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Purpose: Based in a hospital serving one of the most deprived areas in the United Kingdom (UK), we aimed to investigate, 
using the Indices of Deprivation 2010, the hypothesis that deprivation affects the stage and mode of presentation of 
colorectal cancer. 
Methods: All newly diagnosed patients with colorectal cancer presenting to a District General Hospital in the UK between 
January 2010 and December 2014 were included. Data were collected from the Somerset National Cancer Database. The 
effect of social deprivation, measured using the Index of Multiple Deprivation Score, on the stage and mode of presenta-
tion was evaluated utilizing Microsoft Excel and IBM SPSS ver. 22.0.
Results: A total of 701 patients (54.5% male; mean age, 76 years) were included; 534 (76.2%) underwent a surgical proce-
dure, and 497 (70.9%) underwent a colorectal resection. Of the patients undergoing a colorectal resection, 86 (17.3%) had 
an emergency surgical resection. Social deprivation was associated with Duke staging (P = 0.09). The 90-day mortality in 
patients undergoing emergency surgery was 12.8% compared to 6.8% in patients undergoing elective surgery (P = 0.06). 
No association was found between deprivation and emergency presentation (P = 0.97). A logistic regression analysis 
showed no increase in the probability of metastasis amongst deprived patients.
Conclusion: This study suggests an association between deprivation and the stage of presentation of colorectal cancer. Pa-
tients undergoing emergency surgery tend to have a higher 90-day mortality rate, although this was not related to depri-
vation. This study highlights the need to develop an individual measure to assess social deprivation. 
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INTRODUCTION

Colorectal cancer (CRC) is the second most common cause of 
cancer death in the United Kingdom (UK) and the Western 
World. Previous population-based studies have shown a wide 
variation in survival worldwide. Survival in the UK remains infe-
rior to that in other parts of the world, with a colon-cancer 5-year 
survival rate of 51.8% compared to 57% in Europe and 62% in 

Belgium, Germany and Iceland (EUROCARE 5) [1]. The 5-year 
CRC survival in Asia is approximately 60% [2], and that in the 
United States (US) is as high as 64.9% [3].  

The recently published UK National Bowel Cancer Audit report 
[4] showed a persistently high percentage (21%) of CRC patients 
in England & Wales presenting as an emergency. Several studies 
have shown that emergency surgery is associated with worse CRC 
outcomes [5-7] and higher mortality rates [8-12]. One US study 
reported a threefold increase in mortality in patients undergoing 
emergency colorectal resections in addition to lower anastomosis 
rates, higher complication rates and increased Intensive Care Unit 
admissions [13].

Several studies from the UK have suggested that social depriva-
tion is associated with poor survival following surgery [14].  In ad-
dition, higher levels of advanced CRC and higher rates of postop-
erative mortality were observed amongst deprived patients [15]. 
US studies have reported similar findings, suggesting worse cancer 
outcomes amongst deprived populations with inappropriate levels 
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of health insurance [8, 16]. Suggested explanations for patients in 
deprived areas having worse survival rates compared to those in 
affluent areas include the advanced stage and nature of presenta-
tion, the mode of presentation, and poor screening [17-19]. 

This study is based in a government-funded (National Health 
Service) hospital serving a deprived population in the UK (ac-
cording to the national census and English Indices of Deprivation 
2010 [20]). We aimed both to test the hypothesis that socioeco-
nomic status affects the Duke staging, as well as the mode of pre-
sentation (emergency vs. elective) of CRC to the healthcare ser-
vice, and to assess the impact of deprivation on postoperative 
mortality.

METHODS

All newly diagnosed patients with CRC presenting between the 
1st of January 2010 and the 31st of December 2014 to a District 
General Hospital in the UK were included. Data were collected 
from the Somerset National Cancer Database. The effect of social 
deprivation, measured based on the Index of Multiple Depriva-
tion (IMD) score, on the stage and mode of presentation (elective 
vs. emergency) was evaluated by using a logistical regression anal-
ysis. Comparisons of association between deprivation and Duke 
staging, mode of presentation, mode of surgery, 30- and 90-day 
mortalities were made using chi-square statistics for trend and a 
univariate logistic regression. The data were analyzed using Mi-
crosoft Excel and IBM SPSS Statistics ver. 22.0 (IBM Co., Ar-
monk, NY, USA).

The English Indices of Deprivation published by the UK De-
partment for Communities and Local Government in 2011 [4] 
measures a broad spectrum of deprivation and combines 38 indi-
cators that are grouped into seven domains (Fig. 1). IMD 2010 
gives an overall measure of deprivation experienced by people liv-
ing in a certain area for every Lower Layer Super Output Area in 
England. The IMD gives a score and categorizes the population 
into 5 quintiles, with the 1st quintile being the least deprived, and 
the 5th quintile being the most deprived. The IMD scores and 
quintiles were calculated according to the patient’s postcode at the 

time of the diagnosis.

RESULTS

A total of 701 patients (54.5% male, mean age, 76 years) were in-
cluded, and the demographics of those patients are presented in 
Table 1. Of those 701 patients, 534 patients underwent a surgical 
procedure (76.2%), and 497 patients (70.9%) underwent a surgi-
cal resection, and of those undergoing a surgical resection, 86 pa-
tients (17.3%) had an emergency surgical resection (Table 2). Of 
the 701 patients, 179 patients (25.6%) presented with metastatic 
CRC (M1 disease). No association was found between emergency 
resection and the 30-day mortality (P = 0.10). The 90-day mortal-
ity in patients undergoing emergency surgery was 12.8% com-
pared to 6.8% in those undergoing elective surgery (P = 0.06), as 
shown in Table 2. 

An association was found between social deprivation and Duke 
staging (P = 0.09); this is shown in Fig. 2. No association was 

Table 1. Summary of the patients’ demographics and surgical resec-
tions performed

Variable Value

No. of patients 701

Sex, n (%)

   Male 382 (54.5)

   Female 319 (45.5)

Mean age (yr) 76

Mode of presentation 

   Emergency 127

   Elective 574

Total number of patients undergoing surgery 534

   Curative 463

   Palliative 71

Duke stage

   A 116

   B 211

   C 195

   D 179

Total resections performed 497

   Anterior resection of rectum 173

   Abdomino-perineal excision of rectum 27

   Right hemicolectomy 196

   Left hemicolectomy 40

Hartmann’s procedure 23

   Sigmoid colectomy 10

   Subtotal colectomy 22

   Other 6

IMD domains 

Income deprivation 

Employment deprivation 

Education, skills and training deprivation 

Health deprivation and disability

Crime

Barriers to housing and services 

Living environment deprivation 

Fig. 1. Index of Multiple Deprivation (IMD) 2010 combines 7 do-
mains.
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found between deprivation and 30-day mortality (P = 0.44) or 90-
day mortality (P = 0.49), as shown in Table 3. Furthermore, no as-
sociation was found between deprivation and presentation with 
M1 disease (P = 0.38), emergency presentation (P = 0.97) as 
shown in Table 4, or emergency resection (P = 0.95), as illustrated 
in Fig. 3. The relationship between IMD and probability of metas-
tasis could not be modeled well by using a logistic regression 
analysis (P = 0.27) (Fig. 4).

DISCUSSION

The effect of social deprivation on CRC outcomes is a complex 
phenomenon. It is multifactorial and can be influenced by varia-
tions in healthcare systems worldwide, host factors, the biological 
behaviors of cancer in different populations, and the difficultly of 
using a single method of assessing the deprivation of an individ-

Table 2.  Summary of mode of surgical resection with 30- and 90-
day mortality data 

Variable No. (%) P-value

Mode of resection 497

   Emergency 86 (17.3)

   Elective 411 (82.7)

30-Day mortality 25/497 (5.0)

   Emergency 7/86 (8.1) 0.10

   Elective 18/411 (4.4)

90-Day mortality 39/497 (7.8)

   Emergency 11/86 (12.8) 0.06

   Elective 28/411 (6.8)

Table 3. Mode of surgery in relation to Index of Multiple Depriva-
tion quintiles, with the 1st quintile being the least deprived, and the 
5th quintile being the most deprived 

Quintile
Emergency 

surgery
Elective 
surgery

Overall 30-day 
mortality

Overall 90-day
mortality

1st 7 (7.1) 24 (5.5) 1 (3.2) 1 (1.9)

2nd 27 (27.3) 103 (23.7) 8 (25.8) 14 (26.9)

3rd 33 (33.3) 142 (32.6) 13 (41.9) 16 (30.8)

4th 19 (19.2) 105 (24.1) 8 (25.8) 16 (30.8)

5th 13 (13.1) 60 (13.8) 1 (3.2) 5 (9.6)

Total 99 434  31 52

Values are presented as number (%). 
No association was observed between the quintile and 30-day mortality (chi-
square test for trend; P-value = 0.44) or 90-day mortality (chi-square test for 
trend; P-value = 0.49).

Table 4. Metastatic disease and emergency distribution in relation to 
the Index of Multiple Deprivation score, with the 1st quintile being 
the least deprived, and the 5th quintile being the most deprived

Quintile Total No. with M1
Emergency 
resections

Emergency 
presentations

1st 42 14 (7.8) 6 8 (6.3)

2nd 167 40 (22.3) 21 30 (23.6)

3rd 223 47 (26.3) 29 43 (33.9)

4th 172 50 (27.9) 18 28 (22.0)

5th 97 28 (15.6) 12 18 (14.2)

Total 701 179 86 127

Values are presented as number (%).
No association was observed between the quintile and presentation with M1 disease 
(P = 0.38), emergency presentation (P = 0.97), or emergency resection (P = 0.95). Fig. 2. Distribution of Duke staging within deprivation quintiles, 

with the 1st quintile being the least deprived, and the 5th quintile 
being the most deprived. The chi-square test showed no association 
between the quintile and the Duke stage (P = 0.09). 
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Fig. 3. Mode of surgery in relation to Index of Multiple Deprivation 
quintiles, with the 1st quintile being the least deprived and the 5th 
quintile being the most deprived.
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ual. Our study demonstrates a link between social deprivation 
and the Duke stage of CRC at presentation (P = 0.09).  Although 
this finding does not have statistical significance, it is supported 
by the finding of Smith et al. [15], whose study had a high popula-
tion with a similar design. Our study also suggests that patients 
undergoing emergency surgery have a higher 90-day mortality 
rate (P = 0.06), but this result did not appear to be influenced by 
deprivation (P = 0.49). Interestingly, despite the advanced nature 
of disease amongst the more deprived patients, this was not re-
flected in the metastatic CRC (M1) stage, which could be due to 
the small sample size, the complexity of assessing the deprivation 
on an individual basis, and/or tumor-specific host factors affect-
ing the behavior and progression of cancer cells. We did not dem-
onstrate an association between deprivation and the mode of pre-
sentation or the mode of surgery, and these findings are sup-
ported by those of Hole and McArdle in a Scotland-based study 
[14].

Smith et al. [15] investigated the effect of deprivation on CRC 
patients having surgery in England and Wales and demonstrated 
that deprivation was an independent risk factor for length of hos-
pital stay and was associated with a higher postoperative mortal-
ity. They used the Townsend score, which was first published by 
Townsend in 1988 [21] and is composed of 4 main variables (un-
employment, overcrowding, noncar ownership, and nonhome 
ownership). Hole and McArdle only included patients who had 
undergone a colorectal resection [14]. Using the Carstairs index, 
they showed no significant difference in the mode or stage of 
CRC at presentation amongst different socioeconomic groups. 
We could not use the Carstairs and Morris index [22] as it is based 
on Scottish census data and was designed for use in Scotland. We 
opted to use the IMD 2010 score in our study as it is a very reli-
able indicator of deprivation, employs more variables (7 domains 

compared to 4 in the Townsend score), and is updated every 5 
years. The IMD 2010 score has become widely accepted and is 
used by the government to decide on health policies and distribu-
tion of health resources. Of paramount importance is an under-
standing of the limitations of the various measures of social depri-
vation as those measures give a general assessment of a geograph-
ical area and, therefore, are not specific to the assessment of the 
deprivation of an individual. 

Our study has the advantage of including all newly diagnosed 
colorectal patients in our study population, unlike the studies of 
Hole and McArdle [14] and Smith et al. [15] who opted to include 
only CRC patients who had undergone a resection. We feel this 
makes our study a true representation of the population; in addi-
tion, we used a well-validated, regularly updated measure of de-
privation with more variables. Recent studies [10, 18] carried out 
in the US amongst deprived populations have the advantage of a 
large study cohort; however, the authors of those studies have ac-
knowledged that the use of Medicare insurance data raises the 
question of accuracy. In addition, no deprivation score was used 
for statistical analysis. 

In conclusion, using a different measure to assess deprivation, 
our study suggests an association between deprivation and the 
stage of presentation of CRC. It also suggests that patients under-
going emergency surgery have a higher 90-day mortality rate, al-
though this was not found to be related to deprivation. The long-
term effects of social deprivation as an independent risk factor on 
CRC outcomes requires further research. This study also high-
lights the need for the development of a measure to assess social 
deprivation on an individual basis. 
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