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Objectives To assess the effect of gender, age and deprivation on key performance indicators in a
colorectal cancer screening programme.
Setting Between March 2000 and May 2006 a demonstration pilot of biennial guaiac faecal occult
blood test (gFOBT) colorectal screening was carried out in North-East Scotland for all individuals aged
50–69 years.
Methods The relevant populations were subdivided, by gender, into four age groups and into five
deprivation categories according to the Scottish Index of Multiple Deprivation (SIMD), and key
performance indicators analysed within these groups.
Results In all rounds, uptake of the gFOBT increased with age (P , 0.001), decreased with
increasing deprivation in both genders (P , 0.001), and was consistently higher in women than in
men in all age and all SIMD groups. In addition, increasing deprivation was negatively associated
with uptake of colonoscopy in men with a positive gFOBT (P , 0.001) although this effect was not
observed in women. Positivity rates increased with age (P , 0.001) and increasing deprivation (P
, 0.001) in both genders in all rounds, although they were higher in men than in women for all
age and SIMD categories. Cancer detection rates increased with age (P , 0.001), were higher in
men than in women in all age and SIMD categories, but were not consistently related to
deprivation. In both genders, the positive predictive value (PPV) for cancer increased with age (P ,

0.001) and decreased with increasing deprivation (P , 0.001) in all rounds and was consistently
higher in men than in women in all age and SIMD categories.
Conclusions In this population-based colorectal screening programme gender, age, and
deprivation had marked effects on key performance indicators, and this has implications both for
the evaluation of screening programmes and for strategies designed to reduce inequalities.

INTRODUCTION

F
our randomized controlled trials of colorectal cancer

screening using guaiac faecal occult blood test

(gFOBT) have shown reduced disease-specific mor-

tality.1– 4 A recent meta-analysis including these trials has

indicated that the introduction of such a programme

should bring about a 16% reduction in colorectal cancer

mortality with a 25% reduction when corrected for

uptake.5 In response to the research evidence, the United

Kingdom Departments of Health commissioned a demon-

stration pilot to test the feasibility of introducing a screening

programme into the National Health Service.6 This pilot was

carried out in two areas, one in Scotland and one in

England,7 and the results were used to inform the introduc-

tion of national screening programmes throughout the

United Kingdom.8,9

In Scotland the pilot consisted of three biennial rounds of

screening carried out between 2000 and 2006.10 In order to

monitor the effectiveness of this pilot a series of key

performance indicators (KPIs) were developed and these

have been described previously.10 Here we describe the

effect of gender, age and deprivation on seven of the KPIs.

METHODS

The methods used to carry out the United Kingdom demon-

stration pilot of colorectal screening have been described

in detail elsewhere.6 Briefly, the Scottish arm of this pilot

was carried out in NHS Grampian, Tayside and Fife

Boards, using biennial gFOBT using the Hemascreenw test

kit (Immunostics Inc., Ocean, New Jersey, USA). This kit

consists of six windows on to which small samples of

faeces (two each from three separate stools) are placed by

means of a disposable spatula. Those individuals with five

to six windows positive on the initial test (strong positive)

were offered colonoscopy, but if one to four windows

were positive (weak positive) participants were asked to
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complete a further gFOBT and if any of the windows were

positive colonoscopy was offered. Minor variations in this

algorithm between the three rounds have been described

previously.10

Invitees consisted of all men and women aged 50 to 69

living in the three pilot NHS Boards. They were identified

by the Community Health Index (CHI) and sent a test kit

and invitation to participate via the postal service from

a single Screening Unit located in Dundee. The CHI is a

unique identifying number for everyone registered with a

general practitioner in Scotland and is made up of date of

birth followed by four digits from which gender can be

identified. Completed tests were sent back in the post to

the Unit Laboratory for analysis using specially designed

hygienic foil envelopes. Individuals with a positive test

were contacted by a specialist nurse who organized colono-

scopy after obtaining informed consent.

Data for the KPIs were accumulated by data collectors

employed by the Screening Unit and analysed by

Information Services Scotland, a Division of NHS National

Services Scotland. For the purposes of this analysis, gender

and age were identified by the CHI and deprivation was

assessed by place of residence (identified by post code)

using the Scottish Index of Multiple Deprivation (SIMD).11

The version of SMID used for this analysis comprised six

domains: income, employment, education, housing, health

and access to facilities.

The study population was subdivided into two groups

according to gender, into four categories according to age

at invitation (50–54, 50–59, 60–64 and 65–69 years) and

into five categories according to the quintile of deprivation

(1: least deprived quintile, 5: most deprived quintile). Pivot

tables were then created to allow scrutiny of the KPIs accord-

ing to gender, age and deprivation category and the results

are presented here. In all cases the statistical significance of

the observed trends was estimated by means of tests for

linear trend using binomial regression. These tests were used

to determine whether observed correlations were reliable. No

correlations between age, gender and deprivation were

found, and therefore adjusted analyses were not carried out.

RESULTS

Associations between the study categories (gender, age and

deprivation) and screening uptake, uptake of colonoscopy,

positivity rate, cancer detection rate and positive predictive

value (PPV) for cancer were sought, and the results are

described below under these headings.

Uptake

In the first round 304,245 people were invited and a gFOBT

test result was obtained in 167,415; in the second round

these figures were 309,803 and 164,077; and in the third

round they were 317,864 and 175,853. This gives a first

round uptake of 55.0%, a second round uptake of 53.0%

and a third round uptake of 55.3%. In all three rounds

uptake increased with increasing age (Table 1) and

decreased with increasing levels of deprivation (Table 2).

Uptake by women was consistently higher than by men in

all age groups and in all deprivation categories.

Uptake of colonoscopy

Among those with a positive gFOBT who were invited for colo-

noscopy 85.5% accepted in the first round, 89.5% in the

second round and 81.3% in the third round. Although there

Table1 Uptake of FOBT and age range (numerator in brackets)

Age
range

Women Men

P value50–54 55–59 60–64 65–69 50–54 55–59 60–64 65–69

Round 1 57.1% 60.4% 62% 60.4% 45.8% 49.8% 53.5% 56.2% F , 0.001
(49,113) (37,137) (33,281) (31,239) (51,125) (37,001) (31,546) (27,740) M , 0.001

Round 2 51.9% 57.5% 60.4% 60.6% 42% 47.8% 51.9% 56.5% F , 0.001
(23,224) (24,275) (20,523) (18,989) (19,392) (20,396) (16,921) (15,875) M , 0.001

Round 3 53.3% 60.2% 63.3% 63.9% 44.1% 50.2% 54.8% 59.2% F , 0.001
(24,993) (26,903) (22,909) (20,174) (21,408) (22,764) (19,238) (17,004) M , 0.001

Overall, there was a significant positive association between uptake and increasing age (P , 0.001), and the overall uptake in women was higher than that in men (P , 0.001)

Table 2 Uptake of FOBT and deprivation category (numerator in brackets)

Deprivation
category

Women Men

P value1 2 3 4 5 1 2 3 4 5

Round 1 66.5% 63.2% 58.5% 51.2% 44.5% 57.3% 53.6% 48.7% 42.8% 37.7% F , 0.001
(25,547) (28,098) (18,987) (12,198) (6318) (21,534) (23,400) (15,233) (9596) (5506) M , 0.001

Round 2 65.1% 61.3% 55.5% 47.7% 40.3% 56.2% 52.3% 46.8% 40% 34.6% F , 0.001
(40,044) (46,095) (32,979) (23,188) (13,811) (39,208) (45,428) (31,890) (22,235) (14,188) M , 0.001

Round 3 67.1% 64.2% 58.9% 51.9% 44.1% 57.7% 55.2% 50.7% 43.7% 37.3% F , 0.001
(37,364) (44,909) (34,234) (24,463) (17,803) (36,991) (44,629) (33,297) (23,678) (18,316) M , 0.001

Overall there was a significant negative association between uptake and increasing deprivation (P , 0.001), and the overall uptake in women was higher than that in men (P , 0.001)
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was a negative association between uptake of colonoscopy and

increasing age, this was only significant for women in the first

round (Table 3). In the first and second rounds, there was

decreased colonoscopy uptake with increasing deprivation

although this was confined to men in the first two rounds

and women in the second round (Table 4).

Positivity

The percentage of individuals completing the gFOBT who

had a positive result was 2.07% in the first round, 1.9% in

the second round and 1.16% in the third round. Positivity

increased with age (Table 5) and increased with increasing

Table 3 Uptake of colonoscopy and age range (numerator in brackets)

Age
range

Females Males

P value50–54 55–59 60–64 65–69 50–54 55–59 60–64 65–69

Round 1 88.6% 85.2% 87.9% 83.1% 86.2% 87.6% 85.8% 82.5% F , 0.001
(233) (259) (299) (305) (401) (409) (470) (490) M , 0.072

Round 2 89.8% 88.2% 91.7% 86.5% 90.6% 90.4% 88.8% 90.3% F , 0.067
(203) (239) (286) (307) (329) (443) (414) (477) M , 0.526

Round 3 77.8% 83.6% 80.1% 82.9% 82.0% 83.0% 80.0% 79.9% F , 0.496
(158) (163) (157) (184) (228) (240) (264) (258) M , 0.172

Overall there was a significant negative association between colonoscopy uptake and increasing age (P , 0.001), and there was no significant overall difference between men and women
(P ¼ 0.83)

Table 4 Uptake of colonoscopy and deprivation category (numerator in brackets)

Deprivation
category

Women Men

P value1 2 3 4 5 1 2 3 4 5

Round 1 84.7% 87.3% 85.2% 84.5% 84.6% 87% 87.6% 85.9% 83.6% 77.8% F , 0.625
(200) (356) (288) (175) (104) (400) (573) (407) (270) (172) M , 0.001

Round 2 90.3% 89.5% 90.7% 85.3% 84.2% 93.6% 90.5% 88.5% 88.6% 85.1% F , 0.039
(234) (332) (243) (163) (101) (438) (512) (369) (263) (137) M , 0.001

Round 3 81.3% 78.9% 78.6% 86.9% 83.2% 82.5% 80.4% 78.8% 80% 86.7% F , 0.342
(126) (157) (169) (113) (94) (193) (288) (208) (160) (143) M , 0.375

Overall there was a significant negative association between colonoscopy and increasing deprivation (P , 0.001), and there was no significant overall difference between men and women
(P ¼ 0.83)

Table 5 Positivity of FOBT and age range (numerator in brackets)

Age
range

Women Men

P value50–54 55–59 60–64 65–69 50–54 55–59 60–64 65–69

Round 1 0.94% 1.36% 1.65% 1.95% 1.99% 2.54% 3.25% 3.81% F , 0.001
(263) (304) (340) (367) (405) (467) (548) (594) M , 0.001

Round 2 0.97% 1.12% 1.52% 1.87% 1.87% 2.4% 2.75% 3.33% F , 0.001
(226) (271) (312) (355) (363) (490) (466) (258) M , 0.001

Round 3 0.81% 0.72% 0.86% 1.1% 1.3% 1.27% 1.72% 1.9% F , 0.001
(203) (195) (196) (222) (278) (289) (330) (323) M , 0.001

Overall there was a significant positive association between positivity and increasing age (P , 0.001), and the overall positivity in men was higher than that in women (P , 0.001)

Table 6 Positivity of FOBT and deprivation category (numerator in brackets)

Deprivation
category

Women Men

P value1 2 3 4 5 1 2 3 4 5

Round 1 0.92% 1.45% 1.78% 1.7% 1.93% 2.14% 2.79% 3.11% 3.37% 4.01% F , 0.001
(236) (408) (338) (207) (123) (460) (654) (474) (323) (221) M , 0.001

Round 2 0.99% 1.31% 1.46% 1.73% 2.15% 2.12% 2.38% 2.79% 3.34% 3.28% F , 0.001
(259) (371) (268) (191) (120) (468) (566) (417) (29)7 (161) M , 0.001

Round 3 0.62% 0.69% 1.07% 1.02% 1.44% 1.1% 1.45% 1.56% 1.93% 2.42% F , 0.001
(155) (199) (215) (130) (113) (234) (358) (264) (200) (165) M , 0.001

Overall there was a significant positive association between positivity and increasing deprivation (P , 0.001), and the overall positivity in men was higher than that in women (P , 0.001)
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deprivation (Table 6) in all three rounds. Men had consist-

ently higher positivity rates than women.

Cancer detection rates

A diagnosis of cancer was made in 0.21% of those with an

evaluable gFOBT result in the first round, 0.12% in the

second round and 0.07% in the third. The cancer detection

rate increased with increasing age in all three rounds and

was consistently higher in men than in women (Table 7).

There was no detectable association between cancer detec-

tion rate and deprivation (Table 8).

Positive predictive value

The PPV of a gFOBT for cancer was 12.0% in the first round,

7.0% in the second and 7.5% in the third; the corresponding

figures for the PPVs for adenoma were 36.5%, 30.3% and

29.1% respectively. The PPV for cancer increased with

increasing age (Table 9), decreased with increasing depri-

vation (Table 10) and was higher in men than in women

in the first round, although this was not seen in the sub-

sequent two rounds.

DISCUSSION

Population screening, where eligibility is defined solely by a

fairly wide age range (in this case 50–69 years), by necessity

embraces a heterogeneous group of individuals. Existing evi-

dence suggests that gender, age and deprivation may influ-

ence the uptake of screening, and it is important to know

if this and other key indicators of the performance of a

specific screening programme are affected by these variables

as this will influence the interpretation of such indicators. In

addition, knowledge of how population variables affect the

performance of a screening programme can inform

methods of delivering the programme.

Uptake

Relatively little is known about the effect of gender on uptake

of screening in general since, until recently, population

Table 8 Cancer detection rate and deprivation category (numerator in brackets)

Deprivation
category

Women Men

P value1 2 3 4 5 1 2 3 4 5

Round 1 0.12% 0.12% 0.16% 0.12% 0.13% 0.26% 0.31% 0.42% 0.34% 0.20% F , 0.544
(29) (34) (30) (15) (8) (56) (72) (64) (33) (11) M , 0.432

Round 2 0.08% 0.08% 0.10% 0.07% 0.09% 0.15% 0.14% 0.18% 0.24% 0.12% F , 0.993
(22) (22) (18) (8) (5) (34) (34) (27) (21) (6) M , 0.390

Round 3 0.07% 0.04% 0.04% 0.04% 0.03% 0.07% 0.11% 0.08% 0.09% 0.15% F , 0.322
(18) (12) (9) (5) (2) (16) (27) (13) (9) (10) M , 0.325

Overall there was no significant association between cancer detection rate and deprivation (P ¼ 0.452), and the overall cancer detection rate in men was higher than that in women (P , 0.001)

Table 7 Cancer detection rate and age range (numerator in brackets)

Age
range

Women Men

P value50–54 55–59 60–64 65–69 50–54 55–59 60–64 65–69

Round 1 0.05% 0.11% 0.12% 0.21% 0.09% 0.25% 0.4% 0.58% F , 0.001
(15) (25) (30) (40) (20) (46) (67) (90) M , 0.001

Round 2 0.03% 0.05% 0.11% 0.17% 0.08% 0.13% 0.17% 0.28% F , 0.001
(6) (12) (23) (32) (16) (27) (28) (45) M , 0.001

Round 3 0.04% 0.04% 0.05% 0.07% 0.03% 0.05% 0.12% 0.20% F , 0.224
(11) (11) (11) (14) (7) (12) (23) (31) M , 0.001

Overall there was a significant positive association between cancer detection rate and increasing age (P , 0.001), and the overall cancer detection rate in mens was higher than that in
women (P , 0.001)

Table 9 PPV for cancer and age range (numerator in brackets)

Age
range

Women Men

P value50–54 55–59 60–64 65–69 50–54 55–59 60–64 65–69

Round 1 6.4% 9.7% 10% 13.1% 5% 11.2% 14.3% 18.4% F , 0.016
(15) (25) (30) (40) (20) (46) (67) (90) M , 0.001

Round 2 3% 5% 8% 10.4% 4.9% 6.1% 6.8% 9.4% F , 0.005
(6) (12) (23) (32) (16) (27) (28) (45) M , 0.009

Round 3 7% 6.7% 7% 7.6% 3.1% 5% 8.7% 13.2% F , 0.671
(11) (11) (11) (14) (7) (12) (23) (34) M , 0.001

Overall, there was a significant positive association between PPV for cancer and increasing age (P , 0.001), and the overall PPV for cancer in men was higher than that in women (P , 0.049)
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screening for men has not been available. From the results of

this study it is clear that, in Scotland at least, uptake of gFOBT

colorectal screening is higher among women for all ages and

deprivation categories, irrespective of round. This is in

keeping with previous observations from the combined UK

demonstration pilot7 and from the second round of the pilot

in England,12 and also reflects the finding in the

Nottingham randomized trial where the uptake of the first

invitation was 51% in men and 55% in women.2

Paradoxically, evidence from the United States suggests

that men are more likely to undergo screening endoscopy

than women13 although, in some studies at least, the

reverse seems to be true of gFOBT.14 In addition, a large

trial of flexible sigmoidoscopy screening carried out in the

United Kingdom found that men were more likely than

women to accept the invitation to be screened.15 Although

interesting, this body of evidence must be treated with

caution as there are no population-based studies of gender-

related acceptability of endoscopic colorectal screening

from the US and the UK study was not strictly population-

based. A recent population-based trial of flexible sigmoido-

scopy screening from Norway16 found that women were

more likely than men to accept the invitation to be screened,

lending weight to the concern that confounding factors had

affected the other observations.

A higher uptake of gFOBT screening in UK women is not

unexpected, given that cancer screening programmes have

only recently been available to the female population and

there is abundant evidence that men are less likely than

women to seek health advice or make use of medical ser-

vices. This makes the observations relating to the uptake of

endoscopic screening all the more surprising. A subset ques-

tionnaire study from the UK flexible sigmoidoscopy trial has

indicated that the higher attendance by men in this trial may

be explained, at least in part, by lower levels of deprivation,

higher levels of marital status and less in the way of per-

ceived barriers to screening.17 However, the hypothesis

that men are more likely than women to accept endoscopic

screening is not supported by the Norwegian experience and

needs further testing in an unselected population.

Age is another important variable with respect to uptake,

and in the 50–69 year range there was a steady increase of

uptake with increasing age in the Scottish pilot.10 A similar

finding was reported from the English arm of the pilot,7,12

and in the United States, uptake of any form of colorectal

screening seems to be higher in those over 65 years.13 Of

the randomized trials of colorectal screening, only the

Nottingham study reported on this parameter and showed

very little variation in uptake with age category other than

a slight drop in the group aged over 70 years.2 This differ-

ence may relate to a heightened degree of health awareness

amongst older people in recent years.

The underlying reasons for an increased willingness for

older age groups to engage with colorectal screening are

not clear, but it is possible to speculate that more free time

and increasing concern with health matters might

contribute.

That deprivation adversely affects uptake of screening is

well known from both breast18,19 and cervical screening.20

The striking decrease in uptake of colorectal screening with

increasing deprivation observed in the Scottish pilot is in

keeping with the English pilot findings,7,12 and has been

demonstrated previously for both FOBT screening21 and

flexible sigmoidoscopy screening.22 The reasons for this are

likely to be multiple, but there is good evidence that low

health literacy is associated with perceived confidence to

participate in screening23 and literacy declines with increas-

ing deprivation.24 This is a particular problem with the UK

FOBT screening programmes which rely heavily on printed

information delivered by post.

Uptake of colonoscopy by those with a positive FOBT is a

separate but related topic about which much less is known.

From the present study it would appear that this is not

related to gender and that the effect of age is small.

Although higher deprivation is associated with lower

uptake, at least in men, this is not nearly so marked as the

effect of deprivation on uptake of the FOBT itself.

Nevertheless, it is concerning that the uptake is so low,

given that a positive FOBT defines a group that is at high

risk of neoplasia. Previous work has shown that once

verbal contact has been made with a health professional,

uptake of colonoscopy is high, and the offer of a telephone

consultation to discuss and arrange colonoscopy has been

associated with a significant increase in uptake.25

Positivity

When effects on the positivity of the gFOBT are being con-

sidered it must be appreciated that the test used in the UK

pilots was guaiac-based and therefore subject to dietary

interference from peroxidase activity in plants and animal

haemoglobin.26 In the Scottish pilot positivity was consist-

ently higher in men than in women in all age groups and

deprivation categories, and a similar association with

gender was seen in the English pilot.7,12 The same finding

has been reported, although not in detail, in the previous

Table10 PPV for cancer and deprivation category (numerator in brackets)

Deprivation
category

Women Men

P value1 2 3 4 5 1 2 3 4 5

Round 1 14.5% 9.6% 10.4% 8.6% 7.7% 14% 12.6% 15.7% 12.2% 6.4% F , 0.062
(29) (34) (30) (15) (8) (56) (72) (64) (33) (11) M , 0.031

Round 2 9.4% 6.6% 7.4% 4.9% 5% 7.8% 6.6% 7.3% 8% 4.4% F , 0.640
(22) (22) (18) (8) (5) (34) (34) (27) (21) (6) M , 0.346

Round 3 14.3% 7.6% 5.3% 4.4% 2.1% 8.3% 9.4% 6.3% 5.6% 7% F , 0.001
(18) (12) (9) (5) (2) (16) (27) (13) (9) (10) M , 0.282

Overall, there was a significant negative association between PPV for cancer and increasing deprivation (P , 0.001), and the overall PPV for cancer in men was higher than that in women
(P , 0.049)
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randomized trials.1,3 This is consistent with the increasingly

strong evidence that male sex is a risk factor for advanced

colorectal neoplasia,27 but the possibility remains that a

gender difference in diet may have contributed.

Positivity also increases with increasing age as evidenced

by the present study, the data from England7,12 and the ran-

domized studies1,3 and, again, this probably relates to preva-

lence and incidence of advanced neoplasia, although other

factors cannot be discounted. More interesting, however, is

the increase in positivity with increasing deprivation.

Although there appears to be a slight increase in colorectal

cancer incidence with increasing deprivation in the

Scottish population,28 the cancer detection rate in the

screened population does not vary with deprivation as

evidenced by the present study. It is therefore likely that

dietary factors account for this finding, and if this is the

case, it highlights one of the limitations of the guaiac test.

Cancer detection and PPV

The cancer detection rate (i.e. the detection rate of cancer

and adenoma in those screened) was higher in men than

in women, reflecting the evidence that the disease has a

higher incidence in men than in women, especially in the

age group (50–69) offered screening in the Scottish

pilot.29 This observation is in keeping with the higher posi-

tivity observed in men, and although, as discussed above,

it is impossible to exclude other causes such as diet, the

higher PPV seen in men suggests that this is related primarily

to a higher burden of disease.

Not unexpectedly, the cancer detection rate and the PPV

of the gFOBT increased with increasing age. More surprising

were the findings with deprivation. Although higher levels

of deprivation were associated with increased positivity,

there was no association with cancer detection rate and

the PPV fell with increasing deprivation. Thus people from

deprived communities are more likely to have a false-posi-

tive gFOBT and hence an unnecessary colonoscopy.

CONCLUSION

In summary, the main findings from the study of the

Scottish demonstration pilot of gFOBT colorectal screening

are that uptake and positivity and PPV are all affected by

gender, age and deprivation, whereas neoplasia detection

rates are affected by gender and age only.

An obvious implication of these findings is the need to

improve uptake by targeting men and deprived commu-

nities, and the latter is particularly relevant given the evi-

dence that the outcome in colorectal cancer patients is

adversely affected by deprivation.28,30 It would seem appro-

priate to investigate alternative means of invitation or

perhaps different test formats, and careful research is

needed to identify the optimum methods of reducing

inequalities in this area.

The findings related to age indicate that the older age

groups are more likely to benefit from screening, at least as

far as cancer detection is concerned, and are more willing

to participate. It would therefore seem appropriate to con-

sider setting the upper age limit of screening above 69

years, and indeed, for roll-out of the screening programmes

throughout the UK this limit either has been or will be

increased to 74 years.8,9

Finally, the issue of the PPV of the gFOBT is important as

this determines the number of negative (and therefore

unnecessary) colonoscopies that are carried out. While the

relationship between PPV and both gender and age may

largely be explained by differences in disease prevalence,

this is not the case with deprivation. While more deprived

populations have higher positivity rates, the test has a

lower PPV, indicating a higher incidence of positive tests

that are not caused by neoplasia. Although the reason for

this is currently obscure, dietary habits offer a possible expla-

nation. Previous research utilizing faecal immunological

testing has shown that a substantial proportion of people

with a positive gFOBT do not have detectable blood in

their stool,31 and it will be important to determine

whether or not such human haemoglobin-specific testing

circumvents this issue.
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