term risk of early heart failure in adulthood among

men in Sweden. Eur Heart J. 2017;38:1926-1933.

12. Zapata-Diomedi B, Barendregt JJ, Veerman JL. Population attribut-

able fraction: names, types and issues with incorrect interpretation

of relative risks. Br J Sports Med. 2018;52:212-213.

13. Dickman P. Cox_hr_pred.do. Available from: http://www.pauldick

man.com/survival/.

14. Locasale JW. Diet and exercise in cancer metabolism. Cancer Discov.

2022;12:2249-2257.

15. Soerjomataram I, Bray F. Planning for tomorrow: global cancer inci-

dence and the role of prevention 2020–2070. Nat Rev Clin Oncol.

2021;18:663-672.

16. Kvaavik E, Tell GS, Klepp KI. Predictors and tracking of body mass

index from adolescence into adulthood: follow-up of 18 to 20 years in

the Oslo Youth Study. Arch Pediatr Adolesc Med. 2003;157:1212-1218.

BMI IN YOUTH AND SITE-SPECIFIC CANCER IN MEN 13

 1930739x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/oby.23942, W

iley O
nline L

ibrary on [13/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-1946-3529
https://orcid.org/0000-0002-1946-3529
https://orcid.org/0000-0002-2653-0734
https://orcid.org/0000-0002-2653-0734
https://orcid.org/0000-0003-4247-5613
https://orcid.org/0000-0003-4247-5613
https://orcid.org/0000-0002-5409-6605
https://orcid.org/0000-0002-5409-6605
https://orcid.org/0000-0002-8786-0438
https://orcid.org/0000-0002-8786-0438
https://orcid.org/0000-0002-0323-1061
https://orcid.org/0000-0002-0323-1061
http://www.pauldickman.com/survival/
http://www.pauldickman.com/survival/


17. Rundle AG, Factor-Litvak P, Suglia SF, et al. Tracking of obesity in

childhood into adulthood: effects on body mass index and fat mass

index at age 50. Child Obes. 2020;16:226-233.

18. Bhaskaran K, Douglas I, Forbes H, Dos-Santos-Silva I, Leon DA,

Smeeth L. Body-mass index and risk of 22 specific cancers: a

population-based cohort study of 5.24 million UK adults. Lancet.

2014;384:755-765.

19. Reinehr T. Obesity in adolescents and cancer risk: causal relation-

ship or epiphenomenon? Lancet Diabetes Endocrinol. 2020;8:

179-180.

20. Bhaskaran K, Dos-Santos-Silva I, Leon DA, Douglas IJ, Smeeth L.

Association of BMI with overall and cause-specific mortality: a

population-based cohort study of 3�6 million adults in the UK. Lancet

Diabetes Endocrinol. 2018;6:944-953.

21. Wang QL, Song M, Clinton SK, Mucci LA, Lagergren J,

Giovannucci EL. Longitudinal trajectories of lifetime body shape

and prostate cancer angiogenesis. Eur J Epidemiol. 2022;37:

261-270.

22. Kelly SP, Lennon H, Sperrin M, et al. Body mass index trajectories

across adulthood and smoking in relation to prostate cancer risks:

the NIH-AARP Diet and Health Study. Int J Epidemiol. 2019;48:

464-473.

23. Onerup A, Mehlig K, Af Geijerstam A, et al. Cardiorespiratory fitness

and BMI measured in youth and 5-year mortality after site-specific

cancer diagnoses in men - A population-based cohort study with reg-

ister linkage. Cancer Med. 2023;00:1-15.

24. Onerup A, Mehlig K, Af Geijerstam A, et al. Cardiorespiratory fitness

and BMI in youth and site-specific cancer mortality in men: a

population-based cohort study with register linkage. J Clin Oncol.

2023;41(16_suppl):10534-10534.

25. Zhang D, Chen J, Wang J, et al. Body mass index and risk of brain

tumors: a systematic review and dose-response meta-analysis. Eur J

Clin Nutr. 2016;70:757-765.

26. Sørensen KK, Jensen BW, Thomas PE, et al. Early life body size and its

associations with adult bladder cancer. Ann Hum Biol. 2020;47:166-172.

27. Choi EK, Park HB, Lee KH, et al. Body mass index and 20 specific

cancers: re-analyses of dose-response meta-analyses of observa-

tional studies. Ann Oncol. 2018;29:749-757.

28. Laaksonen MA, MacInnis RJ, Canfell K, et al. Thyroid cancers poten-

tially preventable by reducing overweight and obesity in Australia: a

pooled cohort study. Int J Cancer. 2022;150:1281-1290.

29. Andersson TM, Weiderpass E, Engholm G, et al. Avoidable cancer

cases in the Nordic countries - the impact of overweight and obesity.

Eur J Cancer. 2017;79:106-118.

30. Arnold M, Pandeya N, Byrnes G, et al. Global burden of cancer attrib-

utable to high body-mass index in 2012: a population-based study.

Lancet Oncol. 2015;16:36-46.

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: Onerup A, Mehlig K, af Geijerstam A,

et al. Associations between BMI in youth and site-specific

cancer in men—A cohort study with register linkage. Obesity

(Silver Spring). 2023;1‐14. doi:10.1002/oby.23942

14 BMI IN YOUTH AND SITE-SPECIFIC CANCER IN MEN

 1930739x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/oby.23942, W

iley O
nline L

ibrary on [13/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1002/oby.23942

	Associations between BMIin youth and site-specific cancer in men-A cohort study with register linkage
	INTRODUCTION
	METHODS
	Design
	Data sources
	Exposure

	What is already known?
	What does this study add?
	How might these results change the direction of research or the focus of clinical practice?
	Outcome
	Covariates
	Statistical methods

	RESULTS
	Malignant melanoma
	Bronchi and lungs
	Head and neck
	CNS
	Thyroid gland
	Gastrointestinal cancer
	Urological cancer
	Hematological malignancies
	Sensitivity analysis for smoking
	Adjusting for CRF
	Further sensitivity analyses
	Cancer site-specific PAF for overweight and obesity
	Restricted cubic splines

	DISCUSSION
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


