
Cancer Epidemiology 41 (2016) 8–15
Obesity and cancer: An update of the global impact
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A B S T R A C T

In view of the growing global obesity epidemic, this paper reviews the relation between recent trends in
body mass index (BMI) and the changing profile of cancer worldwide. By examining seven selected
countries, each representing a world region, a pattern of increasing BMI with region and gender-specific
diversity is noted: increasing levels of BMI were most pronounced in the Middle East (Saudi Arabia),
rather modest in Eastern Asia (India) and generally more rapid in females than in males. This observation
translates into a disproportionate distribution of cancer attributable to high levels of BMI, ranging by sex
from 4–9% in Saudi Arabia and from 0.2–1.2% in India. Overweight and obesity may also influence cancer
outcomes, and hence have a varying impact on cancer survival and death in different world regions.
Future challenges in cancer studies exploring the association with overweight and obesity concern the
measurement of adiposity and its potentially cumulative effect over the life course. Given the limitations
of BMI as an imperfect measure of body fatness, routine anthropometric data collection needs to be
extended to develop more informative measures, such as waist circumference in settings where the gold
standard tools remain unaffordable. Furthermore, questions surrounding the dose-response and timing
of obesity and their associations with cancer remain to be answered. Improved surveillance of health risk
factors including obesity as well as the scale and profile of cancer in every country of the world is urgently
needed. This will enable the design of cost-effective actions to curb the growing burden of cancer related
to excess body weight.

ã 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

The global prevalence of overweight and obesity (body mass
index (BMI) �25 kg/m2) has increased markedly over the past
decades from 24.6% in 1980, to 34.4% in 2008. Over the same
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period, the prevalence of obesity (BMI �30 kg/m2) has doubled,
from 6.4% to 12.0% [1]. In many countries these changes have
impacted on the main non-communicable diseases including heart
disease [2], type 2 diabetes [2], as well as cancer [3–5]. Excess body
weight has been causally linked to an increased risk of ten different
cancer types, including cancer of the oesophagus (adenocarcino-
ma), colorectum, gallbladder, pancreas, liver, breast (post-meno-
pausal), ovary, endometrium, kidney and prostate (advanced
stage) [3,6–13]. These cancers alone (described hereafter as
obesity-related cancers) comprise about 27% of the total global
burden of cancer (based on GLOBOCAN 2012 data [14] and at
present impact more on populations in highly-developed coun-
tries, where 67% of all obesity-related cancers are diagnosed. This
observation is further confirmed by a recent study showing that
82% of all new cancer cases caused by excess body weight in
2012 were found in high income countries, as compared to only
18% in their lesser income counterparts [15].

Transitions in global cancer patterns have also been observed
and have partly been linked to the growing obesity epidemic [16].
One example is the changing trends in oesophageal adenocarci-
noma, a subtype of oesophageal cancer that is strongly associated
with excess weight, with obesity increasing risk by greater than
two-fold compared with normal weight [17]. Since the early-
1990s, studies from high income countries such as the U.S. have
noted a steep rise in the incidence of oesophageal adenocarcinoma,
surpassing the incidence of oesophageal squamous cell carcinoma,
which is related mainly to tobacco smoking [18]. At the global level,
oesophageal adenocarcinoma now contributes 25% of the total
oesophageal cancer burden in highly developed countries, in
contrast to 6% in less developed countries [19].

In this paper, we provide an overview of the impact of
overweight and obesity on the global burden of cancer. We link
Fig. 1. Mean body mass index (age-standardized, in kg/m2) in 19
geographical and temporal patterns of BMI to the corresponding
scale and profile of cancer, and quantify the number of new cancer
cases attributable to high BMI in countries representing seven
world regions. The challenges in surveillance of body composition
in ethnically diverse populations are briefly summarized, and
future research avenues on this basis discussed. We conclude with
a perspective on specific actions required to curb the growing
burden of cancers related to excess body weight, with a focus on
locally-tailored strategies.

2. The growing obesity epidemic and its impact on the global
cancer burden

Excess body weight has become one of the most important
preventable causes of cancer, particularly in high-income
countries [20]. Yet, the global observed epidemiologic and cancer
transitions suggest the epidemic is also extending to transitioning
countries in the less developed world [21,22]. Fig. 1 shows the
average BMI in seven countries in 1980 and in 2008, selected
based on availability of high quality data, regional representa-
tiveness and population size. Countries of the Middle East now
have among the highest proportions of overweight and obesity in
the world, with as an example an increase from 26.3 kg/m2 to
29.6 kg/m2 in the mean BMI between 1980 and 2008 in Saudi
Arabian women. On the other hand, in India, South Asia, increases
in average BMI have been limited over the past three decades.
While the mean BMI since 1980 has increased slightly more
rapidly in women than in males (0.5 vs. 0.4 kg/m2 per decade), the
rise in mean BMI in men tends to be greater in countries where
BMI has been historically low, while the increase in women
appears independent of past (or current) BMI levels in the same
countries [23] (Fig. 2).
80 and in 2008 according to sex in selected countries [23].



Fig. 2. Percent change in mean BMI between 1980 and 2008 versus BMI (in kg/m2) in 2008.
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Linking the global pattern of BMI to the cancer burden, the high
average BMI in the Middle East is reflected by a high proportion of
cancer attributable to high body weight (Saudi Arabia, 9.2% and
4.0% in females and males respectively, Fig. 3). Similarly, we
observed a large proportion of obesity-attributable cancer burden
in North America (USA, 9.5% and 3.5%) and in Europe (UK, 8.2% and
4.4%). This contrasts with the small proportion of cancer cases
attributable to excess body weight in selected countries in sub-
Saharan Africa (Ghana, 2.0% and 0.4%) and Asia (India, 1.2% and
0.2%). In terms of health planning, it is important to highlight the
absolute number of cases that can be linked to high BMI, as
illustrated in Fig. 3. In highly populous countries with an elevated
prevalence of overweight individuals such as in the U.S., more than
100,000 new cancer cases in 2012 can be attributed to high BMI.

3. Global problem with regional diversity

Studies have reported a differential impact of high BMI on
cancer risk across ethnic groups and geographic locations. For
example, the protection from breast cancer conferred from
overweight and obesity at premenopausal ages among Caucasian
and African women is not reported in Asian women, where a
significant deleterious effect has been observed [24]. In our
previous paper [15], we recalculated the population attributable
fraction (PAF) of overweight and obesity, replacing the pooled
global risk estimates with regional relative risks (RR), concluding
that region-specific PAF were similar to those obtained from the
main analytic approach. Large differences were however found for
postmenopausal breast and pancreatic cancer: the PAF of
postmenopausal breast cancer due to high BMI in Asian females
increased from 4–5% to 9–11% based on region-specific RR
estimates. The varying effect of high BMI on cancer risk in
different ethnicities has been postulated as a marker of the BMI’s
inability to measure body fatness and differentiate tissue type
(fatty, lean, bone). Other anthropometric measures such as waist
circumference or waist-to-hip ratio have been suggested to better
predict obesity-related health outcomes when compared to BMI
[25,26], despite their own limitations such as correct measure-
ment, great inter-ethnic variability and the difficulty to interpret
ratios biologically [27]. Where waist-to-hip ratio has been utilized,
as in a study of premenopausal Asian women, a high ratio was
associated with an elevated breast cancer risk [28]. Existing
inconsistencies in the ability to predict disease across the different
anthropometric measures may warrant the implementation of
additional BMI cut-off points, as proposed by the WHO [29].

4. Challenges assessing body fatness and cancer risk in
ethnically diverse populations

In order to derive an improved estimate of the global impact of
overweight and obesity on the burden of cancer, a valid measure of
body composition is needed. The reasons that BMI continues to be
the most commonly used proxy for overall body fat in epidemio-
logic studies and clinical settings [30] are multiple: BMI is easy to
calculate, data collection costs are low, and standardized cut-off
points set by leading international and national institutions for
classifying weight status of individuals based on their BMI, are
available [31,32]. Despite these advantages, BMI is an indirect
measure of adiposity and the inherent limitations are still to be
fully appreciated in the research or clinical domain. It is well
known that total body fat (general adiposity) and body fat
distribution varies in different ethnic groups with similar BMI
levels and that these variances are associated with differentials in
disease risk [28]. For example, in Asians, higher rates of colorectal
neoplasia are observed within the “normal” range of BMI as
compared to Caucasians [33]. Furthermore, individuals with
similar levels of BMI and general adiposity, may differ substantially
in their body fat distribution [30], hypothesized reason to why BMI
poorly predicts chronic disease risk at the individual level [34].
While the aetiology of obesity is always multifactorial, with both
genetic and environmental components, a number of genetic
variants contributing to obesity have been identified by large
genome-wide association studies, that together were able to
explain a modest fraction of the phenotypic variation [35]. While
to-date most of those studies have been carried out in Caucasian
populations, there is evidence for ancestry-based differences in
genetic risk factors for obesity [36], which should be further
addressed in investigations of gene-environment interactions.

Given the imperfections of BMI, waist circumference (WC) is
often used in epidemiologic studies as a surrogate marker of body



Fig. 3. Population attributable fraction (PAF, % left panel) and number of cancer cases (right panel) due to high body mass index in selected countries from various global
regions in 2012 [15].
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fat distribution or more precisely of the body girth at the level of
the abdomen indicating abdominal fat mass [37]. Both WC and BMI
are strongly correlated with general adiposity [38], and are also
highly inter-correlated [30], but WC has shown to be a better
predictor of intra-abdominal or visceral adipose tissue (VAT) than
BMI in both sexes [38]. Excess VAT is associated with elevated IL-6,
free fatty acids and TNF-a and is related to reduced levels of
adiponectin [39]. These factors are associated with systemic
inflammation, insulin resistance and the activation of the insulin-
like growth factor (IGF) system, leading to a pro-tumorigenic
microenvironment that promotes the development of cancer at the
cellular level [40]. VAT may then be more relevant to cancer
development than general adiposity [40]. Certain ethnicities differ
in their susceptibility to visceral fat accumulation for a given
amount of total body fat [41], which offers an alternative
explanation as to why cancer risk differs across ethnic groups
[42]. The gold standard for measurement of VAT, such as magnetic
resonance imaging (MRI) and computed tomography, is quite
costly [43]. It is therefore not surprising that studies utilizing VAT
have been historically of small size, of cross-sectional or case-
control design, and with intermediate cancer endpoints [44], until
recently [45]. Another measurement based on dual-energy X-ray
absorptiometry (DXA) has emerged as a more affordable option
[46], and may yet prove a valuable assessment of body composition
in ethnically-varied populations, although DXA does not allow
separating abdominal body fat into subcutaneous and VAT.
Nevertheless, a recent dose-response meta-analysis of six
observational studies supported the hypothesis that VAT may be
the underlying mediator of the observed association of BMI and
WC with colorectal adenomas [44].

Future studies using more accurate measures of adiposity and
considering different body fat compartments will be important in
assessing whether cancer risk is specific to VAT or whether VAT
more appropriately represents a marker of subcutaneous fat
dysfunction leading to metabolic disease and cancer [47]. The
prospective cohort studies currently underway, including the UK
Biobank [48] and the German National Cohort [49], are imple-
menting imaging methods on a large scale, and thus will yield
novel areas for future research on obesity and cancer research.

5. The importance of assessing lifetime obesity

While epidemiologic studies have quantified the importance of
dose-response and cumulative lifetime exposure for risk factors
such as smoking, equivalent appraisals of obesity are lacking,
despite the evidence that dose and timing of obesity have an
important impact on disease risk. Earlier and accumulated
exposure to overweight have been found to increase the risk
and severity of hypertension, insulin resistance, chronic inflam-
mation, oxidative DNA damage and alterations in endogenous
hormone metabolism—all key mechanisms on the obesity-cancer
pathway [50–52]. To date, rather few studies have investigated the
relationship between obesity and cancer from a life course
perspective, probably due to a lack of prospective data on repeated
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anthropometric measurements over a long duration of follow-up.
While these are necessary to capture the full continuum of lifetime
overweight exposure and to quantify corresponding health effects,
recent studies support the hypothesis that the association between
excess weight and cancer risk and mortality compounds with time
[53,54].

In a recent study from the Women’s Health Initiative among
postmenopausal women, every ten-year increase in adulthood
overweight duration was associated with a 5% increase in the risk
of breast cancer and a 17% increase in endometrial cancer [55]. On
adjusting for intensity of overweight (a measure not dissimilar to
pack-years of cigarette smoking), these figures rose to 8% and 37%,
respectively. Similarly, in a recent study on lifetime adiposity and
pancreatic cancer, a hazard ratio of 1.06 (95% CI: 1.02–1.09) was
reported for each 10-year increment in overweight duration, with
risks being even more pronounced (HR = 1.18, 95% CI: 1.05–1.32) in
diabetics [54]. Age-dependent and cumulative effects of weight
change have previously been reported to affect the risk of
postmenopausal breast cancer, suggesting that weight gain during
adult life, especially after the menopause, increases the risk of
postmenopausal breast cancer [56–58]. In contrast, weight loss
after menopause has been found to lead to a risk reduction [57]. It
has also been shown that adult weight gain from ages 20 to 50 was
associated a 60% greater risk of colon cancer [59], whereas weight
gain or loss later in life was not related to colon cancer risk [60].
Weight gain over the life course has also been related to an
increased risk of breast cancer in Hispanic women [61].

Other important questions concern obesity in early life and
age at obesity onset in relation to cancer outcomes. Similar to the
trends seen in adults, the prevalence of overweight and obesity
has also been steeply rising in children and adolescents, with
23.8% of boys and 22.6% of girls in developed countries, and 12.9%
of boys and 13.4% of girls in developing countries being
overweight or obese in 2013 [62]. In a recent meta-analysis by
Genkinger et al. using pooled data from 20 cohort studies, obesity
during early adulthood (ages 18–21 years) had a stronger
influence on pancreatic cancer mortality than obesity arising in
later adulthood [63]. Similarly, childhood obesity has been
associated with an increased risk of oesophageal adenocarcinoma
many decades later in life [64]. Yet, childhood obesity has also
been linked to a decreased risk of breast cancer [65], meaning that
the role of obesity at different stages of the maturation process
still needs to be explored. As obesity during childhood and early
adulthood was still relatively uncommon in today’s generation
that is relevant for cancer research, but has been rising
dramatically in the past 20 years [62], the full consequences of
this development will only be visible in several decades.

In view of the ongoing and aggravating obesity epidemic
worldwide, insights into the relation between cumulative
overweight exposure and cancer development have become
vital for the planning and implementation of effective prevention
strategies and policies. For high income countries, where the
prevalence of high BMI has been increasing for a few decades, a
reduction in the mean BMI at the population level would still
likely have a positive impact in reducing the national burden of
cancers linked to obesity. In many countries however, further
increases in the obesity-related cancer burden are anticipated
given the latest trends in childhood obesity and the lag time until
cancer development. Actions to keep overweight and obesity at a
low level should become a key target in public health policy in
countries that have not yet been touched by the obesity
epidemic. At the global level, comprehensive and multi-faceted
prevention approaches are fundamental to supporting individu-
als making healthier lifestyle choice and reducing and/or
preventing obesity [31].
6. The impact of high body mass index on cancer outcomes

Given the volume of epidemiological evidence linking excess
adiposity with increased incidence of several adult cancer types, and
the plausible biological mechanisms underpinning these associa-
tions [42], it is reasonable to speculate that excess weight also has an
adverse effect on patients who develop ‘obesity-related’ cancers.
Indeed, there are several systematic reviews and meta-analyses of
studies in this setting that support this hypothesis. For example,
patients with colorectal cancer and with excess body weight are
reported to have a 22% higher colorectal cancer-specific and 25%
higher all-cause mortality relative to patients with normal weight
[66]. Similar hazards are observed for breast cancer patients who
were obese before diagnosis (40% decreased survival [67] and for
patients with pancreatic cancer (53% decreased survival for BMI
�35 kg/m2compared with thosewith BMI<25 kg/m2[68]. However,
interpretation of these data is not straightforward and whether or
not these associations are causal, is far from clear. It is important to
establish causality (or not) here, as these studies inform some of the
rationale for clinical guidelines on weight management among
cancer survivors [20].

In the setting of excess weight and increased cancer incidence,
associations are consistent, generally observed over a plausible
timeframe (greater than 8 years, [24] and demonstrate specificity
for gender (for example, men > women for colon cancer [24] and
anatomic site (colon > rectum [24]. In the setting of cancer-related
mortality and survival, these attributes of Bradford-Hill causality
are generally lacking.

Furthermore, and importantly, the recent literature has
recognized that many of the inconsistencies of associations in
this setting are due to when BMI, or other anthropometric
indicators, were measured. The World Cancer Research Fund
(WCRF) [69] report on breast cancer survivorship highlighted this,
and identified three broad categories of studies based on when the
anthropometric measure was recorded—pre-diagnosis (or cohort
inception), as a surrogate of ‘usual body weight’; peri-diagnosis;
and post-diagnosis (typically 12 months after diagnosis), the latter
as a surrogate for ‘body weight during survivorship’. When viewed
in this manner, the patterns of association differ. In general, there
are associations between pre-diagnosis BMI and cancer-related
mortality, which in part are conditional on the association between
excess body weight and incidence cancer. By contrast, associations
between peri-diagnosis BMI and survivorship BMI, and survival are
less consistent, and to interpret these requires inclusion of key
prognostic factors (stage, treatment, and performance status) in
patients with cancer. Similar patterns have been observed for
colorectal cancer when classified by when the anthropometric
indicator was measured [70].

There are a number of specific issues worth discussing in
relation to body weight, cancer diagnosis and outcome. First, for
the most part, the methodology used to test this relationship is
prognostic modelling—and this requires inclusion of key prognos-
tic factors (other than excess body weight). For most cancers of
interest, these are stage and treatment. In modern oncology
practice, treatment is multi-dimensional and there can be multiple
stages in the same patient group at different points in the
treatment pathway. This is well-illustrated for rectal cancer. Pre-
treatment MR imaging determines the cT stage; post-surgical
pathology assessment defines the pT stage; and if the patient has
received downstaging chemoradiotherapy, the post-surgical pa-
thology assessment defines the ypT stage. Thus, there are three
staging systems. Chemotherapy administered as part of pre-
operative chemoradiotherapy differs in type of regimen and
rationale to that used for adjuvant chemotherapy, and chemother-
apy used in the setting of metastatic disease. Few large-scale
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epidemiological datasets have this level of detail to account for
these various prognostic determinants.

Second, is the prognostic factor performance status and
occurrence of co-morbidities. For example, in breast cancer, part
of the observed reduction in survival has been related to
comorbid conditions that are more common in cancer patients
who are obese as compared to those who are normal weight (60%
vs. 25%, respectively) [71]. The ‘clustering’ of risk factors for
mortality [72] require investigators to consider survival biases
and whether or not to account for these in analyses (for example,
competing risk analyses). Third, there is a need to interpret with
caution studies that relate anthropometric measures with cancer-
related prognostic factors, such as histological grade or other
phenotypes, such as receptor sub-types in breast cancer [73].
These cancer subtypes themselves trigger specific treatment
pathways, such that the interpretation becomes confounded by
treatment indication. Fourth, there is an increasing need to
classify cancers (such as breast, colorectal and prostate) based on
screen-detected or not. This level of detail is seldom available in
large-scale analyses. Patients with screen-detected cancers
frequently have a better outcome, stage for stage, compared
with non-screen detected. And the presence of obesity itself can
influence participation in cancer-screening. Fifth, there is an
increasing recognition that race and ethnicity might be relevant
to the evaluation of BMI and cancer survival. In ethnically distinct
populations, it is speculated that differences in the distribution of
other risk factors and co-morbidities may be responsible for
different effects on mortality due to different competing causes of
death [74]. Currently, the evidence for this is indirect, but if it
were to turn out to be causal, this would have major implications
for the explanations of variations in cancer-related mortality rates
around the globe [14]. Yet, the role of genetic ancestry and its
relation with cancer survivorship also remains to be explored in
the future.

Additionally, it is increasingly recognized that rather than
obesity predicting for an adverse cancer prognosis, being
overweight (BMI: 25.0–29.9 kg/m2) and obese I category (BMI:
30.0–34.9 kg/m2) are associated with an improved survival
compared with normal weight. This is known as the ‘obesity
paradox’. Apart from possible biological explanations (implausi-
bility of single ‘ideal weight’ (for height) concept, advantages of
higher weight in aging through a number of mechanisms such as a
favorable lipid profile and reduction in the impact of oxidative
stress and inflammation [75]), there are a number of plausible
methodological reasons to explain this—such as residual con-
founding, reverse causality, and a specific type of selection bias
known as ‘collider bias’. The latter bias refers to an exaggerated
effect of a confounder (e.g. smoking) that results from stratifying
by disease status and may lead to obesity appearing protective
[76]. This is an area of active research and is not yet conclusive. The
reader certainly should not interpret these observations as a
rationale to recommend that high BMI to reduce risk of death
among cancer patients.

Finally, in view of the increasing number of long-term cancer
survivors [77,78], partly caused by earlier cancer detection and
improved cancer treatment, obesity has also to become a major
prevention target beyond the first primary cancer diagnosis. The
growing body of survivorship research suggests that higher BMI is
not only entailing poorer outcomes in terms of occurrence of
cancer-specific recurrence or a second cancer, but also comorbid-
ities, postsurgical wound healing and infection [79]. Guiding
cancer survivors towards better lifestyle choices thereby favorably
influencing survivorship trajectories is vital in this growing
population group (for recommendations please refer to [80] that
include maintaining healthy weight, and also other healthy
lifestyle such as stopping smoking).
7. Future burden of obesity-related cancers: implications for
prevention

In a previous paper, we have illustrated the potential for
reducing obesity-related cancers through a realistically attainable
goal that assumes no change in BMI over three decades. We
recalculated the preventable fraction of cancer related to excess
weight using historical BMI levels (national mean BMI in 1982). In
total, 0.4% of all cancers in males and 1.1% in females in 2012 could
have been prevented if populations had maintained their BMI over
the past decades [15]. Aggregated, this represents about one fourth
(or 104,501) of all cancers attributable to excess BMI in 2012. Of
particular relevance to the estimation of the number of cancers
attributable to obesity is whether actions that stabilize the current
obesity epidemic will be sufficient in reducing the future burden of
obesity-related cancers, or whether obesity trends need to be
reversed in order to return to rates of obesity-related cancers
observed today. Of note, younger generations are experiencing a
greater prevalence of obesity and are projected to carry a longer
duration of obesity for a given age relative to previous generations
[81]. This warrants additional research on the expected effects of
these trends on the future incidence of obesity-related cancers.

Considering the global significance of the impact of obesity on
cancer, little effort has been undertaken globally to create the data
infrastructure necessary to monitor the BMI distribution and its
changes over time across populations. An additional challenge is
the linkage of these data with other databases on distal and
environmental determinants that affect obesity [82]. Great
challenges remain in reducing individual BMI, yet a number of
intervention trials have demonstrated some successes over 12–
18 months periods, such as the effectiveness of physical activity
and diet programs implemented in clinical practices or regular
dietician visits [83–86]. In addition, there is a need to develop a
range of comprehensive, large-scale public health policies aimed at
improving energy imbalance in order to curb the obesity epidemic
[87]. Indeed, successful prevention programmes require a tailored
approach taking into account local political and economic systems,
local knowledge of food supply systems and also the sociocultural,
socioeconomic, recreation and transport environment [82,88]. If
left unchecked, the adverse consequences of the obesity epidemic
threaten the progress that has been made in the prevention of
other risk factors such as smoking, making it the number one
modifiable lifestyle risk factor, responsible for the increasing
burden of a whole range of non-communicable diseases.
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