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The global burden of cancer attributable to risk factors, & ®

2010-19: a systematic analysis for the Global Burden of
Disease Study 2019

GBD  Cancer Risk Factors Collaborators*

Summary

BackgroundUnderstanding the magnitude of cancer burden attributable to potentially modi able risk factors isancet 2022; 400: 563-91

crucial for development of e ective prevention and mitigation strategies. We analysed results from the Global Burdgge comment page 540

of Diseases, Injuries, and Risk Factors Study (GBD) 2019 to inform cancer control planning e orts globally. *Collaborators are listed at the
end of the paper

MethodsThe GBD 2019 comparative risk assessment framework was used to estimate cancer burden attributabledairst authors

behavioural, environmental and occupational, and metabolic risk factors. A total of 82 risk—outcome pairs we®-senior authors

included on the basis of the World Cancer Research Fund criteria. Estimated cancer deaths and disability-adjust@éspondence to:

life-years (DALYs) in 2019 and change in these measures between 2010 and 2019 are presented. Prof Christopher J L Murray,
Institute for Health

- . . . - . e . Metrics and Evaluation,
FindingsGlobally, in 2019, the risk factors included in this analysis accounted foA million (95% uncertainty Us,t\:f;,f;of\x,z:ﬁ:g?on

interval 4-01-4-94) deaths and 105 million (95-0—-116) DALYs for both sexes combined, representing 44-4% (41-3—48ékktle, WA 98195, USA
of all cancer deaths and 42-0% (39-1-45-6) of all DALYs. There were 2-88 million (2-60—-3-18) risk-attributable cancgm@uw.edu

deaths in males (50-6% [47-8-54-1] of all male cancer deaths) and 1-58 million (1-36-1-84) risk-attributable cancer

deaths in females (36-3% [32-5-41-3] of all female cancer deaths). The leading risk factors at the most detailed level

globally for risk-attributable cancer deaths and DALYs in 2019 for both sexes combined were smoking, followed by

alcohol use and high BMI. Risk-attributable cancer burden varied by world region and Socio-demographic Index

(SDI), with smoking, unsafe sex, and alcohol use being the three leading risk factorsrfsk-attributable cancer

DALYs in low SDI locations in 2019, whered3ALYs in high SDI locations mirrored the top three global risk factor

rankings. From 2010 to 2019, global risk-attributable cancer deaths increased by 20-4% (12:6—28-4) and DALYs by

16-8% (8-8—25-0), with the greatest percentage increase in metabolic risks-{34 [27-9-42-8] and 33-3% [25:8—42:0]).

Interpretation The leading risk factors contributing to global cancer burden in 2019 were behavioural, whereas
metabolic risk factors saw the largest increases between 2010 and 2019. Reducing exposure to these modi able risk
factors would decrease cancer mortality and DALY rates worldwide, and policies should be tailored appropriately to
local cancer risk factor burden.

FundingBill & Melinda Gates Foundation.

Copyright© 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under @@ BY 4.0
license.

Introduction Although some cancer cases are not preventable,

Cancer is the second leading cause of death worldwidegovernments can work on a population level to support

and exposure to risk factors plays an important role inan environment that minimises exposure to known

the biology and burden of many cancer typés. cancer risk factors. Primary prevention, or the prevention

Understanding the relative contribution of modiable of a cancer developing, is a particularly cost-e ective

risk factors to cancer burden and their trends over time is strategy; although it must be paired with more

crucial to informing cancer control e orts both locally comprehensive eorts to address cancer burden,

and globally. In 2015, the UN released the Sustainablencluding secondary prevention initiatives, such as

Development Goals (SDGs), witBDG target 3.4 focusing screening programmes, and ensuring e ective capacity toror more 08DG target 3.4 see
on reducing global premature mortality by a third for diagnose and treat those with cancer. As part of cancéftps://unstats.un.org/sdgs/
non-communicable diseases, including cancer, by 2030control strategies, prevention requires identi cation of ™%

E ectively addressing the growing burden of cancer causal risk factors, determination of contribution to local

globally will require comprehensive measures that cancer burden, and development of e ective strategies

incorporate both curative and preventive interventions, for their mitigation. Previous studies have quanti ed the

particularly in light of the anticipated challenges that the burden of cancer attributable to individual risk factors

COVID-19 pandemic will bring in progress towards SDG globally or for several risk factors in select countries

target 3.47 and regionsy® providing crucial location and

www.thelancet.convol 400 August 20, 2022 563


https://unstats.un.org/sdgs/metadata/
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Research in context

Evidence before this study Burden of Diseases, Injuries, and Risk Factors 2019 results.
We identi ed previous work that primarily estimated the By estimating risk-attributable cancer burden nationally and
attributable cancer burden for single risk factors globally oglobally using both mortality and disability-adjusted life-years
multiple risk factors for single countries. The Global CancefDALYS), this study provides a new perspective on attributable
Observatory also provides estimates of cancer-attributablecancer burden. Globally, a large portion of cancer deaths and
burden for select risk factor categories separately. One prévdiés were attributable to the modi able risk factors included,
comparative risk assessment project estimated risk-attributeithebehavioural risks representing the largest attributable
cancer mortality for nine risk factors. We searched titles artslirden. We identi ed substantial di erences in attributable
abstracts in PubMed for English-language research papersdhatr death and DALY burden across Socio-demographic Index
were published between Jan 1, 2010, and June 1, 2021, ugingtiles and between sexes. Risk-attributable cancer death and
the search terms “cancer or neoplasm or tumor or malignaD&t”Y burden increased globally from 2010 to 2019, with

and “risk factor or attributable risk or population attributablenetabolic risk factors contributing to the largest percentage
fraction” and “global or international or worldwide or world"increases, most notably in low and low-middle Socio-

and “burden or metrics or incidence or mortality”, but did ndemographic Index countries.

identify additional informative studies. There is a gap in thq é)rllications of all the available evidence

literature on global estimates of risk-attributable cancer butﬁl . . .
. . . e burden of cancer remains an important public health
for a comprehensive list of risk factors that incorporate both

cancer-related mortality and disability. challenge that is growing ip magnitude globally. Mgdi able risk
factors are important contributors to cancer mortality and

Added value of this study DALYs globally, with contribution varying by setting. The results

We report, for the rst time, the global cancer burden from this study highlight the need for context-speci ¢ policies

attributable to a comprehensive list of behavioural, metabdicned at reducing exposure to risk factors as part of

and environmental and occupational risk factors using Globamprehensive cancer control e orts.

risk-factor-speci c information. However, comprehensive the temporal trends from 2010 to 2019 of cancer
cancer risk factor estimates do not exist for manyburden attributable to environmental and occupational,
countries, leaving an important void as countries developbehavioural, and metabolic risk factors to inform e orts
For the Global Cance@nd update their cancer control plans. The Global Cancetto reduce exposure to cancer risk factors (appendix
Observatory see Qbservatory from the International Agency for Researchpp 157—60% This manuscript was produced as part of the
hups:/igeoare.il o Cancer provides estimates of global, regional, and GBD Collaborator Network and in accordance with the
national risk-attributable cancer burden for a subset of GBD Protocol.
potentially modi able risk factors (eg, obesity, alcohol
consumption, infections, and ultraviolet radiation), but Methods
these estimates are not provided together in aOverview of the GBD study
comprehensive fashion across time, and some potentiallyThe GBD study was developed to provide global health
modi able risk factors are not estimated as part of this estimates that are comprehensive and comparable for
e ort. 22 causes of death, disability, and their associated risk
To our knowledge, the Global Burden of Diseases,factors. GBD 2019 estimates mortality, incidence,
Injuries, and Risk Factors Study (GBD) is the only study prevalence, years of life lost (YLLs), years of life lived
to date that quanti es cancer burden attributable to a with disability (YLDs), and DALYs for 369 causes of death
broad set of modi able risk factors for each GBD round, and disability and 87 risk factors, and groups of risk
for all countries around the world, across age groups, forfactors at the global level, regionally, and for 204 countries
both sexes, and over time. GBD 2019, the most recenand territories. The 2019 iteration of the GBD is the most
iteration of the GBD study, provides an opportunity to up to date and supersedes all previous iterations. This
evaluate the global burden of cancer attributable to riskArticle reports estimates from 2010 to 2019, but extended
factors. A previous study used a similar comparative riskyears of estimates (1990-2019) are available online via the
For the5BD Compare Tool seframework to estimate mortality from 12 cancer types andGBD Compare Tool andGBD Results Tool. Rates are
https://vizhub.healthdata.org/nine behavioural and environmental risk factors based onreported per 10000 person-years, and age-standardised
gbd-compare/ \\i1 cancer mortality data, but this analysis was limited rates were calculated with the GBD world population
hn;ﬁ;;Zf::;mi‘:f;:/‘;bzeﬁo 2001 and has not been updated in a formal GBDstandard? Select results in this Article are presented by
results-t0ol @NANlYsis sinceé? Herein, we present estimates of 82 risk— Socio-demographic Index (SDI) to describe di erences
outcome pairs, including cancer deaths and disability-in cancer burden attributable to risk factors across the
adjusted life-years (DALYs) attributable to risk factors atspectrum of sociodemographic developmefit.SDI is a
global, regional, and national levels in 2019, and assessummary index calculated from the total fertility rate in

564 www.thelancet.conVol 400 August 20, 2022
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women younger than 25 years, lag-distributed incomecancer mortality estimates using the MIRs corresponding
per capita, and mean education for individuals agedto each cancer cause, age group, sex, location, and year.
15 years and olderappendix p 55). The index ranges Cancer 10-year prevalence was modelled with incidencege online for appendix
from O (low SDI) to 100 (high SDI), with quintiles used to background mortality, and estimated relative survival
describe low, low-middle, middle, high-middle, and high curves and their correlation with modelled MIRs
SDI countries in 2019. Although both cancer deaths and(appendix pp 49-53). Cancer-speci ¢ prevalence for each
DALYs attributable to risk factors are presented here, thesequela, age, group, sex, location, and year combination
majority of cancer DALYs globally are due to YLLs,is made up by four sequelae phases: (1) diagnosis and
re ective of cancer deaths with weighting for the age at treatment, (2) remission, (3) metastatic and disseminated,
death! Thus, we do not present here estimates of risk-and (4) terminal. To generate YLDs, each sequela
attributable YLLs and YLDs, but they are available in theprevalence was multiplied by its corresponding sequelae-
online tools. speci ¢ disability weight (appendix pp 53-54). Disability
The GBD study is compliant with the Guidelines for weights describe the severity of health loss associated
Accurate and Transparent Health Estimates Reporting,with a sequelae-speci ¢ condition and range from O
and additional details from this Article and the appendix (equivalent to full health) to 1 (equivalent to deatf).

are available in the GBD 2019 summary papers> YLLs were computed by multiplying the number of
deaths in a speci c age group for each cancer cause by
Data sources for cancer burden estimates the remaining standard life expectancy at the age of

Cancers included in the GBD study were those de ned in death? Finally, DALYs were calculated as the sum of

chapter 2 (neoplasms) in the tenth revision of the YLDs and YLLs.

International Classi cation of Diseases, with the exception

of Kaposi sarcoma, for which most deaths are attributed toRisk-factor-attributable cancer burden estimation

HIVIAIDS (appendix p 29)* Data sources used to inform GBD 2019 includes risk factors that are broadly

the cancer estimates were obtained from vital registrationcategorised into three groups: (1) environmental and

systems, sample vital registration systems, verbal autopsyccupational, (2) behavioural, and (3) metabolic. This

reports, and national and subnational population-basedstudy includes 82 cancer risk—outcome pairs (23 cancer

cancer registries. All data sources are provided with aypes and 34 risk factors), with risk factors identi ed

unique identi er and compiled in the Global Health Data with the World Cancer Research Fund criteffa For theSlobal Health Data

Exchange, which is publicly accessible. (appendix pp 154-56). Risk—outcome pairs are organiséechange see http://ghdx.
into four mutually exclusive levels with increasing risk "eahdaa-cra/gbd-2019
Cancer burden estimation factor resolution (appendix pp 152-53). The general

Cancer registry, vital registration systems, and verbalapproach to risk factor estimation in the GBD study is
autopsy data are used to inform cancer mortality modelling described in this paper, and details on the modelling
in the GBD study, as one of these data sources might exisapproach for each risk factor are available in the
in a location where others do not. In some locations, GBD 2019 risk factors summary pap&r and the
cancer mortality data are sparse, but cancer incidence isppendix (pp 72—145). For percentages of risk-attributable
reported by national or subnational population-based cancer deaths or DALYs reported, the total cancer burden
cancer registries. To maximise data informing mortality (risk and non-risk cancer burden) included non-
models, cancer incidence data were transformed intomelanoma skin cancers.
cancer mortality estimates with modelled mortality-to- The GBD comparative risk assessment framework was
incidence ratios (MIRs). MIRs specic to cancer causesused to compute the fraction of cancer-specic burden
(cancer types) were modelled with a spatiotemporalattributable to each risk factor. The framework is divided
Gaussian process regression (appendix pp 30-31).into six main steps that are followed for each risk—
Mortality estimates from MIR-transformed incidence data outcome pair. First, the World Cancer Research Fund
were then pooled with mortality data from vital registration criteria were used to identify risk factors with convincing
systems and verbal autopsies and used as inputs in canceor probable evidence for a causal associatiifz-or GBD
speci c Cause of Death Ensemble modetsThese models 2019, systematic reviews were updated to ensure
use all available data and location-level covariates to tesippropriate inclusion of risk—outcome pair& Second, to
individual and ensemble models, and produce estimatesestimate relative risks for each risk—outcome pair as a
of death for every cause, sex, age group, location, and yefunction of exposure, existing systematic reviews were
estimated within GBD 2019, selecting models on the basisupdated and meta-analyses of relative risks were done. In
of out-of-sample predictive validity. Finally, the predicted GBD 2019, the meta-analytic approach was updated for
mortality estimates were adjusted to align with a selected set of continuous risk factors with GBD’s
independently modelled all-cause mortality estimates for meta-regression-Bayesian, regularised, trimmed tool
each age, group, sex, location, and y&ar. (appendix pp 58-59). Third, risk factor exposure levels
Non-fatal cancer-specic computations began byand distributions were modelled for each age, sex,
generating incidence estimates from the modelled location, and year combination with data available from
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published studies, household surveys, censuses(95% Ul 4-01-494) for both sexes combined, accounting
administrative data, ground monitor data, or remote for 44-4% (413-48-4) of all cancer deaths. There were
sensing data. To model risk factor exposure level, the2- 88 million (2-60-3-18) risk-attributable cancer deaths
GBD uses either Bayesian meta-regression modellingin males and 158 million (1-36-184) in females,
(DisMod-MR 2.1), a exible approach that can incorporaterepresenting 506% (478-54-1) of all cancer deaths
sex-specic and age-specic data, or spatiotemporalin males and 363% (32:5—413) in females (appendix
Gaussian process regression, the preferred approachpp 191-99). The total number of cancer DALYs globally
when exposure is stable across age groups (appendix p 623ttributable to all estimated risk factors in 2019 was
Fourth, for each risk factor, the theoretical minimum risk 105 million (95 0-116) for both sexes combined, which
exposure level was identi ed, a counterfactual scenarioaccounted for 420% (39-1-456) of all cancer DALYs.
in which a given population receives the optimal level of Males were estimated to have 65 million (60-8—751)
risk exposure (ie, no exposure for monotonically cancer DALYs attributable to risk factors, or
increasing risk functions such as smoking, the lowest 48-0% (453-515) of all cancer DALYs in males, whereas
point of the risk function of exposure for J-shaped or females were estimated to have 3 million (32-8-43-1)
U-shaped risks such as high BMI, and the 85th percentilecancer DALYs attributable to risk factors, or
of exposure in cohorts and trials for protective risks such34-3% (30-9-38:7) of all cancer DALYs in females.

as fruit intake, weighted by the relative global magnitude The leading Level 2 risk factor (appendix pp 152-53) in
of each outcome). Fifth, the population attributable males in terms of attributable cancer DALYs was tobacco
fraction for each risk—outcome pair was calculated acrosg gure 1), which accounted for 339% (32-3—35-4) of all
age, sex, location, and year, taking into account thecancer DALYs in males in 2019 (appendix pp 191-93).
risk function (ie, relative risk), exposure level, Alcohol use, dietary risks, and air pollution were the
and the theoretical minimum risk exposure level next greatest risk factors, accounting for 4% (6-7—8-2),
(appendix pp 62—64). Sixth, for some risk factors it wass- 9% (4-4-8-3), and 44% (3-4-5'5), respectively, of all
necessary to estimate the population attributable fractionmale cancer DALYs in 2019. Tobacco was also the leading
in combination with other risk factors by considering Level 2 risk factor for females globally in terms of
mediation. For instance, calculating the population attributable cancer DALYs ( gure 1) and accounted for
attributable fraction for fruit intake should account for 10-7% (99-115) of all female cancer DALYs in 2019
the potential mediating e ect of bre intake. Thus, a (appendix pp 191-93). Unsafe sex was the second leading
mediation matrix was used to correct for population risk factor for females, accounting for 8% (7-0-8-8) of
attributable fraction overestimation that would occur if all female cancer DALYs in 2019, followed by dietary
independence of specic risk factors was assuméd. risks (5-1% [40-6-7]), high BMI (4-7% [2-8-7-0]), and
Last, to estimate the cancer burden attributable to eacthigh fasting plasma glucose (3% [10-7-5]). Ranking
estimated risk factor, the YLLs, YLDs, and deaths for aof Level 2 risk factors by attributable cancer deaths
given cancer type were multiplied by the corresponding globally in 2019 showed similar ranking as by attributable
risk factor population attributable fraction. The sum of cancer DALYs (appendix pp 181-87).

YLLs and YLDs was used to estimate the cancer DALYs The leading cancer in terms of risk-attributable deaths

attributable to risk factors. globally in 2019 for both males and females was tracheal,
bronchus, and lung cancer (36-9% [34-2—39-3] of all
Estimating uncertainty attributable cancer deaths), followed by colon and rectum

To account for uncertainty in the attributable burden cancer, oesophageal cancer, and stomach cancer in
estimates, a total of 1000 draws were estimated, frommales, and cervical cancer, colon and rectum cancer, and
which the lower and upper bounds of the 95% uncertainty breast cancer in females (gure 2, appendix p 210).
interval (Ul) were obtained from the 25th and 975th Deaths caused by cancer and risk-attributable deaths
ranked values. Error was propagated through eachcaused by cancer tended to be greater in males than
estimation step, including the estimation of cancer females for leading causes of cancer death globally, with
deaths and DALYSs, exposure, relative risk functions, andthe exception of cancer types that occur predominantly in
for relevant risk factors the theoretical minimum risk women (eg, breast) or are exclusively estimated in

exposure level. women in the GBD study (eg, cervical, ovarian, and
uterine cancers; gure 2; for male-to-female ratios for
Role of the funding source risk-attributable cancer deaths see appendix pp 206-07).

The funders of the study had no role in study design, When excluding the sex-specic cancers with risk-
data collection, data analysis, data interpretation, orattributable burden (cervical, ovarian, uterine, and

writing of the report. prostate cancers) the male-to-female ratios for risk-
attributable cancer deaths tended to be smaller in high
Results SDI countries than in non-high SDI countries (low, low-

In 2019, the total number of cancer deaths globallymiddle, middle, and high-middle SDI countries;
attributable to all estimated risk factors was 45 million appendix pp 213-14, 217-18). Cancer deaths and
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Figure : Cancer DALYs attributable to 11 Level 2 risk factors globally in 2019

(A) Absolute cancer DALYs for males. (B) Proportional cancer DALYs for males. (C) Absolute cancer DALYs for females. (D) Proportional ¢&npetlilnyis étudesalabient

particulate matter pollution and household air pollution from solid fuels. Other environmental risks include residential radon. Occupational risks include exposure to 13 speci ¢ carcino
risks include nine speci c risk factors relevant to cancer. Tobacco includes smoking, chewing tobacco, and second-hand smoke. See appendix (pp 157-60) for details and de nitions
factor on the y-axis. See appendix (p 161) for further details about global absolute and proportional cancer deaths attributable to Level 2 risk factors. DALYs=disability-adjusted life-ye

risk-attributable cancer deaths globally for both sexessouthern Africa. Globally in 2019, the leading ve regions
combined in 2019 occurred over-proportionally frequently in terms of risk-attributable cancer age-standardised
in high SDI countries, with 254% (24-0-26-7) of cancer death rates were central Europe (&2 [71-0-94.9]
deaths and 26-5% (24-9-28-1) of risk-attributable cancerper 10000 person-years), east Asia (8958-0-83-0]),
deaths occurring in high SDI countries, even though high-income North America (66-0 [60-5-72-1]), southern
these countries had only 13-1% (12-5-13-8) of the globalLatin America (64-2 [58-2-71-8]), and western
population (appendix p 221). The leading cancers, sefurope (63-8 [568-4—-69-7]; appendix pp 174, 234-39).
analysis, and results by SDI remained largely the sameDetails of risk-attributable cancer age-standardised death
when the cancers were ranked by risk-attributable DALYsand DALY rates at the country level are available in the
instead of deaths (appendix p 162). appendix (pp 234-239) and in the online GBD Compare
Geographical patterns for cancer age-standardisecand GBD Results Tools.
death and DALY rates attributable to environmental and Figure 4 shows age-speci ¢ attributable cancer DALY
occupational, behavioural, and metabolic risks in 2019rates in 2019 by SDI quintiles. For the same age group,
di ered around the world (gure 3, appendix pp 165-66), cancer DALY rates attributable to behavioural risks were
with generally higher age-standardised DALY ratesgenerally greater than those attributable to environmental
within these Level 1 risk factor categories (appendixand occupational risks and metabolic risks, and
pp 152-53) notable in high-income North America, and attributable cancer DALY rates were generally greater
central, western, and eastern Europe, and variablywith increasing SDI quintile. Attributable cancer DALY
elevated rates by risk category in  eastrates increased with age for each Level 1 risk category,
and southeast Asia, southern Latin America, andbefore peaking at ages 70-74 years or ages 75-79 years,
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Figure : Global deaths from cancers attributable to risk factors in 2019 by sex and SDI

Non-high SDI countries include low, low-middle, middle, and high-middle SDI countries. Cancer types are listed from left to right in order of greatest to leas
attributable deaths. See appendix (pp 213-14, 217-18) for estimates for risk-attributable cancer deaths in high and non-high SDI locations by sex. See ap
(p 162) for further details about DALYs from cancers attributable to risk factors in 2019 by sex and SDI. For additional versions of this gure showing age-
standardised mortality and DALY rates see appendix (pp 163—64). DALYs=disability-adjusted life-years. SDI=Socio-demographic Index.

depending on the SDI quintile, with a later age peak by 8:7% (2:7-145) and 96% (3:2-1548), respectively,
generally on the higher end of the SDI spectrum. and environmental and occupational risk factors
For all risk factors estimated for both sexes combineddeclined by 100% (2-8-16-7) and 114% (3-5-185),
between 2010 and 2019, global attributable cancer deathgspectively.
increased by 204% (126-28-4) and DALYs by Furthermore, the magnitude of change in risk-
16-8% (8-8-25-0), whereas the global age-standardisedattributable cancer DALYs and deaths and age-
rates of attributable cancer deaths decreased bgtandardised DALY and mortality rates varied greatly
6-9% (0-9-12-8) and cancer DALYs by-B% (14-140; among super-regions and SDI quintiles gure 5,
appendix pp 240-42). The greatest percentage increasgpendix pp 148, 172, 223-25). The greatest increases in
in attributable cancer deaths and DALYs among theage-standardised DALY rates due to metabolic risks were
Level 1 risk factor categories was in metabolic risksseen in south Asia, north Africa and the Middle East, and
which increased by 34% (279-42-8) and sub-Saharan African super-regions, and in the low-
33:3% (25:8-420), respectively, from 2010 to 2019,middle and low SDI quintiles, whereas the greatest
whereas behavioural risk-attributable cancer deathsdecreases in behavioural and environmental and
and DALYs increased by 1%9% (104-26-0) and occupational risks were seen in central Europe, eastern
14-4% (6-5-22-5), and environmental and occupational Europe, and central Asia; high-income; Latin American
risk-attributable cancer deaths and DALYs increased byand the Caribbean super-regions; and in the high and
16-7% (79-26-2) and 131% (39-23:1), respectively. high-middle SDI quintiles (appendix p 224). Generally,
Similarly, the greatest percentage increase in globalthe super-regions and SDI quintiles with the greatest
risk-attributable cancer age-standardised death andncrease in age-standardised cancer DALY burden
DALY rates was in metabolic risk factors, which attributable to metabolic risks between 2010 and 2019
increased by 28% (—2-2 to 8-8) and 3-8% (-2-0to 105), were those with the least improvement in cancer burden
respectively, whereas behavioural risk factors decreasedttributable to behavioural risks and environmental and
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(Figure 3 continues on next page)
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C Metabolic risks
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Figure : Global map of age-standardised DALY rate quintiles for risk-attributable cancer burden, both sexes combined, 2019
(A) Environmental and occupational risks. (B) Behavioural risks. (C) Metabolic risks. Each map represents estimates at the national level. Quintiles are based on age-standardised DAL
100000 person-years. See appendix (pp 165-68, 234-39) for furtldridétaitsibutable cancer deaths and DALYs for each country and territory. DALYs=disability-adjusted life-years.

occupational risks across the same time periodDiscussion
(appendix p 224). Our analysis found that 44-4% (95% Ul 41-3-48-4) of
Finally, di erent patterns in the leading risk factors for global cancer deaths and 42:0% (39-1-45-6) of global
attributable cancer age-standardised DALY rates wereancer DALYs were attributable to estimated risk factors
observed globally and across the SDI spectrum (gure 6,in 2019. These ndings highlight that a substantial
appendix pp 175-80). The leading nine risk factors at thearoportion of cancer burden globally has potential for
most detailed level contributing to global cancer burden prevention through interventions aimed at reducing
de ned by age-standardised DALY rates did not changeexposure to known cancer risk factors but also that a
between 2010 and 2019, and the top three risk factorkrge proportion of cancer burden might not be avoidable
(smoking, alcohol use, and high BMI) were the same in through control of the risk factors currently estimated.
the high SDI quintile as globally. Smoking and alcohol Thus, cancer risk reduction e orts must be coupled with
use remained the top two leading risk factors in the comprehensive cancer control strategies that include
middle SDI quintile in 2010 and 2019, with unsafe sexe orts to support early diagnosis and e ective treatment.
decreasing from third to fth position, high BMI rising  Most attributable cancer DALYs were accounted for by
from fourth to third position, and ambient particulate behavioural risk factors, such as tobacco use, alcohol use,
matter pollution rising from fth to fourth position unsafe sex, and dietary risks, suggesting a need for
(appendix p 178). In the low SDI quintile, smoking concerted e orts to address behavioural risk factors to
remained the leading risk factor for risk-attributable e ectively reduce cancer burden globally. Attributable
cancer burden, with unsafe sex ranked second andcancer DALYs from each Level 1 risk factor group
alcohol use third in both 2010 and 2019. Within the topgenerally increased with increasing SDI, and although
ve leading risk factors in the low SDI quintile, high BMI there were similarities in the leading risk factors across
and high fasting plasma glucose both increasedthe SDI spectrum for both sexes combined (ie, smoking
(fth to fourth, and sixth to fth, respectively), and and alcohol use), there were dierences in risk factor
household air pollution from solid fuels decreased (fourth patterns following these leading risks, highlighting the
to sixth) between 2010 and 2019 (appendix pp 175-80). need for cancer risk reduction e orts to be context
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speci ¢. Between 2010 and 2019, age-standardised canc
DALYs attributable to all risk factors declined by 80004 — High SDI
7-8% (1-4 to 14-0). Despite this decline, a global increase — High-middle SDI
in age-standardised cancer DALYs (3-8% [-2-0 to 10-5] e S o
attributable to metabolic risks was seen, largely driven by Low SDI
substantial increases in low and low-middle SDI

countries. Furthermore, total risk-attributable cancer
absolute DALY burden globally and in all SDI quintiles
grew between 2010 and 2019, underscoring an expandin
need for health systems around the world with capacity
to comprehensively care for individuals with cancer,
while developing and implementing cancer control
eorts that consider risk reduction strategies. These
estimates might help inform cancer control planning by )
identifying leading modi able risk factors for cancer 0 L
around the world, including for countries that might not

6000

4000+

2000+

Age-speci ¢ DA’rates per 1@D0

have previous local research on cancer burden an BOOBO_
cancer risk factor exposures.
To our knowledge, this study represents the largest

e ort to date to determine the global burden of cancer § 6000
attributable to risk factors, and it contributes to a growing ;

body of evidence aimed at estimating the risk-attributable §
burden for specic cancers nationally*2°%3 inter- 8
nationally* and globally** Our study builds on existing g 40007
evidence by estimating both deaths and DALYs due tq g
risk-attributable cancer burden, across a spectrum of “é
cancer types and risk factors, for all countries, age & 2°°]

groups, and sexes, over time. When comparing the
results from this study with studies reporting national-
level population attributable fraction estimates, GBD 0 L L e e B
2019 generally reported higher values for all risk factors

combined. These comparisons are between cases an 800%_
deaths for a subset of countries and di erences might be

due to a greater number of risk factors estimated and

greater estimates for select risk factors, such as smoking é 6000
potentially due to di erences in exposure de nitions and ;
risk—outcome pairs estimated>**When compared with a §
previous e ort to quantify the fatal burden of cancer | @
attributable to risk factors globally, this study found a g 40007
greater percentage of cancer deaths attributable to ris §
factors when estimating more risk factors (44-4% [95% Ul| &
41.6-48-2] in 2001 in GBD 2019 compared with 35% & 2°°%]

in 2001 in the previous study), although both studies
found leading contributions by smoking and alcohol use
globally_ and unsafe sex in Iower-lncqme sgttln@‘s. 0 U 10 20 20 4o 20 & Fo s 90 1o
Comparisons to comprehensive global risk-attributable Age (years)

cancer burden in the Global Cancer Observatory are no

possible, as incidence estimates are provided only foiFigure : Estimates of age-speci ¢ rates of risk-attributable cancer DALYs,
individual risk Categories' but for. alcohol consumptic_)n (S/A?Ig:\;ﬁglsr?et:ggll Zsse;cgzpmzi:gigi r2|2k159 (B) Behavioural risks. (C) Metabolic
and elevated BMI, risk factors estimated by both sI[Ud'es’risks. Rates are expressed p80QQterson-years. See appendix (pp 146—47)
similar estimates of risk-attributable cancer burden were for details and de nitions of the SDI regions. DALYs=disability-adjusted life-
noted (4-1% of new cancer cases in 2020 attributable tgears. SDI=Socio-demographic Index.

alcohol consumption in the Global Cancer Observatory

and 4-9% [4-4-5-5] of cancer deaths in 2019 attributablein 2019 attributable to high BMI in the GBD studyj}:*

to alcohol use in the GBD study; 3-6% of new cancerFor cancer risk factors not included in this study,
cases in 2012 attributable to high BMI in the Global estimates fromthe Global Cancer Observatory suggestthat
Cancer Observatory and 4-6% [2-7-7-1] of cancer deathan additional approximately 8-9% of cancer cases would
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Figure : Percentage change of risk-attributable cancer DALY counts and age-standardised DALY rates for Level 1 risk factors by SDI quintile, both sexes
combined, 2010-19

(A) Percentage change of risk-attributable cancer DALY counts by SDI quintile. (B) Percentage change of risk-attributable age-standardised cancer DALY 1
quintile. See appendix (pp 146—-47) for more information on SDI quintiles. See appendix (p172) for further information about the percentage change of risk-
attributable cancer DALYs and age-standardised DALY rates for risk factors by GBD world super-region. See appendix (p 173) for percentage change of ri
attributable cancer deaths and age-standardised mortality rates by SDI quintile and GBD world super-region. DALYs=disability-adjusted life-years. GBD=G
of Disease, Injuries, and Risk Factors Study. SDI=Socio-demographic Index. *95% uncertainty intervals that do not include zero.

be attributable to infection¥ (appendix p 67) and an be employed in workplaces with higher risk of exposure
additional 1-2% of cancer cases would be attributable toto carcinogens. Between 2010 and 2019, the change in
ultraviolet radiation* These estimates should be global age-standardised risk-attributable cancer DALY
interpreted with some caution given the dierent rates decreased slightly among females
estimation approaches used, but might provide useful (-4-6% [-11-0 to 2-2]), whereas there was a more notable
information for crucial remaining risk factors not yet decline among males (-9:6% [-17-6 to —1-3]). This result
included in the GBD study. might suggest inequities in our approach to cancer
In GBD 2019, large all-age sex di erences were seen irprevention by sex and a need for future sex-specic
the global cancer burden attributable to all risk factors assessments of e ective cancer risk factor interventions.
combined (48:0% [95% Ul 45-3-51-5] of male cancer Our results show a gradient across the soe€io
DALYs versus 34:3% [30-9-38-7] of female cancerdemographic spectrum in 2019, with the risk-attributable
DALYs). These sex di erences are well documented, withcancer age-standardised DALY rates generally increasing
several studies reporting higher attributable cancerwith higher SDI quintiles. However, from 2010 to 2019,
burden in males compared with female§**°In this age-standardised cancer DALY rates attributable to all
study, we identi ed sex di erences across two primary risks combined declined in high, high-middle, and
risk factor groupings. For instance, there were disparities middle SDI countries, whereas these values increased in
in cancer DALYs attributable to behavioural risk factors, low-middle SDI countries or were approximately stable
such as smoking (33:2% [31:7-34-7] for malewys in low SDI countries. This increase was largely due to
89% [8-:3-9-6] for females) and alcohol use metabolic risks, which include risk factors such as high
(7-4% [6-7-8-2] for malesvs 2-3% [2-0-2-6] for females), BMI. The growth in metabolic risk-attributable cancer
which might be driven by higher exposure to these burden might be the result of these countries
behavioural risk factors among males than females.experiencing an epidemiological transition in which
Similarly, for environmental and occupational risks, for improvements in country-level developmental status are
example, the cancer DALYs attributable to occupationakelated to increasing obesity levet&¥”
carcinogens were three times higher among males Globally, there has been substantial progress in
(3:9% [3-1-4-8]) than females (1-3% [1-0-1-6]), which reducing exposure to tobacco that can be linked to
might re ect that males are more likely than females to coordinated international and national prevention
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Leading risk 2010 Age-standardised rate Leading risk 2019 Age-standardised ratePercentage change in
of DALYs, 2010 of DALYs, 2019 age-standardised rate
of DALYs, 2010-19
1 Smoking 774-1 (729-9 to 818t} 1 Smoking B7-3 (616-4 to 7408) —12-5(-19:6 to —4-8)
2 Alcohol use 164-4 (148-3 to 182-3) 2 Alcohol use 155-2 (138-4 to 17315) —5-6 (-12-9to 22)
[ 3 High body-mass index |[127:9 (714 to 200-3)——— 3 High body-mass index [ 183-9 (76-2 to 2068 4.8 (1810 129
4 Unsafe sex 1126 (99-2 to 125-4 Unsafe sex 107-2 (90-5t0 1194 —4.8 (-12-7to 3-1)
5 High fasting plasma glucose 101-3 (27-4 to 267-6) 5 High fasting plasma glucose 104-2 (28-7 to 2[12-9) 2-9 (—2-8 to[9{5)

6 Ambient particulate matter pollutfon  86-3 (63-0 to 10p-6)——{ 6 Ambient particulate matter pollutipn 842 (62-1to 108-3)  —2-4 (1254 10-1)
7 Occupational exposure to asbesips 61-1 (450 to f7-6)— 7 Occupational exposure to asbestps 50-9 (37-8t0fp47)  —16-7 (-21-8to -11.5)

[ 8 Diet low in whole grains [ 48-1 (184 t0 63:0) - 8 Diet low in whole grains | 463(17-8t061-1)| 36 (-9-1to 1.9)
9 Diet low in milk 45.3 (294 to 61-2) 9 Diet low in milk 461 (29-8 to 62-2) 1.7 (-4-8 t0 8:9)
10 Diet low in fruits 436 (22:1t0 68-7) |._ 10 Second-hand smoke 38-5 (24-8 to 555) —5.2 (-13-7 to 4-0)

11 Second-hand smoke 40-7 (26-6 to 57-9) . 12 Diet low in fruits 36-0 (185 to 56-2) -17-5(-26-5t0 —8-1

[ Behavioural risks
[ Environmental and occupational risks
1 Metabolic risks

Figure : Leading risk factors at the most detailed level for risk-attributable cancer age-standardised DALY rates globally, both sexes combined, 2010-19

Top ten risk factors for age-standardised rates of cancer DALYs and risk factors moving in or out of the top ten between 2010 and 2019 are displayed for the global
level. Dashed lines indicate decrease in rank. Solid lines indicate increase or no change in rank. Data in parentheses are 95% uncertainty intervals. Risk factors at the
most detailed level re ect the GBD hierarchy in which these categories of risks fall, ranging from Levels 2 to 4 (see appendix p 152 for more information on risk factor
levels in the GBD hierarchy). See appendix (pp 175-80) for an expanded version of this gure, which contains the top ten risk factors for risk-attributable cancer age-
standardised DALY rates in males, females, and both sexes combined globally and by SDI quintile. See appendix (pp 181-87) for further details about the top ten risk
factors for risk-attributable cancer age-standardised death rates for males, females, and both sexes combined globally and by SDI quintile. DALYs=disability-adjusted
life-years. GBD=Global Burden of Disease, Injuries, and Risk Factors Study. SDI=Socio-demographic Index.

e orts. ®** nterventions through taxation and regulatory fundamentally linked to genetics and ageing, and
policies for tobacco smoking, including smoke-free although addressing contributing risk factors is crucial
policies, increased tobacco taxes, and advertisemerfbr cancer prevention, this will never eliminate cancer
bans guided by the WHO Framework Convention on burden. As a result, countries should continue to invest
Tobacco Control, have played a major role in thesen comprehensive cancer control strategies beyond risk
eorts. ¥4 Similar e orts, including taxation and factor reduction, which include health-care systems
advertisement bans, have been recommended to helgapable of early diagnosis, detection through screening
reduce the harmful use of alcohat* Behavioural risk for select cancers, and e ective treatment options for
factors are strongly in uenced by the environment in those diagnosed with cancer.

which people live and individuals with cancer should not  Although GBD 2019 is the largest eort to date to
be blamed for their disease. Future research is needed t@stimate the global burden of cancer attributable to risk
investigate the e ect of population health approaches to factors, there remain opportunities for improvement. First,
cancer risk factor reduction that go beyond individual- some limitations are inherent in the data sources available.
oriented prevention and might be more e ective long- For instance, some countries do not have population-based
term strategies than placing the onus on individuals to cancer registries, which are an important data source for
modify exposures to prevent cancé&rMany risk factors estimating cancer burden. As is apparent in the relative
for cancer have been well established for decades, buincertainty of risk-attributable cancer burden estimated by
greater political commitment to implementing policies GBD 2019 (appendix p 171), there is greater uncertainty
addressing cancer prevention is needed. Improvingrelative to point estimates in many lower SDI countries as
social determinants of health, such as access to educatiomompared with higher SDI countries. GBD study models
and reduction of poverty, might be a feasible approach torely on available data, and estimates should not supplant
reducing exposure to certain risks across populatioff$?  but rather complement the ongoing crucial work to expand
Population-based approaches aimed at improving sociabnd improve directly observed data around the world.
determinants of health might provide an equitable Cancer registry development and support are integral
cancer control approach to overcome the systemidn cancer control eorts and should be considered in
barriers promoting disproportionate risk-attributable broader cancer control planning initiatives. Delays are
cancer burden growth in some regions, countries, andinherent with the release of cancer registry and vital
subpopulations within countries. For these reasons, statistics reports, which result in more recent cancer
future research should not overlook the importance of mortality estimates often relying on historical data. The
context-speci ¢ interventions that are guided or led by data used to estimate risk factor exposure is at times sparse
those with an understanding of local cultural and and many data sources do not provide sucient
behavioural patterns.  Finally, cancers remain information to assess for potential measurement error or
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bias. Where there is information available, the GBD study risk-attributable cancer burden has grown considerably.
aims to correct for systematic bias in risk exposure data byConsiderable cancer burden is not avoidable through the
establishing a reference de nition of each risk exposure currently estimated risk factors, and, as such, countries
and adjusting acceptable alternative  exposureshould continue to simultaneously invest in risk
measurements on the basis of studies with observed dataeduction strategies while strengthening health systems
pairs of the two di erent de nitions. However, after these to support early diagnosis and e ective treatment of
adjustments, residual measurement bias is likely to persistthose with cancer. Given the increasing burden of cancer
and might vary around the world, over time, and by risk worldwide, this study can help policy makers and
factor. Formal assessments of exposure model performanceesearchers identify important modi able risk factors
would be bene cial in future GBD iterations. Second, the that could be targeted in e orts to reduce cancer burden
risk factors included in this study are based on current globally, regionally, and nationally.

knowledge of risk factors for cancer, but as knowledgecgp 2019 cancer Risk Factors Collaborators

expands there might be additional risk factors important to Khanh Bao Trant, Justin J Langt, Kelly Compton, Rixing Xu,
incorporate in future iterations of the GBD study. In Alistair R Acheson, Hannah Jacqueline Henrikson,

L . Jonathan M Kocarnik, Louise Penberthy, Amirali Aali, Qamar Abbas,
addition, there are known risk factors for cancer, such asBehzad Abbasi, Mohsen Abbasi-Kangevari, Zeinab Abbasi-Kangevari,

sunlight exposure (ie, ultraviolet radiation), and infectious Hedayat Abbastabar, Michael Abdelmasseh, Sherief Abd-Elsalam,
agents, such aslelicobacter pylori, which are not included Ahmed Abdelwahab Abdelwahab, Gholamreza Abdoli,
in the GBD study‘.‘“aUnsafe sex is estimated as a risk factor Hanan Abdulkadir Abdulkadir, Aidin Abedi, Kedir Hussein Abegaz,

. - . Hassan Abidi, Richard Gyan Aboagye, Hassan Abolhassani, Abdorrahim
but human papillomavirus, a known risk factor for several Absalan, Yonas Derso Abtew, Hiwa Abubaker Ali, Eman Abu-Gharbieh,

cancer types, is not explicitly estimated; and although livergasavaprabhu Achappa, Juan Manuel Acuna, Daniel Addison,
cancer burden due to hepatitis B and C is estimated within Isaac Yeboah Addo, Oyelola A Adegboye, Miracle Ayomikun Adesina,
the GBD cause hierarchy, these viral infections are notVohammad Adnan, Qorinah Estiningtyas Sakilah Adnan,

fi ted isk fact Ki their inclusi . bust Shailesh M Advani, Sumia Afrin, Muhammad Sohail Afzal,
e.S Ima.e as rsk factors, making e."- In(.: usion in ro .US Manik Aggarwal, Bright Opoku Ahinkorah, Araz Ramazan Ahmad,
risk-attributable cancer burden estimation challenging. Rizwan Ahmad, Sajad Ahmad, Sohail Ahmad, Sepideh Ahmadi,
Infection-associated cancers are more notable in lower SDHaroon Ahmed, Luai A Ahmed, Muktar Beshir Ahmed,
settings, so addressing these will be important to producing &k Ahmed Rashid, Wajeeha Aiman, Marjan Ajami,

hensive global assessments of cancer-attributabl Gizachew Taddesse Akalu, Mostafa Akbarzadeh-Khiavi, Addis Aklilu,

c_ompre e ; g > Faxwell Akonde, Chisom Joyqueenet Akunna, Hanadi Al Hamad,
risk and disparities. Third, second-order measures Of Fares Alahdab, Fahad Mashhour Alanezi, Turki M Alanzi, Saleh Ali
cancer-relevant risk factors, including aspects such ag\lessy, Abdelazeem M Algammal, Mohammed Khaled Al-Hanawi,
income inequality and racism, would be challenging to Robert Kaba Alhassan, Beriwan Abdulqadir Ali, Liagat Al,

h ivel nt for. but could add important Syed Shujait Ali, Yousef Alimohamadi, Vahid Alipour,
comprenensively accou = u u_ p Syed Mohamed Aljunid, Motasem Alkhayyat, Sadeq Ali Ali Al-Maweri,
context for future health policy work. Finally, GBD 2019 sami Almustanyir, Nivaldo Alonso, Shehabaldin Algalyoobi,
results were estimated before the COVID-19 pandemicRajaa M Al-Raddadi, Rami H Hani Al-Rifai, Salman Khalifah Al-Sabah,
Evaluating the e ect of the COVID-19 pandemic on risk- A!¥2 B Al-Tammemi, Haya Altawalah, Nelson Alvis-Guzman,

ibutabl burd . . Firehiwot Amare, Edward Kwabena Ameyaw,
attributable cancer burden is an. Impprtant areq for fUtur? Javad Javad Aminian Dehkordi, Mohammad Hosein Amirzade-Iranaq,
research. However, several leading risk factors identi ed in Hubert Amu, Ganiyu Adeniyi Amusa, Robert Ancuceanu,
this study are also linked to an increase in the severity ofiason A Anderson, Yaregal Animut Animut, Amir Anoushiravani,
illness in individuals with COVID-19 and to burden of All Arash Anoushirvani, Alireza Ansari-Moghaddam, .
. . . Mustafa Geleto Ansha, Benny Antony, Maxwell Hubert Antwi,
other non-communicable diseases besides cancer. Thusg,madi Lukman Anwar Razique Anwer
reducing exposure to these harmful risk factors might not Anayochukwu Edward Anyasodor, Jalal Arabloo, Morteza Arab-Zozani,
only have a positive e ect on cancer burden reduction Olatunde Aremu, Ayele Mamo Argaw, Hany Arin, Timur Aripov,

o . . Muhammad Arshad, Al Artaman, Judie Arulappan,
e orts, but synergistically improve population health more Raphael Taiwo Aruleba, Armin Aryannejad, Malke Asaad,

broadly' ) Mulusew A Asemahagn, Zatollah Asemi,
Worldwide, a large percentage of cancer deaths andiiohammad Asghari-Jafarabadi, Tahira Ashraf, Reza Assadi,
DALYs were attributable to risk factors in 2019, with Mohammad Athar, Seyyed Shamsadin Athari, Maha Moh'd Wahbi Atout,
most being attributable to behavioural risks. Smoking Sameh Attia, Avinash Aujayeb, Marcel Ausloos, Leticia Avila-Burgos,
. . K Atalel Fentahun Awedew, Mamaru Ayenew Awoke, Tewachew Awoke,
cqntlnues to be the_leadmg cancer risk factor globally,geatriz Paulina Ayala Quintanilla, Tegegn Mulatu Ayana,
with other substantial contributors to cancer burden Solomon Shitu Ayen, Davood Azadi, Sina Azadnajafabad,
varying around the world. Targeting leading location- 33?1” AZ&?"AQT%“: MeLk:'em 'fon_uge AZ?”:W' i
- - . . ohammadreza Azangou-Khyavy, Amirhossein Azari Jafari,
speci ¢ cancer risk factqrs might help co_untrles make Hosein Azizi, Ahmed Y Y Azzam, Amirhesam Babajan,
progress towards reducing non-communicable diseaseyynammad Badar, Ashish D Badiye, Nayereh Baghcheghi,
premature mortality by a third by 2030, as highlighted in Nader Bagheri, Sara Bagherieh, Saeed Bahadory, Atif Amin Baig,
SDG target 3.4. AIthough progress has been seen in high]ennifer L Baker, Ahad Bakhtiari, Ravleen Kaur Bakshi, Maciej Banach,

. . . . Indrajit Banerjee, Mainak Bardhan, Francesco Barone-Adesi,
and_ hlgh_mlddle SDI Counmes _for be_hawoural and Fabio Barra, Amadou Barrow, Nasir Z Bashir, Azadeh Bashiri,
environmental and occupational risk-attributable cancer saurav Basu, Abdul-Monim Mohammad Batiha, Aeysha Begum,
age-standardised DALY rates between 2010 and 2019, iehegn Bekele Bekele, Alemayehu Sayih Belay, Melaku Ashagrie Belete,

low and low-middle SDI countries metabolic Yzma Igbal Belgaumi, Arielle Wilder Bell, Luis Belo, Habib Benzian,
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Data sharing

This paper summarises key ndings from our analysis of GBD 2019
estimates. Citations for the data used in this study can be accessed
from the Global Health Data Exchange data input sources tool (http://
ghdx.healthdata.org/gbd-2019/data-input-sources). Files containing all
GBD 2019 estimates are available on the Global Health Data Exchange
website (http://ghdx.healthdata.org/gbd-2019) and can also be
downloaded from the Global Health Data Exchange results tool (http://
healthdata.org/gbd-results-tool). Additional results can be explored
through online interactive visualisations (https://vizhub.healthdata.
org/gbd-compare/).
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