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Abstract

Background: Our aim was to assess associations between cardiorespiratory fit-
ness (CRF) and body mass index (BMI) in youth and 5-year mortality after site-
specific cancer diagnoses in men.

Methods: Men with cancer from a population who underwent military conscrip-
tion at ages 16-25 during 1968-2005 in Sweden were included. CRF was assessed
as maximal aerobic workload on a cycle ergometer test and was classified as low,
moderate, or high. BMI (kg/mz) was classified as underweight (<18.5), normal
weight (18.5-24.9), overweight (25-29.9), or obesity (>30). Conscription data
were linked with register data on cancer diagnosis and mortality. Analyses in-
cluded CRF, BMI, date of diagnosis, and age, year, and center for conscription.
Results: A total of 84,621 cancer cases were included. Mean age at diagnosis
was 52years. Follow-up data were available during a mean of 6.5years. There
were linear protective associations between CRF and mortality after any cancer
diagnosis (hazard ratio [HR] for high vs. low CRF 0.70), malignant skin cancer
(HR 0.80), non-Hodgkin lymphoma (HR 0.78), and cancer in the lungs (HR 0.80),
head and neck (HR 0.68), pancreas (HR 0.83), stomach (HR 0.78), liver (HR 0.84),
rectum (HR 0.79), and bladder (HR 0.71). Overweight and/or obesity were associ-
ated with increased mortality after any cancer (HR for obesity vs. normal weight
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1 | INTRODUCTION

Cardiorespiratory fitness (CRF) refers to the capacity of
the circulatory and respiratory systems to supply oxygen
to skeletal muscles during physical activity." CRF can be
improved by physical activity at sufficient intensity and
can reflect both an individual's past physical activity as
well as his or her ability to be physically active. There
are several ways of assessing CRF, but the gold standard
is a maximal cardiopulmonary exercise test." CRF has
been reported to have protective associations with sev-
eral types of cancer.”® There are a few reports of asso-
ciations between higher pre-diagnostic CRF and lower
long-term mortality for individuals diagnosed with any
cancer.*” There are also reports of associations between
higher CRF and lower risk of cancer-specific mortality
in the general population.®™ A recent systematic review
concluded that high CRF was associated with 50% lower
mortality among adults diagnosed with any cancer and a
40% lower mortality in adults diagnosed with lung can-
cer, compared to low CRF.’ However, it included cancer
survivors followed up for decades after their diagnosis,
combining cancer survivorship with cancer mortality.
There are reports where self-reported pre- and postdiag-
nosis level of physical activity (PA) was associated with
lower cancer-specific mortality for breast, colorectal,
and prostate cancer.'®'? CRF is objectively measured
and strongly associated with PA of sufficient intensity
and has been proposed as an important vital sign to be
routinely used in health care."

Higher body mass index (BMI) has been associated
with higher risk of developing several site-specific can-
cers.'* A systematic review and meta-analysis of the
associations between obesity and survival outcomes
in patients with cancer with >6 million individuals,
reported a 14% higher mortality for any cancer, but a
lower mortality after lung cancer, renal cell carcinoma,
or melanoma in patients with obesity."> The largest
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1.89), malignant skin cancer (HR 2.03), Hodgkin lymphoma (HR 2.86) and cancer
in the head and neck (HR 1.38), thyroid (HR 3.04), rectum (HR 1.53), kidney (HR
1.90), bladder (HR 2.10), and prostate (HR 2.44).

Conclusion: We report dose-dependent associations between CRF and BMI in
youth and mortality after site-specific cancer diagnoses in men. The associations
with mortality could be due to both cancer inhibition and an improved tolerance
to withstand cancer treatment. These results strengthen the incentive for public
health efforts aimed at establishing a high CRF and normal weight in youth.

body mass index, epidemiology and prevention, physical activity, prognostic factor, survival

studies included in the review were observational stud-
ies analyzing the risk for cancer-specific mortality in the
general population rather than mortality in cancer pa-
tients. For several cancer sites, there are reports of an
obesity paradox with lower mortality in patients with
obesity.'®!” There have been speculations on the under-
lying mechanism, including inflammatory mechanisms
from the adipose tissue and poor health status of cancer
patients with low BMI, that is, confounding by disease
severity.15

In summary, there are indications that both CRF and
BMI are associated with mortality after any cancer di-
agnosis and after some site-specific cancers. However,
several of the previous studies mix pre- and postdiag-
nosis assessments, long- and short-term mortality, as
well as mortality in patients diagnosed with cancer and
cancer-specific mortality in the general population, and
data are lacking for most site-specific cancers. The po-
tential for improving 5-year mortality through establish-
ing a healthy lifestyle is still inadequately explored for
most cancer sites.'®"° Therefore, our aim was to assess
the associations between CRF and BMI in youth and the
5-year mortality following site-specific cancer diagnosis
from an underlying population-based sample of >1 mil-
lion men.

2 | MATERIALS AND METHODS

2.1 | Design

This is a Swedish nationwide, register-based observational
cohort study with prospective data. Ethical permission for
the study was obtained November 16, 2021 from the Swed-
ish authority for ethical permissions, EPN Dnr 462-14
with addendums Dnr 2021-05638-02 and 2023-04937-02.
No consent was obtained from participants since data
were retrieved from registers.
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2.2 | Participants

All men who underwent the compulsory conscription
exam from 1968 to 2005 at the age of 16-25years, with
valid information on CRF and BMI and who subsequently
were diagnosed with any cancer were included. The World
Health Organization defines “youth” as the 15- to 24-year
age group.”® Men with a cancer diagnosis before or during
the same calendar year as the military conscription were
excluded.

2.3 | Data sources

Participants were identified in the Swedish military ser-
vice conscription register.”’ The compulsory conscription
assessments included measurements of anthropometric
measures, blood pressure, muscular strength, and CRF.2>26
The Swedish unique personal identification number was
used to link conscription data on person-level with data
from Statistics Sweden, the Swedish national patient reg-
ister,”” and the Swedish cause of death register.”® The full
dataset included information until December 31, 2019.

2.4 | Exposures

2.4.1 | Cardiorespiratory fitness

Information on CRF at conscription was assessed as
maximal aerobic workload in units of Watt from a cycle
ergometer test (W,,,.), as described previously.”! Assess-
ments utilized two test procedures with slightly different
methods for assessing CRF during the period when assess-
ments were performed.”* Results were transformed dur-
ing conscription to a standardized score (range 1-9),** and
CRF was also categorized into low CRF (1-5), moderate
CRF (6, 7), and high CRF (8, 9).”*

2.4.2 | Body mass index

Height and weight were measured, and BMIwas calculated
as kg/m? and categorized into underweight (<18.5kg/m?),
normal weight (18.5-24.9 kg/m?), overweight (25-29.9kg/
m?), and obesity (>30kg/m?).

2.5 | Outcomes

2.5.1 | Cancer diagnosis

Information on cancer diagnoses was collected from the
Swedish National Patient Register?” and the cause of death

register.”® Sweden has a tax-funded universal health in-
surance for the entire population and cancer is treated at
publicly funded hospitals. Eighteen types of site-specific
cancers as well as any cancer were defined according to
ICD8/9/10 codes (Table S1). The first timepoint for a di-
agnosis was used as diagnosis date. Different site-specific
cancers were treated independently, and an individual
could contribute with information on more than one site-
specific cancer. We performed analyses on all cases, as
well as analyses restricted to the first cancer diagnosis in
each individual. The registers used in this study do not
include information on cancer stage or treatment.

2.52 | Death

Information on date of death was retrieved from the
Swedish cause of death register.”® With complete coverage
at the cause of death register, there is no loss to follow-up
in this study.

2.6 | Covariates

2.6.1 | Muscle strength

Two test procedures were used for muscle strength, pre-
viously described in detail.*! Muscle strength was catego-
rized into low:1-3, moderate:4-6, and high:7-9.

2.6.2 | Parental level of education

Parental level of education was used as socioeconomic
status and was collected from Statistics Sweden and cat-
egorized according to highest level attained by any parent:
up to 9years of compulsory school, high school <2 years at
university, or >3 years at university.

2.6.3 | Smoking habits

For most individuals in this study, there was no infor-
mation on smoking status. In 1968-1970, questions on
smoking were included in the conscription and catego-
rized in our analyses: No active smoking, 1-10 cigarettes
or equivalent per day, and > 10 cigarettes or equivalent
per day.

2.7 | Statistical analysis

A statistical analysis plan was specified before any statis-
tical analyses were performed (Supporting Information).
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No power analysis was performed since the analysis was
performed in an existing large population-based cohort
and it has been proposed to refrain from power analyses
in such analyses.*

Cox proportional hazards models were used to assess
the associations between CRF and BMI in youth and the
5-year mortality following site-specific cancer diagnoses.
Follow-up started at date of cancer diagnosis until date
of death and was censored at first emigration, end of fol-
low-up (December 31, 2019), and Syears after diagnosis.
The outcome was any mortality. The primary analyses for
CRF assessed linear associations between the standard-
ized CRF score (1-9), and supplementary analyses were
explored with categorical comparisons (moderate and
high vs. low CRF) to facilitate interpretation of the effect
sizes. For BMI, the primary analysis was done for categor-
ical comparisons (underweight, overweight, and obesity
vs. normal weight) since a U-shaped trend was antici-
pated with respect to mortality. The proportional hazards
assumption was checked graphically, and no major devia-
tions were observed. Results were given in terms of hazard
ratios (HR) with 95% confidence intervals (CI). The statis-
tical analysis plan detailed the covariates to be included
in the models, according to a directed acyclic graph. The
main analyses included date of cancer diagnosis, the fol-
lowing covariates assessed at the time of conscription:
year, age, conscription center, and CRF and BMI. Missing
data led to listwise deletion since rate of missing informa-
tion was low for all included covariates. A sensitivity anal-
ysis was performed in a subpopulation with information
on smoking to see how adjusting for smoking changed the
estimates.

After performing the first analysis, we identified the
need to include date of cancer diagnosis to account for
changes in cancer outcomes over time. Combined with
year of conscription, this effectively also adjusts for age
at diagnosis. The pre-specified analysis was to be per-
formed for all site-specific cancers regardless of other
previous cancers in the individual. After performing the
pre-specified analyses, we identified the need to add an
analysis restricted to the first cancer diagnosis in each
participant. Sensitivity analyses were also performed
to see whether including parental education, age at di-
agnosis, or muscle strength as covariates in the mod-
els changed the results. Missing values lead to listwise
deletion.

3 | RESULTS

From the population of 1,237,611 men, 85,139 were di-
agnosed with a cancer, of whom 84,621 received their
cancer diagnosis before possible date of death (Table 1,
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Figure 1). Their mean age at diagnosis was 52 years. For
men who developed any cancer, proportions/mean val-
ues did not differ across CRF categories for age, BMI,
blood pressure, and morbidity at conscription (Table 2).
Most cancer cases (67%) occurred in men who under-
went military conscription in the 1970s, and there was
no dramatic change in BMI or CRF during the decades
when conscription was performed (Table S2). Men with
low CRF were more likely to be underweight, while
overweight and obesity were evenly distributed between
all CRF groups at conscription. Participants with low
CRF were more likely to report smoking and to have
parents who had not attained higher education. Follow-
up data were available for a mean of 6.5 years after can-
cer diagnosis (Table 1). Table 3 shows the main results
including all cancer cases while Table 4 shows the same
analyses restricted to the first cancer diagnosis in each
individual.

3.1 | Any cancer site

There was a linear association between the 9-grade CRF
scale in youth and 5-year mortality after any cancer diag-
nosis (p<0.001, hazard ratio [HR] for high vs. low CRF
0.70, 95% confidence interval [CI] 0.67-0.74, Table 3).
There was also a dose-dependent association between
BMI and mortality (HR for obesity vs. normal weight 1.89,
95% CI 1.67-2.14, Table 3, Figure 2). Estimates were simi-
lar for BMI with and without smoking in the 1968-1970
subsample, while the HR was slightly closer to 1 for CRF
when adjusting for smoking (Table S3).

3.2 | Malignant skin cancer

Higher CRF was linearly associated with lower 5-year
mortality after diagnosis of malignant skin cancer both for
all skin cancers (Table 3) and restricted to the first cancer
in each individual (p=0.002, HR 0.80, 95% CI 0.67-0.95,
Table 4). Overweight and obesity was associated with
higher mortality compared to normal weight (HR 2.03,
95% CI 1.15-3.60, Tables 3 and 4). Adjusting for smoking
changed the estimates for CRF but estimates for BMI were
similar with and without smoking (Table S3).

3.3 | Bronchiand lungs

There was a linear association between higher CRF and
lower 5-year mortality after lung cancer diagnosis both for
any lung cancer and restricted to the first cancer in each
individual (p <0.001, HR 0.80, 95% CI 0.67-0.95, Tables 3
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1,949,891 conscripts
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identified 1968-2005

\ 4

exclusion criteria |

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

1,830,707

exclusion criteria 11

148,878 no BMI data
444,218 no CRF data

A 4

1,237,611 included in
underlying population

v

1,152,472 did not develop
cancer

y
85,139 developed any

cancer and were
included in study

\ 4

518 were diagnosed at date
of death.

v

84,621 were included
in statistical models

FIGURE 1 Flow chart of participants included in the study.

and 4). The estimates did not change considerably with
and without adjusting for smoking (Table S3). BMI was
not associated with mortality after lung cancer diagnosis
(HR 1.40, 95% CI 0.95-2.06).

3.4 | Head and neck

The 5-year mortality after head and neck cancer diagno-
sis was linearly associated with lower CRF (p <0.001, HR
0.68, 95% CI 0.54-0.85, Tables 3 and 4). Overweight was
associated with an increased mortality (HR 1.38, 95% CI

1.03-1.84), while there was no significant risk increase for
obesity (HR 1.41, 95% CI 0.70-2.84, Tables 3 and 4). Mod-
els did not converge for the sensitivity analysis of smoking
due to too few events.

3.5 | The central nervous system

There were no associations between CRF (p=0.28, HR
0.90, 95% CI 0.79-1.03) or BMI (HR 0.94, 95% CI 0.58-
1.52) and 5-year mortality after CNS cancer diagnosis (Ta-
bles 3 and 4).
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TABLE 2 Demographics and baseline characteristics at conscription by CRF level.
Moderate® Overall
Low" (N =28,724)) (N=30,917)) High? (N=25,498) (N=85,139)
Year for conscription, mean (SD) 1977 (6) 1979 (8) 1977 (7) 1978 (7)
Age at conscription, mean (SD) 18.5(0.8) 18.4 (0.7) 18.4 (0.6) 18.4 (0.7)
Height, cm, mean (SD) 178 (6) 179 (6) 181 (6) 179 (6)
Body Mass Index (BMI), mean (SD) 20.9 (3.0) 21.5(2.5) 22.2(2.5) 21.5(2.7)
BMI-category
Underweight 4985 (17%) 2149 (7%) 490 (2%) 7624 (9%)
Normal weight 21,190 (74%) 26,130 (85%) 22,487 (88%) 69,807 (82%)
Overweight 2086 (7%) 2336 (8%) 2282 (9%) 6704 (8%)
Obesity 463 (2%) 302 (1%) 239 (1%) 1004 (1%)
Systolic blood pressure, mean (SD) 127 (11) 128 (11) 129 (11) 128 (11)
Diastolic blood pressure, mean (SD) 69 (9) 69 (10) 69 (10) 69 (10)
Diabetes mellitus 14 (0.05%) 12 (0.04%) 8 (0.03%) 34 (0.04%
Hypertension 40 (0.1%) 31(0.1%) 38 (0.2%) 109 (0.1%)
Cardiovascular disease 612 (2%) 625 (2% 552 (2%) 1789 (2%)
Kidney disease 43 (0.2%) 40 (0.1%) 18 (0.1%) 101 (0.1%)
Alcohol abuse 207 (0.7%) 95(0.3%) 36 (0.14%) 338 (0.4%)
Substance abuse 300 (1.0%) 116 (0.4%) 46 (0.2%) 462 (0.5%)
Parental education
Compulsory school 9585 (45%) 8945 (37%) 7117 (36%) 25,647 (39%)
High school <2 years university 9875 (47%) 12,208 (51%) 9687 (49%) 31,770 (49%)
>2years university 1762 (8%) 2997 (12%) 3119 (16%) 7878 (12%)
Smoking information 1968-1970 1768 1336 1289 4393
No active smoking 541 (31%) 524 (39%) 683 (53%) 1748 (40%)
Smoking 1-10 cigarettes 588 (33%) 432 (32%) 356 (28%) 1376 (31%)
Smoking >10 cigarettes 597 (34%) 359 (27%) 215 (17%) 1171 (27%)

Abbreviations: BMI, body mass index; CRF, cardiorespiratory fitness.

*Evaluated with maximal aerobic workload and transformed to a standardized score (1-9) and categorized into low CRF (1-5), moderate CRF (6, 7), and
high CRF (8, 9). BMI is categorized into underweight (<18.5kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), and obesity (>30kg/m?).

Reference is normal weight.

3.6 | Thyroid cancer

There was no association between CRF and mortality
after thyroid cancer diagnosis (p=0.13, HR 1.64, 95%
CI 0.77-3.48). However, obesity was associated with a
threefold increased mortality when including all thy-
roid cancers (HR 3.04, 95% CI 1.22-7.61, Table 3) but
not when restricting only to thyroid cancers represent-
ing the first cancer in each individual (HR 2.24, 95% CI
0.53-9.53, Table 4).

3.7 | The gastrointestinal (GI) tract

There were linear associations with lower 5-year mortality
with higher CRF for cancer in the pancreas (p =0.048, HR
0.83, 95% CI 0.72-0.96, Table 3), stomach (p=0.042, HR

0.78, 95% CI 0.62-0.99, Table 4), liver (p=0.02, HR 0.84,
95% CI 0.71-1.01, Table 4), and rectum (p=0.02, HR 0.79,
95% CI 0.64-0.97, Table 4). The only GI cancer site where
mortality was associated with BMI was rectal cancer,
where overweight (HR 1.53, 95% CI 1.17-2.01) and obesity
(HR 1.58, 95% CI 0.92-2.69) were associated with approxi-
mately 50% higher HR, only significant for overweight
(Table 4). The effect sizes did not change considerably with
and without adjusting for smoking except for rectal cancer
where the results were hard to interpret (Table S3).

3.8 | Urological cancer

Higher CRF was linearly associated with lower 5-year
mortality after a bladder cancer diagnosis (p=0.03, HR
0.71, 95% CI 0.51-0.98), while there was no association
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FIGURE 2 Forest plotillustrating the associations between CRF and BMI and 5-year mortality restricted to the first cancer in each

individual. Numbers provided in Table 4.

between CRF and mortality after kidney (p=0.41, HR
1.07,95% CI10.83-1.37, Table 4) or prostate cancer diagno-
ses (p=0.13, HR 0.84, 95% CI 0.70-1.02, Table 4). Obesity
was associated with higher 5-year mortality after a kidney
cancer diagnosis (HR 1.90, 95% CI 1.18-3.07, Table 4) and
for bladder (HR 2.10, 95% CI 1.11-3.96), and prostate (HR
2.44,95% CI 1.41-4.23) cancer diagnoses when including
all diagnoses in each individual (Table 3) but not when
restricting to the first cancer in each individual (Table 4).
Analyses could not be performed in the 1968-1970 smok-
ing population (Table S3).

3.9 | Hematological malignancies

High CRF was linearly associated with lower 5-year mor-
tality after non-Hodgkin lymphoma diagnosis when in-
cluding both first and second cancers (p=0.01, HR 0.78,
95% CI 0.63-0.97, Table 3) but not when restricted to the
first cancer in each individual (p=0.25, HR 0.86, 95% CI
0.66-1.11, Table 4). CRF was not associated with 5-year
mortality after being diagnosed with leukemia (p=0.47,
HR 0.93, 95% CI 0.74-1.18, Table 4), myeloma (p=0.38,
HR 1.14, 95% CI 0.77-1.67, Table 4), or Hodgkin lym-
phoma (p=0.80, HR 0.81, 95% CI 0.45-1.48, Table 4). Obe-
sity was associated with higher mortality after a Hodgkin
lymphoma diagnosis when restricted to the first cancer
in each individual (HR 2.86, 95% CI 1.01-8.11, Table 4)
but not when including all Hodgkin lymphoma diagno-
ses (HR 2.40, 95% CI 0.95-6.07, Table 3). Overweight or

obesity were not associated with 5-year mortality after
leukemia (HR 1.19, 95% CI 0.63-2.24), myeloma (HR 0.99,
95% CI 0.24-4.04), or non-Hodgkin lymphoma (HR 1.50,
95% CI 0.77-2.92) diagnoses (Table 4). However, under-
weight was associated with higher 5-year mortality after a
leukemia diagnosis (HR 1.34, 95% CI 1.00-1.81, Table 4).
The results for leukemia were not confounded by smoking
while only leukemia could be analyzed (Table S3).

3.10 | 5-year mortality after first
cancer diagnoses

Restricting the analyses to the first cancer in each indi-
vidual had little effect on most of the results (Table 4). For
CRF, it was now linearly associated with mortality after
stomach cancer diagnosis, while the linear association be-
tween CRF and mortality after non-Hodgkin lymphoma
diagnosis was no longer significant, suggesting confound-
ing by previous cancer. The linear association with mortal-
ity after pancreas cancer was no longer significant while
the estimates for the categorical comparisons for pancreas
cancer were unchanged, suggesting a lack of power rather
than confounding. For BMI, the risk increases associated
with obesity were reduced for mortality after cancer diag-
noses in the thyroid, bladder, and prostate, and were no
longer significant, indicating partial confounding by pre-
vious cancers for these sites (Table 4). Conversely, obesity
was now associated with a considerable increased mortal-
ity after Hodgkin lymphoma diagnosis.
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3.11 | 10- and 15-year mortality

The analyses for 5-, 10-, and 15-year mortality showed
consistent results for most site-specific cancers (Table S4).
For the hematological malignancies where underweight
was associated with increased mortality, the risk increases
disappeared over time, indicating a cancer-specific in-
creased mortality. For CRF and obesity, the effect sizes
were generally consistent with increasing follow-up time.

3.12 | Further sensitivity analyses
Including parental level of education as a marker of so-
cioeconomic status or muscle strength did not change the
p-values for trends or the effect sizes (Tables S5 and S6).
While there were some cancer sites where the estimates
differed by time period, for example, myeloma, the asso-
ciation between CRF and 5-year mortality was relatively
consistent regardless of year of conscription (Table S7).
This also applied to the associations between BMI and
mortality (Table S8). Both sets of analyses were limited by
wide confidence intervals for the later time period due to
few cancer diagnoses in men who underwent conscription
after 1979. Tables S9 and S10 illustrate analyses stratified
by BMI and CREF respectively to further assess the obe-
sity paradox. While the estimates differed slightly for most
cancer sites, the association between BMI and mortality
did not change direction between men with low versus
moderate-high CRF (Table S10). This was also true for the
association between CRF and mortality, where the hazard
was consistent across BMI strata for all cancer sites except
for some hematologic malignancies, possibly caused by
wide confidence intervals due to few cases (Table S9).

4 | DISCUSSION

The results from this large population-based cohort study
expands the current knowledge on the associations be-
tween CRF and BMI in youth and 5-year mortality after
site-specific cancer diagnoses. We can confirm previous
reports of lower mortality after developing any cancer and
lung cancer, for those with higher CRF.**° In addition,
to our knowledge, our study is the first to report associa-
tions between higher CRF and a lower 5-year mortality
after malignant skin cancer, non-Hodgkin lymphoma,
and cancer in the head and neck, pancreas, liver, rectum,
bladder, and prostate. We can also confirm previous re-
ports of associations between obesity and higher mortal-
ity after any cancer,’® and further report a higher 5-year
mortality after malignant skin cancer and cancer in the
head and neck, rectum, bladder, prostate, and thyroid for

those with obesity and a higher mortality after leukemia
and myeloma for those with underweight.

4.1 | Results for CRF in relation to
previous studies

Our study reports linear associations with lower 5-year
mortality for those with higher CRF after diagnosis of
any cancer, malignant skin cancer, non-Hodgkin lym-
phoma, and cancer in the lung, head and neck, pancreas,
liver, rectum, bladder, and prostate. Fardman et al. re-
ported 26% lower mortality after any cancer diagnosis
for those with high midlife CRF,* while Lakoski et al. re-
ported 32% lower cancer-related mortality and 68% lower
cardiovascular-related mortality after any cancer for those
with high midlife CRF.? This is well in line with our re-
sults with a 30% lower 5-year mortality for those with high
CRF in youth compared to those with low CRF. Our re-
sults are also in line with previous studies showing inverse
associations between CRF and premature mortality.” For
the site-specific cancers where our study showed linear as-
sociations, the relative reductions in mortality were 20%-
30% and to our knowledge these are novel findings. Some
of the associations between CRF and mortality in the cur-
rent study were seen for cancer sites with high 5-year mor-
tality, for example, the lungs and bronchi and pancreas.
The 17% relative reductions combined with 70% 5-year
mortality would translate to 12% absolute reductions in 5-
year mortality. If these results could be repeated in public
health interventions aiming to increase CRF in the gen-
eral population, it could be an additional benefit to stand-
ard therapy in line with new and expensive medications,
from an intervention which is cheap, free from adverse
events and with several other health benefits. However,
all individuals in this study received conventional care
and our results should not be interpreted as support for
replacing conventional antitumoral therapy with fitness
exercise or weight management.

4.2 | Results for BMI in relation to
previous studies

Silventoinen et al. performed a similar study on informa-
tion derived from the same registries and reported a 68%
higher mortality in men with obesity following a cancer
diagnosis, compared to normal weight.*® However, they
used a smaller underlying population and a shorter fol-
low-up as well as no restriction in follow-up after a can-
cer diagnosis. This could explain why our HR was 92%
higher for individuals with obesity versus normal weight.
We are not aware of any studies on associations between
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pre-diagnostic BMI and 5-year mortality after site-specific
cancers. However, for several cancer sites, there are re-
ports of an obesity paradox with lower mortality in pa-
tients with obesity."” There have been several speculations
on the underlying mechanism for that, including inflam-
matory mechanisms from the adipose tissue and poor
health status of cancer patients with low BMI, that is,
confounding by disease severity. Interestingly, there were
very few signs of this paradox in our study. While stud-
ies have reported this mainly for lung cancer and renal
cell carcinomas,"” our study showed a significantly higher
5-year mortality in individuals with obesity and kidney
cancer and no association between overweight/obesity
and mortality after lung cancer. This could indicate that
confounding by disease severity was a contributor to the
previous studies since that is not present in our study.
However, another explanation may be the type of mortal-
ity. A study on the obesity paradox in renal cell carcinoma
patients reported higher cancer-specific, but lower overall
survival in patients with overweight and obesity.** This
corresponds well to our results, where we analyze overall
mortality. Our study showed a three times higher mortal-
ity after a thyroid cancer diagnosis for men with obesity.
This might be explained by the more aggressive clinico-
pathological features previously reported.*® The absence
of an increased mortality after liver cancer with increas-
ing BMI is in line with a previous study.34 Our stratified
analyses also showed that higher CRF was associated with
lower mortality regardless of BMI and that higher BMI
was a risk factor regardless of CRF.

This study is one of four parallel studies in the same
project. In the first study, we assessed the associations
between CRF and BMI and the incidence of site-specific
cancers.” We found that higher CRF was associated with
lower risk of 9/18 site-specific cancers. However, higher
CRF was also associated with higher risk of being diag-
nosed with prostate cancer and malignant skin cancer. In
the second study, we assessed associations between BMI
and site-specific cancer incidence.*® Since the current
study showed opposite associations between CRF and
mortality after being diagnosed with prostate and skin
cancers than our previous study showed for the risk of
being diagnosed,” we performed analyses of associations
between CRF and BMI and cancer site-specific mortal-
ity in the full study population to see whether high CRF
was associated with fatal prostate cancer or skin cancer.*®
We reported higher risk of dying from skin cancer (HR
1.45, 95% CI 1.16-1.81) but no association between CRF
and prostate cancer-associated mortality (HR 0.95, 95%
CI 0.75-1.20). This implies that the results in our current
study could be confounded by differences in health seek-
ing behavior leading to higher proportions of low-risk
cancers for prostate cancer and skin cancer, where our
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previous studies showed unexpected lower risk for men
with low CRF and high BMI. However, this explanation
does not hold for the other cancer sites.

4.3 | Strengths and limitations

This study has several strengths. These include the
population-based sample, the large sample size of the
underlying population and long follow-up, resulting in
many cancer diagnoses. The validity and full coverage of
the population-based registries in a population covered by
universal healthcare insurance increase the validity. The
objective assessment of CRF improves sensitivity com-
pared to self-reported PA, and the inclusion of both BMI
and CRF in the analyses improves discrimination between
the effects of the underlying lifestyle habits physical activ-
ity and diet. The use of the widely used 5-year mortality as
the outcome facilitates comparisons with other risk fac-
tors. The assessment of CRF and BMI in youth eliminates
the risk of reverse causality by disease severity. However,
this also is a limitation since both CRF and BMI may have
changed over the time from assessment to cancer diag-
nosis and we cannot assess associations between CRF
and BMI in different parts of life and mortality following
a cancer diagnosis. Combined with no repeated assess-
ments during adulthood, our results have implications at
a public health level rather than on a clinical level. Our
results should be complemented by studies where CRF
and BMI were assessed 5years before the cancer diagno-
sis. Another limitation in this study is the lack of infor-
mation on other important risk factors for poor outcome
after a cancer diagnosis. We have used the available infor-
mation on smoking to estimate the confounding effect on
mortality, while this was not possible for the site-specific
cancers with low incidence and/or low 5-year mortal-
ity. The results indicate that smoking was not as strong
a risk factor for 5-year mortality as it is for the develop-
ment of some cancers, and smoking status did not seem
to confound our results. Our sensitivity analyses adjust-
ing for parental education, age at diagnosis, and muscle
strength did not show any signs of confounding of our
results. We lack information on cancer-specific risk fac-
tors, for example, staging, and cancer treatment. There is
little reason to believe that CRF or BMI should influence
these variables considerably in Sweden where the full
population is covered by universal healthcare insurance.
However, our previous study showed increased risk with
higher CRF and a protective association with increasing
BMI for prostate cancer and skin cancer. This might be
explained by increased screening, which could result in
prostate and skin cancers diagnosed at more beneficial
stages,”’ resulting in better survival. Hence, our current
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results with lower 5-year mortality for skin and prostate
cancer patients should be interpreted with caution. For
all other site-specific cancers, our previous results show
lower risk or same risk of developing site-specific can-
cers for those with high CRF and normal weight. Thus, if
those with high CRF and normal weight who develop site-
specific cancers have less aggressive cancers, it could be
hypothesized that this is yet another of the advantages of
having a high CRF and normal weight, rather than a con-
founding factor. The proportion of men with obesity was
low in our population and might explain the significant
associations between overweight but not obesity and some
cancers. Our study population underwent military con-
scription during a period of 37years, which introduces a
risk of bias due to changes in distribution of the exposures
(CRF and BMI) and improvements in oncology outcomes
during this time. However, while the obesity prevalence
increased during the study period, the obesity prevalence
was still only 2% during the last decade (Table S2) and we
have adjusted the analyses for date of cancer diagnosis to
account for this. We did not perform any sample size cal-
culation and the large number of associations indicates
that the sample size had statistical power to detect asso-
ciations. However, the number of analyses performed in-
creases the risk of mass significance. Since we considered
both BMI and CRF as well as each site-specific cancer to
be of equal interest and to represent its own hypothesis
we did not adjust for multiple comparisons. However,
this should be considered when interpreting our results.
Since this is an observational cohort study, there is always
the risk of residual confounding and causality cannot be
concluded.

4.4 | Conclusion

Our study shows that high CRF in youth was associated
with 30% lower 5-year mortality after being diagnosed
with any cancer as well as with lower mortality after di-
agnosis of several site-specific cancers. Obesity was as-
sociated with 89% higher mortality after being diagnosed
with any cancer and with higher mortality after being di-
agnosed with several site-specific cancers. These results
should encourage further promotion of intensified public
health work to achieve a high CRF and normal weight
early in life.
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