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Executive summary

Introduction

Overweight and obesity is the second biggest cause of cancer after smoking. There
are clear socio-economic inequalities in cancer incidence, and in overweight and
obesity prevalence. People from more deprived populations generally experience
higher cancer incidence rates and higher overweight and obesity prevalence,
compared to less deprived populations. It is hypothesised that more deprived
populations have a higher proportion of cancer cases caused by overweight and
obesity, compared to less deprived populations

Methods

Cancer incidence by deprivation data for the 13 cancer types that have a definite
causal association with overweight and obesity, was taken from routine annual
publications for each UK nation. Overweight and obesity prevalence by deprivation
was collated from routine health surveys representative of each UK nation. Some data
imputation was required to account for missing cancer incidence and overweight and
obesity prevalence data. Relative risk estimates were obtained from a systematic
search of the literature. Population Attributable Fractions (PAFs) were calculated using
the standard formula.

Results

A moderate deprivation gap was observed between the least deprived group and the
most deprived group for females across UK nations. The proportion of cancer cases
attributable to overweight and obesity is 10-29% higher in the most deprived UK
women versus the least deprived. For males the deprivation gap was generally much
smaller.

Discussion

Deprived female populations have a higher proportion of overweight and obesity-
attributable cancer cases, compared to less deprived female populations. This is
because of higher obesity prevalence in more deprived versus less deprived females.
In males the deprivation gap in overweight and obesity prevalence, and accordingly in
overweight and obesity-attributable cancer cases, is smaller.

To our knowledge, no other study has assessed the influence of deprivation on
cancers attributable to overweight and obesity in UK nations. However, the findings
from this analysis are limited by the availability and quality of data. More research is
needed using high quality data to form more robust conclusions.
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Introduction

Deprivation and cancer

There are clear socio-economic inequalities in cancer incidence, mortality and
survival in the UK. People in the most deprived quintile are around 13-36% more likely
to be diagnosed with cancer and — because of socio-economic differences in survival
—around 31-73% more likely to die from cancer, compared with those in the least
deprived quintile 1234567

Higher incidence and mortality rates in more deprived groups are found across most
cancer types. A notable exception is breast cancer, which is more common is less
deprived women 1234 |ess deprived women are more likely to attend breast
screening, and have higher levels of other risk factors around childbearing and
exogenous hormone use.®

Risk factors and cancer

Potentially modifiable risk factors contribute a large proportion of cancer cases,
causing around 4 in 10 cancer cases every year in the UK.° Smoking and overweight
and obesity are the two leading cancer risk factors in the UK, contributing 15% (around
54,300 cases) and 6% (around 22,800 cases) of overall cancer cases every year,
respectively.

The large number of cancer cases caused by overweight and obesity is a result of a
high prevalence of this risk factor, combined with a large number of cancer types
associated with it. UK overweight and obesity prevalence is among the highest in
Europe, ' with around 6 in 10 adults (60-64%) overweight (body mass index [BMI] 25-
29.9) or obese (BMI 30+) in the UK 1121314 Overweight and obesity prevalence has
increased markedly in the UK in recent decades, and although rates appear to have
plateaued, they do not show signs of declining 2131415

Overweight and obesity causes 13 different types of cancer, including several female-
specific or female-predominant cancers.® The only known risk factor associated with
more cancer types is smoking, which causes at least 15 different types of cancer.r” Of
these cancer types, there are seven which have causal links with both overweight and
obesity, and smoking.

Risk factors and deprivation

Overweight and obesity prevalence varies considerably between deprivation groups,
especially in the female population. Female overweight and obesity combined rates
are 26-53% higher in the most deprived group compared with the least deprived
group in Great Britain 11213 This deprivation gap is driven by the obese category rather
than the overweight category: female obesity rates are 75-104% higher in the least
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deprived group compared with the most deprived group.12213 |n males, overweight
and obesity combined prevalence is similar across deprivation groups in Great Britain;
however obesity rates are 25-69% higher in the most deprived group versus the least
deprived group.121213

Research aim

Given the deprivation gap in overweight and obesity prevalence, it is hypothesised
that more deprived populations have a higher proportion of cancers caused by
overweight and obesity, compared to less deprived populations. This hypothesis will
be tested using standard population attributable fraction (PAF) methods.
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Methods

Cancer types

The International Agency for Research on Cancer (IARC) has classified 13 cancer types
as having 'sufficient’ evidence of a causal association with overweight and obesity:
oesophageal adenocarcinoma, stomach cardia, bowel, liver, pancreas, gallbladder,
breast, endometrium, ovary, kidney, thyroid, myeloma and meningioma.

As previously described, breast cancer is the only one of these cancer types which is
inversely associated with deprivation, due to the marked effect of screening uptake
and reproductive factors. Therefore, because breast cancer contributes a large
proportion of the all cancers combined total, this inverse association could obscure
the association between deprivation and overweight and obesity PAFs. PAFs were
calculated both including and excluding breast cancer.

Cancer incidence by deprivation

Cancer incidence data by deprivation quintile for each of the UK constituent nations
was obtained from routine publications, for the most recent years available.2:3-419 All
nations provided this data for a period of several years rather than a single year, to
avoid publishing low case numbers through which individuals could possibly be
identified.

There was variation in the specific type of deprivation measurement used between
countries. England, Wales and Northern Ireland used the income domain of their
nation-specific index of multiple deprivation (IMD). Scotland used all domains of their
nation specific IMD. Quintile 1 refers to the least deprived group and quintile 5 refers
to the most deprived group.

Data varied between nations in terms of time period, cancer type availability, and sex
breakdown. In England, Wales and Scotland data was for patients diagnosed between
2012 and 2016, but Northern Ireland data was either for 2007 to 2017 or 2013 to 2017
depending on cancer type. Imputation methods (see Appendix 1a) were used where
necessary to obtain a full dataset for analysis, comprising annual average case
numbers for the 13 cancer types listed above, for males and females separately.

Overweight and obesity prevalence by deprivation

Overweight (BMI 25-29.9) and obesity (BMI 30+) prevalence data by deprivation
quintile (all domains of the nation-specific IMD) was collated for each of the UK
constituent nations from routine health surveys, for the period 10 years prior to the
incidence data obtained above 20212223 A 10-year latency period (i.e. the time between
exposure to overweight and obesity and subsequent cancer diagnosis) was used for
comparability with previous work and compatibility with duration of follow-up in
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relative risk sources.2*

Data varied between nations in terms of time period and sex breakdown, thus
imputation methods were employed again (see Appendix 1a) to obtain a full dataset
for analysis, comprising annual average prevalence of overweight and obesity, for
males and females separately.

Relative risks

Relative risk (RR) estimates (see Appendix 1b) were obtained from a systematic search
of the literature using previously described search terms.? Sources were reviewed
between two researchers to decide what was the most suitable relative risk to use
based on: the recency of publication, comparability of study samples to UK
population, and availability of sex-specific relative risks because relative risks can vary
markedly between sexes for some cancer types (e.g. meningioma).

Population Attributable Fraction formula

To calculate the proportion of cancers attributable to overweight and obesity by
deprivation quintile, the standard population attributable fraction formula was used
(see Appendix 1c). PAFs were calculated for each cancer type individually and then
summed to obtain figures for all cancers combined; because of low case numbers
only the all cancers combined figures are reported here. The deprivation gap in
overweight and obesity-attributable proportion of cases was calculated, in both
absolute and relative terms, as the difference between deprivation quintiles 1 (least
deprived) and 5 (most deprived). Confidence intervals were not calculated, all
comparisons are based on point estimates.
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Results

A summary of the results is presented in Table 1, Figures 1 and 2 (PAFs for all
overweight and obesity-related cancer types excluding breast cancer), and Appendix
2 (PAFs for all overweight and obesity-related cancer types including breast cancer).

In females in all UK nations, the deprivation gap was larger when breast cancer was
excluded from the calculations compared to when it was included. In all UK nations
except Wales, the deprivation gap in PAFs excluding breast cancer was higher in
females than in males. Only PAFs excluding breast cancer are reported below.

Table 1. Population Attributable Fractions (PAFs) for overweight and obesity for the
least and most deprived quintile for UK constituent countries, all overweight and
obesity-related cancer types* excluding breast cancer

Deprivation quintile PAF
(%)

Difference quintile 1 PAF vs
quintile 5 PAF

Country Absolute .
Relative
1 (least) 5 (most) (percentage (%)
points)

England Female 3.7% 4.3% 0.7 18.1%
Male 3.5% 3.7% 0.2 6.2%
Scotland Female 4.0% 4.4% 0.4 9.9%
Male 4.1% 4.4% 0.2 5.9%
Wales Female 3.5% 4.5% 1.0 29.4%
Male 3.7% 5.0% 13 36.2%
Northern Female 4.0% 4.4% 0.4 10.4%
Ireland Male 3.9% 3.9% -0.04 -1.0%

*oesophageal adenocarcinoma, stomach cardia, bowel, liver, pancreas, gallbladder, endometrium,
ovary, kidney, thyroid, myeloma and meningioma
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Figure 1. Population Attributable Fractions (PAFs) for overweight and obesity by
deprivation quintile for females in UK constituent countries, all overweight and
obesity-related cancer types excluding breast cancer

6.0%

5.0%

4.0%

3.0%

PAF (%)

2.0%
1.0%

0.0%
1 (least) 2 3 4 5 (most)

Deprivation Quintile

e=m=fngland  e=Scotland  e====\Nales === Northern Ireland

Figure 2. Population Attributable Fraction (PAFs) for overweight and obesity by
deprivation quintile for males in UK constituent countries, all overweight and
obesity-related cancer types excluding breast cancer
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England

In females, the proportion of cancer cases attributable to overweight and obesity was
18.1% (0.7 percentage points) higher in the most deprived quintile compared with the
least. In males, the proportion was 6.2% (0.2 percentage points) higher in the most
deprived quintile compared with the least.

Scotland

In females, the proportion of cancer cases attributable to overweight and obesity was
9.9% (0.4 percentage points) higher in the most deprived quintile compared with the
least. In males, the proportion was 5.9% (0.2 percentage points) higher in the most
deprived quintile compared with the least.

Wales

In females, the proportion of cancer cases attributable to overweight and obesity was
29.4% (1.0 percentage points) higher in the most deprived quintile compared with the
least. In males, the proportion was 36.2% (1.3 percentage points) higher in the most
deprived quintile compared with the least.

Northern Ireland

In females, the proportion of cancer cases attributable to overweight and obesity was
10.4% (0.4 percentage points) higher in the most deprived quintile compared to the
least. In males, the proportion was 1% (0.04 percentage points) lower in the most
deprived quintile compared with the least.

Cancer attributable to overweight and obesity by deprivation quintile
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Discussion

Aims

This analysis aimed to explore how variation in overweight and obesity prevalence
between deprivation quintiles influences the proportion of cancer cases attributable
to this risk factor. It was hypothesised that more deprived populations would have a
higher proportion of cases attributable to overweight and obesity.

Main findings

The results showed a moderate PAF deprivation gap in females. There was a higher
proportion of cases attributable to overweight and obesity in the most deprived
quintile compared with the least deprived quintile. There was generally a smaller PAF
deprivation gap in males, because there is a weaker deprivation gradient for
overweight and obesity prevalence in males compared with females. Results were
quite disparate across UK nations, but because of underlying differences in the data
for each nation, direct comparison should not be made.

The females PAF analysis was run both with breast cancer included and excluded to
assess the impact of breast cancer on the deprivation gap. There is an underlying
inverse association between breast cancer incidence and deprivation, due to
reproductive and screening characteristics. When breast cancer was excluded, the
deprivation gap generally increased in both absolute and relative terms in each UK
nation. Breast cancer was already excluded from both PAF analyses in males, because
male breast cancer is not classified by IARC as definitely causally associated with
overweight and obesity.

The proportion of cancer cases attributable to overweight and obesity was generally
higher in females compared with males, as has been demonstrated previously.® This is
mainly because of breast cancer; the PAF sex difference reduced or even reversed
when breast cancer was excluded from the calculations.

Linearity of the trend in PAFs across each deprivation quintile was not formally
assessed, however visual inspection shows the female PAFs in Scotland and Northern
Ireland peaked in quintile 2 or 3 instead of quintile 5 (the most deprived group). These
differences are all very small, but the reason why the trend does not appear to be
linear remains unclear.

Whilst smoking has been adjusted for in the relative risk figures used here, it is still
important to acknowledge the possibility of residual confounding. Over half of the
overweight and obesity-related cancer types are also associated with smoking, and
both of these risk factors are associated with deprivation. Health related risk
behaviours are not randomly distributed across the population, rather they occur in
combination with other risk factors.?> Around half (51%) of the English adult
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population has 2 or more health risk factors (smoking, alcohol drinking, overweight or
obesity, insufficient physical activity, and insufficient fruit and vegetable consumption),
and this proportion is higher in the most deprived (61%) versus the least (41%).

Strengths and limitations

These are, to our knowledge, the first estimates of deprivation gaps in the proportion
of cancer cases attributable to overweight and obesity in the UK. Inequalities in
overweight and obesity prevalence have long been observed, but the long-term
disease impacts of these inequalities have not previously been quantified. A marked
deprivation gap in smoking PAFs has been reported in France,?® and the current
analysis adds to this emerging evidence base.

The current analysis did not look at morbid obesity (BMI 40+) separately from overall
obesity (BMI 30+), and therefore the results may present an underestimation of the
deprivation gap. There is a stronger deprivation gradient in the morbidly obese
category, and for some cancer types the relative risk does not increase linearly (e.g.
higher relative risk per 5-unit BMI increment). However, any under-estimation of PAFs
as a result of this is likely to be small as morbid obesity currently contributes only a
small proportion of the overall obesity prevalence total.

The robustness of these findings is determined by the quality and availability of data.
Data availability was limited, meaning some cancer types’ incidence and some
overweight and obesity prevalence figures had to be imputed. The use of IMD ‘all
domains’ deprivation measure in some parts of the dataset may have confounded
results because it includes health aspects within the measure. Additionally, the
findings assume that people remain in the same deprivation quintile during the 10-
year latency period between overweight and obesity prevalence measurement and
cancer incidence recording.

The PAF analysis did not include methods to examine the statistical significance (e.g.
confidence intervals) of differences between deprivation quintiles. It is not sensible to
calculate a boundary of uncertainty around point estimates that are already uncertain
to some extent.

Conclusion

The burden of overweight and obesity-attributable cancer falls disproportionately on
the most deprived people in the UK. This deprivation gap is more pronounced in
women than in men. The proportion of cancer cases attributable to overweight and
obesity is 10-29% higher in the most deprived UK women versus the least deprived.

These results should encourage policymakers to target deprived female populations
with interventions that aim to promote and sustain weight loss, with the main goal of
reducing the proportion of preventable cancers in those populations.

The evidence base needs to continue to develop through more research using better
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quality data to provide more robust conclusions of the impact of overweight and
obesity on cancer incidence across deprivation quintiles.

Cancer attributable to overweight and obesity by deprivation quintile
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Appendices

Appendix 1la: Data imputation

Cancer type and Sex

The availability of data between UK nations varied for cancer types that were less
common. Additionally, the availability of data provided by sex differed between
nations. England and Scotland provided cancer incidence by deprivation for persons,
whereas Wales and Northern Ireland provided cancer incidence by deprivation and
Sex.

Each UK nation provided data for cancer incidence by deprivation for oesophageal,
stomach, bowel, liver, pancreas, kidney, breast, uterus and ovarian cancers.

Wales and Northern Ireland incidence by deprivation and sex data was used to
calculate a sex breakdown for England and Scotland for the non sex specific cancers
(i.e. oesophageal, stomach, bowel, liver, pancreas and kidney). Wales and Northern
Ireland cases were combined to produce a robust yearly average number of cases by
sex. These combined cases were converted to a proportional sex split of cases per
deprivation quintile (e.g. quintile 1 female stomach cases/quintile 1 stomach cases for
both sexes = quintile 1 female stomach proportion). The proportions were then
multiplied with the persons cases in the corresponding quintile for England and
Scotland (e.g. quintile 1 female stomach proportion * England quintile 1 persons
stomach cases = England quintile 1 female stomach cases).

An additional step was implemented for oesophageal, stomach and uterus cancers to
produce cases for their morphological or subsite types (i.e. oesophageal
adenocarcinoma, stomach cardia, endometrium) that are explicitly linked with
overweight and obesity. Firstly, oesophageal adenocarcinoma (2012-2014), stomach
cardia (2012-2016) and endometrium (2012-2016) incidence by sex data was obtained
for each nation. Subsequently, the proportion of morphological/subsite cancer types
within their wider cancer group was calculated for both sexes from the average
number of cases per year (e.g. female stomach cardia cases/female stomach cases =
proportion of female stomach cardia cases). It was assumed that the proportional sex
split of cases for these subtypes was the same across each deprivation quintile.
Therefore, the proportions of cancer subsite/morphological type were multiplied with
the average number of cases for their wider cancer group in each deprivation quintile
(e.g. female stomach cardia proportion * quintile 1 female stomach cases = quintile 1
female stomach cardia cases).

Meningioma is another cancer subtype (belonging to the brain and other central
nervous system cancer group) explicitly linked to overweight and obesity. England
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provided meningioma incidence by deprivation for persons. To break down the data
by sex it was again assumed that the proportional sex split of cases was the same
across deprivation quintiles. Meningioma incidence data with a sex breakdown in
England was acquired (2012-2016),Error! Bookmark not defined. and the
proportional sex split was calculated. The sex specific proportions were then
multiplied with the number of cases in each deprivation quintile in England.

There was no meningioma by deprivation breakdown for Scotland, Wales or Northern
Ireland. However, Northern Ireland provided incidence data for brain and other
central nervous system that formed the basis of estimations for meningioma
incidence by deprivation and sex in the devolved nations. The proportion of cases by
deprivation quintile was calculated for both sexes in Northern Ireland for brain and
other central nervous system, and these proportions were used as a proxy for
meningioma proportions (e.g. quintile 1 female brain cases/total female brain cases =
quintile 1 female meningioma proportion). Subsequently, meningioma incidence by
sex data (2012-2016) was obtained to produce the average number of meningioma
cases per year for Scotland, Wales and Northern Ireland. Sex and quintile specific
proportions from the Northern Ireland incidence by deprivation data were multiplied
with the with the average number of meningioma cases from respective nations (e.g.
Northern Ireland quintile 1 female 'meningioma’ proportion * Scotland female
meningioma cases = Scotland quintile 1 female meningioma cases).

Breast cancer also had to be altered to provide figures representative of post-
menopausal women (assumed to be 50+), because there was no age breakdown in
the cancer incidence by deprivation datasets. The proportion of breast cancers in
women aged 50 and over was calculated from the average number of cases (2012-
2016) for each nation using separate incidence by age data. The proportion of cancers
for women aged 50 and over was then multiplied with the average number of cases
per deprivation quintile, to produce cases by deprivation quintile for post-menopausal
women (e.g. proportion breast 50+ * quintile 1 breast cases = quintile 1 breast 50+).
Thus, it was assumed that the proportion of cases that were 50+ were the same
across deprivation quintiles.

England, Scotland and Northern Ireland provided incidence data by deprivation for
myeloma. Of these nations, Northern Ireland was the only county to provide
incidence for both deprivation and sex which was used to breakdown England and
Scotland persons data into each sex. The proportion of cases for each gender within
each deprivation quintile was calculated for Northern Ireland (e.g. quintile 1 female
myeloma cases/quintile 1 myeloma cases for both sexes = quintile 1 female myeloma
proportion). The proportion was then multiplied with England and Scotland data to
produce a breakdown by sex (Northern Ireland quintile 1 female myeloma proportion
* England quintile 1 persons myeloma cases = England quintile 1 female cases).
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Wales provided no deprivation breakdown for myeloma. Therefore, the distribution of
case proportions from Northern Ireland was applied to Wales incidence by sex data
(2012-2016). The proportion of cases per deprivation quintile for each sex was
calculated from the Northern Ireland data (e.g. quintile 1 female myeloma cases/total
female myeloma cases = quintile 1 female proportion). Subsequently, the average
number of myeloma cases by sex (2012-2016) in Wales was multiplied with the sex
and quintile specific proportions from the Northern Ireland data (e.g. Wales average
female myeloma cases * Northern Ireland quintile 1 female myeloma proportion =
Wales quintile 1 female myeloma cases).

England was the only country to provide thyroid incidence by deprivation. To break
down the data by sex, the same process that was applied to meningioma in England
was applied for thyroid cancer. Scotland, Wales and Northern Ireland provided no
data for thyroid incidence by deprivation. Consequently, England thyroid incidence by
deprivation data was used as a basis to form case estimates by deprivation quintile in
the devolved nations. Firstly, the proportion of cases by deprivation quintile for
persons was calculated from the England incidence by deprivation data (e.g. quintile 1
persons thyroid cases/total thyroid cases = quintile 1 persons proportion). Then the
average number of thyroid cases by sex was acquired for each nation (2012-2016) and
multiplied with the proportion of cases per deprivation quintile for persons from the
England data (e.g. Scotland female average thyroid cases * England quintile 1 thyroid
proportion = Scotland quintile 1 female thyroid cases). It was assumed that the
proportional sex split of cases was the same across deprivation quintiles in each
nation. Additionally, the devolved nations were assumed to have the same
proportional case distribution as England across quintiles.

No countries provided data for gallbladder incidence by deprivation. Liver cancer
incidence by deprivation data was used as a basis to develop estimates for gallbladder
incidence by deprivation, because liver cancer is known to behave similarly to
gallbladder cancer in terms of cancer incidence and associated risk factors.
Gallbladder and liver incidence by sex was obtained. and the ratio of gallbladder cases
to liver cases was calculated for each sex in each UK nation (e.g. female gallbladder
cases/female liver cases = female gallbladder to liver ratio). The gallbladder to liver
ratio was then multiplied with the number of cases per deprivation quintile to produce
the number of gallbladder cases per quintile for each sex (e.g. gallbladder to liver ratio
* quintile 1 female liver cases = quintile 1 female gallbladder cases).
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Overweight and obesity prevalence

England was the only nation to provide overweight and obesity prevalence by
deprivation quintile and sex for every year required. Scotland also provided
overweight and obesity data by deprivation and sex, but only for 2003. Consequently,
data for 2003 was used as a proxy of the 5-year average. This was deemed a suitable
approach because the prevalence data for England showed little variation over time
between sexes and deprivation quintiles. The 2003 data is already accurately broken
down into deprivation and sex, and it is unlikely to deviate very far from a 5-year
average.

Wales provided overweight and obesity prevalence by deprivation for persons, from
2003/4 to 2007. England data was used to provide a gender breakdown for Wales.
The sex to persons ratio of both overweight and obesity prevalence was calculated
for each deprivation quintile (e.g. quintile 1 female overweight prevalence/quintile 1
persons overweight prevalence = quintile 1 female overweight ratio) from the England
data for 2002 to 2006. Subsequently, the gender specific ratios were multiplied with
the appropriate year of persons data for Wales (e.g. England quintile 1 female ratio *
Wales quintile 1 persons overweight and obesity prevalence = Wales quintile 1 female
prevalence). Two years of prevalence by deprivation data was missing for Wales (2002
and 2006). As there was no other alternative, data from 2003/04 was used as a proxy
for 2002, and data from 2007 was used as a proxy for 2006 because this was the next
sequential survey.

Northern Ireland provided overweight and obesity prevalence by sex for 2005, but
with no deprivation breakdown. England data was used to provide both a gender and
deprivation breakdown for overweight and obesity prevalence in Northern Ireland.
The ratio of both overweight and obesity prevalence for each sex by deprivation
quintile was calculated for 2002-2006 from the England dataset (e.g. quintile 1 female
obese prevalence/total female obese prevalence = quintile 1 female obese ratio).
Then the female and male ratios from each survey year were multiplied to the
Northern Ireland overweight and obesity prevalence data (i.e. England 2002 quintile 1
female obese ratio * Northern Ireland female obese prevalence = Northern Ireland
2002 quintile 1 obese prevalence).

It was deemed suitable to re-use Northern Ireland data across each of the necessary
years because overall overweight and obesity prevalence showed little variance
between 2002 and 2006 in England for each sex.
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Appendix 1b: Relative risk estimates

Cancer type Source Females

Relative | Excess relative risk Relative risk Excess relative risk

risk per Overweight | Obese per 5kg/m® | Overweight Obese

5kg/m? (BMI 25- (BMI 30+) (BMI 25-29.9) | (BMI 30+)

29.9)

Oesophageal Kyrgiou?’ 152 0.598 1.378 151 0.5865 1.3515
adenocarcinoma
Gastric cardia Chen?® NA 0.2 1.57 NA 0.2 1.57
Liver Wang?® 1.26 0.299 0.689 1.18 0.207 0.477
Pancreas Kyrgiou 11 0.115 0.265 11 0.115 0.265
Gallbladder Xue3° NA 1 1.54 NA 122 175
Uterus Kyrgiou NA NA NA 1.54 0.621 1431
Ovary Kyrgiou NA NA NA 1.08 0.092 0.212
Kidney Liu3! 1.05 0.2875 0.6625 1.06 0.345 0.795
Thyroid Kyrgiou 1.32 0.368 0.848 114 0.161 0.371
Myeloma Kyrgiou 1.12 0.138 0.318 1.11 0.1265 0.2915
Meningioma Sergentanis®> NA 1 1 NA 1 1.6
Bowel Abar33 1.08 0.092 0.212 1.05 0.0575 0.1325
Breast Chan®* NA NA NA 112 0.138 0.318

Excess relative risk for overweight and obese categories calculated as excess relative risk per 5 BMI units (RR-1), divided by 5,
multiplied by the number of BMI units between category BMI units mean and healthy weight BMI units mean. E.g. for male liver
cancer, ERR per 5 BMI units is 0.26, so ERR per BMI unit is 0.052; difference between overweight BMI units mean (27.45) and healthy
weight BMI units mean (21.7) is 5.75, multiplied by 0.052 = 0.299. For gastric cardia, gallbladder, uterus, ovary, and meningioma,
published relative risks were for categories rather than per 5 BMI units.
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Appendix 1c: Population attributable fraction formula

(p1 X ERR1) + (p2 X ERR?)

1+ [(p1 X ERR1) + (p2 X ERR?)]

Where p1is the proportion of population that is overweight, pzis the proportion of the
population that is obese, ERR1is the excess relative risk (relative risk — 1) for overweight
and ERRzis the excess relative risk (relative risk — 1) for obesity. The PAF formula was
used to calculate excess cases and the proportion of cases attributable to overweight
and obesity at each deprivation quintile.

PAF calculations using specific cancer subsite/morphological types required a small
adjustment to the calculation. The number of attributable cases was calculated using
the number of cases for the cancer subsite/morphology as the numerator, and the
number of cases for the whole cancer type as the denominator. For example, the
overweight and obesity PAF for oesophageal adenocarcinoma applied the number of
cases for that morphology, divided by the total number of cases of oesophagus. The
same applied to stomach cardia, meningioma, endometrial and breast.
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Appendix 2: Population Attributable Fractions (PAFs) for overweight and obesity by deprivation quintile for UK constituent
countries, all overweight and obesity-associated cancer types* including and excluding breast

Including

Deprivation quintile PAF (%)

Difference quintile 1 PAF vs

or quintile 5 PAF
Country | excluding NI Absolute
breast 1 (least) 2 3 4 5(most) (percentage Relative
cancer point)
England Including @ Female 6.2% 6.7% 6.8% 6.7% 6.6% 0.4% 6.7%
Male 3.5% 3.7% 3.8% 3.8% 3.7% 0.2% 6.2%
Excluding ' Female 3.7% 41% 4.2% 4.3% 4.3% 0.7% 18.1%
Male 3.5% 3.7% 3.8% 3.8% 3.7% 0.2% 6.2%
Scotland | Including | Female 6.8% 7.3% 7.2% 6.9% 6.8% 0.04% 0.6%
Male 4.1% 4.3% 4.6% 4.4% 4.4% 0.2% 59%
Excluding ' Female 4.0% 4.4% 4.5% 4.4% 4.4% 0.4% 9.9%
Male 4.1% 4.3% 4.6% 4.4% 4.4% 0.2% 59%
Wales Including | Female 57% 5.9% 6.3% 6.3% 6.9% 1.2% 20.6%
Male 3.7% 4.0% 4.4% 4.7% 5.0% 1.3% 36.2%
Excluding ' Female 3.5% 3.5% 4.0% 4.0% 4.5% 1.0% 29.4%
Male 3.7% 4.0% 4.4% 47% 5.0% 1.3% 36.2%
Northern | Including | Female 6.4% 6.9% 6.7% 6.8% 6.8% 0.4% 6.7%
Ireland Male 3.9% 3.8% 3.9% 4.1% 3.9% -0.04% -1.0%
Excluding @ Female 4.0% 4.4% 4.3% 4.4% 4.4% 0.4% 10.4%
Male 3.9% 3.8% 3.9% 4.1% 3.9% 0.0% -1.0%

*oesophageal adenocarcinoma, stomach cardia, bowel, liver, pancreas, gallbladder
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, breast, endometrium, ovary, kidney, thyroid, myeloma and meningioma




References

! Cancer Research UK and National Cancer Intelligence Network.

2 Information Services Division Scotland. Cancer Statistics. Available from
. Accessed October 2019
3 Welsh Cancer Intelligence and Surveillance Unit. Cancer incidence in Wales, 2001-2016. Available
from . Accessed October 2019
4 Northern Ireland Cancer Registry. Cancer Information: By Site. Available from

> Welsh Cancer Intelligence Surveillance Unit: Cancer survival in Wales, 1995-2016. Available from
. Accessed October 2019
6 Rachel B, Ellis L, Maringe, C et al. (2010).
Br J Cancer; 103(4): 446-53.
/' NHS National Services Scotland and Macmillan Cancer Support. Deprivation and Cancer Survival in
Scotland: Technical Report. Available from

. Accessed October 2019
8 Smith D, Thompson K, Bambra C et al. (2019). The breast cancer paradox: A systematic review of the
association between area-level deprivation and breast cancer screening uptake in Europe. Cancer
Epidemiology, 60, 77-85.
 Brown KF, Rumgay H, Dunlop C et al (2018). The fraction of cancer attributable to modifiable risk
factors in England, Wales, Scotland, Northern Ireland and the United Kingdom in 2015. Br J Cancer
DOI: 10.1038/s41416-018-0029-6.

10 World Health Organisation. Core Health Indicators in the WHO European Region 2019. Special
focus: Health 2020.

. Accessed October 2019
11 NHS Digital. Health Survey for England. Available from
. Accessed October 2019
12 Scottish Government. Scottish Health Survey. Available from

. Accessed October 2019
3 Welsh Government. National Survey for Wales. Available from
. Accessed October 2019
4 Northern Ireland Department of Health. Northern Ireland health survey. Available from

Accessed October 2019
15 NHS Digital. Health Survey for England: Trend Tables (2015). Available from

. Accessed October 2019
16 Cancer Research UK. Overweight and Obesity Statistics. Available from

Accessed October 2019
Y7 Cancer Research UK. Tobacco Statistics. Available from
. Accessed October 2019
18 World Health Organisation. International Agency for Research on Cancer. IARC monographs on the
identification of carcinogenic hazards to humans. Available from
. Accessed October 2019
19 National Cancer Registration and Analysis Service. Routes to diagnosis (2006-2016). Available from
. Accessed October 2019
20 UK Data Service. Health Survey for England (2002-2006). Available from
. Accessed October 2019
21 Scottish Government. Scottish Health Survey (2003). Available from

Cancer attributable to overweight and obesity by deprivation quintile 23


http://www.ncin.org.uk/view?rid=2691
http://www.ncin.org.uk/view?rid=2691
https://www.isdscotland.org/Health-Topics/Cancer/
http://www.wcisu.wales.nhs.uk/cancer-incidence-in-wales
https://www.qub.ac.uk/research-centres/nicr/CancerInformation/official-statistics/
http://www.wcisu.wales.nhs.uk/cancer-survival-in-wales-1995-2016-1#m2
https://www.ncbi.nlm.nih.gov/pubmed/20588275
https://www.ncbi.nlm.nih.gov/pubmed/20588275
https://www.macmillan.org.uk/_images/ISD%20Macmillan%20Deprivation%20Survival%20Technical%20Report_FINAL_tcm9-308832.pdf
https://www.macmillan.org.uk/_images/ISD%20Macmillan%20Deprivation%20Survival%20Technical%20Report_FINAL_tcm9-308832.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6547165/
https://www.nature.com/articles/s41416-018-0029-6#Sec22
http://www.euro.who.int/en/data-and-evidence/evidence-resources/core-health-indicators-in-the-who-european-region/core-health-indicators-in-the-who-european-region-2019.-special-focus-health-2020
http://www.euro.who.int/en/data-and-evidence/evidence-resources/core-health-indicators-in-the-who-european-region/core-health-indicators-in-the-who-european-region-2019.-special-focus-health-2020
http://www.euro.who.int/en/data-and-evidence/evidence-resources/core-health-indicators-in-the-who-european-region/core-health-indicators-in-the-who-european-region-2019.-special-focus-health-2020
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england
https://www2.gov.scot/Topics/Statistics/Browse/Health/scottish-health-survey/Publications/Supplementary2017
https://www2.gov.scot/Topics/Statistics/Browse/Health/scottish-health-survey/Publications/Supplementary2017
https://gov.wales/population-health-lifestyle-national-survey-wales-april-2017-march-2018
https://gov.wales/population-health-lifestyle-national-survey-wales-april-2017-march-2018
https://www.health-ni.gov.uk/publications/health-survey-northern-ireland-first-results-201718
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/health-survey-for-england-2015-trend-tables
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/health-survey-for-england-2015-trend-tables
https://www.cancerresearchuk.org/health-professional/cancer-statistics/risk/overweight-and-obesity
https://www.cancerresearchuk.org/health-professional/cancer-statistics/risk/tobacco
https://www.cancerresearchuk.org/health-professional/cancer-statistics/risk/tobacco
https://monographs.iarc.fr/agents-classified-by-the-iarc/
https://monographs.iarc.fr/agents-classified-by-the-iarc/
http://www.ncin.org.uk/publications/routes_to_diagnosis
https://www.ukdataservice.ac.uk/get-data/explore-online.aspx

. Accessed
October 2019
22 Welsh Government. Welsh Health Survey (2003-2007). Available from
. Accessed
October 2019
25 Northern Ireland Statistics and Research Agency. Health and social wellbeing survey (2005). Available
from

. Accessed October 2019
24 parkin, D.M., (2011). The fraction of cancer attributable to lifestyle and environmental factors in the
UK in 2010. Br J Cancer, 105(2), pp.S2-S5.
25 NHS Digital. Health Survey for England 2017. Multiple risk factors. Available from
. Accessed October 2019
26 Menvielle, G., Kulhanova, |., Bryere, J. et al. (2018). Tobacco-attributable burden of cancer according
to socioeconomic position in France. International journal of cancer, 143(3), 478-485.

2/ Kyrgiou, M., Kalliala, I, Markozannes, G. et al. (2017). Adiposity and cancer at major anatomical sites:
umbrella review of the literature. Bmj, 356, j477.

28 Chen, Y., Liu, L, Wang, X. et al. (2013). Body mass index and risk of gastric cancer: a meta-analysis of a
population with more than ten million from 24 prospective studies. Cancer Epidemiology and
Prevention Biomarkers, 22(8), pp.1395-1408.

22 Wang, Y., Wang, B,, Shen, F. et al. (2012). Body mass index and risk of primary liver cancer: a meta-
analysis of prospective studies. The oncologist, 17(11), p.1461.

30 Xue, K., Li, F.F, Chen, Y.W. et al. (2017). Body mass index and the risk of cancer in women compared
with men: a meta-analysis of prospective cohort studies. European Journal of Cancer Prevention, 26(1),
pp.94-105.

3L Liu, X, Sun, Q., Hou, H. et al. (2018). The association between BMI and kidney cancer risk: An updated
dose-response meta-analysis in accordance with PRISMA guideline. Medicine, 9744).

%2 Sergentanis, T.N., Tsivgoulis, G., Perlepe, C. et al. (2015). Obesity and risk for brain/CNS tumors,
gliomas and meningiomas: a meta-analysis. PloS one, 10(9).

33 Abar, L., Vieira, AR., Aune, D. et al. (2018). Height and body fatness and colorectal cancer risk: an
update of the WCRF-AICR systematic review of published prospective studies. European journal of
nutrition, 575), pp.1701-1720.

34 Chan, D.S., Abar, L., Cariolou, M. et al. (2019). World Cancer Research Fund International: Continuous
Update Project—systematic literature review and meta-analysis of observational cohort studies on
physical activity, sedentary behavior, adiposity, and weight change and breast cancer risk. Cancer
Causes & Control, pp.1-18.

Cancer attributable to overweight and obesity by deprivation quintile 24


https://www2.gov.scot/Topics/Statistics/Browse/Health/scottish-health-survey/Publications
https://statswales.gov.wales/Catalogue/Health-and-Social-Care/Welsh-Health-Survey
https://www.ninis2.nisra.gov.uk/public/PivotGrid.aspx?ds=6410&lh=36&yn=2005&sk=134&sn=Health%20and%20Social%20Care&yearfilter=
https://www.ninis2.nisra.gov.uk/public/PivotGrid.aspx?ds=6410&lh=36&yn=2005&sk=134&sn=Health%20and%20Social%20Care&yearfilter=
https://www.nature.com/collections/hrxktjlvgy
http://healthsurvey.hscic.gov.uk/media/78655/HSE17-MRF-rep.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29457849
https://www.ncbi.nlm.nih.gov/pubmed/28246088
https://www.ncbi.nlm.nih.gov/pubmed/23697611
https://www.ncbi.nlm.nih.gov/pubmed/22956536
https://www.ncbi.nlm.nih.gov/pubmed/27662398
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6221676/
https://www.ncbi.nlm.nih.gov/pubmed/26332834
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6060816/
https://link.springer.com/article/10.1007/s10552-019-01223-w

