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Objectives: To investigate the relationship between socio-economic circumstances and

cancer incidence in Scotland in recent years.

Study design: Population-based study using cancer registry data.

Methods: Data on incident cases of colorectal, lung, female breast, and prostate cancer

diagnosed between 2001 and 2012 were obtained from a population-based cancer registry

covering a population of approximately 2.5 million people in the West of Scotland. Socio-

economic circumstances were assessed based on postcode of residence at diagnosis,

using the Scottish Index of Multiple Deprivation (SIMD). For each cancer, crude and age-

standardised incidence rates were calculated by quintile of SIMD score, and the number

of excess cases associated with socio-economic deprivation was estimated.

Results: 93,866 cases met inclusion criteria, comprising 21,114 colorectal, 31,761 lung, 23,757

female breast, and 15,314 prostate cancers. Between 2001 and 2006, there was no consis-

tent association between socio-economic circumstances and colorectal cancer incidence,

but 2006e2012 saw an emerging deprivation gradient in both sexes. The incidence rate

ratio (IRR) for colorectal cancer between most deprived and least deprived increased from

1.03 (95% confidence interval [CI] 0.91e1.16) to 1.24 (95% CI 1.11e1.39) during the study

period. The incidence of lung cancer showed the strongest relationship with socio-

economic circumstances, with inequalities widening across the study period among

women from IRR 2.66 (95% CI 2.33e3.05) to 2.91 (95% CI 2.54e3.33) in 2001e03 and 2010e12,

respectively. Breast and prostate cancer showed an inverse relationship with socio-

economic circumstances, with lower incidence among people living in more deprived

areas.

Conclusion: Significant socio-economic inequalities remain in cancer incidence in the West

of Scotland, and in some cases are increasing. In particular, this study has identified an

emerging, previously unreported, socio-economic gradient in colorectal cancer incidence
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among women as well as men. Actions to prevent, mitigate, and undo health inequalities

should be a public health priority.

© 2017 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public

Health. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
Introduction

Cancer is the most common cause of death, and of premature

death, in Scotland, with four sites, lung, breast, prostate, and

colorectal, accounting for approximately half of all cases and

deaths.1e3 Scotland experiences higher rates of cancer inci-

dence and mortality than the rest of the UK, with the burden

particularly high in the West of Scotland.4

Socio-economic inequalities in incidence have been

described for a range of cancers worldwide, across various

measures of socio-economic circumstances.5 Global trends

toward population ageing and a growing burden of non-

communicable disease suggest that in coming years, cancer

will become an increasingly important proximal cause of

health inequalities. Since exposure to modifiable factors is a

key determinant of cancer risk,6 studying inequalities in

incidence may identify opportunities to improve the reach

and effectiveness of health improvement activities.

Although previous studies have documented the existence

of such inequalities, there is a lack of up-to-date analyses

from high-income countries, particularly in relation to trends

over time. Recent years have seen changes in the distribution

of risk factors (such as tobacco use), in primary and secondary

prevention efforts (such as screening), and in the economic

and political forces that drive the social determinants of

health.7e9 There is thus a need to update our understanding of

socio-economic inequalities in cancer incidence.

We investigated the relationship between socio-economic

circumstances and incidence of the four most common can-

cers in the West of Scotland between 2001 and 2012, using

data from a population-based registry.
Methods

Study population

For the purpose of this study, theWest of Scotland region was

defined as comprising the Health Board areas of Ayrshire and

Arran, Dumfries and Galloway, Forth Valley, Greater Glasgow

and Clyde, and Lanarkshire. Together, these areas have a

resident population of approximately 2.5 million people;

around half of the total Scottish population.

Data on cases were obtained from the West of Scotland

Cancer Surveillance Unit, which holds regional data from the

Scottish Cancer Registry.10 Inclusion criteria were incident

case of colorectal, lung, prostate, or female breast cancer; aged

�15 years; date of incidence between 2001 and 2012; resident

at diagnosis in any one of the following Health Boards,

Ayrshire and Arran, Dumfries and Galloway, Forth Valley,
Greater Glasgow and Clyde, and Lanarkshire. Exclusion

criteria were inability to ascertain deprivation status due to

missing postcode or residence in a postcode with no SIMD

score assigned; multiple registrations for cancers of the same

site in the same individual (only the earliest registration for

each site in each individual was included); cases with a

negative survival time or recorded as having a hospital

admission after death (assumed to represent linkage errors

resulting from probabilistic matching).

The date of incidence for each case was defined in the

registry as the first outpatient consultation, hospital admis-

sion, pathology report, or treatment for that cancer; or, if none

of the aforementioned criteria could be established, as the

date of diagnosis or best estimate. Year of incidence was

classified into four 3-year periods to facilitate analysis. These

were chosen to correspondwith an extension of the upper age

limit for breast cancer screening (between 2004 and 2006) and

the introduction of a national screening programme for

colorectal cancer (between 2007 and 2009).

Like most other population-based cancer registries, the

ScottishCancer Registry does not collect individual-level socio-

economic indicators, such as income or occupation. An area-

level proxy indicator, the Scottish Index of Multiple Depriva-

tion (SIMD), was therefore used, based on the postcode of each

case at diagnosis. The SIMD is based on a relative ranking of

6505 small areas (‘datazones’), according to the weighted sum

of scores from seven domains (income, employment, crime,

education, health, housing and access to amenities and ser-

vices). Datazones have a mean population of 800 individuals;

their boundaries remained stable throughout the study period

of 2001e2012. There have been multiple releases of SIMD over

theyears: for this analysis, SIMD2006was chosenas the release

closest to the midpoint of the study period. Cases were classi-

fied on the basis of population-weighted quintiles of SIMD

score, with one representing the least deprived and five the

most deprived sectors of the population.

Midyear population estimates, adjusted for the results of

the 2011 census, were obtained from National Records for

Scotland for each datazone, by age, sex and year.

Analysis

All analyses were undertaken using Stata, version 12 (Stata-

corp, College Station, TX).

Crude incidence rates, in cases per 100,000 person-years,

were calculated for each 3-year period and for the study

period as a whole by dividing the cumulative number of

incident cases occurring during that period by the cumulative

population for each year of that period.

In order to adjust for the local age profile and enable

comparison with published studies from other regions and
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countries, age-standardisation of incidence rates was under-

taken using the direct method, with the European Standard

Population (truncated to those aged 15 years and above) as

reference.11

Poisson regressionwas used to investigate the relationship

between SIMD quintile and incidence of each of the four

cancers. Further details of these methods are provided in the

online supplementary material.

To determine if there was a linear trend over time in the

incidence rate ratio (IRR) between themost and least deprived

areas, we used weighted least square regressions of IRR

against year. The weights used were inversely proportional to

the error variance of the IRRs.

Ethical considerations

Data included in this study were collected by the Scottish

Cancer Registry and held by the West of Scotland Cancer

Surveillance Unit for the purposes of service monitoring and

quality improvement. The Caldicott guardian of each partici-

pating NHS Health Board has given permission for theWest of

Scotland Cancer Surveillance Unit to hold these data, and the

Privacy Advisory Committee of NHS National Services Scot-

land has previously approved the use of these data for

research.
Results

A total of 93,866 cases meeting the inclusion criteria were

identified from the registry.

In total, 1920 cases (2.0%) were excluded from all analyses

for the following reasons: multiple registrations for the same

site in the same individual (n ¼ 1783); duplicate records of

same cancer episode (n ¼ 55); record of hospital admission

following recorded date of death (n ¼ 54); negative survival

time (n ¼ 18); or no data on deprivation status (n ¼ 10). The

number of cases excluded due to missing data on deprivation

status was too small to allowmeaningful analysis of how they

differed from cases for whom these data were available. The

study population therefore comprised 91,946 cases, as shown

in Supplementary Fig. 1.

During the period 2001 to 2012, there were 21,114 cases of

colorectal cancer, 31,761 cases of lung cancer, 23,757 cases of

female breast cancer, and 15,314 cases of prostate cancer

registered in the West of Scotland. Their characteristicsdand

those of the population of the West of Scotland, as of

2006dare shown in Table 1.

Incidence

Figs. 1e4 illustrate age-standardised incidence rates for each

site, by deprivation quintile and period of incidence. Detailed

results of incidence analyses are available in the online sup-

plementary material, Supplementary Tables 1e4.

Colorectal cancer

Among men, the overall age-standardised incidence of colo-

rectal cancer remained stable across the study period
(Supplementary Table 1a): in both 2001e2003 and 2010e2012,

the rate across all quintiles combined was 101.9 per 100,000

person-years. Incidence tended to be lowest in the second

least-deprived quintile and highest in the two most deprived

quintiles (Fig. 1a). A socio-economic gradient became more

apparent during the latter part of the study period, as a result

of declining incidence in the least-deprived quintile and an

increase in the most-deprived quintile. The IRR between the

most deprived and least-deprived areas therefore increased

from 1.03 (95% confidence interval [CI] 0.91e1.16) to 1.24

(95% CI 1.11e1.39) during the study period (Fig. 2a and

Supplementary Table 1a).

There was a slight increase in the age-standardised inci-

dence rate of female colorectal cancer during the study period,

from 61.1 per 100,000 person-years in 2001e2003 to 68.8 per

100,000 person-years in 2010e2012, though rates among

women remained significantly lower than among men

(Supplementary Table 1b). Among women, incidence showed

less variation by deprivation than among men, with no clear

association between socio-economic circumstances and age-

standardised incidence of colorectal cancer during the first

half of the study period (Fig. 1b). However, the second half saw

the emergence of a socio-economic gradient, driven by an

increase in incidence in the two most deprived quintiles and,

to a lesser extent, a decline in incidence among the least

deprived quintile. The IRR between women living in the most

and least deprived quintiles therefore increased from 0.93

(95% CI 0.82e1.06) in 2001e2003 to 1.20 (95% CI 1.06e1.36) in

2010e2012 (Fig. 2b and Supplementary Table 1b). This trend

was also observed in sensitivity analyses using the 2009

release of SIMD and 4-year rather than 3-year periods (data

not shown).

Lung cancer

The overall age-standardised incidence of lung cancer showed

opposing trends by sex (Supplementary Tables 2a and 2b),

decreasing over time among men (from 162.4 per 100,000

person-years in 2001e2003 to 139.6 per 100,000 person-years

in 2010e2012), but increasing among women (from 89.6 per

100,000 person-years in 2001e2003 to 103.2 per 100,000

person-years in 2010e2012).

Marked inequalities in age-standardised lung cancer inci-

dence were observed in both sexes, with a clear stepwise

socio-economic gradient and an almost three-fold difference

between those living in the most and least deprived areas

(Fig. 3).

Among men, the gradient became more pronounced be-

tween 2001e2003 and 2007e2009 as incidence declined among

the least deprived (Supplementary Table 2a). The IRR between

men living in the most and least deprived quintiles therefore

increased from 2.81 (95% CI 2.39e3.31) in 2001e2003 to 3.25

(95% CI 2.79e3.78) in 2007e2009. However, this trend was

reversed in the most recent three-year period, with a slight

lessening of the gradient and a reduction in the IRR for

2010e2012 to 2.93 (95% CI 2.42e3.31).

In contrast, among women, the IRR between the most and

least deprived quintiles grew over time during the study

period from 2.66 (95% CI 2.33e3.05) in 2001e2003 to 2.91

(95% CI 2.54e3.33) in 2010e2012 (Fig. 2b and Supplementary
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Table 1 e Characteristics of cases of colorectal, lung, breast, and prostate cancer (2001e2012), and of the population (2006)
for the West of Scotland.

Characteristic Incident cases by cancer site 2001e2012 Population
estimate in
100,000s in

2006

Colorectal Lung Breast Prostate West of
Scotland

n % n % n % n % n %

Age group (y)

15e44 506 2.4 325 1.0 2440 10.3 22 0.1 10.4 49.3

45e54 1530 7.3 1692 5.3 4789 20.2 517 3.4 3.6 16.8

55e64 3955 18.7 6033 19.0 5884 24.8 3183 20.8 3.1 14.4

65e74 6681 31.6 11,122 35.0 5170 21.8 6055 39.5 2.3 10.8

75e84 6255 29.6 10,008 31.5 3810 16.0 4,41 28.8 1.4 6.6

85 plus 2187 10.4 2581 8.1 1664 7.0 1124 7.3 0.4 2.1

Sex

Male 11,428 54.1 16,720 52.6 e e 15,314 100.0 10.0 47.2

Female 9686 45.9 15,041 47.4 23,757 100.0 e e 11.2 52.8

SIMD 2006 quintile

1 (least deprived) 3203 15.2 2654 8.4 4114 17.3 2877 18.8 3.4 15.9

2 3085 14.6 3310 10.4 3856 16.2 2636 17.2 3.3 15.6

3 3762 17.8 4886 15.4 4292 18.1 2781 18.2 3.8 17.9

4 5085 24.1 8061 25.4 5458 23.0 3412 22.3 4.8 22.5

5 (most deprived) 5979 28.3 12,850 40.5 6037 25.4 3608 23.6 6.0 28.1

Total 21,114 100.0 31,761 100.0 23,757 100.0 15,314 100.0 21.2 100.0

p u b l i c h e a l t h 1 5 4 ( 2 0 1 8 ) 1e1 04
Table 2b). This was explained by increasing incidence among

themost deprived and static or declining incidence among the

less deprived.

Breast cancer

The age-standardised incidence of breast cancer increased in

each successive three-year study period, from 145.3 per

100,000 person-years in 2001e2003 to 162.9 per 100,000

person-years in 2010e2012 (Supplementary Table 3). A clear

inverse socio-economic gradient was observed, with inci-

dence negatively associated with deprivation (Fig. 4). Though

this inequality appeared to grow over time, with the IRR be-

tween the most and least deprived quintiles decreasing from

0.87 (95% CI 0.80e0.95) in 2001e2003 to 0.82 (95% CI 0.76e0.89)

in 2010e2012 (Supplementary Table 3); this difference was not

statistically significant.

Prostate cancer

No clear trend in the overall age-standardised incidence of

prostate cancer was observed across the study period

(Supplementary Table 4): for instance, incidence in 2001e2003

was 138.9 per 100,000 person-years and in 2010e2012, 131.6

per 100,000 person-years. During the early years of the study

period, incidence tended to be higher among men with more

favourable socio-economic circumstances (Fig. 5). However,

this socio-economic gradient was noticeably less pronounced

in 2010e2012, when a substantial decline in incidence was

observed in all quintiles and particularly among men living in

the least deprived areas. This was also reflected in a declining

socio-economic gap, with the IRR between the most and least
deprived quintiles increasing from 0.73 (95% CI 0.66e0.81) in

2001e2003 to 0.87 (95%CI 0.76e0.96) (Fig. 2 and Supplementary

Table 4).

Trends in IRRs

Fig. 2 shows the trends in the IRR between the most and least

deprived quintiles for each cancer, by sex. The figure suggests

a general increase in the relative differentials over time be-

tween the most and least deprived quintiles for each cancer,

with the exception of prostate cancer. Only the trend for

colorectal cancer was statistically significant (P ¼ 0.002 for

women and P ¼ 0.026 for men).
Discussion

This study aimed to describe the incidence of the four most

common cancers according to socio-economic circumstances

over a 12-year period in theWest of Scotland. It found that this

relationship varied by cancer site and over time.

The finding of a new and increasing socio-economic

inequality in colorectal cancer incidence extends the results

of a previous study from the West of Scotland which reported

an association between deprivation and incidence between

2005 and 2007 in males only.12 The magnitude of the depriva-

tion gap observed here is consistent with that study and with

others from elsewhere in the UK.12e14 However, an emerging

socio-economic gradient in female colorectal cancer incidence

inmore recent years has not previously been reported and is of

concern. Though the confidence intervals were relatively large,

these findings were robust to sensitivity analyses.
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Fig. 1 e Age-standardised incidence of colorectal cancer for (a) males and (b) females, by deprivation quintile and period of

incidence (with 95% confidence intervals).
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Strong evidence exists to link socio-economic disadvan-

tage with exposures known to increase the risk of colorectal

cancer, though few studies have explored changes over time

in the distribution of these risk factors that might explain the

trends observed here.15e17

The launch of a national bowel screening programme,

uptake of which is significantly lower among those from

more deprived areas,18 might have been expected to atten-

uate or reverse the emerging socio-economic gradient as a

result of the detection of prevalent or indolent cancers

among those screened. However, the two least deprived

quintiles showed only a slight increase in colorectal cancer
incidence during screening rollout (2007e2009), followed by a

substantial decline in the least deprived quintile during full

implementation (2010e12). Though screening does have a

primary preventative role through the removal of pre-

cancerous polyps, it is likely too soon to observe this

benefit in the population. Further analyses of these data

stratified by screening status are required to fully interpret

these findings.

The finding of a strong socio-economic gradient in lung

cancer incidence in both sexes is in keeping with existing

studies, with the observation of an almost three-fold greater

incidence in the most compared to the least deprived

https://doi.org/10.1016/j.puhe.2017.10.005
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Fig. 2 e Trends in age-adjusted incidence rate ratio for (a) males and (b) females between most and least deprived quintiles.
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consistent with previous estimates from Scotland19 and else-

where in the UK.19,20 Given that lung cancer is the most com-

mon cancer in Scotland, and survival following diagnosis

remains poor, this translates to a substantial excess of

morbidity and mortality among the most deprived.

The socio-economic gradient in lung cancer incidence

largely reflects a socio-economic gradient in smoking,

responsible for an estimated 80e85% of lung cancers.21 Mul-

tiple studies have demonstrated widening socio-economic

inequalities in smoking prevalence in the UK over recent de-

cades, which could explain the trends described here.7,22e24

The finding of a positive association between socio-

economic position and breast cancer incidence also coincides

with previous studies and can largely be explained by socio-

economic differences in reproductive history and screening

uptake.13,14,25,26 Though the socio-economic gradient in breast

cancer incidence was most pronounced in the most recent

period, data from the Scottish Breast Screening Programme

suggest that changes in screening uptake by deprivation are

unlikely to be responsible.27 No other recent evidence on

trends in the socio-economic distribution of risk factors could

be identified, which might help interpret this finding.
The finding of a higher incidence of prostate cancer among

men living in less deprived areas is also consistent with pre-

vious research.13,14 In the absence of known modifiable risk

factors, this may reflect higher rates of prostate-specific an-

tigen testing among less deprivedmen and hence higher rates

of overdiagnosis.28e30 The decline in incidence among the

least deprived in the most recent study period is as yet un-

explained but may reflect changes in clinical practice.

Although ethnicity is associated with prostate cancer risk,31

and with socio-economic position,32 it is unlikely to be an

important confounder of these results given that less than 2%

of the catchment population are of non-White ethnicity.32

This study's strengths include the use of a population-

based cancer registry with high levels of case ascertainment

and data completeness.33 In particular, the near-complete

availability of data on postcode of residence and hence on

area-level socio-economic circumstances compares favour-

ably to other registries.34,35 Using data from a single national

registry also ensured consistency of data collection and

coding.

One limitation was our reliance on an area-level rather

than individual-level socio-economic indicator, which may

https://doi.org/10.1016/j.puhe.2017.10.005
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Fig. 3 e Age-standardised incidence of lung cancer for (a) males and (B) females, by deprivation quintile and period of

incidence (with 95% confidence intervals).
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have resulted in an underestimation of deprivation gradients

in cancer.36,37 The SIMD datazone is among the smallest

output areas used for this purpose and aims to reflect natural

communities where possible; however, the potential for

heterogeneity, and therefore bias towards the null, remains.

The use of a single SIMD release from the approximate

midpoint of the study period was a pragmatic decision to

facilitate identification of deprivation-specific population

denominators and ensure consistency in the indicators

included but might result in misclassification of exposure

among cases from each extreme of the study period.
Conclusion

Significant socio-economic inequalities remain in cancer

incidence in theWest of Scotland. The stubborn persistence of

stark inequalities in lung cancer incidence, and the emer-

gence of a modest socio-economic gradient for colorectal

cancer are of particular concern.

There is strong evidence for socio-economic variation in

the individual-level risk factors for these conditions,

evidencing a need to target health improvement resources

and activities in order to achieve ‘proportionate

https://doi.org/10.1016/j.puhe.2017.10.005
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Fig. 5 e Age-standardised incidence of prostate cancer, by deprivation quintile and period of incidence (with 95% confidence

intervals).
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Fig. 4 e Age-standardised incidence of breast cancer, by deprivation quintile and period of incidence (with 95% confidence

intervals).
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universalism’.38 However, such variation begs a wider ques-

tion as to the ultimate drivers of such behavioural differences

and identifies the need to address the ‘fundamental causes’ of

health inequality, in the form of the unequal distribution of

wealth, resources and power.39

Those cancers showing an inverse socio-economic

gradient are those less likely to be explained by modifiable

risk factors. However, a higher incidence of both breast and

prostate cancer among the less deprived may to an extent

reflect inequalities in ‘over-diagnosis’ (or ‘over-detection’),

with the attendant burdens of unnecessary investigations,

treatment, anxiety and healthcare cost.
Future research should focus on how health improvement

activities can best be targeted or adapted in order to prevent

and mitigate socio-economic inequalities in the incidence of

cancer and other potentially avoidable conditions.
Author statements

Acknowledgements

The authors thank Billy Sloan for data management and IT

support.

https://doi.org/10.1016/j.puhe.2017.10.005
https://doi.org/10.1016/j.puhe.2017.10.005


p u b l i c h e a l t h 1 5 4 ( 2 0 1 8 ) 1e1 0 9
Ethical approval

Data included in this study were collected by the Scottish

Cancer Registry and held by the West of Scotland Cancer

Surveillance Unit for the purposes of service monitoring and

quality improvement. The Caldicott Guardian of each

participating NHS Health Board has given permission for the

West of Scotland Cancer Surveillance Unit to hold these data

and the Privacy Advisory Committee of NHS National Services

Scotland has previously approved the use of these data for

research.

Funding

This work was undertaken as part of a Masters in Public

Health, funded by NHS Greater Glasgow and Clyde. EJT is

currently affiliated to the MRC/CSO Social and Public Health

Sciences Unit, funded by the Medical Research Council

(MC_UU_12017/13 and MC_UU_12017/15) and Scottish Gov-

ernment Chief Scientist Office (SPHSU13 and SPHSU 15).

Competing interests

None declared.
r e f e r e n c e s

1. National Records of Scotland. Deaths by frequency of cause by
sex, numbers and percentages, Scotland, 1986-2013. 2014.
Available from: http://www.nrscotland.gov.uk/files//
statistics/ve-ref-tables-2013/2013-ref-tabs-6-5.pdf (accessed
03 May 2017).

2. National Records of Scotland. Under 75s age-standardised death
rates for all causes and certain selected causes, Scotland, 1994 to
2013. 2014. Available from: http://www.nrscotland.gov.uk/
files//statistics/age-standardised-death-rates-esp/age-stand-
death-rates-table2-1994-2013.pdf (accessed 03 May 2017).

3. Information Services Division. Cancer in Scotland. Edinburgh:
NHS National Services Scotland; 2015.

4. National Cancer Intelligence Network. UK cancer E-Atlas. 2014
[Available from: http://www.ncin.org.uk/cancer_information_
tools/eatlas/pct/atlas.html?select¼Eav&indicator¼i0
(accessed 05 May 2017).

5. Kogevinas M, Pearce N, Susser M, editors. Social inequalities
and cancer: International Agency for Research on Cancer; 1997.

6. Parkin DM, Boyd L, Walker LC. The fraction of cancer
attributable to lifestyle and environmental factors in the UK
in 2010. Br J Cancer 2011;105(S2):S77e81.

7. Scottish Public Health Observatory. Tobacco smoking in
Scotland: an epidemiology briefing. Edinburgh: NHS Health
Scotland and Information Services Division; 2008.

8. InformationServicesDivision. Scottish bowel screeningprogramme.
2015. Available from: http://www.isdscotland.org/Health-
Topics/Cancer/Bowel-Screening/ (accessed 03 May 2017).

9. Stuckler D, Basu S, McKee M. Budget crises, health, and social
welfare programmes. BMJ 2010;340:C3311.

10. Information Services Division. Scottish cancer registry. 2015.
Available from: http://www.isdscotland.org/Health-Topics/
Cancer/Scottish-Cancer-Registry.asp (accessed 05 May 2017).

11. Information Services Division. European standard population
2013 by sex: CSV file. 2015. Available from: http://www.
isdscotland.org/Products-and-Services/GPD-Support/
Population/Standard-Populations/ (accessed 05 May 2017).
12. Oliphant R, Brewster DH, Morrison DS. The changing
association between socioeconomic circumstances and the
incidence of colorectal cancer: a population-based study. Br J
Cancer 2011;104(11):1791e6.

13. Welsh Cancer Intelligence and Surveillance Unit. Cancer
incidence, mortality and survival by deprivation in Wales. Cardiff:
NHS Wales; 2009.

14. National Cancer Intelligence Network. Cancer by deprivation in
England: incidence, 1996e2010 & mortality, 1997e2011. London:
Public Health England and Cancer Research UK; 2014.

15. Scottish Public Health Observatory. Obesity in Scotland: an
epidemiology briefing. 2007.

16. Anderson AS, Hunt K. Who are the ‘healthy eaters’? Eating
patterns and health promotion in the west of Scotland. Health
Educ J 1992;51(1):3e10. https://doi.org/10.1177/
001789699205100102.

17. Hotchkiss JW, Davies C, Gray L, Bromley C, Capewell S,
Leyland AH. Trends in adult cardiovascular disease risk
factors and their socio-economic patterning in the Scottish
population 1995e2008: cross-sectional surveys. BMJ Open
2011;1(1). https://doi.org/10.1136/bmjopen-2011-000176.

18. Information Services Division. Scottish bowel screening
programme: key performance indicators report. Edinburgh: NHS
National Services Scotland; 2013.

19. Sharpe KH, McMahon AD, Raab GM, Brewster DH, Conway DI.
Association between socioeconomic factors and cancer risk: a
population cohort study in Scotland (1991e2006). PLoS One
2014;9(2), e89513. https://doi.org/10.1371/
journal.pone.0089513.

20. Shack L, Jordan C, Thomson CS, Mak V, Møller H, UK
Association of Cancer Registries. Variation in incidence of
breast, lung and cervical cancer and malignant melanoma of
skin by socioeconomic group in England. BMC Cancer 2008;8:271.

21. Parkin DM. 2. Tobacco-attributable cancer burden in the UK
in 2010. Br J cancer 2011;105(S2):S6e13.

22. Giskes K, Kunst AE, Benach J, Borrell C, Costa G, Dahl E, et al.
Trends in smoking behaviour between 1985 and 2000 in nine
European countries by education. J Epidemiol Community Health
2005;59(5):395e401. https://doi.org/10.1136/jech.2004.025684.

23. Harman J, Graham H, Francis B, Inskip HM, SWS Study Group.
Socioeconomic gradients in smoking among young women: a
British survey. Soc Sci Med 2006;63(11):2791e800. https://
doi.org/10.1016/j.socscimed.2006.07.021.

24. Evandrou M, Falkingham J. Smoking behaviour and
socioeconomic status: a cohort analysis, 1974e1998. Health
Stat Q Office Natl Stat 2002;14:30e9.

25. Quinn M, Babb P, Brock A, Kirby L, Jones J. Cancer trends in
England and Wales 1950e1999. In: Statistics N, editor. Studies
on medical and population subjects. London: Office for National
Statistics; 2001.

26. dos Santos Silva I, Beral V. Socioeconomic differences in
reproductive behaviour. IARC Sci Publ 1997;(138):285e308
[published Online First: 1997/01/01].

27. Information Services Division. Scottish breast screening
programme. 2013. Available from: https://isdscotland.scot.nhs.
uk/Health-Topics/Cancer/Publications/2013-04-30/Breast_
Screening_Milestones.pdf (accessed 05 May 2017).

28. Jackson BL, Hope K, Jackson CL, Williams ST. PSA testing and
its relationship with social deprivation. Br J Med Surg Urol
2012;5(2):74e7.

29. Melia J, Moss S, Johns L. Rates of prostate-specific antigen
testing in general practice in England and Wales in
asymptomatic and symptomatic patients: a cross-sectional
study. BJU Int 2004;94(1):51e6. https://doi.org/10.1111/j.1464-
4096.2004.04832.x [published Online First: 2004/06/26].

30. Morgan RM, Steele RJ, Nabi G, McCowan C. Socioeconomic
variation and prostate specific antigen testing in the
community: a United Kingdom based population study. J Urol

http://www.nrscotland.gov.uk/files//statistics/ve-ref-tables-2013/2013-ref-tabs-6-5.pdf
http://www.nrscotland.gov.uk/files//statistics/ve-ref-tables-2013/2013-ref-tabs-6-5.pdf
http://www.nrscotland.gov.uk/files//statistics/age-standardised-death-rates-esp/age-stand-death-rates-table2-1994-2013.pdf
http://www.nrscotland.gov.uk/files//statistics/age-standardised-death-rates-esp/age-stand-death-rates-table2-1994-2013.pdf
http://www.nrscotland.gov.uk/files//statistics/age-standardised-death-rates-esp/age-stand-death-rates-table2-1994-2013.pdf
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref3
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref3
http://www.ncin.org.uk/cancer_information_tools/eatlas/pct/atlas.html?select=Eav&amp;indicator=i0
http://www.ncin.org.uk/cancer_information_tools/eatlas/pct/atlas.html?select=Eav&amp;indicator=i0
http://www.ncin.org.uk/cancer_information_tools/eatlas/pct/atlas.html?select=Eav&amp;indicator=i0
http://www.ncin.org.uk/cancer_information_tools/eatlas/pct/atlas.html?select=Eav&amp;indicator=i0
http://www.ncin.org.uk/cancer_information_tools/eatlas/pct/atlas.html?select=Eav&amp;indicator=i0
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref5
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref5
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref6
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref6
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref6
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref6
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref7
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref7
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref7
http://www.isdscotland.org/Health-Topics/Cancer/Bowel-Screening/
http://www.isdscotland.org/Health-Topics/Cancer/Bowel-Screening/
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref9
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref9
http://www.isdscotland.org/Health-Topics/Cancer/Scottish-Cancer-Registry.asp
http://www.isdscotland.org/Health-Topics/Cancer/Scottish-Cancer-Registry.asp
http://www.isdscotland.org/Products-and-Services/GPD-Support/Population/Standard-Populations/
http://www.isdscotland.org/Products-and-Services/GPD-Support/Population/Standard-Populations/
http://www.isdscotland.org/Products-and-Services/GPD-Support/Population/Standard-Populations/
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref12
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref12
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref12
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref12
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref12
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref13
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref13
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref13
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref14
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref14
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref14
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref14
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref14
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref14
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref15
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref15
https://doi.org/10.1177/001789699205100102
https://doi.org/10.1177/001789699205100102
https://doi.org/10.1136/bmjopen-2011-000176
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref18
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref18
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref18
https://doi.org/10.1371/journal.pone.0089513
https://doi.org/10.1371/journal.pone.0089513
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref20
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref20
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref20
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref20
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref21
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref21
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref21
https://doi.org/10.1136/jech.2004.025684
https://doi.org/10.1016/j.socscimed.2006.07.021
https://doi.org/10.1016/j.socscimed.2006.07.021
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref24
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref24
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref24
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref24
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref24
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref25
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref25
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref25
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref25
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref25
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref26
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref26
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref26
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref26
https://isdscotland.scot.nhs.uk/Health-Topics/Cancer/Publications/2013-04-30/Breast_Screening_Milestones.pdf
https://isdscotland.scot.nhs.uk/Health-Topics/Cancer/Publications/2013-04-30/Breast_Screening_Milestones.pdf
https://isdscotland.scot.nhs.uk/Health-Topics/Cancer/Publications/2013-04-30/Breast_Screening_Milestones.pdf
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref28
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref28
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref28
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref28
https://doi.org/10.1111/j.1464-4096.2004.04832.x
https://doi.org/10.1111/j.1464-4096.2004.04832.x
https://doi.org/10.1016/j.puhe.2017.10.005
https://doi.org/10.1016/j.puhe.2017.10.005


p u b l i c h e a l t h 1 5 4 ( 2 0 1 8 ) 1e1 010
2013;190(4):1207e12. https://doi.org/10.1016/j.juro.2013.04.044
[published Online First: 2013/04/24].

31. Lloyd T, Hounsome L, Mehay A, Mee S, Verne J, Cooper A.
Lifetime risk of being diagnosed with, or dying from, prostate
cancer by major ethnic group in England 2008e2010. BMC Med
2015;13(1):1e10. https://doi.org/10.1186/s12916-015-0405-5.

32. National Records for Scotland. Scotland's Census. Edinburgh:
National Records for Scotland; 2014.

33. Information Services Division. Cancer meta-data. 2015.
Available from: http://www.isdscotland.org/Health-Topics/
Cancer/Scottish-Cancer-Registry/Cancer-Metadata/ (accessed
05 May 2017).

34. United Kingdom and Ireland Association of Cancer Registries.
Key Performance Indicators. [Available from: http://www.
ukiacr.org/kpis (accessed 02 August 2017).

35. Forsea A-M. Cancer registries in Europedgoing forward is the
only option. Ecancermedicalscience 2016;10:641. https://doi.org/
10.3332/ecancer.2016.641.
36. Donnelly DW, Gavin A. Socio-economic inequalities in cancer
incidence e the choice of deprivation measure matters.
Cancer Epidemiol 2011;35(6):e55e61.

37. Woods LM, Rachet B, Coleman MP. Choice of geographic unit
influences socioeconomic inequalities in breast cancer
survival. Br J Cancer 2005;92(7):1279e82.

38. Marmot MG. Fair society, healthy lives: the marmot review.
London. 2010.

39. Phelan JC, Link BG, Tehranifar P. Social conditions as
fundamentalcausesofhealth inequalities: theory, evidence,and
policy implications. J Health Soc Behav 2010;51(1_suppl):S28e40.
https://doi.org/10.1177/0022146510383498.

Appendix A. Supplementary data

Supplementary data related to this article can be found at

https://doi.org/10.1016/j.puhe.2017.10.005.

https://doi.org/10.1016/j.juro.2013.04.044
https://doi.org/10.1186/s12916-015-0405-5
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref32
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref32
http://www.isdscotland.org/Health-Topics/Cancer/Scottish-Cancer-Registry/Cancer-Metadata/
http://www.isdscotland.org/Health-Topics/Cancer/Scottish-Cancer-Registry/Cancer-Metadata/
http://www.ukiacr.org/kpis
http://www.ukiacr.org/kpis
https://doi.org/10.3332/ecancer.2016.641
https://doi.org/10.3332/ecancer.2016.641
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref36
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref36
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref36
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref36
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref36
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref37
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref37
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref37
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref37
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref38
http://refhub.elsevier.com/S0033-3506(17)30333-5/sref38
https://doi.org/10.1177/0022146510383498
https://doi.org/10.1016/j.puhe.2017.10.005
https://doi.org/10.1016/j.puhe.2017.10.005
https://doi.org/10.1016/j.puhe.2017.10.005

	Socio-economic inequalities in the incidence of four common cancers: a population-based registry study
	Introduction
	Methods
	Study population
	Analysis
	Ethical considerations

	Results
	Incidence
	Colorectal cancer
	Lung cancer
	Breast cancer
	Prostate cancer
	Trends in IRRs

	Discussion
	Conclusion

	Author statements
	Acknowledgements

	Ethical approval
	Funding
	Competing interests
	References
	Appendix A. Supplementary data


