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Background: There is increasing evidence that aspirin, statins and ACE-inhibitors can reduce the incidence of colorectal cancer.
The aim of the present study was to assess the impact of these medications on an individual’s risk of advanced neoplasia in a
colorectal cancer screening programme.

Methods: A prospectively maintained database of the first round of screening in our geographical area was analysed. The
outcome measure was advanced neoplasia (cancer or intermediate or high risk adenomata).

Results: Of the 4188 individuals who underwent colonoscopy following a positive occult blood stool test, colorectal pathology
was present in 3043(73%). Of the 3043 patients with colorectal pathology, 1704(56%) had advanced neoplasia. Patients with
advanced neoplasia were more likely to be older (OR 1.38; 95% CI 1.19-1.59) and male (OR 1.66; 95% CI 1.43-1.94) (both P<0.001).
In contrast, those on aspirin (OR 0.68; 95% Cl 0.56-0.83), statins (OR 0.65; 95% CI 0.55-0.78) or ACE inhibitors (OR 0.71; 95% ClI
0.57-0.89) were less likely to have advanced neoplasia at colonoscopy (all P<0.05).

Conclusion: In patients undergoing colonoscopy following a positive occult blood stool test with documented evidence of
aspirin, statin or ACE-inhibitor usage, advanced neoplasia is less likely, suggesting that the usage of these medications may have a
chemopreventative effect.

Colorectal cancer is the third most common cancer in the Western
world and is second only to lung cancer as a cause of cancer death
in the combined male and female populations in the United
Kingdom. Around 40000 people are diagnosed with bowel cancer
each year in the United Kingdom alone and around 16 000 deaths
occur annually from the disease. Incidence increases with age, with
over 80% of cases occurring in patients over the age of 60 years
(Cancer Research UK).

There is good evidence that screening for colorectal cancer using
the guaiac-based faecal occult blood test (gFOBt) increases the
number of early-stage cancers diagnosed (Dukes A and B) and

consequently reduces cancer-specific mortality (Mandel et al, 1993;
Hardcastle et al, 1996; Kronborg et al, 1996). In addition, there is
increasing evidence that screening using the faecal immunochemical
test (FIT), where the level of blood in the stool can be quantified,
may have improved sensitivity over gFOBt, albeit with higher
positivity rates and slight reductions in specificity (Guittet et al,
2007; Hol et al, 2009; Parra-Blanco et al, 2010). This has lead to the
development of a gFOBt/FIT population-based screening pro-
gramme in Scotland, where individuals with a weakly positive result
on initial gFOBt testing are sent a confirmatory FIT (Fraser et al,
2012). Despite this, interval cancers do develop (Steele et al, 2009).
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This number appears to increase with successive screening
rounds, suggesting that while screening is good at targeting so
called screen-detected cancers, a proportion of tumours are
resistant to the screening process in its current form (Steele et al,
2009, 2012).

Therefore, there is substantial ongoing interest in the field of
chemoprevention, with the use of certain drugs to reduce an
individual’s risk of cancer. For example, there is considerable
evidence that aspirin may reduce an individual’s likelihood of
developing both pre-cancerous adenomata (Baron et al, 2003;
Benamouzig et al, 2003; Sandler et al, 2003; Cole et al, 2009) and
colorectal cancer (Thun et al, 1991; Flossmann and Rothwell,
2007). Moreover, it may have an impact on reducing cancer deaths
in those with colorectal tumours (Rothwell et al, 2010, 2011). The
precise mechanism for aspirin’s effect is not entirely clear but
appears to be due to both its role in modulating the inflammatory
response and also through more complex direct effects on tumour
cells themselves (Chan et al, 2012).

In addition, statins have also been suggested to reduce an
individual’s risk of developing both colorectal cancer and advanced
adenomas. The evidence for this has been variable in individual
trials (Poynter et al, 2005; Jacobs et al, 2011; Simon et al, 2012);
however, a recent meta-analysis involving 11 randomised control
trials, 13 case—control studies and 8 cohort studies concluded that
chronic statin usage did indeed have a small protective impact on
colorectal cancer occurrence (Bardou et al, 2010). The mechanism
for its effect is thought to arise through a combination of increased
induction of tumour cell apoptosis, inhibition of cell growth or
angiogenesis, or through enhancement of the immune response
(Gauthaman et al, 2009).

Furthermore, some evidence has emerged that angiotensin-
converting enzyme inhibitors (ACE-i) may also have a chemopre-
ventative effect (Lever et al, 1998), and in particular for colonic
cancer their use may reduce the development of pre-cancerous
adenomata (Kedika et al, 2011). This may be owing to a role of
angiotensin-converting enzyme in influencing local tumour growth
and neoangiogenesis (Rocken et al, 2007).

However, each of these drugs each has their own side-effect
profile. This may be magnified when used in high doses, and so far
no single agent has been recommended for chemopreventive use in
the general population. Use of these drugs for chemoprevention in
combination has previously been suggested (Zhou et al, 2012) but
not studied in a population setting; however, the concept of a
‘polypill’ to reduce cardiovascular risk has previously been
proposed (Wald and Law, 2003; Rodgers et al, 2011).

The aim of the present study was to assess the affect of aspirin,
statins and ACE-i both in isolation and in combination, on an
individual’s risk of neoplasia in patients who tested positive in a
colorectal cancer screening programme and subsequently under-
went colonoscopy.

PATIENTS AND METHODS

Beginning in April 2009, all males and females between the age of
50 and 74 and registered with a GP in NHS Greater Glasgow and
Clyde (NHS GG&C) were identified via their Community Health
Index and invited to participate in the Scottish Bowel Screening
Programme (SBoSP). Participants were sent a gFOBt kit and asked
to provide two samples from three separate faecal specimens. In
the case of weakly positive or spoiled kits, participants were sent a
FIT kit. Analysis and processing of the gFOBt/FIT kits in the
SBoSP has been described previously (Fraser ef al, 2012). Following
a positive result, patients were pre-assessed, either face-to-face or
following telephone consultation, by a bowel screening endoscopy
nurse and then referred on for colonoscopy if this was deemed

suitable. Details on patient medications were automatically
uploaded to the Bowel Screening IT system from the Scottish
Care Information Gateway system, which provides an interface
between primary and secondary care records. This allows for
details of patients regular medication, as held by their General
Practitioner to be obtained. As part of the pre-assessment
interview, patient medications were checked with this electronic
record. A user of medication was defined as an individual who had
either aspirin, statin or ACE-i usage at time of pre-assessment
documented as per this method. Patient details were obtained from
the prospectively maintained Bowel Screening IT system managed
by the Public Health Screening Unit at NHS GG&C.

Data on endoscopic findings and pathological diagnosis were
obtained retrospectively from clinical information systems. The
presence of any colorectal pathology that could account for a
positive stool test was noted. This included, but was not limited to,
colorectal cancer, dysplastic polyps and non-neoplastic colorectal
pathology such as colitis or haemorrhoids. The presence of
uncomplicated diverticulosis and hyperplastic polyps were noted as
normal findings.

In those patients in whom a pathological diagnosis of dysplastic
polyps was reached, they were classified as being of a low risk,
intermediate risk or high risk of subsequent development of
colorectal cancer as per British Society of Gastroenterology (BSG)
guidelines (Atkin and Saunders, 2002) (low risk: 1 to 2 polyps
<1 cm; intermediate risk: 3-4 polyps <1cm or >1 polyp >1cmy
high risk: >5 polyps or >3 polyps of which >1 is >1cm).
Advanced neoplasia was defined as patients with either colorectal
cancer or dysplastic polyps classified as intermediate or high risk as
per BSG guidelines.

Deprivation category was calculated using the Scottish Index of
Multiple Deprivation (SIMD), which is an index of relative
deprivation combining 38 indicators across 7 domains, namely,
income, employment, health, education, skills and training,
housing, geographic access and crime. The overall index is a
weighted rank for each domain allowing postcodes to be ranked in
order of deprivation across Scotland. Quintiles of deprivation were
used to assign patients a relative deprivation category based on
their postcode at the time of colonoscopy with the first quintile
representing the most deprived and the fifth quintile the least
deprived (http://www.scotland.gov.uk/Topics/Statistics/SIMD).

Permission for the study was granted by the Caldicott Guardian
of the data, and data was stored and analysed in an anonymised
manner.

Statistical analysis. Associations between categorical variables
were examined using 7> tests for linear trend unless otherwise
specified. Both univariate and multivariate logistical regression was
used to calculate odds ratios. A value of P<0.05 was considered
statistically significant. Statistical analysis was performed using
SPSS software (SPSS Inc., Chicago, IL, USA).

RESULTS

From April 2009 to March 2011 representing the first complete
round of screening in NHS GG&C, 395096 individuals were
invited to participate, 204461 (52%) responded and 6085 (3%)
tested positive. Of those who tested positive, 4631 (76%) patients
proceeded to undergo colonoscopy. Complete results on both
outcomes following colonoscopy and medications noted at pre-
assessment were available for 4188 (90%) patients, which formed
the basis of our analysis (Figure 1). The majority of positive results
were owing to a positive FIT (3449 (82%) patients).

Presence of colorectal pathology. Of the 4188 patients in whom
complete results were available, colorectal pathology was identified
in 3043 (73%) patients (Figure 2). Patients with colorectal
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Figure 1. Flow diagram of cohort.
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Figure 2. Outcome from colonoscopies. Any colorectal pathology is
any colorectal pathology that could account for a positive stool test
(cancer, dysplastic polyps and non-neoplastic colorectal pathology
including, but not limited to, colitis and haemorrhoids). Advanced
neoplasia = colorectal cancer, >3 dysplastic polyps <1cm or >1
dysplastic polyp =1 cm. Advanced adenomas =3 dysplastic polyps
<7Tcm or >1 dysplastic polyp >1cm.

pathology were more likely to be older (P<0.001), male
(P<0.001), less deprived (P<0.05) and have tested positive
through gFOBt route (P<0.05) than those without any
(Table 1). In contrast, those that were on aspirin were less likely
to have colorectal pathology identified at colonoscopy (P<0.05).
There were no associations between statin or ACE-i usage and the
presence of colorectal pathology. On multivariate analysis, older
age and male sex remained associated with increased risk of
colorectal pathology (both P<0.001) and aspirin usage remained
associated with a reduced risk of colorectal pathology (P<0.001).

Presence of advanced neoplasia. Of the 3043 patients with
colorectal pathology, advanced neoplasia was identified in 1704
(56%) patients (Figure 2). Patients with advanced neoplasia were
more likely to be older, male, less deprived and have tested positive

through the gFOBt route (all P<0.001) than those without
(Table 2). In contrast, those on aspirin (P<0.001), statins
(P<0.001) or ACE-i (P<0.05) were all less likely to have
advanced neoplasia at colonoscopy. As the majority of patients
on at least one of these medications were in fact on multiple
medications for the purposes of multivariate analysis, the variable
>1 medication was entered into the model. The associations
identified on univariate analysis persisted in the multivariate
model. The risk of advanced neoplasia was also then examined in
medication combinations (Table 3). Similar odds ratios were seen
between combinations of these three medications (OR 0.64;
95% CI 0.50-0.83 to 0.71; 95% CI 0.57-0.89) where the risk of
nonsignificant pathology was taken as the reference. Odds ratios
for those on >1 medication (OR 0.67; 95% CI 0.56-0.78) or =2
medications (OR 0.67; 95% CI 0.55-0.81) were also similar.

Presence of cancer. Of the 1704 patients with advanced neoplasia,
colorectal cancer was identified in 392 (23%) patients (Figure 2).
Patients with cancer were more likely to be older (P=0.001),
female (P <0.05) and have tested positive through the gFOBt route
(P<0.001) than those with advanced adenomas only (Table 4).
These associations remained significant on multivariate analysis.
There was a nonsignificant trend to those with cancer identified
being less likely to be on a statin (14% vs 18%, P=0.071).

DISCUSSION

The results of the present study report, for the first time, a reduced
incidence of advanced neoplasia in patients who are on a statin or
an ACE-i that undergo colonoscopy following a positive stool test
within a population-based colorectal cancer screening programme.
In addition, it confirms previous work that has shown a reduced
incidence of advanced neoplasia in those on aspirin. Overall, the
results suggest that there may be role for population-based usage of
these medications in reducing the incidence of colorectal neoplasia.

The reduction in the incidence of advanced neoplasia of 33% in
those on at least one medication is similar to the 28% reduction
seen in a recent meta-analysis of the effect of aspirin in preventing
advanced lesions in a non-screened population (Cole et al, 2009).
Studies have also previously shown a lower yield of neoplasia in
those on aspirin who undergo a colonoscopy following a positive
gFOBt (Clarke et al, 2006; Sawhney et al, 2010; Lee et al, 2012).
However, previous work has been unable to adjust for the false-
positive effect of aspirin that can occur with gFOBt tests, and
therefore were unable to definitively attribute this to a chemopre-
ventative effect. For example, there is evidence that aspirin can
increase gFOBL false positives due to its antiplatelet activity causing
occult bleeding in an otherwise normal gastrointestinal tract. In the
present study, by removing all those in whom no cause for the
positive stool test was found, the impact of this confounding factor
was minimised. Furthermore, the majority of our patients tested
weakly positive on gFOBt and actually proceeded to colonoscopy
only following a confirmatory positive FIT. Indeed, previous
authors have reported a limited effect of aspirin usage on FIT
specificity (Levi et al, 2009; Brenner et al, 2010).

In addition, the reduced incidence of advanced neoplasia that
was seen in the present study was seen not only in aspirin but in
statins and ACE-i that have not previously been reported to cause
false-positive stool tests. The present study supports this assump-
tion as aspirin but neither statins nor ACE-i usage was associated
with a higher likelihood of having a normal colonoscopy.

The stage at which these medications might impact on the
adenoma-carcinoma sequence has been previously speculated
(Rocken et al, 2007; Gauthaman et al, 2009; Chan et al, 2012). Of
interest, in the present study there was no significant impact of
medications on the presence of cancer within those with advanced
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Table 1. Study population and risk of detecting any colorectal pathology at colonoscopy following a positive stool test

Risk of colorectal
All Colorectal Normal pathology
patients pathology colonoscopy (multivariate
analysis)
n % n % n % P-value OR 95% ClI P-value
4188 3043 1145

Age
<55 877 21 565 19 312 27 1
56-64 1280 31 925 30 355 31 1.41 1.17-1.71 <0.001
>65 2031 49 1553 51 478 42 <0.001 1.89 1.58-2.27 <0.001
Sex
Male 2489 59 1990 65 499 44 1
Female 1699 41 1053 35 646 56 <0.001 2.49 2.16-2.86 <0.001
Deprivation category
1 (most deprived) 1506 36 1060 35 446 39 1
2 785 19 568 19 217 19 1.08 0.88-1.31 0.461
3 666 16 507 17 159 14 1.30 1.05-1.61 0.017
4 527 13 380 13 147 13 1.02 0.81-1.28 0.879
5 (least deprived) 699 17 525 17 174 15 0.017 1.21 0.98-1.49 0.080
Type of positive stool test
gFOBt 739 18 561 18 178 16 1
FIT 3449 82 2482 82 967 84 0.029 1.20 0.99-1.45 0.062
Aspirin
No 3531 84 2592 85 939 82 1
Yes 657 16 451 15 206 18 0.012 0.67 0.55-0.81 <0.001
Statin
No 3308 79 2422 80 886 77
Yes 880 21 621 20 259 23 0.117
ACE inhibitor
No 3682 88 2672 88 1010 88
Yes 506 12 371 12 165 12 0.722
>1 Medications
No 3088 74 2271 75 817 71
Yes 1100 26 772 25 328 29 0.032
Abbreviations: ACE = angiotensin-converting enzyme; Cl = confidence interval; FIT =faecal immunochemical test; gFOBt = guaiac-based faecal occult blood test; OR = odds ratio.

neoplasia. Therefore, it may indicate that rather than affecting
cancer progression and growth, these medications exert their
influence earlier in the adenoma-carcinoma pathway by prevent-
ing adenoma development.

From previous in vivo and in vitro studies, there is not only
debate as to which stage of the adenoma-carcinoma sequence is
affected by both aspirin, statins and ACE-i but also the precise
mechanism of action. For example, with aspirin, there is evidence
for both a direct local effect on tumour cells and the tumour
microenvironment, and a systemic effect of the drug on circulating
inflammatory cytokines (Chan et al, 2012). The clinical limitations
with many in-vitro studies are that large concentrations of aspirin
are required to create a local effect. While not specifically noted, it
is likely that the vast majority of patients in the present study were
taking low doses designed for cardiac prevention and therefore the
local effects on colonic mucosa were likely to be limited. This
favours the premise that the reduction in neoplasia seen in the
present study is mediated through a systemic effect. If this was

proven to be the case, then the reduction in neoplasia risk detected
by the present study is likely to be an underestimation owing to the
non-discriminatory use of these medications. There is evidence
that an elevated host systemic inflammatory response is associated
with the presence of cancer (Proctor et al, 2010) and hence it may
be that more targeted therapy to those at risk of neoplasia, for
example, with an elevated systemic inflammatory response, may
yield a greater benefit. It would be of interest to examine
medication usage, neoplasia risk and markers of the systemic
inflammatory response within population studies and further work
is warranted.

It is important to note that conclusions drawn from the present
study may not necessarily be representative of the population as a
whole who were invited to screening. Only 52% of patients
responded to the screening invite and just over three quarters of
those who tested positive actually underwent colonoscopy. We
have previously reported that those who fail to respond to
screening are more likely to be male, younger and more socio-
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Table 2. Risk of advanced neoplasia in those with colorectal pathology at colonoscopy

All Advanced Non-significant Risk of advanced neoplasia
patients neoplasia pathology (multivariate analysis)
n % n % n % P-value OR 95% Cl | P-value
3043 1704 1339
Age
<55 565 19 263 15 302 23 1
56-64 925 30 513 30 412 31 1.48 1.19-1.83 <0.001
>65 1553 51 928 55 625 47 <0.001 1.89 1.55-2.31 <0.001
Sex
Male 1990 65 1201 70 780 59 1
Female 1053 35 503 30 550 41 <0.001 1.70 1.46-1.99 <0.001
Deprivation category
1 (most deprived) 1060 35 554 33 506 38 1
2 568 19 324 19 244 18 1.16 0.94-1.43 0.16
3 507 17 278 16 228 17 1.05 0.85-1.31 0.653
4 380 13 232 14 148 11 1.33 1.04-1.70 0.021
5 (least deprived) 525 17 313 18 212 16 <0.001 1.29 1.04-1.60 0.021
Type of positive stool test
gFOBt 561 18 353 21 208 16 1
FIT 2482 82 1351 79 1131 84 <0.001 1.39 1.14-1.68 0.001
Aspirin
No 2592 85 1488 87 1104 82
Yes 451 15 216 13 235 18 <0.001
Statin
No 2422 80 1409 83 1013 76
Yes 621 20 295 17 326 24 <0.001
ACE inhibitor
No 2672 88 1524 89 1148 86
Yes 371 12 180 1 191 14 0.002
>1 Medications
No 2271 75 1330 78 941 70 1
Yes 772 25 374 22 398 30 <0.001 0.59 0.50-0.70 <0.001

Abbreviations: ACE = angiotensin-converting enzyme; Cl= confidence interval; FIT =faecal immunochemical test; gFOBt = guaiac-based faecal occult blood test; OR = odds ratio.

Table 3. Combinations of medications and risk of advanced neoplasia in those with colorectal pathology at colonoscopy

Aspirin Statin ACE-i Aspirin and Statin

All patients, n 451 621 371 371

OR (95% CI) 0.68 (0.56-0.83) P<0.001 0.65 (0.55-0.78) P<0.001 0.71 (0.57-0.89) P=0.002

Aspirin, n(%)

No 250 (40) 170 (46)

Yes 371 (60) 201 (54)

OR (95% CI) 0.69 (0.56-0.86) P=0.001 0.67 (0.51-0.90) P=0.006

Statin, n(%)

No 93 (25)

Yes 278 (75)

OR (95% Cl) 0.64 (0.50-0.83) P<0.001

ACE-i, n(%)

No 192 (52)

Yes 179 (48)

OR (95% Cl) 0.66 (0.49-0.90) P=0.007

Abbreviations: ACE-i = angiotensin-converting enzyme inhibitor; Cl = confidence interval; OR= odds ratio. Reference category =non-significant pathology.
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Table 4. Risk of cancer in those with advanced neoplasia at colonoscopy

All Advanced Risk of cancer
: Cancer (multivariate
patients adenoma 4
analysis)
n % n % n % P-value OR 95% ClI P-value
1704 392 1312
Age
<55 263 15 46 12 217 17 1
56-64 513 30 104 27 409 31 1.22 0.82-1.80 0.323
=65 928 55 242 62 686 52 0.001 1.72 1.20-2.45 0.003
Sex
Male 1201 70 260 66 941 72 1
Female 503 30 132 34 371 28 0.04 0.75 0.59-0.96 0.023
Deprivation
category
1 (most deprived) 554 33 118 30 436 33
2 324 19 66 17 258 20
3 278 16 72 19 206 16
4 232 14 63 16 169 13
5 (least deprived) 313 18 71 18 242 19 0.184
Type of positive stool test
gFOBt 353 21 128 33 225 17 1
FIT 1351 79 264 67 1087 83 <0.001 2.41 1.87-3.12 <0.001
Aspirin
No 1488 87 349 89 1139 87
Yes 216 13 43 11 173 13 0.247
Statin
No 1409 83 336 86 1073 82
Yes 295 17 56 14 239 18 0.071
ACE-i
No 1524 89 353 90 1171 89
Yes 180 11 39 10 141 1 0.652
>1 Medications
No 1330 78 318 81 1012 77
Yes 374 22 74 19 300 23 0.094
Abbreviations: ACE-i = angiotensin-converting enzyme inhibitor; Cl = confidence interval; FIT =faecal immunochemical test; gFOBt = guaiac-based faecal occult blood test; OR = odds ratio.

economically deprived, and that those who fail to progress to
colonoscopy following a positive test are more likely to be deprived
(Mansouri et al, 2013). Further work exploring medication usage
and subsequent development of neoplasia in those who choose not
to participate in screening is required.

A limitation of the present study is that data on dosage, duration
or compliance with use of these medications were not collected.
Therefore, we were not able to draw conclusions on favoured
dosing for chemoprevention, nor were we able to separate those
who had taken these medications for a period of weeks from those
that had been on them for several years. Furthermore, a potential
concern of the present cross-sectional study design is that the
medication recorded does not reflect ongoing exposure. Never-
theless, given that the recorded medications are used to treat
existing co-morbid disease it is likely that such medication would
be taken on an ongoing basis. In addition, the majority of patients
who were on at least one of these medications were in fact on
several of them. Therefore, performing multivariate analysis to
assess which was of most importance with this large degree of

multicollinearity was not meaningful and the effect of an individual
medication could not be reliably estimated. However, this
represents a real-life population setting where the majority of
patients are likely to be on a combination of medications. Analysis
of the risk of neoplasia and the association with medication usage,
stratified for location within the colon was also not performed.
Previous studies have found the greatest risk reduction with aspirin
usage and with lesions of the proximal colon (Rothwell et al, 2010)
and hence examining this in our population may have been of
interest. However, there is an inherent problem with using data
derived from occult blood stool-based colorectal cancer screening
programmes for this, as such screening tests are less sensitive for
right-sided lesions (Logan et al, 2012). This altered sensitivity
creates a skewed study population undergoing colonoscopy where
lesions are mainly on the left side of the colon. For example, only
17% of those with significant neoplasia in our study population
had isolated right-sided lesions (data not presented). Such sample
bias would negate any meaningful conclusions being drawn from
subanalysis based on the location of neoplastic lesions and so such
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an analysis was not undertaken. Also, while consideration was
made to adjust for age, sex and socioeconomic deprivation, there
are other potential confounding factors such as a significant family
history or previous history of colonic neoplasia that have not been
included in the present analysis. In particular, there is now robust
evidence that patients with hereditary non-polyposis colorectal
cancer or familial adenomatous polyposis may derive substantial
benefit from aspirin chemoprophylaxis (Burn et al, 2011ab).
However, the overall incidence of these hereditary cancers in our
study population is likely to be small (<10%).

In conclusion, we report that there is a reduced incidence of
advanced colorectal neoplasia in patients who are on aspirin,
statins or ACE-i undergoing colonoscopy following a positive stool
test within a population-based screening programme. This effect
persists when adjustment is made for the possible false-positivity
effect of aspirin on gFOBt testing, suggesting that this reduction
may be owing to a chemopreventative mechanism. Overall, this
supports the theory that population-based usage of these medica-
tions in this age group may reduce the incidence of colorectal
neoplasia. Further work is required to explore not only this concept
but the perceived association with the host systemic inflammatory
response, within the context of a national bowel screening
programme.
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