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Summary
Background We provide a comprehensive view of the impact of alcohol consumption, tobacco smoking, excess body
weight, and human papillomavirus (HPV) infection on cancer mortality and years of life lost (YLLs) in Brazil, Russia,
India, China, South Africa, the United Kingdom (UK), and United States (US).

Methods We collected population attributable fractions of the four risk factors from global population-based studies
and applied these to estimates of cancer deaths in 2020 to obtain potentially preventable cancer deaths and their 95%
confidence intervals (CIs). Using life tables, we calculated the number and age-standardised rates of YLLs (ASYR).

Findings In Brazil, Russia, India, China, South Africa, the UK, and the US in 2020, an estimated 5.9 million (3.3
million–8.6 million) YLLs from cancer were attributable to alcohol consumption, 20.8 million (17.0 million–24.6
million) YLLs to tobacco smoking, 3.1 million (2.4 million–3.8 million) YLLs to excess body weight, and 4.0 million
(3.9 million–4.2 million) YLLs to HPV infection. The ASYR from cancer due to alcohol consumption was highest in
China (351.4 YLLs per 100,000 population [95% CI 194.5–519.2]) and lowest in the US (113.5 [69.6–157.1]) and India
(115.4 [49.7–172.7). For tobacco smoking, China (1159.9 [950.6–1361.8]) had the highest ASYR followed by Russia
(996.8 [831.0–1154.5). For excess body weight, Russia and the US had the highest ASYRs (385.1 [280.6–481.2] and
369.4 [299.6–433.6], respectively). The highest ASYR due to HPV infection was in South Africa (457.1 [453.3–462.6]).
ASYRs for alcohol consumption and tobacco smoking were higher among men than women, whereas women had
higher ASYRs for excess body weight and HPV infection.

Interpretation Our findings demonstrate the importance of cancer control efforts to reduce the burden of cancer
death and YLLs due to modifiable cancer risk factors and promote the use of YLLs to summarise disease burden.
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Research in context

Evidence before this study
Previous studies have estimated the impact of risk factors
on cancer incidence and sometimes mortality but few
have provided an analysis incorporating years of life lost
(YLLs). YLLs can be used to quantify the societal impact of
premature deaths from diseases. We aimed to fill this gap
in the literature by combining estimates of cancer deaths
attributable to risk factors with measures of YLLs to
provide a more comprehensive view of the impact that
these different risk factors have on societies.

Added value of this study
Our study examines the impact of alcohol consumption,
excess body weight, human papillomavirus infection, and
tobacco smoking on mortality from cancer and YLLs in Brazil,
Russia, India, China, South Africa, the United Kingdom, and
the United States. Disparities in the burden of YLLs between
countries and between men and women largely reflect
differences in risk factor exposure and cancer mortality in each

population. Our study emphasises the strength of using a
common methodology and data sources to compare the
impact of risk factors on cancer mortality between countries.
Through this study we demonstrate that with publicly
available data, public health advocates can construct a
valuable tool to aid public health decision-making. We
examined seven countries and four risk factors only, but this
exercise could be undertaken for countries across the world
where population data are available and should be extended
to further risk factors.

Implications of all the available evidence
Primary prevention of cancer is key in reducing cancer
mortality and its impact on society internationally.
Together with the existing evidence, our observations
should be used to demonstrate the importance of
implementing further cancer control efforts to reduce the
preventable burden of cancer mortality due to modifiable
cancer risk factors.
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Introduction
Cancer poses a major burden of disease and death
globally. Yet many causes of cancer are avoidable
through prevention of exposure to modifiable risk fac-
tors such as tobacco use, alcohol consumption, excess
body weight, and infections from some pathogens.1–3

There are various methods to measure the magnitude
of the impact of these risk factors on cancer burden. For
example, the number of potentially preventable cancer
cases and deaths can be estimated using population
attributable fractions (PAFs). Previous studies have
estimated PAFs for cancer incidence and sometimes
mortality, but few studies have provided an analysis
incorporating years of life lost (YLLs). YLLs provide a
combined indicator which captures the frequency of
death and the impact of premature deaths at ages below
what is expected of the population.4 Applying cancer
PAFs to measures of YLLs could therefore provide a
more complete estimate of the impact that these
different risk factors have on societies.

We aimed to estimate the burden of cancer deaths
and YLLs in 2020 due to major cancer risk factors in
seven countries selected for their range of wealth, health
indicators, and health care systems, varied demographic
and economic growth, and geographical location.5 The
countries selected for this study included five countries
considered as major emerging economies, also known
as the BRICS nations (Brazil, Russia, India, China, and
South Africa), as well as the United Kingdom (UK), and
United States (US). Together, these seven countries
represent more than half of the global burden of cancer
deaths.6 This study will provide a comprehensive view of
the potential impact of prevention of four risk factors
(alcohol consumption, tobacco smoking, excess body
weight, and human papillomavirus [HPV] infection) on
cancer mortality in the seven countries in question, and
discuss the findings in the local context of each coun-
try’s cancer control and risk factor prevention policies.
These risk factors were chosen due to their large
attributable burden of cancers at the global level and
their relationship with several cancer types per risk
factor. The prevalence of these risk factors can also be
relatively easy to measure in the population and could be
reduced through population-level interventions.
Methods
Overall study design
In this international study of cancer mortality, we
applied PAFs of alcohol consumption, tobacco smoking,
excess body weight, and HPV to estimates of cancer
deaths to calculate the number of potentially preventable
cancer deaths that were attributable to the four major
risk factors in Brazil, Russia, India, China, South Africa,
the UK, and US. We then applied the number of pre-
ventable cancer deaths to estimates of the expected years
of life remaining calculated from life tables to obtain the
number of YLLs from preventable cancer deaths.
Appendix p 5 summarises the workflow of the study.

Risk factors and related cancers
The study assessed four major cancer risk factors
contributing to attributable cancers worldwide and
cancer types that have sufficient evidence of a causal link
as classified by the International Agency for Research on
Cancer (IARC) Monographs program and the IARC
Handbooks of Cancer Prevention.1,2 We obtained PAFs
of cancer incidence (alcohol consumption, excess body
www.thelancet.com Vol 66 December, 2023
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weight, and HPV) or mortality (tobacco smoking) and
their 95% confidence intervals (CIs) specific to each
country, sex, and age group from recently published
global population-based studies.7–10 We briefly describe
the methods and key characteristics of each PAF study
in Appendix p 2, and detailed descriptions of the
methods are provided in each respective study.

Country-specific cancer deaths by 5-year age group
(0–4, 5–9, …, 80–84, 85+) were extracted from the
GLOBOCAN 2020 database for each cancer type related
to the four risk factors and for all cancers combined,
except non-melanoma skin cancer.11 The complete list of
cancer types (defined using International Classification
of Disease, tenth revision ICD-10) associated with each
risk factor is listed in Appendix p 7.

Potentially preventable cancer deaths
We calculated the number and 95% CIs of potentially
preventable cancer deaths by multiplying the country-,
sex-, and age-specific PAFs and their upper and lower
95% CIs for each cancer type with the corresponding
number of cancer deaths in 2020 for people aged 25
years and over. We used the 1966 Segi-Doll world
standard population, a common standard population
used for global cancer estimates, to calculate age-
standardised mortality rates (ASMR) and 95% CIs per
100,000 population for ages 25 and over.12

Preventable years of life lost
We combined the age-specific number of potentially
preventable cancer deaths and 95% CIs with the esti-
mated years of life remaining in each country to obtain
YLLs from cancer attributable to each risk factor. Life
expectancy estimates by country and age group for 2019
were extracted from the World Health Organization
(WHO) Global Health Observatory database (https://
www.who.int/data/gho/data/indicators/indicator-details/
GHO/gho-ghe-life-tables-by-country). A linear interpola-
tion, as described by Aragon and colleagues,13 was used
to calculate the expected years of life remaining for
deaths between age interval x to x + n, where x repre-
sents age and n is the length of the age interval. In the
study, n is equal to 5 years, except age group 85–99 years
where n is 15 years. Age-standardised YLL rates (ASYR)
and 95% CIs per 100,000 population were calculated as
above. All analyses and data visualisations were carried
out using Stata/IC version 17.0 (StataCorp, 2021. Stata
Statistical Software: Release 17. College Station, TX:
StataCorp LP).

In a sensitivity analysis, we used the WHO standard
life table instead of the country-specific life tables to
calculate YLLs in order to evaluate the impact of dif-
ferences in life expectancies between countries on YLLs
and ASYRs.14 The WHO standard life table is based on
the highest projected life expectancy for the year 2050
which was 91.9 years for women in Japan and the Re-
public of Korea.14 In a further sensitivity analysis, we
www.thelancet.com Vol 66 December, 2023
calculated the number of YLLs and ASYRs which from
cancer death in the 30 to 69 age group i.e. the WHO
definition of premature death. Results from our sensi-
tivity analyses are described in Appendix p 3.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, writing of
the manuscript, or decision to submit.
Results
Cancer mortality attributable to four risk factors
In Brazil, Russia, India, China, South Africa, the UK,
and the US in 2020, an estimated 326,300
(187,400–467,900) cancer deaths and 5.9 million (3.3
million–8.6 million) YLLs were attributable to alcohol
consumption. A total of 1.3 million (1.1 million–1.6
million) cancer deaths and 20.8 million (17.0 million–
24.6 million) YLLs were attributable to tobacco smoking,
208,000 (163,300–254,800) cancer deaths and 3.1
million (2.4 million–3.8 million) YLLs were attributable
to excess body weight, and 190,400 (183,100–200,300)
cancer deaths and 4.0 million (3.9 million–4.2 million)
YLLs were attributable to HPV infection. Together, the
four risk factors caused 1.9 million (1.5 million–2.2
million) cancer deaths and 30.4 million (24.6 million–
35.9 million) YLLs among the seven countries in 2020.

According to country, the ASYR due to alcohol con-
sumption was highest in China (351.4 [194.5–519.2]
YLLs per 100,000) and lowest in the US (113.5
[69.6–157.1]) and India (115.4 [49.7–172.7) (Fig. 1,
Appendix p 8). China (1159.9 [950.6–1361.8]) had the
highest ASYR from all cancers attributed to tobacco
smoking, followed by Russia (996.8 [831.0–1154.5]),
while India had the lowest (262.7 [192.7–337.5]). Russia
(385.1 [280.6–481.2]) and the US (369.4 [299.6–433.6])
ranked the highest in ASYR attributable to excess body
weight. For cancer deaths due to HPV infection, ASYRs
ranged from 84.5 (80.8–87.2) in the US to 457.1
(453.3–462.6) in South Africa. ASMRs for each risk
factor are presented in Appendix pp 6, 8.

Sex differences in cancer mortality attributable to
four risk factors
Overall, for both alcohol consumption and tobacco
smoking, men had higher ASYRs in each country
compared to women (Fig. 1). China, India, and Russia
had the largest sex differences in ASYR due to alcohol-
related cancers and tobacco smoking, with ASYRs
among men up to nine times higher than those among
women. In contrast to alcohol consumption and tobacco
smoking, women had higher ASYRs for excess body
weight and HPV infection compared to men across all
countries in our study. ASYRs for excess body weight
were six times higher among women in India and five
times higher among women in South Africa than their
3

https://www.who.int/data/gho/data/indicators/indicator-details/GHO/gho-ghe-life-tables-by-country
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Fig. 1: Age-standardised years of life lost rate (ASYR, per 100,000 population) from cancer deaths attributable to four risk factors: (a) alcohol
consumption, (b) tobacco smoking, (c) excess body weight, (d) human papillomavirus by country and sex in 2020.
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male counterparts. Large sex differences were found for
ASYRs due to HPV: up to 72 times higher among
women than among men in China, 50 times higher
among women than among men in South Africa, 12
times higher in Brazil and India, and between four and
seven times higher in Russia, the UK, and US.

Cancer mortality attributable to four risk factors by
cancer type
The cancer types contributing the highest proportion of
YLLs from cancer due to alcohol consumption varied be-
tween countries and between men and women (Fig. 2).
Liver cancer contributed the most YLLs among men in
China (44.7%, 1.5 million of 3.3 million) and the US
(40.1%, 93,300 of 232,700) whereas colorectal cancer
contributed the largest proportion in the UK (36.5%,
24,400 of 67,000). Head and neck cancers contributed
more than half of YLLs from cancer due to alcohol among
men in India (53.6%, 376,100 of 701,400) and more than a
third in Brazil (34.5%, 60,100 of 174,200) and Russia (36.3,
77,700 of 214,100). Oesophageal cancer also contributed
over 40% of YLLs due to alcohol among men in China
(43.3%, 1.4 million of 3.3 million) and South Africa
(43.4%, 14,000 of 32,400). Oesophageal cancer was also
the major contributor of alcohol YLLs among women in
China (48.6%, 259,900 of 534,900), South Africa (36.8%,
4600 of 12,500), and India (42.0%, 46,900 of 111,600),
whereas breast cancer was the most important contributor
to alcohol-related YLLs among women in Brazil (50.0%,
21,700 of 43,300), Russia (45.4%, 37,300 of 82,200), the
UK (47.1%, 13,800 of 29,300), and US (54.0%, 41,600 of
77,000).

Lung cancer contributed the largest proportion of
smoking-related YLLs in all countries and among both
sexes except India where head and neck cancers were
the main cause among men (40.2%, 639,300 of 1.6
million) and gynaecological cancers were the main
driver among women (42.3%, 82,400 of 194,800), and
South Africa where gynaecological cancers were also the
main driver among women (36.9%, 15,200 of 41,200).
For men, colorectal cancer and other gastrointestinal
cancers contributed the most YLLs due to excess body
weight. Breast cancer contributed the largest proportion
of YLLs from excess body weight among women in all
seven countries. Head and neck cancer contributed the
most HPV-related YLLs among men in all seven coun-
tries, ranging from 44.0% (680 of 1700) in South Africa
to 84.0% (18,000 of 24,600) in Russia. For all countries,
cervical cancer contributed the large majority of YLLs
from HPV among women, ranging between 72.7%
(26,100 of 35,900) in the UK and 98.3% (1.4 million of
1.5 million) in China.
Discussion
In this population-based study we examined the impact
of four major cancer risk factors on deaths and YLLs
www.thelancet.com Vol 66 December, 2023
from cancer. In Brazil, Russia, India, China, South Af-
rica, the UK, and the US in 2020, an estimated 5.9
million cancer YLLs were attributable to alcohol con-
sumption, 20.8 million YLLs were attributable to tobacco
smoking, 3.1 million YLLs were attributable to excess
body weight, and 4.0 million YLLs were attributable to
HPV infection. ASYRs due to alcohol consumption and
tobacco smoking were highest in China and Russia, and
lowest in India. Russia and the US had the highest
ASYRs attributable to excess body weight and South
Africa had the highest HPV-attributable ASYRs. Men
had higher ASYRs from cancer attributable to tobacco
smoking and alcohol consumption than women,
whereas women’s ASYRs attributable to excess body
weight and HPV infection were considerably higher
than those among men. The distribution of YLLs by
cancer type varied between men and women and be-
tween countries for alcohol consumption, highlighting
differences in the impact of premature death from
cancer attributable to the four risk factors.

Tobacco smoking contributed the most cancer
deaths and YLLs in all seven countries, highlighting its
major impact on cancer mortality. The prevalence of
tobacco smoking in the UK and US peaked in the 1950s
when around 50% of the adult population smoked; this
dropped to 13% in the UK and the US in 2020–2021
largely thanks to tobacco control efforts,15,16 but the
historically high smoking rates are still a driving factor
of the cancer burden today. In China and Russia, where
ASYRs attributable to tobacco smoking were highest,
around half of men currently smoke.17 In China, stricter
policies including higher excise taxes and restrictions on
smoking in indoor public places are needed to meet the
nation’s Healthy China 2030 objective of reducing
smoking prevalence to 20% by 2030.18 Meanwhile in
Russia, ratification of the Framework Convention on
Tobacco Control in 2008 has had a modest effect on
tobacco prevalence among men and a subsequent small
decline in male mortality, yet smoking prevalence
among women is increasing and has surpassed that of
the UK and the US, as reported in recent surveys.19

Thus, particularly in Russia, implementation of to-
bacco policies should consider gender and generational
differences in smoking trends. In Brazil, tobacco
smoking prevalence decreased from 35% in 1989 to
13% in 2019 due to successful control policies including
advertising bans, smoke-free laws, and increased taxes.20

A decline in smoking prevalence in India has also been
observed, which could be due to strong tobacco control
regulations that have been put in place since the launch
of the National Tobacco Control Plan in 2007–08; these
regulations have focused on national public awareness
campaigns, increased prominence of health warnings
on packaging, and expanded cessation facilities, for both
smoking and smokeless forms of tobacco.21

After tobacco smoking, cancer attributable to HPV
infection was a major contributor to YLLs in South
5

www.thelancet.com/digital-health


29.0 18.4 40.1 12.5

36.5 25.8 21.3 16.3

13.7 19.2 23.7 43.4

24.0 36.3 16.7 23.0

4.5 53.6 9.2 32.8

8.5 3.5 44.7 43.3

16.4 34.5 17.3 31.8

0 20 40 60 80 100

United States

United Kingdom

South Africa

Russia

India

China

Brazil

Males

54.0 16.0 6.1 15.1 8.7

47.1 18.9 9.2 5.6 19.1

36.8 9.8 7.6 8.9 36.8

45.4 23.8 9.1 12.3 9.4

30.4 2.7 20.2 4.6 42.0

19.5 7.0
2.0

22.9 48.6

50.0 16.2 7.6 12.8 13.5

0 20 40 60 80 100

United States

United Kingdom

South Africa

Russia

India

China

Brazil

Females

26.6 6.6 4.0 56.9 6.0

29.4 8.0 3.5 52.1 7.0

25.7 11.6 2.8 55.9 3.9

26.6 13.8 2.5 51.3 5.8

25.8 40.2 3.4 27.1 3.5

43.6
4.5

1.8 47.4 2.6

30.3 22.4 3.5 39.0 4.8

0 20 40 60 80 100

United States

United Kingdom

South Africa

Russia

India

China

Brazil

21.3 5.1
2.4

3.3 64.9 3.0

24.2 3.5
3.5

2.9 61.9 4.1

18.8 36.9
4.6

2.1 35.8 1.8

32.4 20.9 5.8 4.8 33.4 2.8

18.3 42.3 17.3 2.8 17.7 1.6

23.6 10.5
1.9
1.5 61.1 1.5

25.5 15.3
4.6

3.9 47.8 2.9

0 20 40 60 80 100

United States

United Kingdom

South Africa

Russia

India

China

Brazil

35.5 8.0 56.5

40.8 11.4 47.7

53.0 47.0

41.2 15.1 43.7

42.2 6.3 51.4

37.7 7.7 54.6

39.0 11.2 49.8

0 20 40 60 80 100

United States

United Kingdom

South Africa

Russia

India

China

Brazil

52.8 15.8 5.4
1.6

16.7 7.5

40.3 30.7 8.7 4.1 10.8 5.4

65.2 8.2 4.7
0.4

13.9 7.5

53.4 16.0 7.0
3.3

12.7 7.7

60.5 4.3
2.5

1.5 14.3 17.0

51.3 20.2 3.9
1.8

17.0 5.9

42.6 22.1 6.1
2.6

15.5 11.1

0 20 40 60 80 100

United States

United Kingdom

South Africa

Russia

India

China

Brazil

16.3 76.7 7.0

21.9 69.2 8.8

15.6 44.0 40.4

6.3 84.0 9.7

8.9 62.9 28.1

7.5 54.9 37.7

17.6 55.4 27.0

0 20 40 60 80 100
Proportion of cancer YLL (%)

United States

United Kingdom

South Africa

Russia

India

China

Brazil

Anus Cervix uteri Head & neck

Other gynaecological cancers Penis

8.4 80.8 5.3 5.5

11.6 72.7 7.9 7.7

98.0 0.2
1.9

1.6 93.2 2.0
3.2

0.6 95.7 1.0
2.7

0.3 98.3 0.3
1.1

2.6 95.4 0.6
1.5

0 20 40 60 80 100
Proportion of cancer YLL (%)

United States

United Kingdom

South Africa

Russia

India

China

Brazil

Breast Colorectum Corpus uteri

Kidney Other gastrointestinal cancers Ovary

Gastrointestinal cancers Gynaecological cancers Head & neck

Leukaemia Lung Urological cancers

Breast Colorectum Head & neck

Liver Oesophagus

Tobacco smoking

Excess body weight

Human papillomavirus

Alcohol consumptiona

b

c

d

Fig. 2: Proportion of years of life lost from cancer deaths attributable to four risk factors: (a) alcohol consumption, (b) tobacco smoking, (c)
excess body weight, (d) human papillomavirus by sex, cancer type, and country in 2020.

Articles

6 www.thelancet.com Vol 66 December, 2023

www.thelancet.com/digital-health


Articles
Africa and India. The elevated ASYRs in South Africa
and India could have been due to suboptimal access to
cervical cancer screening and treatment,22,23 which could
also be the case among the other BRICS nations.
Although we found a relatively low ASYR due to HPV in
Brazil, mortality rates are very unequal between regions
and extremely high rates of premature mortality are
found in the North of Brazil.24 Within Brazil, there are
regional inequalities in HPV vaccination rates and
coverage of cervical cancer screening which remains
opportunistic.25,26 China provides an example of an
ambitious yet achievable cervical cancer elimination
plan of initiatives aimed at boosting HPV vaccination
rates among girls, stepping up screening efforts among
women to screen at least 70% of eligible women, and to
treat 90% of patients with cervical cancer and precan-
cerous lesions by 2030.27

Alcohol consumption has also contributed to the
elevated ASYRs we found in China, Russia, and the UK.
Alcohol use in Russia and the UK has decreased over
recent decades but alcohol control efforts have recently
stalled,28 and alcohol consumption is projected to grow
in Russia by 2025.29 Alcohol consumption is also pre-
dicted to increase in China unless policies to reduce
population alcohol use such as increases in excise taxes,
restrictions on marketing, and limiting the availability of
alcohol products are implemented at the highest levels.30

Moreover, although a significant part of the population
in Brazil abstains from drinking, prevalence of heavy
drinking is on the rise.31 Excess body weight was also an
important contributor to ASYRs in Russia, the US, and
the UK, which is largely due to the growing obesity
epidemic that has accompanied the economic growth
and urbanisation of each country.32 Overweight and
obesity prevalence in Russia is now comparable to the
US and is higher than other European countries.33

Furthermore, the impact of excess body weight on
cancer burden in Brazil is likely to increase further as
the prevalence of overweight and obesity has grown
significantly in recent years, from 57.0% in 2013 to
60.3% in 2019.34

We found stark differences in the rate of preventable
YLLs between men and women in each country which
varied according to risk factor. Generally, men had a
higher burden of YLLs attributable to alcohol use and
tobacco smoking in all seven countries, which is largely
linked to higher consumption among men.17,29 This
variation was much smaller in the UK and US where
alcohol consumption and tobacco smoking among
women have increased to similar rates to those of
men.17,29 In contrast, female ASYRs attributable to
excess body weight and HPV infection were higher than
their male counterparts. Sex-differences in YLLs due to
excess body weight could be explained by higher prev-
alence of excess body weight among women than men,
and a larger number of female-specific cancers associ-
ated with excess body weight than male cancers.9 This
www.thelancet.com Vol 66 December, 2023
was also the case for HPV-attributable YLLs where fe-
male cancers, cervical cancer in particular, were the
main contributors. For these four risk factors, cultural
norms might have influenced differences in exposure
due to how men and women’s roles in societies are
perceived, including more social activities among men
and stigma towards women’s use of substances associ-
ated with the male identity. Exposure has been further
impacted by commercial determinants such as the to-
bacco, alcohol, and food industries which have targeted
gender roles to increase sales and consumption in many
economically developed countries, and increasingly in
low- and middle-income countries.35 Cancer prevention
policies should counteract these societal and commer-
cial influences to reduce inequalities in deaths and YLLs
between men and women.

Other studies such as the Global Burden of Disease
(GBD) study have also estimated YLLs due to cancer
attributable to major risk factors as part of their esti-
mation of disease burden.8 Using the WHO world
standard life table, GBD reported 32.6 million cancer
YLLs due to tobacco smoking, 7.2 million due to alcohol
consumption, 5.6 million due to high BMI, and 4.0
million due to unsafe sex in the seven countries in our
study in 2019. Our estimates using the WHO world
standard were generally comparable to those of GBD but
differences at the country and cancer type level stem-
med from several sources. This was particularly evident
for lung cancer in the United States where GBD re-
ported a 51% higher crude rate of lung cancer death
than the rate we obtained from GLOBOCAN (63.0
versus 41.8 deaths per 100,000). Such discrepancies in
the underlying number of cancer deaths reported by
GBD and GLOBOCAN are due to the different model-
ling methods employed by each study to estimate cancer
burden. The GBD study used a global approach to
model patterns of disease based on data from mortality
registries as well as the prevalence of cancer risk factors
or pre-cancers to impute missing cancer data. The
GLOBOCAN developers used a data-based approach
which prioritised locally collected cancer incidence and
mortality data. In addition to discrepancies in the un-
derlying rates of cancer death, our YLL results differed
from those of the GBD due to the PAFs we used which
were based on other sources of prevalence and relative
risks. The GBD study also only considered the rela-
tionship between HPV and cervical cancer and did not
include cancers at other gynaecological sites, penile
cancer, anal squamous cell carcinoma, nor cancers of
the oral cavity or oropharynx, and so underestimated
YLLs due to HPV infection. Another global study esti-
mated the avoidable burden of cancer deaths and YLLs
by considering the impact of YLLs from premature
death that were preventable or treatable.36 This study
assumed that all premature deaths (age 30–69) are
avoidable and used criteria based on PAFs and five-year
net survival of each cancer type to distinguish between
7
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deaths that were avoidable through primary or second-
ary prevention and those that were avoidable through
improved treatment with curative intent. Frick et al.
estimated that 72.9 million YLLs in the BRICS coun-
tries, UK, and US were avoidable through prevention,
which is around twice our estimate of 36.4 million
premature YLLs because our study used PAFs to esti-
mate preventable deaths and YLLs whether Frick et al.
considered all deaths from a theoretically ‘preventable’
cancer type as preventable, therefore providing an ulti-
mate scenario where all premature deaths are avoidable.

The strengths of our study include the quantification of
cancer YLLs using PAFs from four global population-
based studies on alcohol consumption, tobacco smoking,
excess body weight, and HPV infection. By presenting
YLLs we have provided a composite estimate of both the
frequency of cancer death and the impact of premature
cancer death which is powerful in setting priorities to
improve public health. Furthermore, the four PAF studies
each used comparable and consistent methods and prev-
alence data across the BRICS countries, the UK, and US.
Despite this, a limitation to our study is that we only
included four major modifiable cancer risk factors while
studies have shown the impact of other major risk factors
such as Helicobacter pylori, hepatitis B and C virus infec-
tion, occupational exposures, and air pollution.37,38 Chew-
ing tobacco is also a key risk factor for cancer in India and
other South Asian countries where consumption is com-
mon.39 Further YLL studies could incorporate additional
emerging risk factors including air pollution which evi-
dence has suggested is a driver in the evolving epidemi-
ology of lung cancer,40 and processed meat consumption
and physical inactivity in the rising incidence of colorectal
cancer among younger adults.41

Another limitation to our study is that we did not
include the potential synergistic effect between the four
risk factors and cancer, such as that between alcohol and
tobacco use which is particularly relevant for cancers of the
upper aerodigestive tract.7 Population-based PAF studies
usually try to combat potential confounding by using
relative risks adjusted for other risk factors, sex, and age.
When these are derived from meta-analyses of observa-
tional studies reporting risk estimates adjusted inconsis-
tently from one study to the next, as was the case for the
PAFs we used for alcohol consumption, tobacco smoking,
and excess body weight, unmeasured confounding re-
mains an important limitation. An alternative method of
computing PAFs which can potentially remove con-
founding by related risk factors is Miettinen’s formula
which uses risk factor prevalence among cases or deaths.42

The studies which calculated PAFs of alcohol consump-
tion, tobacco smoking, and excess body weight did not
have access to reports of prevalence among cancer cases
and instead based their calculations on the method which
uses population prevalence; they therefore did not elimi-
nate bias due to confounding which has thus been carried
through to our estimates of deaths attributable to the
relevant risk factors. It is also important to note that we
used PAFs relative to a theoretical situation where no one
in the population was exposed to the risk factors; while this
is an optimistic outlook, a comparison modelling reduc-
tion in exposure through specific interventions might
provide a more realistic goal which is perhaps more
achievable in today’s society. In addition, we assumed that
PAFs of cancer incidence attributable to alcohol con-
sumption, excess body weight, and HPV infection were
applicable to cancer mortality. Other PAF studies which
have incorporated both PAFs of cases and deaths have
used relative risks for cancer incidence applied to mortality
due to a larger number of high-quality relative risk studies
for cancer incidence than mortality.38 This assumes that
the risk relationship due to these risk factors is the same
for cancer incidence as for cancer mortality; but exposure
to these risk factors might worsen outcomes for patients
diagnosed which is particularly evident for specific cancer
subtypes which have poorer survival than other subtypes
such as oesophageal squamous cell carcinoma compared
with adenocarcinoma.43 Similarly, we used general popu-
lation life tables to calculate the expected years of life
remaining at cancer death, but this did not account for the
potentially lower life expectancy among people exposed to
each risk factor and a higher risk of mortality from
comorbidities related to those risk factors. Finally, when
we used the WHO standard life table as a reference to
calculate YLLs, we estimated many more YLLs than in the
main analysis. WHO’s standard life expectancy was higher
than the seven countries in our study because it was based
on the longest projected life expectancies for the year 2050.

In conclusion, alcohol consumption, tobacco smok-
ing, excess body weight and HPV infection caused a
substantial burden of cancer mortality and YLLs in
Brazil, China, India, Russia, South Africa, the UK, and
US in 2020. While tobacco smoking was the predomi-
nant risk factor among all seven countries, the
remaining risk factors varied in their contributions to
cancer mortality, which largely reflect exposure in the
population and differences in the mortality of risk
factor-related cancers in each country. Our findings
demonstrate the importance of cancer control efforts to
reduce the burden of cancer death and YLLs due to
modifiable cancer risk factors and the usefulness of
YLLs to summarise disease burden.
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