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Introduction

The global incidence of obesity has tripled since 1975,
reflecting an alarming health crisis with more than 1.9 billion
adults classified as overweight in 2016 [1]. Parallel to this
trend, increasing evidence suggests a compelling association
between a high body mass index (BMI > 25kg/m2) and an
array of common malignancies including esophageal, stomach,
colon, rectal, liver, gallbladder, pancreatic cancers, post-meno-
pausal breast cancer, cervical and uterine cancers, ovarian can-
cer, kidney cancer, non-Hodgkin lymphoma, multiple myeloma,
and leukemia [2-6].

Furthermore, up to half of all cancer cases could poten-
tially be prevented, given that many oncogenic stimulators,
such as overweight and obesity, are modifiable [7,8].
Therefore, understanding the link between elevated BMI and
cancer is crucial for effective prevention strategies. Despite
several earlier cohort studies confirming this association, the
majority of these investigations are over a decade old, sug-
gesting a need for more contemporary analysis.

In light of this, our study aims to provide updated evi-
dence on this relationship by investigating the association
between increasing BMI and the incidence of 22 common
malignancies. To achieve this, we utilize data from a nation-
wide cohort with a follow-up duration of up to 55 years.

Methods

We performed a registry-based cohort study, leveraging height
and weight measurements from the Norwegian Tuberculosis
Screening Program (NTSP) and cancer diagnosis data from the
Norwegian Cancer Registry (CRN). The CRN, which mandates
reporting of new cancer cases, maintains a high level of data
completeness [9]. From 1963 to 1975, the NTSP conducted an
unselected nationwide survey, wherein healthcare providers
registered participants height and weight [5].

Study population

Out of a population of approximately four million, a total of
1,911,598 individuals (aged 7 to 99years) participated in the
NTSP survey. We utilized the ICD10 lexicon for cancer cat-
egorization. Individuals were followed from the NTSP screen-
ing date until cancer diagnosis, 75years of age, emigration,
or the end of follow-up (December 31st, 2018).

Our study included all individuals aged 16 to 75years at
the time of NTSP screening. Individuals above the age of 75
were excluded as cancers developed this late are more likely
to be sporadic and not attributable to elevated BMI earlier in
life. We linked the study cohort to the CRN using personal
identification numbers assigned to all Norwegian inhabitants.
We obtained data on the first primary diagnosis among 22
common cancers previously reported to be associated with
BMI [2].

Exclusions

We excluded individuals younger than 16 or older than
75years, those with BMI under 15 or over 50kg/m?, those
diagnosed with cancer prior to or within one year after
measurement, individuals with short stature (women
<150cm and men <161cm), those with missing data on
height or weight, and those with no follow-up time
(Supplementary Figure S1).

Statistical analysis

Standard descriptive statistics were presented, including
mean and standard deviations (SD) for continuous variables
and absolute and relative frequencies for categorical varia-
bles. We modeled the association between BMI and cancer
using multivariable Cox proportional hazards regression
models, adjusted for sex and age groups at the time of
screening. We handled BMI as a continuous variable,

CONTACT Marie Nordsletten @ mawnor@ous-hf.no @ Department of Gastrointestinal and Paediatric Surgery, Oslo University Hospital, P.O. Box 4950 Nydalen,

N-0424 Oslo, Norway

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/0284186X.2023.2258443.

© 2023 Acta Oncologica Foundation


http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2023.2258443&domain=pdf&date_stamp=2023-11-06
http://orcid.org/0000-0003-3418-9748
https://doi.org/10.1080/0284186X.2023.2258443

1274 (&) M. NORDSLETTEN ET AL.

Table 1. Characteristics of the study cohort from the Norwegian tuberculosis screening program 1963-1975.

Men Women Both sexes
Study Cohort 829 081 (48.1%) 894 611 (51.9%) 1723 692
Age at measurement*® (years), Mean (SD) 43.2 (16.5) 43.1 (16.5) 43.2 (16.5)
Age group 1 (16-29) 216 228 (26.1%) 234 892 (26.3%) 451 120 (26.1%)
Height (cm), Mean (SD) 175.2 (6.3) 162.5 (5.8) 168.6 (8.8)
Weight (kg), Mean (SD) 74.8 (10.6) 65.6 (11.4) 70.1 (11.9)
BMI** (kg/m?) Mean (SD) 244 (3.2) 249 (4.4) 24.6 (3.9)

BMI categories***

Underweight (BMI 15-18.5)
Normal (18.5-25)

Overweight (25-30)

Obese (>30)

Years of follow up****, Mean (SD)
Deceased at end of study T (%)

12 297 (1.5%)
494 357 (59.6%)
282 710 (34.1%)

39 717 (4.8%)

309 (15.2)
247 615 (29.9%)

23 817 (2.7%)
494 551 (55.2%)
262 828 (29.4%)
113 415 (12.7%)

33.8 (14.2)
149 997 (16.7%)

36 114 (2.1%)
988 908 (57.4%)
545 538 (31.6%)
153 132 (8.9%)
324 (14.8)
397 612 (23.1%)

All values are N (%) unless otherwise stated.

*|nitial BMI measurement.

**Body Mass Index.

*HFHFWHO classification.

**¥*Follow-up from BMI registration to cancer diagnoses.

fIndividuals deceased before age 75 at end of study (December 31st, 2018).

assuming log-linearity. This allowed us to present estimated
hazard ratios (HR) with 95% confidence intervals (Cl) per
5kg/m? increase in BMI. We used attained age as the time
scale.

A subgroup analysis was conducted on individuals aged
16-29years (age group 1) to investigate whether individuals
with high BMI early in life presented a different risk profile
compared to those with high BMI later in life. Sensitivity
analyses were performed, including controlling for height,
removing underweight individuals, and commencing follow-
up two- and five-years post-BMI measurement. These adjust-
ments did not significantly alter the results (data not shown).

The study was approved by the Regional Committee for
Medical and Health Research in South-Eastern Norway (REC#:
2018/670), Norwegian Institute of Public Health, Cancer
Registry of Norway, Norwegian Tax Administration (which
administers the National Population Registry), and Oslo
University Hospital data protection officer (SD0759843). The
Regional Ethical Committee for Medical and Health Research
waived consent for using register data.

Results

Our cohort comprised 1,723,692 individuals, of which
894,611 were women (51.9%) (Supplementary Figure S1).
Cohort characteristics are presented in Table 1. Mean follow-
up was 32.5 (SD 14.8) years, extending to a maximum of
55years. During this period, 481,202 individuals received a
diagnosis of a first primary cancer. Follow-up length and age
at cancer diagnosis are provided in Supplementary Table S1.
At study conclusion, 565,519 individuals remained alive. HR
with 95% Cl for cancer incidence corresponding to each
5kg/m? increase in BMI are given in Figures 1-3.

Gastrointestinal cancers

Liver cancer was associated with an increased risk for each
5kg/m? BMI increase in both sexes. This association was
strongest in women whose BMI increased in early adulthood
(age 16-29 at time of screening). In men, an increased risk

was identified for colon cancer, particularly if the BMI
increase occurred in early adulthood. Higher BMI was also
associated with an increased risk for rectal cancer; however,
no statistically significant data were observed for rectal can-
cer in the youngest male cohort. In women, higher BMI was
associated with increased risk of colon cancer confined to
those younger than 30 at the time of screening.

Higher BMI in women was associated with an increased risk
for stomach, gallbladder, and pancreatic cancer, especially those
in early adulthood. Men with increased BMI in early adulthood
had an increased risk for pancreatic cancer risk. Higher BMI was
negative associated to esophageal and stomach cancer in men,
oral cavity and esophageal cancer in women (Figure 1).

Gender-specific cancers

Higher BMI was associated with an increased risk of uterine
cancer, particularly when this increase occurred in early adult-
hood. Similar positive associations were also seen in women in
early adulthood for ovarian cancer. In men, however, higher
BMI was associated with reduced prostate cancer risk (Figure 2).

Other cancer types

Higher BMI was associated with an increased risk of kidney
cancer, multiple myeloma, and leukemia in both sexes, par-
ticularly those in early adulthood in regard to kidney cancer.
Men in early adulthood had an increased risk for skin melan-
oma and urinary bladder cancer with increasing BMI, but no
association was found in women. In women, higher BMI was
associated with increased risk for thyroid cancer, and non-
Hodgkin lymphoma in women in early adulthood (age 16-29
at time of screening). Lung cancer was inversely associated
with higher BMI in both genders (Figure 3).

Discussion

Our study, encompassing an exceptional number of cancer
cases, enhances the existing evidence linking BMI to several
prevalent malignancies [2-6,10,11]. Fifteen of the 22 cancer
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A Both B Men C Women
HR (95% CI), p—value HR (95% CI), p-value HR (95% CI), p-value
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Figure 1. Forest plots illustrating hazard ratios (HR) and corresponding 95% confidence intervals (Cl) for the risk of Gastrointestinal cancers across different age
groups, considering both sexes combined (a), men (B), and women (C). each plot demonstrates the effect of a 5 kg/m2 increase in body-mass index (BMI) on cancer
risk, with BMI modelled as a linear variable. The number of cancer cases are indicated within brackets. Age 16-29 was at time of BMI measurement.

M Both sexes.
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Figure 2. Forest plots illustrating hazard ratios (HR) and corresponding 95% confidence intervals (Cl) for the risk of Gender specific cancers across different age
groups. The plot demonstrates the effect of a 5 kg/m? increase in body-mass index (BMI) on cancer risk, with BMI modelled as a linear variable. The number of can-
cer cases are indicated within brackets. Age 16-29 was at time of BMI measurement.

® Men.
¢ Women.

entities investigated demonstrated an increased risk with a
5kg/m? increase in BMI, which concurs with previously pub-
lished literature. However, a primary finding of our study is
the amplified lifetime cancer risk in individuals whose BMI

was high during early adulthood (age 16-29 at time of
screening). This augmented risk was observed for colon, liver,
gallbladder, pancreatic, and kidney cancers, alongside non-
Hodgkin lymphoma in both sexes. Furthermore, the trend
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Figure 3. Forest plots illustrating hazard ratios (HR) and corresponding 95% confidence intervals (Cl) for the risk of other cancers across different age groups, con-
sidering both sexes combined (A), men (B), and women (C). Each plot demonstrates the effect of a 5 kg/m2 increase in body-mass index (BMI) on cancer risk, with

BMI modelled as a linear variable. The number of cancer cases are indicated within
M Both sexes.

® Men.

4 Women.

held true for uterine and ovarian cancers in women, along-
side urinary bladder cancer and skin melanoma in men. The
notion of overweight and obesity in early adulthood precipi-
tating a heightened cancer risk in later life, especially in
women, aligns with conclusions drawn from earlier meta-
analyses [12,13].

While the connection between obesity and cancer risk is
not fully explored, several plausible mechanisms have been
suggested. These include chronic low-grade inflammation
interacting with endocrine homeostasis—encompassing insu-
lin signaling pathways, insulin-like growth factor 1, adipo-
kines, and sex hormones—which are all dysregulated in
obesity, potentially fostering an increased cancer risk [10,14].
The heightened risk identified in young individuals with high
BMI may be attributed to the extended duration of exposure
to these potential oncogenic effects [15].

Sex differences emerged in our findings, revealing dis-
tinctive patterns of BMI-associated cancer risk among men
and women. These disparities may stem from a complex
interplay of hormonal, metabolic, and lifestyle factors [14,16].
For example, estrogen, which is known to influence fat distri-
bution, can have differential effects on cancer development
depending on its concentration and the tissue context [17].
In premenopausal women, high BMI is often linked to lower
circulating estrogen levels, which may contribute to the
reduced risk of certain cancers such as premenopausal breast
cancer [3,18,19]. On the other hand, adipose tissue can act
as an important source of postmenopausal estrogen, possibly
leading to either an increased or decreased risk of certain
cancers [20]. It is hypothesized that estrogen might poten-
tially provide protection against colon cancer, a potential

brackets. Age 16-29 was at time of BMI measurement.

explanation to our finding of increased risk of colon cancer
only in women with high BMI in early adulthood [5,21].

Lifestyle factors, such as diet and physical activity, which
can differ significantly between sexes and cultures, may also
play a role [22].

In our study, a decreased risk of lung cancer was
observed in association with increasing BMI. This inverse rela-
tionship is likely influenced by the lack of data on smoking
status [23]. We also found inverse associations for esopha-
geal cancer in both genders, prostate cancer and stomach
cancer in men, and cancer of the oral cavity in women.
Bhaskaran et al. identified that a low BMI may serve as a risk
factor for oral cavity, esophageal and stomach cancer. This
relationship was primarily evident in smokers, except in the
case of esophageal cancer [2]. Renehan et al. discovered an
increased risk for esophageal adenocarcinoma with higher
BMI, and a reversed effect for squamous cell carcinoma [6].
Additionally, our findings highlighted a reduced risk of pros-
tate cancer in individuals with high BMI. Potential explana-
tory factors might include the roles of hormones, such as
testosterone and leptin, as well as the influence of smoking
[2,24,25]. Our results might have shown different patterns if
information on smoking status and histological subtypes
were available.

Future research should aim to unravel the precise mecha-
nisms driving the association between BMI and cancer risk.
This includes exploring the roles of adipokines, inflammatory
markers, insulin resistance, and sex hormones. Investigating
how these factors interact with genetic predispositions and
environmental exposures could also be crucial. Additionally,
research should focus on dissecting the effects of specific



aspects of adiposity, such as visceral vs. subcutaneous fat
and the role of weight changes over the life course, to offer
more nuanced insights into obesity-related cancer risk. Such
studies can help inform targeted prevention strategies, con-
tribute to individualized risk assessment, and potentially
identify novel therapeutic targets.

In a broader context, the elevated cancer risk observed in
young adults with high BMI holds significant socioeconomic
implications and could prove especially pertinent in the devel-
opment of cancer prevention strategies. This evidence under-
scores the need for public health initiatives, potentially
including preventative programs targeting younger age groups
and cancer surveillance protocols tailored for young adults with
obesity in an attempt to mitigate the escalating burden of
obesity-related cancers. This dual-pronged approach could rep-
resent a tangible step towards mitigating the cancer risk associ-
ated with high BMI, particularly when it manifests during early
adulthood. The effect of such interventions could help not only
reduce the individual burden of disease, but also lessen the
overall healthcare and societal costs associated with cancer.

Certain limitations must be acknowledged in the inter-
pretation of our study. Absence of data on potential con-
founding factors like smoking, alcohol consumption,
comorbidities, family history of cancer, menopausal status,
and medication use may impact our findings. Additionally,
we did not consider waist circumference, waist-hip ratio, or
histological subtypes.

BMI was measured only once and was extrapolated as a
constant proxy for BMI throughout the study period.
However, BMI trends show increasing values over time and
with age [26]. Early-life obesity is often associated with sus-
tained or increasing weight over time, suggesting an initial
high BMI can be a reliable proxy for continuous high BMI.

The obesity rate was 9% during the NTSP screening, com-
pared to the current rate of about 23% in Norway [5]. This
discrepancy might lead to an underestimation of obesity-
related cancer risks in our study. Our observed associations
may not remain significant once adjustments for confound-
ers are applied. Due to the large sample size, even modest
effects become statistically significant, which is a factor that
needs careful consideration when interpreting our findings.

Despite these limitations, our study possesses several
strengths. The extensive data set allowed us to compare nor-
mal weight individuals with those having higher BMI for
even rare types of cancer. Another strength lies in the
lengthy follow-up period of up to 55years, during which
28% of the study cohort were diagnosed with a cancer. This
extensive time-frame strengthens the credibility of our find-
ings and provides valuable insights into the long-term
impact of BMI on cancer risk.

Conclusion

This study provides compelling evidence linking high BMI to
an elevated risk for 15 of 22 cancers studied. It also empha-
sizes the association between high BMI in early adulthood
and increased lifetime cancer risk for both genders, underlin-
ing the importance of healthy weight management from
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early adulthood as a preventative measure against certain
types of cancer.
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