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Abstract

Background—In many high-income countries cancer mortality rates have declined, however,
socioeconomic inequalities in cancer mortality have widened over time with those in the most
deprived areas bearing the greatest burden. Less is known about the contribution of specific
cancers to inequalities in total cancer mortality.

Methods—Using high-quality routinely collected population and mortality records we examine
long-term trends in cancer mortality rates in Scotland by age group, sex, and area deprivation. We
use the decomposed slope and relative indices of inequality to identify the specific cancers that
contribute most to absolute and relative inequalities, respectively, in total cancer mortality.

Results—Cancer mortality rates fell by 24% for males and 10% for females over the last 35
years; declining across all age groups except females aged 75+ where rates rose by 14%. Lung
cancer remains the most common cause of cancer death. Mortality rates of lung cancer have more
than halved for males since 1981, while rates among females have almost doubled over the same
period.

Conclusion—Current relative inequalities in total cancer mortality are dominated by inequalities
in lung cancer mortality, but with contributions from other cancer sites including liver, and head
and neck (males); and breast (females), stomach and cervical (younger females). An understanding
of which cancer sites contribute most to inequalities in total cancer mortality is crucial for
improving cancer health and care, and for reducing preventable cancer deaths.
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1 Introduction

Cancer is the second leading cause of death worldwide with approximately one in six deaths
globally,! and one in four deaths in Europe and in the UK, due to cancer. It is the leading
cause of death in Scotland (population of approximately 5.4 million) with 16,250 cancer
deaths recorded in 2018 (27% of total deaths). Cancer mortality rates have fallen by 24% for
males and by 10% for females since 1981; small declines compared to those observed for
other major causes of death, such as ischaemic heart disease and stroke.?

Cancer mortality rates in Scotland are higher than the UK as a whole for all cancers? and

for several specific cancers.# Lung cancer mortality rates, in particular, are around a third
higher than the UK average.® While current male lung cancer mortality rates in Scotland are
comparable to European rates, rates for females in Scotland are more than twice the rates for
females in Europe.5’

Describing the magnitude of social inequalities in cancer and monitoring progress in
reducing social inequalities in cancer has been recommended as a priority for research.8 A
recent publication from the International Agency for Research on Cancer (IARC) highlights
the large differences in cancer incidence, survival and mortality that exists between and
within countries across social groups®. In Scotland, overall cancer mortality rates are
currently around 74% higher in the most deprived areas compared to the least deprived,’
reflecting persistent inequalities in cancer incidence? and cancer survival.1!

Reducing social inequalities in total cancer mortality requires an understanding of the
contribution of site-specific cancers to absolute and relative inequalities in cancer mortality.
Our work examines the extent to which specific cancers contribute to current inequalities

in cancer mortality in Scotland. We also look at long-term trends in cancer mortality in
Scotland by age group, sex, and area deprivation using high-quality routinely collected
Scottish mortality and population records.

2 Methods

2.1 Cancer mortality

We examine cancer deaths in the four-year period around each census 1981 (1980-83), 1991
(1991-93), 2001 (2000-03) and 2011 (2010-13), and in the four-year period around 2016
(2015-18). We used four years of death data around each period to improve robustness of
the mortality rates; however note that deaths in 1990 were excluded from the analysis due to
an issue with assigning some deaths to postcodes at that time.12 Individual level death data
were obtained from vital events records held by National Records of Scotland. These data
included information on age, sex, underlying cause of death and area of residence (used to
assign deaths to an area deprivation measure). A small percentage of cancer deaths (around
0.6%) were excluded from the analysis due to insufficient information on age, sex or area
of residence. The underlying cause of death was coded in accordance with the International
Classification of Diseases (ICD) using ICD-9 codes 140-208 for cancer deaths in 1981 and
1991 and ICD-10 codes C00-C97 for cancer deaths in 2001, 2011 and 2016.
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2.2 Specific cancers mortality

We examined deaths for all cancers and for the most common cancer sites in males and
females in Scotland in 2018 as detailed in the Scottish Cancer Registry, Public Health
Scotland (PHS)13 or, for comparison, in Europe based on the European Cancer Information
System (ECIS)® (Supplementary Appendix Table A.1).

2.3 Population size

We use census population estimates of the usually resident population on census day in
Scotland in 1981 (n = 5,178,248), 1991 (n = 5,106,135), 2001 (n = 5,062,011), 2011 (n =
5,295,403), and mid-year small area population estimates!4 for 2016 (n=5,404,700).

2.4 Area deprivation

Carstairs deprivation scores were used to assess area-level deprivation. Scores were created,
following the 1981, 1991, 2001 and 2011 censuses,1® by combining four variables taken
from census data; male unemployment (proportion of economically active males seeking or
waiting to start work), low social class (proportion of people living in households with the
household reference person in semi-skilled or unskilled manual occupations), overcrowding
(proportion of people living in households at a density of more than one person per

room) and no car ownership (proportion of people living in households with no car).
Carstairs scores, historically, were created at the postcode sector level of geography (average
population size 5,233, min: 52, max: 21,159 in 2011) but were created for additional census
geography in 2011, including 2011 data zones (average population size 759, min: 147, max:
2,901).12 Postcode sectors, available from death certificates, were linked to the appropriate
version of Carstairs (i.e. 1981 Carstairs scores assigned to deaths in 1981). For deaths in
2016, mid-year estimates of the population (for calculation of directly age-standardised
mortality rates) were not available at postcode sector level. Deaths in 2016 (and 2011 for
comparison) were assigned to 2011 Carstairs scores based on 2011 data zones, for which
mid-year estimates of the population are available. Information on area of residence from
death certificates in 2011 and 2016 was first linked to 2011 census output areas, from which
2011 data zones are built, and then to 2011 data zones.

2.5 Analyses

Cancer mortality rates were age-standardised using the 2013 European standard population.
We present rates by 15-year age groups for all cancers and for age groups 30-44, 45-59,
60-74 and 75+ for specific cancers, due to small numbers of deaths at younger ages. Cancer
mortality rates shown by Carstairs scores divided into population-weighted deprivation fifths
are for all ages.

The slope index of inequality (SII) and relative index of inequality (RII) are used to examine
current absolute and relative inequalities.1® Different methods have been proposed for the
calculation of SII and RI1.17 We calculate SII here by fitting a linear regression18 of the
age-standardised rates, weighted by the size of the deprivation groups. The larger the slope
coefficient the higher the impact of deprivation on absolute differences in rates. The Sll can
be calculated for all cancers or for specific cancers, with the sum of the Sl for specific
cancers equal to the SlI for all cancers. This allows us to decompose the Sl and examine
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the contribution of specific cancers to inequalities in all cancer mortality. The RII is obtained
by dividing the SII by the population mean rate and can be decomposed in the same way.

An RII value of zero indicates that there is no inequality while a value of one suggests that
cancer mortality rates in the most deprived areas are about 50% above the average cancer
mortality rate (and about 50% lower than average in the least deprived areas).

3 Results

3.1 Cancer mortality

There were 13,923, 15,054, 14,968, 15,575 and 15,945 cancer deaths, respectively, on
average per year over each period (Supplementary Appendix Table A.2), accounting for
22.0%, 24.6%, 26.1%, 28.8% and 28.2%, respectively, of the average number of all deaths
per year in each period. Male age-standardised cancer mortality rates fell from 497 to 379
per 100,000 population between 1981 and 2016, a reduction of 24% (Table 1). Over the
same period, female rates decreased by 10%, from 297 to 267 per 100,000 population. Most
age groups saw a reduction in rates over the last 35 years. The exception is for females, aged
75+, where rates increased by 14%. Corresponding mortality rates for all cancers, excluding
non-melanoma skin cancer (NMSC), are shown in Supplementary Appendix Table A.3.

3.2 Specific cancers mortality

Mortality rates for specific cancers are presented by age group in Table 1. Lung cancer
remains the most common cause of cancer death for males, despite rates having more than
halved since 1981. It is also the most common cause of cancer death in females with rates
almost doubling over the last 35 years. Increases in female lung cancer mortality were
mainly driven by increases in mortality among those aged 75 and older; however there was
also an increase in 60-74 year olds.

Over the last 35 years female breast cancer mortality rates have declined by around a

third, with reductions in mortality observed across all age groups. There have also been
large reductions for females, across all age groups, in deaths from colorectal cancer (39%),
stomach cancer (74%) and cervical cancer (59%). Liver cancer deaths have increased
four-fold. Males also saw large reductions in mortality rates from colorectal cancer (29%)
and stomach cancer (69%) as well as bladder cancer (30%). Deaths from cancer of the
oesophagus have risen by a quarter over the period, with liver cancer deaths now three times
as high as in 1981.

3.3 Cancer mortality by area deprivation

Cancer mortality rates are shown by deprivation fifths for males (Table 2a) and females
(Table 2b) separately. Socioeconomic inequalities in cancer mortality assessed at 2011 data
zone level are wider than when assessed at postcode sector level (Supplementary Appendix
Figure A.1). This is likely due to areas being more homogenous in 2011 data zones, which
have smaller population sizes on average. As a result we have examined change over time
between 1981 and 2011 (postcode sectors), 2011 and 2016 (2011 data zones) and have
approximated the overall change between 1981 and 2016.
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Table 2a shows that between 1981 and 2011 cancer mortality rates, for males of all ages,
decreased from 611 to 516 per 100,000 population in the most deprived areas and from 430
to 344 per 100,000 population in the least deprived areas; larger absolute reductions, but
smaller relative reductions, in the least deprived areas. Following 2011, there were further
small decreases in cancer mortality rates across all deprivation fifths. In terms of specific
cancer sites, relative inequalities have widened over time for lung cancer mortality. Both
absolute and relative inequalities widened for liver cancer and head and neck cancer, while
absolute and relative inequalities in bladder cancer mortality narrowed over time.

Female cancer mortality rates (Table 2b) increased from 343 to 352 per 100,000 in the

most deprived areas between 1981 and 2011 while declining from 265 to 236 per 100,000
population in the least deprived areas. All deprivation fifths saw a small reduction in

rates following 2011. Absolute and relative inequalities widened over time. Much of this
widening was driven by increasing absolute and relative inequalities in lung cancer and liver
cancer mortality.

3.4 Contribution of specific cancers to current inequalities in cancer mortality

The slope index of inequality (SII) and the relative index of inequality (RII) are used to
examine the contribution of specific cancers to current absolute and relative socioeconomic
inequalities, respectively, in overall cancer mortality. Figure 1(a) shows the Sll in 2016, for
males aged 30 to 90+. Absolute inequalities in cancer mortality gradually increase as the
population ages and death rates rise. Absolute inequalities peak at around age 80-84 for
males (absolute rate difference of 1,461 per 100,000 between the most and least deprived
populations), steadily decreasing thereafter. The width of the different bands show the extent
to which absolute inequalities in cancer mortality are attributable to specific cancers. Almost
half of the absolute inequalities in cancer mortality at its peak are due to inequalities in lung
cancer (absolute rate difference of 702 per 100,000 population). Colorectal, liver, head and
neck, and stomach cancer also contribute to absolute inequalities at the peak with smaller
contributions from other cancer sites. Figure 1(b) shows the corresponding RII plot for
males aged 30 to 90+. Relative inequalities peak earlier than absolute inequalities at around
age 50-54 years. The RII value at the peak is 1.2. This suggests that rates in deprived areas
are around 60% higher than the average rate (and 60% lower than average in the least
deprived areas). Together lung, liver and head and neck cancer explain just over two thirds of
relative inequalities at its peak.

Figure 1(c) shows the SlI, for females aged 30 to 90+. Similarly to males, absolute
inequalities in cancer mortality peak at around age 80-84 for females (absolute rate
difference of 871 per 100,000 between the most and least deprived populations). Again,
deaths from lung cancer contributes most to absolute inequalities in female cancer rates,
although the peak in lung cancer inequalities happens a little earlier at age 75-79. Relative
inequalities (Figure 1(d)) peak at around age 60-64 for females, 10 years older than for
males, with a value of 1.0. This suggests that rates in deprived areas are around 50% higher
than the average rate. Relative inequalities in lung cancer mortality rates explains more

than half the relative inequalities in total cancer mortality at its peak, although relative
inequalities in lung cancer mortality rates don’t peak until age 65-69. At younger ages (ages
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30-39), relative inequalities in total cancer mortality tend to be due to breast, ovarian and
stomach cancer and cancer of the cervix.

4 Discussion

4.1 Discussion

Cancer mortality rates have declined in Scotland in the last 35 years, the gap between male
and female cancer mortality rates has narrowed, and rates fell in all age groups with the
exception of females aged 75+. For males, rates of liver cancer and head and neck cancer
increased overall, and did so at a faster pace in the most deprived areas while male lung
cancer declined but at a faster pace in the least deprived areas. Increasing rates of liver
cancer may reflect increasing levels of alcohol consumption; alcohol sales in Scotland have
shown a steady increase in recent years.1® Inequalities in liver cancer mortality may be
due in part to the alcohol harm paradox, whereby at a given level of alcohol consumption,
alcohol-related harms are more pronounced in those with lower socioeconomic status.20
Alcohol is also an important risk factor for head and neck cancer. For men, a combination
of alcohol and tobacco has been shown to account for a larger proportion of head and neck
cancers than smoking or drinking alone.?!

For females, there was an overall increase in the rate of lung and liver cancer mortality
with the increase higher in more deprived areas. Although the death rate from lung cancer
remains greater for men, the narrowing of the gap between males and females reflects
historical smoking patterns. Females took up smoking later than males, with the number
of male smokers starting to decline around the 1950s compared to the 1970s for females.
In many high income countries male lung cancer deaths are currently declining while
female deaths have continued to rise.22:23 Previous work has reported increasing lung cancer
mortality rates, in over 30 countries, among females aged 50-74.24 We found that female
lung cancer mortality rates increased between 1981 and 2011 in the over 60s. Rates then
declined between 2011 and 2016 for 60-74 year olds and remained stable for those aged
75+, which may suggest that female lung cancer mortality rates in Scotland have now
peaked.

Over the last 35 years, males and females have seen large declines in deaths due to
colorectal, stomach and bladder cancers with smaller declines in deaths due to pancreatic
cancer and leukaemia. There have been declines in the rate of mortality of female breast
cancer, ovarian cancer and cervical cancer. Small increases in mortality were observed

for cancer of the uterus and prostate cancer, mainly driven by increases in the oldest

age group. Liver cancer mortality rates increased for males and females. Many of these
general patterns in cancer mortality have been observed in other high-income countries.25-27
Despite declining overall rates, socioeconomic inequalities in cancer mortality widened over
time. Males saw a slightly larger absolute reduction in cancer mortality rates in the most
deprived areas compared to the least deprived, however, relative inequalities between the
most and least deprived areas widened, as is often the case in the context of declining
mortality rates across socioeconomic groups.28:2% For females, both absolute and relative
socioeconomic inequalities in total cancer mortality widened over the last 35 years with little
change in rates in the most deprived areas and improvements in the least deprived areas.
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Many countries have reported widening socioeconomic inequalities in cancer mortality30-32
with inequalities larger for more preventable cancer sites.33 The World Health Organization
(WHO) estimates that between 30-50% of all cancer cases are preventable with tobacco the
single greatest avoidable risk factor for cancer mortality.34 Smoking prevalence has declined
in Scotland over the last 15 years, however, in 2018 those in the most deprived areas were
more likely to smoke (32% compared to 9% in the least deprived areas) and to smoke a
higher number of cigarettes (13.2 mean cigarettes in the most deprived areas compared to
9.4 in the least deprived).3°

Current absolute socioeconomic inequalities in cancer mortality increase with age up to age
80-84 for males and females, after which they start to decrease. Relative inequalities peak
earlier, at age 50-54 for males and age 60-64 for females. While absolute inequalities are
often highest in age groups with most deaths, relative inequalities tend to peak earlier;38
often due to higher premature mortality rates in the most deprived areas. Populations in the
most deprived areas also experience higher levels of comorbidity and multimorbidity often
with poorer access, in terms of service availability and uptake, to health services.3” Given
that absolute and relative socioeconomic inequalities in cancer mortality persist even in the
oldest age groups, it is increasingly important that public health tackles socioeconomic
inequalities in health, reducing inequalities across the life course in order to reduce
inequalities in older age.

4.2 Strengths and limitations

This is a large population-wide study using high-quality population data to examine long-
term trends and socioeconomic inequalities in cancer mortality rates. It is an ecological
study that analyses data at an aggregate level and therefore our conclusions relate to
populations and not individuals.

The choice of socioeconomic indicator is important, and findings are likely to differ across
different socioeconomic measures.38 We used Carstairs deprivation scores. As scores are
census-based, they most accurately capture area deprivation around census periods 1981,
1991, 2001 and 2011. Some have questioned the current validity of the variables used in
the construction of Carstairs scores.3® Overcrowding now only affects a small percentage
of the population (3.3%) and car ownership is seen as more of a necessity in rural areas
than in urban areas. Carstairs scores also only take into account male unemployment rates.
However, describing inequalities over time requires a consistent socioeconomic measure
and the availability of Carstairs scores over a period of four decades allows for long-term
comparisons. A new small-area measure of deprivation has recently been developed for
Scotland using alternative census variables including overall unemployment (male and
female) and proportion of people with no school level qualifications,*0 however this is only
currently available for the 2001 and 2011 censuses. An alternative, widely used, deprivation
measure in Scotland is the Scottish Index of Multiple Deprivation,*! although it is not
recommended for examining trends pre-1996.42

We considered only cancer deaths here, not cancer incidence or survival, and we have no
information on stage at diagnosis. Cancer incidence and survival may be subject to bias but,
because death registration is a legal requirement,*3 mortality data provides almost complete
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population coverage. We mainly focus on mortality of those aged 30+ because of the smaller
numbers of death at younger ages. Around 87% of all cancer deaths globally occur in those
aged 50 and over with around 1% of all cancer deaths occurring in those aged under 15.44
Children in high-income countries generally have good cancer outcomes*® while young
adults (aged 15-29) tend to have more favourable outcomes relative to cancer at other ages.*

4.3 Conclusions and implications

Recent public health policies in the UK have aimed to reduce socioeconomic inequalities
in cancer mortality.#”-51 For these strategies to be successful it is important that they focus
on upstream policies that address the socioeconomic determinants of health (i.e. tobacco
control or alcohol minimum unit pricing) as they consistently achieve larger population
health benefits than downstream policies®?, that target for example, individual behaviour
change. Reducing cancer mortality inequalities will also require addressing the inverse

care law where those from the poorest areas with worst outcomes need better access to
quality healthcare services, pathways to care and cancer screening programmes. Progress in
reducing socioeconomic inequalities in cancer outcomes should be monitored and regularly
reported and preventative strategies should focus on long-term goals with the aim of
diminishing cancer inequalities between social groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We are grateful to National Records of Scotland for the provision of the mortality data.

Funding information

This research was funded by the Medical Research Council (MC_UU_00022/2) and the Scottish Government Chief
Scientist Office (SPHSU17).

Data availability

The data that support the findings of this study are available from National Records of
Scotland (https://www.nrscotland.gov.uk/). Restrictions apply to the availability of these
data, which were used under license for this study. Data are available from the authors with
the permission of National Records of Scotland.

Abbreviations

ECIS European Cancer Information System

IARC International Agency for Research on Cancer
ICD International Classification of Diseases

NHS National Health Service

NMSC Non-melanoma skin cancer

Cancer Epidemiol. Author manuscript; available in PMC 2021 August 31.


https://www.nrscotland.gov.uk/

s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Brown et al.

References
1.

10

11.

12.

13.

14.

15.

16.

Page 9
PHS Public Health Scotland
RII Relative index of inequality
Sl Slope index of inequality
WHO World Health Organization

World Health Organization. [Accessed December 2020] Cancer: key facts 2018. Available from:
https://www.who.int/news-room/fact-sheets/detail/cancer

. Brown D, Allik M, Dundas R, Leyland AH. All-cause and cause-specific mortality in Scotland

1981-2011 by age, sex and deprivation: a population-based study. European Journal of Public
Health. 2019; 29 (4) :647-55. [PubMed: 31220246]

. Cancer Research UK. [Accessed December 2020] All cancers combined mortality by sex and

UK country. Available from: https://www.cancerresearchuk.org/health-professional/cancer-statistics/
mortality/all-cancers-combined#heading-Zero

. National Cancer Registration and Analysis Service. Deprivation and cancer: in search of a common

measure across England, Wales, Scotland, Northern Ireland and Ireland. Public Health England.
2016

. Cancer Research UK. [Accessed December 2020] Lung cancer mortality statistics.

Available from: https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-
cancer-type/lung-cancer/mortality#heading-Zero

. European Cancer Information System. [Accessed December 2020] Incidence and mortality

estimates 2020. Available from: https://ecis.jrc.ec.europa.eu/index.php

. Information Services Division. Cancer Mortality in Scotland: annual update to 2018. National

Statistics; 2019.

. Vaccarella S, Lortet-Tieulent J, Saracci R, Fidler MM, Conway DI, Vilahur N, et al. Reducing Social

Inequalities in Cancer: Setting Priorities for Research. CA: A Cancer Journal for Clinicians. 2018;
68 (5) :324-6. [PubMed: 30152865]

. Vaccarella, S; Lortet-Tieulent, J; Saracci, R; Conway, DlI; Straif, K; Wild, CP; , et al. Reducing

Social Inequalities in Cancer: Evidence and Priorities for Research IARC: Scientific Publication No.
168. 2019.

. Tweed EJ, Allardice GM, McLoone P, Morrison DS. Socio-economic inequalities in the incidence
of four common cancers: a population-based registry study. Public Health. 2018; 154 :1-10.
[PubMed: 29128730]

Shack LG, Rachet B, Brewster DH, Coleman MP. Socioeconomic inequalities in cancer survival in
Scotland 1986-2000. British Journal of Cancer. 2007; 97 (7) :999-1004. [PubMed: 17876331]
Brown, D, Allik, M, Dundas, R, Leyland, AH. Carstairs scores for Scottish Postcode Sectors,
Datazones & Output Areas from the 2011 Census. University of Glasgow: MRC/CSO Social and
Public Health Sciences Unit; 2014.

Public Health Scotland. [Accessed December 2020] Cancer mortality in Scotland.

Available from:https://www.isdscotland.org/Health%2DTopics/Cancer/Publications/2019-10-29/
visualisation.asp

National Records of Scotland. [Accessed December 2020] Small area

population estimates. Available from: https://www.nrscotland.gov.uk/statistics-and-data/statistics/
statistics-by-theme/population/population-estimates/2011-based-special-area-population-estimates/
small-area-population-estimates/mid-2016/detailed-data-zone-tables

Carstairs, V, Morris, R. Deprivation and health in Scotland. Aberdeen: Aberdeen University Press;
1991.

Regidor E. Measures of health inequalities: part 2. Journal of Epidemiology and Community
Health. 2004; 58 (11) :900-3. [PubMed: 15483304]

Cancer Epidemiol. Author manuscript; available in PMC 2021 August 31.


https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.cancerresearchuk.org/health-professional/cancer-statistics/mortality/all-cancers-combined#heading-Zero
https://www.cancerresearchuk.org/health-professional/cancer-statistics/mortality/all-cancers-combined#heading-Zero
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer/mortality#heading-Zero
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer/mortality#heading-Zero
https://ecis.jrc.ec.europa.eu/index.php
https://www.isdscotland.org/Health%2DTopics/Cancer/Publications/2019-10-29/visualisation.asp
https://www.isdscotland.org/Health%2DTopics/Cancer/Publications/2019-10-29/visualisation.asp
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/population/population-estimates/2011-based-special-area-population-estimates/small-area-population-estimates/mid-2016/detailed-data-zone-tables
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/population/population-estimates/2011-based-special-area-population-estimates/small-area-population-estimates/mid-2016/detailed-data-zone-tables
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/population/population-estimates/2011-based-special-area-population-estimates/small-area-population-estimates/mid-2016/detailed-data-zone-tables

s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Brown et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 10

Conway, DI, McMahon, AD, Brown, D, Leyland, AH. Reducing Social Inequalities in Cancer:
Evidence and Prioirities for Research. Vaccareall, S, Lortet-Tieulent, J, Saracci, R, Conway, DI,
Straif, K, Wild, CP, editors. International Agency for Research on Cancer; 2019. 29-40.

Pamuk ER. Social-class inequality in mortality from 1921 to 1972 in England and Wales.
Population Studies. 1985; 39 (1) :17-31. [PubMed: 11611750]

Public Health Scotland. [Accessed August 2021] MESAS monitoring report 2021. Available
from:https://www.publichealthscotland.scot/publications/mesas-monitoring-report-2021/

Katikireddi SV, Whitley E, Lewsey J, Gray L, Leyland AH. Socioeconomic status as an effect
modifier of alcohol consumption and harm: analysis of linked cohort data. Lancet Public Health.
2017, 2 (6) :E267-E76. [PubMed: 28626829]

Hashibe M, Brennan P, Chuang S-C, Boccia S, Castellsague X, Chen C, et al. Interaction between
Tobacco and Alcohol Use and the Risk of Head and Neck Cancer: Pooled Analysis in the
International Head and Neck Cancer Epidemiology Consortium. Cancer Epidemiology Biomarkers
& Prevention. 2009; 18 (2) :541-50.

Lopez AD, Collishaw NE, P T. A descriptive model of the cigarette epidemic in developed
countries. Tobacco Control. 1994; 3 :242-7.

Thun M, Peto R, Boreham J, Lopez AD. Stages of the cigarette epidemic on entering its second
century. Tobacco Control. 2012; 21 (2) :96-101. [PubMed: 22345230]

Torre LA, Siegel RL, Ward EM, Jemal A. International Variation in Lung Cancer Mortality Rates
and Trends among Women. Cancer Epidemiology Biomarkers & Prevention. 2014; 23 (6) :1025—
36.

Arnold M, Rutherford MJ, Bardot A, Ferlay J, Andersson TML, Myklebust TA, et al. Progress

in cancer survival, mortality, and incidence in seven high-income countries 1995-2014 (ICBP
SURVMARK-2): a population-based study. Lancet Oncology. 2019; 20 (11) :1493-505. [PubMed:
31521509]

Malvezzi M, Carioli G, Bertuccio P, Boffetta P, Levi F, La Vecchia C, et al. European cancer
mortality predictions for the year 2019 with focus on breast cancer. Annals of Oncology. 2019; 30
(5) :781-7. [PubMed: 30887043]

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA: A Cancer Journal for Clinicians.
2020; 70 (1) :7-30. [PubMed: 31912902]

Mackenbach JP. Should we aim to reduce relative or absolute inequalities in mortality? European
Journal of Public Health. 2015; 25 (2) :185. [PubMed: 25818489]

Mackenbach JP, Martikainen P, Menvielle G, de Gelder R. The arithmetic of reducing relative

and absolute inequalities in health: a theoretical analysis illustrated with European mortality data.
Journal of Epidemiology and Community Health. 2016; 70 (7) :730-6. [PubMed: 26945094]
Teng AM, Atkinson J, Disney G, Wilson N, Blakely T. Changing socioeconomic inequalities in
cancer incidence and mortality: Cohort study with 54 million person-years follow-up 1981-2011.
International Journal of Cancer. 2017; 140 (6) :1306-16. [PubMed: 27925183]

Van der Heyden JHA, Schaap MM, Kunst AE, Esnaola S, Borrell C, Cox B, et al. Socioeconomic
inequalities in lung cancer mortality in 16 European populations. Lung Cancer. 2009; 63 (3) :322—
30. [PubMed: 18656277]

Hastert TA, Beresford SAA, Sheppard L, White E. Disparities in cancer incidence and mortality by
area-level socioeconomic status: a multilevel analysis. Journal of Epidemiology and Community
Health. 2015; 69 (2) :168-76. [PubMed: 25288143]

Vanthomme K, Van den Borre L, Vandenheede H, Hagedoorn P, Gadeyne S. Site-specific cancer
mortality inequalities by employment and occupational groups: a cohort study among Belgian
adults, 2001-2011. BMJ Open. 2017; 7 (11)

World Health Organization. [Accessed December 2020] Cancer prevention. Available from: https://
www.who.int/cancer/prevention/en/

Dean L, Mirani K. Chapter 4: Smoking. Scottish Health Survey 2018: main report - revised 2020.
Accessed December 2020

Rehnberg J, Fors S, Fritzell J. Divergence and Convergence: How Do Income Inequalities in
Mortality Change over the Life Course? Gerontology. 2019; 65 (3) :313-22.

Cancer Epidemiol. Author manuscript; available in PMC 2021 August 31.


https://www.publichealthscotland.scot/publications/mesas-monitoring-report-2021/
https://www.who.int/cancer/prevention/en/
https://www.who.int/cancer/prevention/en/

s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Brown et al. Page 11

37. McLean G, Guthrie B, Mercer SW, Watt GCM. General practice funding underpins the persistence
of the inverse care law: cross-sectional study in Scotland. British Journal of General Practice.
2015; 65 (641) :E799-E805.

38. McCartney G, Popham F, Katikireddi SV, Walsh D, Schofield L. How do trends in mortality
inequalities by deprivation and education in Scotland and England & Wales compare? A repeat
cross-sectional study. BMJ Open. 2017; 7 (7) e017590

39. Schofield L, Walsh D, Munoz-Arroyo R, McCartney G, Buchanan D, Lawder R, et al.
Dying younger in Scotland: trends in mortality and deprivation relative to England and Wales,
1981-2011. Health Place. 2016; 40 :106-15. [PubMed: 27235691]

40. Allik M, Brown D, Dundas R, Leyland AH. Developing a new small-area measure of deprivation
using 2001 and 2011 census data from Scotland. Health Place. 2016; 39 :122-30. [PubMed:
27082656]

41. Scottish Government. [Accessed December 2020] Scottish Index of Multiple Deprivation 2020.
Auvailable from: https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/

42. Public Health Scotland. [Accessed December 2020] Deprivation guidance for analysts.
Available from: https://www.isdscotland.org/Products-and-Services/GPD-Support/Deprivation/
docs/PHS-Deprivation-Guidance-version-3-4.pdf

43. National Records of Scotland. [Accessed August 2021] Quality assurance of administrative
data used in population statistics: Births and deaths data. Available from: https://
www.nrscotland.gov.uk/files//statistics/population/quality-assurance/qaad-births-deaths-data.pdf
44. Roser M, Ritchie H. Cancer 2020. Accessed December 2020

45. Bhakta N, Force LM, Allemani C, Atun R, Bray F, Coleman MP, et al. Childhood cancer burden: a
review of global estimates. Lancet Oncology. 2019; 20 (1) :E42—E53. [PubMed: 30614477]

46. Bleyer, A, O’Leary, M, Barr, R, Ries, LAG, editors. Cancer epidemiology in older adolescents and
young adults 15 to 29 years of age, including SEER incidence and survival: 1975-2000. Bethesda,
MD: 2006.

47. Department of Health. [Accessed December 2020] The NHS cancer plan 2000. Available
from:https://www.thh.nhs.uk/documents/Departments/Cancer/NHSCancerPlan.pdf

48. NHS. [Accessed December 2020] The NHS long term plan 2019. Available from: https://
www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf

49. Scottish Government. [Accessed December 2020] Creating a tobacco-free generation: A tobacco
control strategy 2013. Available from: https://www.gov.scot/publications/tobacco-control-strategy-
creating-tobacco-free-generation/

50. Scottish Government. [Accessed December 2020] Beating cancer:

Ambition and action 2016. Available from: https://www.gov.scot/binaries/content/
documents/govscot/publications/strategy-plan/2016/03/beating-cancer-ambition-action/documents/
00496709-pdf/00496709-pdf/govscot%3Adocument/00496709.pdf

51. Scottish Government. [Accessed December 2020] Raising Scotland’s tobacco-free generation:
our tobacco control action plan 2018. Available from: https://www.gov.scot/publications/raising-
scotlands-tobacco-free-generation-tobacco-control-action-plan-2018/

52. Capewell S, Capewell A. An effectiveness hierarchy of preventive interventions: neglected
paradigm or self-evident truth? Journal of Public Health. 2018; 40 (2) :350-8. [PubMed:
28525612]

Cancer Epidemiol. Author manuscript; available in PMC 2021 August 31.


https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/
https://www.isdscotland.org/Products-and-Services/GPD-Support/Deprivation/docs/PHS-Deprivation-Guidance-version-3-4.pdf
https://www.isdscotland.org/Products-and-Services/GPD-Support/Deprivation/docs/PHS-Deprivation-Guidance-version-3-4.pdf
https://www.nrscotland.gov.uk/files//statistics/population/quality-assurance/qaad-births-deaths-data.pdf
https://www.nrscotland.gov.uk/files//statistics/population/quality-assurance/qaad-births-deaths-data.pdf
https://www.thh.nhs.uk/documents/Departments/Cancer/NHSCancerPlan.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.gov.scot/publications/tobacco-control-strategy-creating-tobacco-free-generation/
https://www.gov.scot/publications/tobacco-control-strategy-creating-tobacco-free-generation/
https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-plan/2016/03/beating-cancer-ambition-action/documents/00496709-pdf/00496709-pdf/govscot%3Adocument/00496709.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-plan/2016/03/beating-cancer-ambition-action/documents/00496709-pdf/00496709-pdf/govscot%3Adocument/00496709.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-plan/2016/03/beating-cancer-ambition-action/documents/00496709-pdf/00496709-pdf/govscot%3Adocument/00496709.pdf
https://www.gov.scot/publications/raising-scotlands-tobacco-free-generation-tobacco-control-action-plan-2018/
https://www.gov.scot/publications/raising-scotlands-tobacco-free-generation-tobacco-control-action-plan-2018/

s1dLIoSNUBIA Joyany sispund DN 8doin3 g

s1dLIOSNUBIA JOUINY Sispund DN 8doin3 g

Brown et al.

Page 12

1400 m Other cancers
m Leukaemia
1200 u Kidney s
& Stomach 3
> 1000 Head and neck =
1 £
= Bladder ®
3 F
800 mLiver g
@ @
£ ® Pancreas £
prus pras
o 600 Oesophagus :
E u Colorectal 5
£ 400 Prostate ﬁ
§_ m Lung 2
- 200 %
<
0 -
30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85- 90+ - -
(a) (b)
1.2
m Other cancers
800 u Cervix uteri
® Leukaemia —
?_’. Stomach 3
> 600 m Corpus uteri Fo
2 =
- Non-Hodgkin lymphoma s
E] " T
o m Liver 7]
2 Oesoph =
E 400 esophagus 5
° m Pancreas x
3 #Ova <
° Y £
= u Colorectal )
g 200 Breast 5
) ©
7] HLung °
[

(c) (d)

Figure 1.
Contribution of selected specific cancers to absolute and relative inequalities in all cancers

for deaths in 2016. Plots show (a) SII for males, (b) RII for males, (c) SlI for females and (d)
RI1I for females, for five-year age groups 30 to 90+. Cancer sites are coloured consistently
across males and females
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