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Abstract

Background—Excess body mass index (BMI) is associated with increased risk of cancer. To
inform public health policyand future research, we estimated the global burden of cancer
attributable to excess BMI.

Methods—Population attributable fractions (PAFs) were derived using relative risks and BMI
estimates in adults by age, sex and country. Assuming al0-year lag-period, PAFs were calculated
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using BMI estimates in 2002. GLOBOCAN2012 was used to compute numbers of new cancer
cases attributable to excess BMI. In an alternative scenario, we computed the proportion of
potentially avoidable cancers assuming that populations maintained their BMI-level observed in
1982. Secondary analyses were performed to test the model and estimate the impactof hormone
replacement therapy (HRT) and smoking.

Findings—Worldwide, we estimated that 481,000 or 3:6% of all new cancer cases in 2012 were
attributable to excess BMI. PAFs were greater in women compared with men (5-4% versus 1-9%).
The burden was concentrated in countries with very high and high human development index
(HDI, PAF: 5:3% and 4-8%) compared with countries with moderate and low HDI (PAF: 1-6%
and 1-0%). Corpus uteri, post-menopausal breast and colon cancers accounted for approximately
two-thirds (64%) of excess BMI attributable cancers. One fourth (~118,000) of all cases related to
excess BMI in 2012 could be attributed to the rising BMI since 1982.

Interpretation—These findings further underpin the need for a global effort to abate the rising
trends in population-level excess weight. Assuming that the relationship between excess BMI and
cancer is causal and the current pattern of population weight gain continues, this will likely
augment the future burden of cancer.

Funding—World Cancer Research Fund, Marie Currie Fellowship, the National Health and
Medical Research Council Australia and US NIH.

Keywords

cancer incidence; global; obesity; population attributable fraction

Introduction

Excess body mass index (BMI=25kg/m?) is a known risk factor for various chronic diseases
and mortality. Although wide variations exist in its prevalence, overweight and obesity have
been increasing globally, raising concerns of their impacts on health. Recent global statistics
showed that 35%of the adult population (age 20+)is overweight (BMI =25kg/m?) and 12%
obese (BMI 230 kg/m2).1While the current prevalence of excess BMI is around 10% in
many Asian and African countries, the highest prevalence of over 90% has been reported in
Pacific Nations such as Cook island and Nauru followed by other developed countries.
According to recent estimates, -2 the global prevalence of excess BMI in adults has
increased by 27.5% between 1980 and 2013, although the upward tendency may have
slowed down in recent years in some European countries and in the US.3-7

Continuous updates of the literature have confirmed the association between excess BMI
and risk of oesophageal adenocarcinoma, colon, rectal, kidney, pancreas, gallbladder
(females only), post-menopausal breast, ovarian and endometrial cancer.8-12 The estimated
increase in risk of these cancers due to excess BMI ranged from 3 to 10% per unit increase
in BMI.14 A recent estimate from Global Burden of Disease project reported that 3-9% of
cancer mortality in 2010 can be attributed to high BMI.1% Yet this estimate did nottake into
account lag-time for the excess BMI to lead to the development of a new cancer case. In
addition, relatingrisk factor to mortality in the estimation of disease burden may be
problematic due to the potential role of reverse causation.1® Consideration should also be
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given to confounders and effect modifiers of the BMI and cancer association such as the use
of hormone replacement therapy (HRT) and smoking and their impact on both BMI and
cancer.17.18

This study aims to estimate the global population attributable fraction (PAF) of cancer
incidence in 2012 attributable to excess BMI in 2002, acknowledging the time-lag factor
between the exposure (excess BMI) and outcomes (cancer incidence). The robustness of the
estimates will be tested in a series of sensitivity analyses, amongst which assess the role of
smoking and HRT as potential effect modifiers and/or confounders.

Body mass index (BMI)

This study used the estimated BMI reported by Global Burden of Metabolic Risk Factors of
Chronic Diseases Collaborating Group (GBMRF). The details of the applied model and its
assumptions in estimating mean BMI have been published elsewhere.19 For this study, we
obtained the annual estimates of mean BMI and the corresponding standard deviations for
adults aged 20+ years for each country by sex and age group (20-34, 35-44, 45-54, 55-64,
65-74, 75+ years) in 1982and 2002 (see appendix i for more details).

Relative risk estimates

In our primary analysis, we included only cancers reported by the World Cancer Research
Fund (WCRF) as having sufficient evidence to be associated with excess BMI.8-13 These
include oesophageal adenocarcinoma, colon, rectal, kidney, pancreatic, gallbladder,
postmenopausal breast, corpus uteri and ovarian cancers and are collectivelydefined here as
obesity-related cancers.

Given the differences in risk of colon and rectal cancer associated with obesity, PAFs were
estimated separately for the two sites. Similarly, only adenocarcinoma of the oesophagus
was included because of lack of association between excess BMI and oesophageal squamous
cell carcinoma. The sex-specific relative risks (RR) for the sites included in the analysis
were obtained from the published standardized meta-analysis estimates by Renehan et al.14
and the WCRF Continuous Update Project (CUP). In these meta-analyses, risk estimates
were pooled from cohort studies and also for studies that have used cancer incidence as
outcome i.e. excluding mortality from cancer.

Our secondary analysis included thyroid cancer and Non-Hodgkin lymphoma as additional
cancer sites, which have recently been suggested to be associated with excess BMI but were
not listed by WCRF as having sufficient evidence. The exact source and size of relative risks
(RR) are described in appendix ii.

Population attributable fraction (PAF)

The population attributable fraction (PAF) was calculated based on the approach suggested
by the Comparative Risk Assessment Collaborative Group, using the following formula?°:
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JRR (x)P (x)dz — [RR (x) P* (x)dz
JRR (x)P (x)dx

PAF=

Where P(x) is the population distribution of BMI, P*(x) is the distribution of theoretical
minimum BMI and RR(x) the relative risk of cancer associated with BMI at level x. The
theoretical minimum distribution of BMI was defined as a BMI distribution with a mean of
22 kg/m? and a standard deviation of 1, where the disease burden is assumed to be lowest at
the population level 15:21

A log-logit function was used to characterize the shape of the RR across BMI units.
Furthermore, since RR estimates beyond these points were scant, no risk for BMI below 22
and no risk increase above BMI 40 were assumed. A pictorial illustration and more detailed
description of these assumptions of the risk function are presented in appendix ii.

Age-, sex- and country-specific PAFs were calculated for individual obesity- related cancer
sites. The number of cancer cases attributable to excess BMI was then derived by
multiplying age-, sex-, country-, and cancer-specific PAFs by the corresponding incident
cancers in 2012. Overall country, region and global estimates of the total attributable
proportion of cancer related to excess BMI were calculated by summing up the number of
attributable incident cases and dividing them by the total number of cancer cases in each
subgroup.

Uncertainty limits for PAF were estimated using Monte-Carlo simulation. We also
computed a counterfactual scenario to provide a more realistic view regarding the
preventable fraction of the current burden of cancers which was caused by excess BMI. The
analysis was done by replacing the theoretical minimum distribution with the BMI
distribution that was observed in 1982, an attainable value in the past in each country and
probably a more realistic goal for prevention. Here we estimated the answer to the question:
what would PAF be if BMI level had stayed constant at its 1982 value. A more detailed
description of PAF inputs and calculation is presented in appendix i-v.

Cancer incidence and attributable cancer burden

The numbers of incident cancers in 2012 by age (30+), sex and country were obtained from
GLOBOCAN 2012.22 Countries were grouped into 12 geographical regions: sub-Saharan
Africa(eastern, middle, southern, and western Africa); Middle East and north Africa
(western Asia and northern Africa);2% Latin America and the Caribbean (central and
southern America and the Caribbean); North America; East Asia (eastern Asia, including
China); southeast Asia; south-central Asia (southern Asia, including India); eastern Europe;
northern Europe; southern Europe; western Europe; and Oceania (including Australia and
New Zealand). Furthermore, countries were grouped into four categories according to their
human development index in 2012 (very high, high, moderate, and low HDI).24 As the
incidence of colon and rectal cancers (separately) and oesophageal cancer by histological
subtypes are not reported in GLOBOCAN,?2 the number of cancershy subtypes were
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estimated based on country-and sex-specific proportions of subtypes reported in Cancer
Incidence in Five Continents volume X (CI5 X),25:26 see also appendix iii.

The precise lag-time between the exposureto excess BMI and the occurrence of cancer is not
well-established. However, there is a general perception that excess BMI is not an initiator
of cancer but rather a promoter of cancer to clinical presentation over several years. Renehan
et al.2’assumed a 10-year lag time based on theliterature where the averagefollow-up time of
10 years demonstrated the beneficial effect of weight loss onsubsequent cancer.28:2% With no
additional information available, a 10-year lag period was assumed in this study,mapping
BMI prevalence in 2002 (by sex, age and country) to the cancer incidence in 2012.

Sensitivity analyses

While estimating the PAF of cancers attributable to excess BMI, several assumptions
regarding the population BMI distribution and relative risks functionwere made. In order to
assess their influence on the results, analyses were repeated by changing thefollowing
assumptions: exposure definition (categorical vs. continuous BMI, appendix vi); BMI
distribution (normal vs. log-normal, appendix vii); shape of the RR (linear/log-linear vs. log-
logit, appendix viii); region-specific vs. global RR estimates (appendix ix). As smoking30-33
and hormone replacement therapy (HRT)811:34 are known effect modifiers of the BMI-
cancer association, we estimated PAF stratified by current smoking status (for pancreatic
cancer) or HRT use (for postmenopausal breast, ovarian and endometrial cancer)and
assessed the bias that may have occurred when ignoring these interactions (appendix x).
Furthermore, as studies have shown a protective effect of high BMI on premenopausal
breast cancer814, we also assessed the potentially adverse effects of decreasing population
BMI on premenopausal breast cancer incidence and its impact on the total PAF (appendix
Xi).

Role of the funding source

Results

The sponsor of the study had no role in study design,data collection, data analysis, data
interpretation, orwriting of the report. The corresponding author had fullaccess to all the data
in the study and had finalresponsibility for the decision to submit for publication.

Globally,in 2012, there were an estimated3-6% or 481,000 new cancer cases of all cancers
attributable to excess body mass index in adults, 1-9% or 136,000 cases in males and 5-4%
or 345,000 cases in females (Table 1a and 1b). The burden was larger in countries with very
high and high HDI (PAF: 5-3% and 4-8% respectively) compared to countries with moderate
and low HDI (PAF: 1.6% and 1-0% respectively). Region-specific estimates showthat all
three Asian regions and Sub-Saharan Africa had the lowest PAF ranging from0-4 to 0-9% of
total cancers (4% to 6% of total obesity-related cancers) in males and 1-7 to 3-0% of total
cancers (5% to 8% of total obesity-related cancers) in females, while it was highest for
Northern America (PAF: 3-5% and 9-4% of total cancers; 21 % and 19% of obesity-related
cancers, in male and female respectively). For the remaining regions such as Middle East
and Northern Africa, Latin America and Caribbean, Oceania and all European regions, the
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PAF was in the upper range of 2.0 to 9-9% of total cancers (14 to 18% of obesity-related
cancers) in both sexes.

In terms of regional contribution to current obesity related-cancer, the North American
region contributed by far the most cases with 111,000 cancers (23% of the total global
cancer attributable to excess BMI)and Sub-Saharan Africa contributed the least (7,300
cancers or 1-5% of the total cancers attributable to excess BMI, Figure 1). Eastern Europe
had the greatest share of burden (66,000 cancers) among the European regions (34% of the
total European cases attributable to excess BMI). Despite the low PAF (1-8%), East Asia
ranked second in the share of the regional cases attributable to excess BMI (70,000 cancers).

Country-specific PAFs for males and females are illustrated in Figure 2a and Figure 2b (see
also appendix xiii for specific estimates). In males, the highest PAF of 5-5% was observed in
Czech Republic, followed by 4-5% in Jordan and Argentina and 4-4% in the UK and Malta.
The greatest cross country differences within a region were observed in the Latin American
region, where PAF ranged from 4-5% (in Argentina) to 0-7% (in Haiti and Jamaica). In
females, Barbados led all countries with 12-7% of cancers attributable to excess BMI; other
countries or territories where PAFs in females were remarkably high were Czech Republic
(12:0%) and Puerto Rico (11-6%). As in males, cross country differences were largest in
Latin America, where PAF ranged from as high as 12:7% (in Barbados) to as low as 1-6%
(in Haiti). Meanwhile, countries within the sub-Saharan African region had consistently
lower overall PAF of below 2% in males and below 4% (with the exception of Mauritius
and South Africa) in females.

Population attributable fraction also varied greatly by cancer sites ranging from 6%for rectal
cancer to 33% for oesophageal adenocarcinoma in males and 4%for rectal cancer to 34% for
cancer of the corpus uteriand oesophageal adenocarcinoma in females (Table 1a and 1b).
Despite having alarge estimated PAF, oesophageal adenocarcinoma contributed only 10% of
the total attributable cases in males and 1% in females (Figure 3a and 3b).Meanwhile, colon
cancer in malesand postmenopausal breast cancerin females contributed the largest number
of cancer cases attributable to excess BMI. In men, colon and kidney cancer together
contributed two thirdsof attributed cancers (90,000cases) and in females, post-menopausal
breast cancer and corpus uteri contributed about two thirds of the total cancer burden
attributed to excess BMI (221,000 cases).

Marked gender differences in PAF were observed for colon cancer (males:13% and females:
8%). Meanwhile, gender differentials in the number of cases were largest for colon cancer
and oesophageal adenocarcinoma with 56,000 and 14,000 attributable cases respectively in
males and only 29,000 and 4,000 attributable cases in females (Table 1a and 1b). The rate of
cancer burden attributed to excess BMI was relatively higher for women compared to men
in all regions (Figure 4). In particular, regions with lower burden of obesity-related cancers
such as Asia and sub-Saharan Africa, the cancer rate attributable to excess BMI was 2-3
folds greater among females compared to males.
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Counterfactual scenario: Maintaining the 1982 BMI

If BMI had remained as recorded in 1982, about one fourth (118,000 cases) of all obesity-
related cancer cases in 2012 could have been averted. In other words, a quarter of all
obesity-related cancers could be attributed to the increase in BMI between 1982 and 2002
(appendix xii). About 0-9% (0.5% in males and 1-3% in females) of all cancers diagnosed in
2012 were therefore considered realistically avoidable. The realistically attributable fraction
was greatest in countries with a very high and high HDI, where 83% of all potentially
avoidable cancers occurred. In a high burden region such as North America, this translated
into more than 40,000 or 38% of all attributable cancer cases that could be linked to the
increase in BMI since 1982. As for the specific cancer sites about 11% of all oesophageal
adenocarcinomas (5,600), 8-5% of all corpus uteri (27,000), 5% of all kidney (15,000) and
2-5% of all postmenopausal breast cancers (28,000) could have been avoided if BMI had not
increased between 1982 and 2002.

Effect of smoking and hormonal replacement therapy

When PAF for pancreatic cancer was corrected for smoking status, it was estimated to range
between 1-18% for both males and females (appendix x), depending on the country. This is
a 0-5% point difference in males and 0-9% point difference in females as compared to the
unadjusted PAF. This difference was largest in the UK for both males and females. HRT
non-users had a substantially higher PAF when compared to HRT users, ranging from
50-65% for corpus uteri cancer and from 8-12% for postmenopausal breast and ovarian
cancer. When comparing the correctedPAF to the unadjustedone, the difference was small
for most countries ranging from 0-14 percent points for corpus uteri cancer. In countries
where prevalence of HRT non-users was high (>45%) and a large proportion of women with
excess BMI, e.g. in Germany or Russia, the difference was larger.

Discussion

In 2012, approximately 3:6% of all cancers (excluding non-melanoma skin cancer) or 13%
of all obesity-related cancers could be attributed to excess BMI in adults. These translated
into an estimated 481,000 new cancers in men and women in 2012 that might be due to
excess BMI. Postmenopausal breast, corpus uteri and colon cancer contributed 73% of the
total attributable cases in females, whereas in males kidney and colon cancer contributed
66% of all attributable cases. While 64% of all global cancer cases related to excess BMI
were mainly found in the Northern American and European regions, the PAF was also large
in Oceania, Latin America and Caribbean and Middle East and Northern Africa.Most
importantly, about one fourth of the total cases attributable to excess BMI (118,000 cancers)
might have potentially been avoided if the population mean BMI had remained at the same
level since 1982.

This study fills in the gap of information on cancer incidence related to excess BMI in
particular for non-Caucasian populations in low and middle income countries. It remains
evident that for the moment this issue mainly affects higher resource regions, e.g. 64% of all
global cancer cases related to excess BMI were found in North America and Europe.
Besides the notable unequal distribution of cancer cases attributable to excess BMI globally,
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marked differences were observedwithin regions; for instance in Latin America PAFs
ranged from 12-7% (in Barbados) to 1-6% (in Haiti) in females. Although obesity-related
cancers have become a global issue,35this transition occurs at different speed for each
country or region. In a few countries such as the UK or the US where BMI has markedly
increased in the 1980s and1990s, the BMI increase has since slowed down, yet in most
countries average BMI has continued to raise steadily since the 1980s.2 The results of our
secondary analysis, where historical BMI was used as achievable BMI level, could also be
used to measure the changing impact of BMI on the burden of cancer. Taking into account
both the current level of BMI and its change over time, the increase in PAF has been
greatest in the Middle East and Northern Africa, Latin America and Caribbean, North
America and Oceania. In contrast, Eastern Europe has retained a similar (high) BMI level
between 1982 and 2002, so despite the large current PAF, only a very few cases are
attributable to the change in BMI in that period. The varying pattern in BMI distribution and
trends across countries highlights the need for future research on the cumulative effects of
obesity on the burden of cancer, and also other chronic diseases.

Independent pooled studies3%-32 have reported an attenuated risk of excess BMI in smokers
for pancreatic and thyroid cancer. Taking into account the differential effect by smoking
status produced different estimates depending on the country smoking prevalence. In highly
developed countries, due to the high past prevalence of tobacco smoking36 and high current
BMI,! the attributable fraction of pancreatic cancer related to excess BMI was slightly
underestimated. On the other hand, in less developed countries, where smoking has only
started to rise,3” the effect of high BMI on pancreatic cancer was slightly overestimated.
Another important effect modifier in the relation between BMI and cancer is HRT use,
where the risk of female hormonally-driven cancers related to excess BMI is largely
attenuated or even eliminated among HRT users.8:11:34 In the sensitivity analysis, we
showed that the majority of postmenopausal breast, ovary and corpus uteri cancers
attributable to excess BMI occurred among HRT non-users. The declining use of HRT since
the early 200053839 has contributed to a decrease in breast cancer incidence where usage
was high, on the other hand it will probably translate into a higher proportion of cases being
attributable to excess BMI and therefore amenable to prevention by weight loss.

This study adds important insights to the contribution of different lifestyle and exogenous
risk factors on disease, specifically cancer risk. Previous studies have quantified the global
cancer burden attributable to infections (2 million new cases in 2008, PAF 16.1%) 0 and to
smoking (1.4 million cancer deaths in 2000, PAF 21%) 1. Given the growing number of
cancer cases on the global scale and the prevalence of obesity still rising in almost all
countries, the cancer burden due to obesity is likely to increase.

Strengths and Limitations

To-date,this is the most comprehensive study on the global scale estimating the current
global burden of cancer due to excess BMI. A previously published report by the Global
burden of disease project!® estimated burden of cancer due to excess BMI. Those results are
not directly comparable to ours because PAF was presented as a proportion of deaths or
disability-adjusted life years attributable to excess BMI, whereas in our study incidence was
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the reported outcome. Furthermore, information on the exposure prevalence and the
incidence of cancer was obtained from the same year, not allowing for a lag-time between
the exposure and cancer development. In addition, this current study also provided estimates
for a more realistic scenario. A few other studies have estimated cancer incidence associated
with excess BMI,2742-44 however these were constrained to European populations.
Differences in estimates are to be expected given that our estimates reflect more current data
in both the prevalence of excess BMI and the incidence of cancer, which have increased
greatly over the past decade.1945

Another strength of this study includes detailed input of age-, sex- and country-specific BMI
prevalence and the latest available cancer incidence estimates. These data were estimates,
therefore careful interpretation of the results is advised, yet to-date these are the best
available estimates. Many assumptions were made when estimating the PAF, however the
large series of sensitivity analyses that were performed showed that changing these
assumptions made no appreciable difference in the reported PAF. One of the assumptions
that we tested was related to theevidence of non-linear associations between BMI and
several cancers e.g. oesophageal, colon, breast and endometrial cancer.*2 We opted for a
log-logit RR function for all cancer sites included in this study instead of a linear function
which partly addressed this issue. In the sensitivity analyses, we tested different RR
functions and found that it has only minor impacts on the final PAF estimates.

Alongside point estimates for the PAF, we presented uncertainty intervals to provide a
measure of reliability. Yet, these uncertainties do not take into account uncertainties in the
cancer data from use of the GLOBOCAN 2012 estimates. The GLOBOCAN 2012 database
provides a qualitative ranking of data quality for each country-specific estimate.?2
Quantifying this uncertainty and incorporating additional uncertainties from the modelling
and estimation processes remains a significant challenge and therefore was not incorporated
in our analysis.6:47

Another limitation of this study includes the assumption of constant RRs across very diverse
populations. Risk of some cancers associated with excess BMI have been reported to vary
by ethnic group and geographic location.1448Variation exists in the distribution of body
fatness across ethnic groups and how this is reflected in the BMI measure. For example,
within the USA, African or Hispanic are more likely to be obese than Caucasian and Asian
women, yet the latter have been shown to have higher body fatness at similar BMI levels.4®
Other anthropometric measures, such as waist circumference or waist-to-hip ratio, have been
suggested as better predictors of obesity-related healthoutcomes when compared to
BMI1.59:51 Furthermore, rural and urban differences in the prevalence of obesity have been
described.®2-24 In our study, some variation in the distribution of BMI across ethnic groups
may have been captured by using country-specific BMI estimates. Residual variation, i.e.
within countries, was however not contemplated in the models. Given the very limited
information available on these sub-groups and the lack of comparable global prevalence data
of other anthropometric measures as well as their risk estimates, additional analyses for
these factors were not performed.
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Another drawback is the assumption of the absence of time-dependent effects of excess BMI
on cancer risk, which cannot be completely captured by age-specific BMI data and lag-time.
We assumed a 10-year lag in our modelling and recognized that the time-related effects of
excess adiposity are likely to vary between cancer types. Recent studies have shown that the
risk of cancer from excess weight accumulates with the number of years lived with excess
weight, suggesting that the risk can better be predicted using years of life lived with excess
weight.55:56 |onger obesity duration has also been linked to other diseases and conditions,
such as coronary artery calcification, a precursor of coronary heart disease.’ Although this
is in line with the biologic mechanisms underlying the relationship between obesity and the
development cancer, studies examining this aspect of obesity are newly emerging and
neither risk estimates nor the exposure information are available for each obesity-related
cancer site.

Lastly, the estimation of the PAF is based on the assumption that the association between
excess BMI and each cancer site included in our study is causal.>® We thus assume that
reducing BMI will lead to a decline in the incidence of these cancers. Excess BMI has been
shown to increase circulating levels of oestrogens and bioactivity of insulin-like growth
factor 1and hence promoting the development of cancer.> It should also be noted that
epidemiological studies that report risk associations between BMI and cancer are prone to
several limitations. It remains possible that residual confounding may explain the
association between obesity and some types of cancer and this was not accounted for in our
analysis. We have tried to overcome this issue by exclusively using risk estimates based on
large meta-analyses that included only high quality studies and, whenever possible, only
cohort studies.

In 2012, excess BMI among adults was associated with 3:6% or 481,000 cases of newly
diagnosed cancer globally. If the world population BMI remained as it was in 1982, a
quarter of this burden might have been potentially avoided. Historical and ongoing increases
in the global prevalence of excess BMI, especially in younger cohorts, are expected to
translate into further increases in the burden of cancer related to obesity in the near future.
Changes in the prevalence of strong effect modifiers such as HRT are expected to heighten
the total burden of cancer attributable to excess BMI, in particular among females. The large
burden of cancer attributable to excess BMI in North America, Europe, Oceania, South
America, the Middle East and North Africa points to the importance of weight control
programs in these regions. This study informs health policy in terms of targets for
prevention programs and highlights existing gaps in our knowledge of the relationship
between BMI and cancer. It also underlines the need for research on effective interventions
to control weight gain to avoid further rise in the burden of cancer related to excess BMI.

Panel: Research in Context

Systematic Review

Global and country-specific estimates of theincidence and mortality burden for cancers
associated with obesity were obtained from the GLOBOCAN 2012 database.22The relevant
cancers were those identified by the World Cancer Research Fund (WCRF) as having
sufficient evidence to be associated with excess BMI.13 For each cancer site, we obtained
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sex-specific relative risk estimates from a published meta-analysis and the WCRF
Continuous Update Project (CUP).8-12.14T¢ estimate the population attributable fraction
(PAF) for excess body weight, we used comparative data on mean body mass index (BMI)
from the global burden of disease study.11® These estimates were obtained using systematic
analysis of published and unpublished data from health examination surveys and
epidemiological studies identified through systematic reviews of the literature, the WHO
Global Infobase and data and studies known to the investigators. In sensitivity analyses, we
used additional risk estimates specific for different world regions®14.60 and three more
cancer sites, namely thyroid cancer, Non-Hodgkin lymphoma and premenopausal breast
cancer.8:1461 The relevantinformation was derived from reports and articles mainly obtained
from a series ofMedline searches using MeSH terms of above mentioned topics published
before Jan 1,2014. No language restriction was employed. Finally, we searched, reviewed,
and compared key papers on previous calculations of the PAF of excess body

weight 15:17.27.43.44 with our estimates.

Interpretation

Other studies have estimated the burden of cancer attributable to obesity in specific
countries or regions 274244 but this is the first to provide a global estimate using a
comprehensive set of data sources and sensitivity analyses. The findings show that 3.6% of
all cancers (a total of 481,000 new cases in 2012) are attributable to excess BMI. The
findings further underpin the need for a global effort to abate the rising trends in population-
level obesity. If the current pattern of population weight gain continues, it will certainly
augment the future burden of cancer especially in regions of the world, such as South
America and North Africa, where the largest increases in the rate of obesity have been
observed in the past three decades.2This study also informs health policy in terms of targets
for prevention programs and highlights existing gaps in our knowledge of the relationship
between BMI and cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cancer cases (in thousands) attributable to excess body mass index by world region in 2012
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Figure 2.
Population attributable fractionofnew cancer cases due to excess body mass index in 2012 in

(a) males and (b) females
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Figure 3.
Estimated number of cancer cases (in thousands) attributable to excess body mass index in

2012 by cancer site in males and female OAC = oesophageal adenocarcinoma
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Figure 4.
Age-standardised incidence rate of obesity-related cancers (per 100,000, standardised to the

world standard population, light bars) and the fraction attributable to excess body mass
index (in rates, dark bars) by world region and sex in 2012 Obesity-related cancers:
oesophageal adenocarcinoma, pancreas, kidney, postmenopausal breast, ovary, corpus uteri,
gallbladder (females only), colon, rectum
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