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Background An organized, population-based, colorectal cancer screening pro-
gramme was initiated in England in 2006 offering biennial faecal
occult blood testing (FOBT) to adults aged 60–69 years. Organized
screening programmes with no associated financial costs to the in-
dividual should minimize barriers to access for lower
socio-economic status (SES) groups. However, SES differences in
uptake were observed in the pilot centres of the UK programme, so
the aim of this analysis was to identify the extent of inequalities in
uptake by SES, ethnic diversity, gender and age in the first
28 months of the programme.

Design Cross-sectional analysis of colorectal cancer screening uptake data.

Methods Between October 2006 and January 2009, over 2.6 million adults
aged 60–69 years were mailed a first FOBT kit by the five regional
screening hubs. Uptake was defined as return of a test kit within
13 weeks. We used multivariate generalized linear regression to
examine variation by area-based socioeconomic deprivation,
area-based ethnicity, gender and age.

Results Uptake was 54%, but showed a gradient across quintiles of depriv-
ation, ranging from 35% in the most deprived quintile to 61% in the
least deprived. Multivariate analyses confirmed an independent
effect of deprivation, with stronger effects in women and older
people. The most ethnically diverse areas also had lower uptake
(38%) than other areas (52–58%) independent of SES, age, gender
and regional screening hub. Ethnic disparities were more pronounced
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in men but equivalent across age groups. More women than men
returned a kit (56 vs 51%), but there was also an interaction with
age, with uptake increasing with age in men (49% at 60–64 years;
53% at 65–69 years) but not women (57 vs 56%).

Conclusions Overall uptake rates in this organized screening programme were
encouraging, but nonetheless there was low uptake in the most
ethnically diverse areas and a striking gradient by SES. Action to
promote equality of uptake is needed to avoid widening inequalities
in cancer mortality.

Keywords Colorectal cancer screening, inequalities, socioeconomic status,
gender, age, ethnicity

Introduction
Colorectal cancer (CRC) is the second leading cause of
cancer death worldwide, accounting for up to 9% of
cancer deaths.1 Up to 90% of CRC deaths can be pre-
vented if the disease is detected at an early stage.2

Annual or biennial CRC screening using FOBt has
been found to reduce the mortality by up to 27% in
those who use the test.3

CRC screening is recommended by the Centers for
Disease Control and Prevention,4 the European
Union,5 the US Preventive Services Task Force6 and
the World Health Organisation.1 FOBT has been rec-
ommended in the US since 1996 as one of several
possible screening modalities,7 and is now being
introduced or piloted as the primary screening modal-
ity in national programmes in Australia, England,
Finland, France, Israel, Italy, Japan, Korea, Scotland
and Wales.8,9

An organized, population-based CRC screening pro-
gramme (the National Bowel Cancer Screening
Programme; NBCSP) was started in England in
2006, offering biennial FOBT for adults aged 60–69
years, with abnormal tests followed up by colonos-
copy. The NBCSP uses patient data from primary-
care registrations, which capture �96% of adults in
this age range,10 as the basis for screening invitations:
these are sent out by five regional screening ‘hubs’.
Each person is sent a FOBT kit with instructions on
sample collection and return of the kit (in a pre-
addressed, hygienically sealed, free-post envelope), fol-
lowed by a reminder if the kit is not returned within
28 days. The eligible population is re-invited every
2 years until age 69 years (being extended to age
75 years), unless they are found to have cancer or ad-
enomas requiring surveillance. In two pilot sites, uptake
was 58.5% in the first (prevalence) round of screening
and 52.0% in the second (incidence) round.11,12

Although the primary focus of most screening pro-
grammes is overall uptake, there is growing recogni-
tion that inequalities by ethnicity or socio-economic
status (SES) will ultimately undermine progress
towards equality in health outcomes. Organized

screening programmes are designed to minimize
inequalities through direct invitations to the target
population, and in the National Health Service
(NHS) in the UK, all screening and treatment is pro-
vided free of charge. In the UK programme, sample
collection is undertaken by the individual in their
own home, thereby avoiding barriers associated with
time off work, transport, or interactions with health-
care professionals. The extent to which organized
programmes reduce inequalities is, however, a matter
of debate. Recent analyses comparing breast and cer-
vical cancer screening rates in 22 European countries
only found inequalities (by educational background)
in countries with opportunistic screening, and not
in countries with nationwide population-based pro-
grammes.13 However, in the case of CRC screening,
the UK pilot centres found SES differences in both
first and second rounds.11,12 The first uptake rates
for the CRC screening programme in the London
area also showed a striking socio-economic gradient,14

but as London has a highly mobile, ethnically mixed
population, as well as lower uptake rates than the rest
of the country, the generalizability of these results to
the wider programme is limited. The present study is
the first to assess ethnic and socio-economic inequal-
ities in an organized CRC screening programme.

Methods
Sample
During the study period, over 2.6 million FOBT
kits were mailed to adults in the eligible age range
(60–69 years) by the five regional screening hubs. The
present analyses were based on recorded FOBT kit
return rates aggregated to the smallest geographical
unit routinely recorded by the NBCSP; namely post-
code sector. Postcode sectors are defined by the first
inward digit of the postcode and contain an average
of 3000 addresses. Uptake data for each postcode
sector were stratified by gender and age group
(60–64 vs 65–69 years). Each record in the data set
consists of the total number of invitations sent out
and the total number of kits returned to the hubs
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stratified by sex and age groups. We excluded 1128
postcode sectors for which we could not retrieve
census data on ethnic diversity. The data set we ana-
lysed consisted of data on 7040 postcode sectors
(485% of the total), with an average of 378 invitations
per sector.

Measures
A composite indicator of area-based socio-economic
deprivation for each postcode sector was derived
using the 2007 Index of Multiple Deprivation
(IMD).15 The IMD uses census-derived indicators of
income, education, employment, environment, health
and housing at small-area level to generate a scale
from 0 (least deprived) to 80 (most deprived).
Census data were also used to generate an area-level
index of ethnic diversity based on the proportion of
‘non-White’ residents in each postcode sector (defined
as all ethnic groups self-described as other than
‘White British’, ‘White Irish’ and ‘White other’).16

Participation in CRC screening was defined as return
of the FOBT kit to the regional screening hub within
13 weeks of the invitation letter.

Statistical analysis
To describe the relationship between uptake of FOBT
and the predictors, we categorized the continuous
predictors using quintiles of their national distribu-
tions. We then used multivariate generalized linear
(binomial) regression to examine differences in
screening uptake by deprivation, ethnicity, gender
and age group. The regression analysis weighted
the response by the number of invitations sent out
in each area. We tested several specifications
of the model, including non-linear terms for both
the area-based deprivation and ethnic diversity
(Supplementary Appendix A1 available as supplemen-
tary data at IJE online). Non-linear terms were only
marginally different from unity and therefore did not
contribute meaningfully to our model of uptake. For
the sake of parsimony, we therefore decided to use a
linear model to describe the relationship between
demographic and area-based predictors of uptake.
We also tested several interaction terms and only re-
tained those that predicted uptake (age by gender,
IMD score by gender, IMD score by age group and
ethnic diversity by gender). We reported the results
of the main regression analysis using odds ratios
(ORs) (Table 2). Since the main predictors were con-
tinuous, we computed the estimated probabilities of
uptake as functions of area-based deprivation and
ethnic diversity while fixing the values of the other
covariates to their population average.

Results
Over the period studied, 2 658 859 FOBT kits were
sent out, of which 53.6% were returned. Uptake

rates by gender, age, deprivation quintile, ethnic di-
versity quintile and regional screening hub are shown
in Table 1. Uptake in the most affluent quintile of
postcode sectors (61%) was considerably higher than
in the most deprived quintile (35%), with a linear
trend across intermediate levels of deprivation. This
association is illustrated in Figure 1 using the full
distribution of IMD scores.

Multivariate analysis (Table 2) using the continuous
measure of deprivation and controlling for area-level
ethnic diversity, gender, age and regional screening
hub, confirmed an independent association between
deprivation and uptake, with the estimated probabil-
ity of returning the FOBT kit decreasing by 0.41%
with every unit increase in IMD (i.e. increasing
levels of area-based deprivation). Table 2 shows that
this association was moderated by gender and age. As
illustrated in Figure 1, the decline in uptake with
increasing deprivation was stronger in women than
men, and in the older (65–69 years) age group than
younger (60–64 years) age group.

Table 1 Demographic variation in screening uptake

Demographic factors
Non-adjusted

uptake rates (%)

Overall uptake 53.65

Gender

Men 50.96

Women 56.35

Age (years)

60–64 52.78

65–69 54.54

Area-based deprivation quintiles (IMD score 0–80)

Quintile 1 (0–9.87) 61.07

Quintile 2 (9.88–14.60) 57.79

Quintile 3 (14.61–21.61) 54.98

Quintile 4 (21.62–33.49) 49.99

Quintile 5 (33.50–80) 35.04

Area-based ethnic diversity (% of non-White residents
within a postcode sector)

Quintile 1 (0–1.04) 54.98

Quintile 2 (1.05–1.77) 55.59

Quintile 3 (1.78–3.65) 54.66

Quintile 4 (3.66–11.80) 52.14

Quintile 5 (11.81–100) 38.17

Regional screening hubs

London 40.78

Northeast 56.34

Southern 58.31

Midlands and Northwest 51.98

Eastern 58.14
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Table 1 illustrates that uptake was lowest for the
most ethnically diverse areas. Despite the fact that
the effect was not graded in the same way as
observed for area-based deprivation, ethnic diversity
(measured continuously) was an independent pre-
dictor of uptake in our multivariate linear model
(see Supplementary Appendix 1 available as supple-
mentary data at IJE online for evidence that adding a
non-linear effect for area-based ethnic diversity did
not contribute to the model).

Figure 2 illustrates that as the percentage of non-
White residents in an area increased by 1%, the esti-
mated probability of uptake was reduced by 0.22%. We
also observed an interaction between ethnic diversity
and gender (but not age) with the decline of
participation associated with greater area-level ethnic
diversity being more pronounced in men than women.

Both gender and age predicted uptake in the multi-
variate model (Table 2). More women than men
returned a kit (56.3 vs 51.0%), and uptake was slightly
lower in younger age groups than older age groups
(52.8% in 60- to 64-year olds; 54.5% in 65- to 69-year
olds). There was also an interaction between gender and
age, with men’s uptake increasing with age (49.0–
53.0%) while women’s barely changed (56.6–56.1%).

Comparisons between the regional screening hubs
serving five broad geographical areas across England
showed that uptake was substantially lower in the
London area (40.8%) than across the rest of
England, where uptake rates ranged from 52.0 to
58.3%. Nonetheless, the patterning by SES, ethnicity,
gender and age was replicated in each regional
screening hub individually (data not shown).

Discussion
Just over half (54%) of those invited completed the
FOBT in the first 2 years of the UK CRC screening
programme. This is encouraging for a new programme
and compares favourably with results from Australia
and The Netherlands, where uptake rates of 46 and
49%, respectively, have been reported.17,18 It is also
considerably higher than the self-reported use of

Figure 2 Uptake by percent of non-white residents within
a postcode sector (grey dots represent individual postcode
sectors stratified by age and gender) with separate
regression lines for males and females

Figure 1 Uptake by area-level deprivation gradient (grey
dots represent individual postcode sectors stratified by age
and gender) with separate regression lines for gender and
age groups

Table 2 Multivariate analyses of predictors of screening
uptake

Demographic predictors
OR [95% confidence

interval (CI)]

Area-based deprivation
(IMD score: 0–80)

0.9829 (0.9825–0.9832)

Deprivation by gender 0.9951 (0.9947–0.9955)

Deprivation by age 1.0018 (1.0014–1.0022)

Area-based ethnic
diversity (0–100)

0.9909 (0.9906–0.9912)

Ethnic diversity by gender 1.0019 (1.0015–1.0022)

Gender (Female) 1.2528 (1.2391–1.2665)

Age (60–64 years) 0.8142 (0.8055–0.8230)

Age by gender 1.2015 (1.1897–1.2134)

Regional screening hubs (compared with London hub)

Northeast 1.5972 (1.5803–1.6143)

Southern 1.3802 (1.3660–1.3945)

Midlands and Northwest 1.4326 (1.4191–1.4463)

Eastern 1.4489 (1.4342–1.4637)
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FOBT in the US, although there it is just one of
several colorectal screening options.19

However, these promising results disguised con-
siderable ethnic and socio-economic variability.
Area-level socio-economic deprivation showed a
strong and graded association with uptake, which
was observed across the whole sample as well as
in each individual regional screening hub. This gradi-
ent was steeper among the older (65–69 years) of
the two age groups. Factors underlying a general
increase of uptake by age (e.g. greater engagement
with health-care services) may have been offset by
practical barriers associated with an earlier onset of
functional decline20 or reduced life expectancy,21

which could diminish the perceived benefits of
screening among older people from lower SES back-
grounds. The SES gradient was also steeper in women
than men, perhaps because women are more likely
to socialize locally22 and may therefore be more influ-
enced by the characteristics of their neighbourhood.

Uptake was also strikingly low (38%) in the most
ethnically diverse quintile of postcode sectors, al-
though there was no trend across the other four quin-
tiles (range: 51–56%).

In contrast to SES, ethnic differences were stronger
in men, perhaps because ethnic minority women are
more likely to have engaged with health-care services
or because women in ethnic minority communities
are less likely to be in full-time employment.23

Men had lower uptake than women, as observed in
many other studies.12,18,24,25 This difference was
greater in 60- to 64-year olds than 65- to 69-year
olds. While self-administration of FOBT does not re-
quire taking time off work, these differences may still
reflect occupational demands because men are more
likely than women to be in paid employment up to
65 years26 and it could be argued that being in full-
time employment reduces the amount of time spent
at home and thereby opportunities to collect faecal
samples. Alternatively, younger men may not be per-
suaded of the need for preventive health care. This
trend is worrying, given that gender and age-specific
10-year cumulative incidence and mortality rates of
CRC suggest that, if anything, men should initiate
CRC screening earlier than women.27

Inequalities in participation have been observed in
many prevention programmes but are still poorly
understood.28–31 The nature of the programme in
the UK means that inequalities cannot be attributed
to differential opportunity because everyone is mailed
the kit free of charge. Nor can they be due to differ-
ential access, because the test is completed at home,
although there may be more privacy barriers in more
crowded homes. Also, as argued above, employment
or other responsibilities (e.g. care-giving) might limit
opportunities to complete the screening test. In the
scientific literature, most attention has been paid to
cognitive and emotional barriers, and these are often
highlighted in qualitative studies with hard-to-reach

groups.32–33 One of the few large-scale quantitative
studies found that the benefits of screening were
rated as less important by lower SES groups, while
fears and fatalistic attitudes were stronger.34 Thus,
attitudinal differences may be deterrents even when
practical barriers are removed.

Work is needed to devise strategies to reduce inequal-
ities that can be implemented as part of organized
programmes. A simple, low-cost, educational interven-
tion tested as part of the UK Flexible Sigmoidoscopy
Screening Trial showed a trend towards being more
effective in lower SES participants.35 However, the
graded relationship between SES and screening
uptake indicates that interventions should not focus
exclusively on the most disadvantaged groups but
rather should tackle barriers to participation across
the entire socio-economic continuum. Ensuring that
information materials are salient and comprehensible
regardless of level of health literacy, is a first step.36

The possibility that inequalities in uptake may be exa-
cerbated by the recent extension of the screening
age to 75 years, merits further attention and would
benefit from research into the link between SES,
perceived life expectancy and attitudes towards cancer
screening among older people.

A limitation of this analysis was the reliance on
area-level statistics. Associations seen in area-based
analyses are likely to underestimate individual
effects,37 so the true extent of inequalities may be
higher. We also only examined responses to first-
round invitations and do not know whether the pat-
tern will be similar in subsequent rounds of screen-
ing. We found markedly lower uptake in London than
in the rest of England, which could not be fully
explained by differences in deprivation or ethnicity,
although our measure of ethnic diversity did not re-
flect the great variety of ethnic groups in London, nor
the fact that London has such a geographically mobile
population. Future research would benefit from dis-
tinguishing different ethnic sub-groups to pin-point
the specific beliefs and barriers that underlie ethnic
disparities.

In summary, this is one of the first population-wide
studies of an organized, colorectal cancer screening
programme. Despite promising uptake rates for a
new programme, these results show that equitable
delivery does not guarantee equality of uptake. Even
organized programmes need additional strategies to
promote equality of uptake if they are to avoid exacer-
bating disparities in cancer mortality.

Supplementary data
Supplementary data are available at IJE online.
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KEY MESSAGES

� The fact that more than one in two people invited for CRC screening in the UK return their
home-based stool kit disguises important socio-economic and ethnic inequalities.

� Inequalities in CRC screening uptake will cause widening of existing inequalities in cancer mortality.

� Work is needed to devise simple, low-cost strategies to reduce inequalities that can be implemented
as part of organized programmes.
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