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Introduction
According to GLOBOCAN 2020, colorectal cancer (CRC)

(ICD-10 code C18-20) is the third most commonly diagnosed 
cancer and the second most common cause of cancer mortali-
ty worldwide, with over 1.9 million incident cases and around 
930,000 deaths [1].

The global distribution of CRC burden varies widely, with 
known gradients in incidence and mortality across human de-
velopment levels; more than two-thirds of cases and around 60% 
of deaths occur in high-income countries [2]. Understanding the 
temporal trends and demographic distribution of CRC is import-
ant as the global incidence is expected to increase over the com-
ing decade to more than 2.2. million new cases and 1.1 million 
deaths in 2030 [2].
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Trends in the UK are similar to other western countries. In the 
UK CRC was the 4th most common cancer and 2nd most com-
mon cause of cancer death [3], with around 43,000 new diagno-
ses and 16,800 deaths in 2018. CRC incidence rates in the UK 
have remained relatively stable over the last two decades, with a 
6% decrease in the incidence rate (European age-standardised).

Survival has more than doubled in the last 40 years, with a 
53% 10-year survival. Five-year net survival for CRC ranges 
from 92% for those diagnosed at stage 1, and 10% for those di-
agnosed at stage 4[3]. Mortality rates have decreased by around 
11% in the UK in the last decade and decreased by 45% since the 
early 1970s. This is in part due to stabilisation of incidence rates 
and improvements in survival through early detection by screen-
ing programmes and improvements in treatment options [4].
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In high income countries such as England, there is a known 
difference in the incidence, survival and mortality from CRC by 
sex and deprivation. Incidence and mortality rates are higher in 
males than females, and in people living in more deprived areas 
compared to less deprived areas [5,6].

CRC mortality is known to be reduced through participation in 
screening programmes through early detection [7]. The English 
Bowel Cancer Screening programme, first introduced in 2006, 
now involves the use of the Faecal Immunochemical Test (FIT). 
It is offered every two years to men and women aged 60 to 74 
[8]. Removal of precursor and neoplastic CRC lesions have been 
shown to reduce future CRC incidence. Uptake of screening is 
estimated to vary between 35% in the most deprived and 61% in 
the least deprived regions of the UK [9].

The aetiology of CRC is fairly well understood - 54% of CRC 
are thought to be preventable [3]. Non-modifiable risk factors in-
clude age, family history and genetic factors including hereditary 
non-polyposis colorectal cancer (HNPCC) and familial polypo-
sis10. Modifiable risk factors include obesity, sedentary lifestyle, 
processed and red meat consumption, alcohol and tobacco use 
[4].

Socioeconomic deprivation is a multi-faceted concept that 
refers to the complex factors that influence an individual’s ex-
perience in society. Socioeconomic deprivation in England can 
be measured using the English Index of Multiple Deprivation 
(IMD) [11]. It is an index measure comprised of seven domains 
that provides an overall relative measure of deprivation for each 
Lower layer Super Output Area (LSOA), which accounts for a 
small area with a population of around 1,500 people. Important-
ly, the IMD score is an area-based score and does not provide 
information on whether everyone within an LSOA experiences 
the same level of deprivation.

Previous research has investigated socioeconomic inequalities 
in CRC screening uptake [12] and mortality rates in England [5-
13]. The most deprived areas of England experience higher in-
cidence and mortality rates of common cancers such as bowel, 
breast and prostate cancer compared to those in less deprived ar-
eas [5]. The reasons for these differences are thought to come un-
der the domains defined by IMD as well as differences in health 
related behaviours such as smoking, alcohol consumption, sed-
entary lifestyle, nutrition, access to and interaction with health-
care services [14].

This study aims to investigate the association between socio-
economic deprivation and CRC mortality in England, using CRC 
mortality data for the years 2011-2020. A population-based anal-
ysis of the Office for National Statistics (ONS) mortality data 
will be conducted with the aim of improving understanding of 
the association between socioeconomic deprivation and CRC 
mortality.

Methods
To examine the association between IMD and CRC mortality, 

a population-based retrospective epidemiological study, using 
ONS mortality data, was conducted using records of CRC (ICD-
10 C18-20) as the underlying or contributing cause of death be-
tween 2011 and 2020 in England. For the calculation of mortality 
rates, English population data by age, sex and calendar year (i.e., 

the denominator data) were obtained from ONS census esti-
mates. The ONS dataset included information on CRC deaths in 
England, age at death, sex and socioeconomic deprivation.

IMD is the official measure of relative deprivation for small 
areas in England, based on the 2011 census [15]. The IMD ranks 
every small area of around 1,500 people from 1 (most deprived) 
to 32,844 (least deprived) using seven domains of deprivation 
(see supplementary). IMD rank was collapsed into IMD quin-
tiles for analysis.

Age-specific and age-standardised mortality rates (ASMR) for 
CRC were calculated for England (population 56.5M) by year 
and sex, overall and by IMD quintiles. Rates were reported per 
100,000 people. Age standardisation was done using the Europe-
an Standard Population 2013 Edition [16].

In order to determine the difference in mortality rates between 
each IMD quintile, age-adjusted incidence (mortality) rate ratios 
were calculated using a Poisson count regression model for each 
year, using the least deprived quintile (IMD 5) as the reference 
category. Age was adjusted for as confounder and the model was 
stratified by sex. Logarithm of the population was used as the 
offset term.

There was evidence of over-dispersion which violates the as-
sumptions of the Poisson model. Therefore, robust variance esti-
mators were used to calculate heteroscedasticity-robust standard 
errors, accounting for Poisson model misspecification. However, 
we also checked the robustness of the results from the Poisson 
model with robust variance in the sensitivity analysis using a 
negative binomial model. Since level of deprivation by IMD 
quintile is the exposure of interest, we conducted a linear test for 
trend on the association between CRC mortality and decreasing 
deprivation by sex and for each year.

All data management and analyses were conducted using 
STATA v.1. A separate ethics approval was not required because 
only anonymous data without personal identifiers was used in 
this analysis.

Results
In the 10-year period 2011-2020, there were 151,302 patient 

records obtained from the ONS database where a death due to 
CRC was recorded. Of these, 252 were excluded from the anal-
ysis as these deaths occurred in Scotland and Wales. The final 
analysis included 151,050 CRC deaths in England. There were 
no missing data.

Table 1 shows higher rates of CRC mortality in males than 
females across all years 2011 to 2020. Although there was an 
increase in the number of cases of CRC deaths in England from 
2011 to 2020, the crude rates for CRC mortality were fairly sta-
ble.

There was a modest decline in the ASMR of CRC mortality 
in males, females, and persons. In males, there was a modest 
decline of 7.3% in the ASMR of CRC mortality from 39.8 (95% 
CI 38.9-40.7) in 2011 to 36.9 (95% CI 36.2-37.7) in 2020. In 
females, there was also a small decrease of 2.9% in the ASMR 
of CRC mortality from 24.1 (95% CI 23.5-24.7) in 2011 to 23.4 
(95% CI 22.8-23.9) in 2020.

Figure 1 shows the age-specific CRC mortality rates by year 
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of death and sex in England for 2011-2020. Older age groups 
have a higher CRC mortality rate in males, females, and per-
sons. Males had a pronouncedly higher age-specific CRC mor-
tality rate than females across older age categories (60-69, 70-79, 
80-89 and 90+). This difference was particularly prominent in 
females in the age category 90+, who had a similar age-specific 
CRC mortality rate to males in the age category 80-89.

Supplementary table 1 shows that males had higher age-spe-
cific CRC mortality rates than females at all ages except in the 
age 0-49 group, where the rates were similar.

Overall, age-specific CRC mortality rates increased with the 
level of deprivation. The exceptions to this are seen in the young-
est and oldest age categories (0-49 and 90+), where mortality 
rates were similar across deprivation quintiles. The greatest dif-
ferences in age-specific mortality rates by deprivation were seen 
in the age categories 70-79 and 80-89.

In 2020, males aged 80-89 in the most deprived areas had an 
increased age-specific CRC mortality rate of 22.4% compared 
to males in the least deprived areas (345.26 in the most deprived 
areas vs 268.08 in the least deprived areas). In the same year, 
females ages 80-89 in the most deprived areas had an increased 
age-specific mortality rate of 10.9% compared to females in the 
least deprived areas (195.34 in the most deprived areas vs 174.12 
in the least deprived areas).

In those aged 90+ there was a reversal in the direction of as-
sociation between deprivation and mortality. In 2011 those ages 
90+ in the most deprived areas had the highest mortality rate, 
however by 2020 this was reversed and those in the less deprived 
areas had a higher mortality rate.

Figure 2 shows the ASMR mortality rates by year of death, sex 
and IMD in England, 2011 to 2020. Rates were higher for males 
than females across all areas of deprivation. The ASMR in males 
in the most deprived areas was almost double that of women in 
the most deprived areas. There was a greater inequality in ASMR 
of CRC mortality by level of deprivation amongst men than in 
women.

 Year Deaths Crude* ASR (95% CI)**
Males 2011 7,861 30.1 39.8 (38.9-40.7)

2012 8,245 31.3 40.8 (39.9-41.7)
2013 8,115 30.6 39.3 (38.4-40.1)
2014 8,037 30.0 38.1 (37.2-38.9)
2015 8,142 30.1 37.6 (36.8-38.4)
2016 8,303 30.4 37.3 (36.5-38.2)
2017 8,503 30.9 37.2 (36.4-38.0)
2018 8,488 30.7 36.3 (35.5-37.1)
2019 8,665 31.1 36.2 (35.4-36.9)
2020 9,006 32.2 36.9 (36.2-37.7)

Females 2011 6,476 24.0 24.1 (23.5-24.7)
2012 6,729 24.8 24.7 (24.1-25.3)
2013 6,651 24.3 24.1 (23.5-24.7)
2014 6,614 24.0 23.5 (23.0-24.1)
2015 6,702 24.1 23.5 (23.0-24.1)
2016 6,821 24.4 23.7 (23.1-24.3)
2017 6,692 23.8 22.8 (22.2-23.3)
2018 6,849 24.2 22.9 (22.4-23.5)
2019 6,994 24.6 23.0 (22.5-23.5)
2020 7,157 25.1 23.4 (22.8-23.9)

Persons 2011 14,337 27.0 30.8 (30.3-31.3)
2012 14,974 28.0 31.6 (31.1-32.1)
2013 14,766 27.4 30.7 (30.2-31.2)
2014 14,651 27.0 29.8 (29.3-30.3)
2015 14,844 27.1 29.6 (29.1-30.1)
2016 15,124 27.4 29.6 (29.2-30.1)
2017 15,195 27.3 29.1 (28.6-29.5)
2018 15,337 27.4 28.8 (28.3-29.3)
2019 15,659 27.8 28.8 (28.3-29.2)
2020 16,163 28.6 29.4 (28.9-29.8)

Table 1: Crude and age standardised colorectal cancer mor-
tality rates by sex in England, 2011-2020 

* Crude colorectal cancer mortality rate per 100,000
** Age standardised colorectal cancer mortality rate per 100,000

Figure 1: Age-specific colorectal cancer mortality rates by year of death and sex in England, 2011-2020.
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Supplementary table 2 shows that those in more deprived ar-
eas have a lower crude CRC mortality rate than those in the less 
deprived areas. Once standardising for age, the direction of this 
association is reversed and those in the most deprived areas have 
higher ASMR CRC mortality. ASMR are higher in males than in 
females at all levels of deprivation, and the difference in ASMR 
of mortality by level of deprivation are greater in males than in 
females. In 2020, males in the most deprived areas had a 24.0% 
increased ASMR of mortality compared to males in the least de-
prived areas (43.3 in the most deprived areas vs 32.9 in the least 
deprived areas). In 2020, females in the most deprived areas had 
an increased ASMR of 17.2% (26.7 in the most deprived areas 
vs 22.1 in the least deprived areas areas).

Table 2 shows the incidence rate ratio of mortality (IRR) for 
those in the most deprived areas (IMD 1) compared to those in 
the least deprived areas (IMD 5) as baseline. Males in IMD 1 had 
a higher IRR than those in IMD 5. During the 10-year study pe-

Figure 2: Age-standardised colorectal cancer mortality rates by year of death, sex and IMD in England, 

 IRR (95% CI)
 Males Females Persons
2011 1.35 (1.22-1.49) 1.17 (1.07-1.28) 1.25 (1.13-1.38)
2012 1.34 (1.23-1.47) 1.17 (1.08-1.28) 1.23 (1.14-1.37)
2013 1.39 (1.27-1.51) 1.17 (1.03-1.33) 1.27 (1.14-1.41)
2014 1.35 (1.25-1.47) 1.12 (1.05-1.19) 1.23 (1.15-1.33)
2015 1.37 (1.28-1.47) 1.20 (1.04-1.37) 1.28 (1.16-1.41)
2016 1.40 (1.28-1.53) 1.16 (1.05-1.27) 1.28 (1.16-1.40)
2017 1.46 (1.35-1.58) 1.09 (0.98-1.22) 1.27 (1.16-1.40)
2018 1.35 (1.20-1.52) 1.20 (1.07-1.35) 1.27 (1.13-1.43)
2019 1.29 (1.17-1.42) 1.14 (1.05-1.24) 1.21 (1.12-1.31)
2020 1.35 (1.23-1.47) 1.20 (1.07-1.34) 1.27 (1.15-1.40)

Table 2 : The IRR and 95% CI for those in IMD 1 (most 
deprived) compared to those in IMD 5 (least deprived)

riod, males in the most deprived areas had an estimated 29-46% 
increased risk of mortality from CRC compared to males in the 
least deprived areas. Whereas in females in the most deprived ar-
eas, this risk varied from 9-20% compared to females in the least 
deprived areas. These data also suggest that males in deprived 
areas are relatively more affected by deprivation on CRC mor-
tality than females. In 2020, males in the most deprived areas 
had a 35% increased mortality rate ratio than males in the least 
deprived areas (IRR 1.35 95% CI 1.23-1.47). In 2020, females 
had a 20% increased IRR than females in the least deprived areas 
(IRR 1.20 95% CI 1.07-1.34).

The results from the Poisson count model with robust stan-
dard errors were similar to the negative binomial model run 
during sensitivity analyses, whereby the rate of CRC mortality 
increased with increasing levels of deprivation.

Discussion
This retrospective population-based analysis of 151,050 

deaths from CRC over a 10-year period in England showed that 
people in the most deprived areas experience a 21-28% higher 
CRC mortality rate than those in the least deprived areas. The 
difference in inequalities is greater in males (29-46%) than in fe-
males (9%-20%). The ASMR of CRC was higher in males at all 
the levels of deprivation compared to females. The age-specific 
mortality rate of CRC was higher for males than females at all 
ages except 0-49, where mortality rates were similar.

The main strength of our study was that data used provided 
comprehensive population coverage of CRC deaths in England 
over the 10-year period 2011-2020, so allowing calculation of 
robust population-based mortality rates by sex and IMD. To our 
knowledge, this study provides the most contemporaneous find-
ings on the association between socioeconomic deprivation and 
CRC mortality in England.

Some limitations of our study should be considered in the in-
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terpretation of results. We were unable to distinguish whether 
differences in CRC mortality were due to individual socioeco-
nomic status or area-level deprivation, as IMD is an area-based 
measure of socioeconomic deprivation, and as such the findings 
could be influenced by the ecological fallacy [17]. The data were 
insufficient to enable identification of the source of these differ-
ences as to whether they were due to differences in screening 
participation, stage at diagnosis, lifestyle factors such as smok-
ing and alcohol consumption and access to treatment services.

Of interest, a randomised control trial conducted in 1989-1997 
found that given equal treatment and once adjusting for the con-
founding effects of age, stage at diagnosis, cancer site and sex, 
CRC survival in England and Wales was not associated with 
socioeconomic status. The authors suggested that differences in 
survival by socioeconomic status could be due to healthcare-re-
lated factors [18].

Both survival and mortality have been used as popula-
tion-health measure to describe cancer outcomes. Socioeconom-
ic differences in CRC survival and mortality have been reported 
in several countries, including England, Germany and Spain 
[5-13,19–22]. Interpreting associations between deprivation and 
CRC outcomes should be approached with caution given vari-
ations in the measures of deprivation, healthcare systems and 
recording of cancer registry and mortality data.

A study conducted by Arik et al. in the UK using ONS mor-
tality data for 2001-2016, investigated regional and deprivation 
differences in CRC mortality rate [5]. The study found that 
males and females in more deprived areas experienced higher 
CRC mortality rate and that the inequalities in mortality rate by 
deprivation were wider in males than in females, which are con-
sistent with our study findings. There was increasing trend in 
CRC incidence up to 2010, followed by a decreasing trend in in-
cidence for both males and females, which may be related to the 
introduction of the English Bowel Cancer Screening Programme 
in 2006 [5]. This may have led to earlier diagnosis of CRC and 
subsequent improvements in mortality which may have led to 
the overall decrease in ASMR in England.

Also, the deprivation gap in CRC mortality rates between 
males in the most deprived compared to the least deprived areas 
decreased, but did not change in females [5]. Our results show 
an overall decrease in ASMR between 2011 and 2020 for males 
and females at all levels of deprivation, which is consistent with 
Arik study findings. We did not find a change in the IRR by 
deprivation, meaning overall mortality decreased but inequali-
ties between levels of deprivation did not change between 2011 
and 2020.

A separate study conducted an analysis of English CRC mor-
tality data for 2007-2011 showed that males in the most deprived 
areas had a +22.9% ASMR compared to males in the least de-
prived areas (24.0 in the most deprived areas vs 18.5 in the 
least deprived areas). Females in the most deprived areas had a 
+13.6% ASMR compared to females in the least deprived areas 
(14.0 in the most deprived areas vs 12.1 in the least deprived 
areas) [13]. For 2011 our study showed an ASMR of +25.2% for 
males in the most deprived compared to the least deprived areas 
and of +16% for females in the most deprived vs least deprived 
areas (Supplementary table 2).

The overall increase in crude CRC mortality rates with a cor-
responding decrease in ASMR is likely to represent an increase 
in the incidence of CRC due to an ageing population as well as 
improvements in treatments for the disease, leading to improved 
survival and a reduction in mortality. There is a known depriva-
tion gradient between socioeconomic status and CRC incidence, 
whereby there are higher incidence rates amongst people in the 
most deprived groups [23].

The ONS publishes population tables by age, sex and level 
of deprivation which show that the most deprived areas have a 
relatively younger population compared to the least deprived ar-
eas[24]. This may explain why our study found that crude CRC 
mortality rates are lowest in the most deprived areas, but once 
adjusting for age, ASMR are highest in the most deprived areas.

In our study, differences in mortality rates were seen both by 
level deprivation and sex. Males in the most deprived areas had 
a +24.0% ASMR than males in the least deprived areas, and fe-
males in the most deprived areas had an +17.2% ASMR than fe-
males in the least deprived areas.

Considering that about 54% of CRC are potentially prevent-
able and that males and females in the most deprived areas share 
the same living environment and access to treatment services, 
differences in modifiable risk factors may explain differences in 
incidence rates by sex.

Smoking rates and alcohol consumption are known to be high-
er amongst men than women and amongst the most deprived 
compared to the least deprived [25–27], which may explain in-
creased CRC mortality seen in males and people living in the 
most deprived areas. Furthermore, there is evidence that current 
smoking is associated with poorer CRC prognosis compared to 
never smokers [28] and that co-existing comorbidity and frailty 
are associated with poorer prognosis in CRC patients [29].

Inequalities in age-specific CRC mortality rates by deprivation 
are particularly pronounced at ages 70-79 and 80-89, and partic-
ularly in males. Engagement with CRC screening at ages 60-74 
is known to reduce the incidence of CRC through early detec-
tion and removal of precursor lesions, and also improve survival 
outcomes. An evaluation of the English Bowel Cancer Screening 
programme showed that screening uptake ranged from 35% in 
the most deprived areas to 61% in the least deprived areas [9], 
and that males had lower participation rates in CRC screening 
[30].

Despite the universal healthcare system provided by the NHS 
in England, there are known differences in access to treatment by 
region and between socioeconomic groups [31]. Previous studies 
have suggested that ethnicity, age at diagnosis, stage at diagnosis, 
delayed diagnosis and route to presentation may partially explain 
differences in survival and mortality rates by deprivation [31-33].

Given mortality is a function of incidence and survival, it is not 
possible to infer whether differences in mortality rates by depriva-
tion and sex are due to differences in incidence rates or survival. 
Future studies should examine the association between incidence 
rates, mortality rates and differences in survival by individual and 
area-level socioeconomic deprivation, to disentangle the associ-
ation between CRC outcomes and deprivation and to quantify 
the impact of individual confounders on the association between 



British Journal of Cancer Research

814Br J Cancer Res 2025, 8:2

CRC mortality and deprivation. This would be with the objective 
of minimising a false interpretation of the association between 
deprivation and CRC mortality rates due to ecological fallacy.

Conclusion
This population-based analysis of the socioeconomic differ-

ences in CRC mortality in England for 2011-2020 showed that 
there is an association between increasing level of deprivation 
and CRC mortality. These inequalities particularly affect males 
in the most deprived areas.

The incidence of CRC is expected to increase and 54% of cas-
es are thought to be preventable. Clinicians and public health 
officials should aim on decreasing the prevalence of modifiable 
risk factors at the population level such as smoking and alco-
hol, processed and red meat consumption through education and 
public health campaigns to reduce these lifestyle behaviours. 
Furthermore, there should be focus on increasing the uptake of 
screening in deprived areas, particularly males in deprived areas. 
Also, public health education initiatives for the early recognition 
of signs and symptoms of CRC should be prioritised to avoid 
any patient or primary care related delays. This is essentially im-
portant now during the aftermath of the COVID-19 pandemic, 
as there are known to have been delays in diagnosis and man-
agement of CRC in England [34], which have been further ex-
acerbated by the current cost of living crisis [35]. The inequali-
ties by deprivation and sex in CRC mortality rates may be set to 
change, and further work into understanding and addressing fac-
tors that might be promoting or perpetuating inequalities in CRC 
incidence and survival amongst the population. This may mean 
focusing public health policy and interventions on those in the 
most deprived groups, particularly males, concentrating on pre-
vention and early diagnosis of CRC through continuing efforts 
with smoking cessation, education and screening programmes, 
as well as prioritising strategies that enable equitable access to 
healthcare services and consistent high-quality care.
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