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Do Aspirin and Nonsteroidal Anti-inflammatory
Drugs Cause False-Positive Fecal Occult Blood Test

Results? A Prospective Study in a Cohort of
Veterans

Charles J. Kahi, MD, Thomas F. Imperiale, MD
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URPOSE: To determine whether use of regular aspirin or
onsteroidal anti-inflammatory drugs (NSAIDs) is a risk factor

or a false-positive fecal occult blood test result.
ETHODS: Consecutive patients referred for colonoscopy

or a positive fecal occult blood test result at a Veterans Af-
airs hospital were eligible. Patients with hematochezia, pep-
ic ulcer disease, or unevaluated dyspepsia requiring antac-
ds, or who used warfarin, were excluded. Regular aspirin
nd NSAID use was defined as at least one daily dose for at
east 3 days per week. Colonoscopic findings unlikely to ex-
lain a positive test result alone were defined a priori as di-
erticulosis, hemorrhoids, or polyps �1.0 cm with no villous
istology. Findings likely to explain a positive test result in-
luded cancer and advanced polyps.
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� SD) age of 66 � 10 years; 98% were male and 86% were
hite. No colonoscopic findings explained the positive fecal
ccult blood test result in 153 patients (79%). One hundred
nd thirty-five patients (70%) were regular aspirin or NSAID
sers, of whom 21% (n � 29) had findings to explain the
ositive test results, compared with 19% (11/58) of nonusers
P � 0.7). There was no relation between aspirin dose and
olonoscopic findings unlikely to explain a positive test re-
ult. Multivariate analysis found no association between reg-
lar aspirin or NSAID use and a false-positive test result
odds ratio � 0.85; 95% confidence interval: 0.39 to 1.84).
ONCLUSION: Aspirin and NSAID use were not risk factors

or a false-positive fecal occult blood test result in this

tudy. Am J Med. 2004;117:837– 841. ©2004 by Elsevier Inc.
ESULTS: The sample comprised 193 veterans with a mean
creening for colorectal cancer by testing for fecal
occult blood has been shown to decrease the inci-
dence of, and mortality from, colorectal cancer, and

s recommended annually in persons aged 50 years or
lder (1–5). Several factors influence the accuracy of the
est, particularly dietary and medication restriction at the
ime of specimen collection. Intake of red meat, poultry,
sh, certain raw vegetables, and certain medications may
esult in false-positive test results (6), whereas ingestion
f vitamin C may result in a false-negative test result.

There are few data to guide the decision about whether
o restrict the use of aspirin and nonsteroidal anti-inflam-

atory drugs (NSAIDs) during the collection of stool
pecimens for fecal occult blood testing. Studies address-
ng this issue have had results with uncertain validity and
eneralizability to clinical practice, owing to enrollment
f young, healthy volunteers (7,8), use of unusually high
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oses of aspirin for short periods of time (7,8), use of fecal
ccult blood assays that are rarely used in practice (8), or
he lack of systematic correlation between positive results
nd colonic findings (9). Clinical guidelines reflect these
ncertainties by stating that it is unclear whether low
oses of aspirin cause false-positive test results, and that
� higher doses may cause problems” (10). The objective
f this study was to determine whether regular use of
spirin or NSAIDs increases the risk of a false-positive
ecal occult blood test result in a cohort of patients who
re likely to be encountered in clinical practice.

ETHODS

e conducted a prospective cohort study at the Roude-
ush Veterans Affairs Medical Center, Indianapolis,
ndiana, between February 2001 and December 2002.
he study protocol was approved by the institutional re-
iew boards of Indiana University and Roudebush Veter-
ns Affairs Medical Center, and all subjects gave written
nformed consent. Consecutive patients referred during
he 22-month period for a colonoscopy to evaluate a pos-
tive fecal occult blood test result were eligible. Three
tool specimens for testing with Hemoccult II (Smith-
line Diagnostics, Palo Alto, California) were collected at
ome by patients as part of routine screening for colorec-
al cancer, and mailed or brought to the hospital for lab-

ratory processing and interpretation in the physician’s

0002-9343/04/$–see front matter 837
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linic. Patients who had a previous colonoscopy within
he past 5 years; a history of hematochezia, active peptic
lcer disease, or other bleeding upper gastrointestinal le-
ion identified by endoscopy; unevaluated dyspepsia re-
uiring acid-suppressive medications; unsatisfactory co-

onic preparation precluding full colonoscopy; or unclear
xposure status (missing medical records along with cog-
itive impairment and no caretaker); or who used warfa-
in or an antiplatelet agent (e.g., clopidogrel); were ex-
luded. Patients were blinded to the study hypothesis.

rotocol
hortly after colonoscopy was scheduled, eligible patients
ere contacted by telephone by a research assistant and

sked to participate in the study. Questionnaire items in-
luded a review of prescribed medications and diagnoses,
se of over-the-counter aspirin and NSAIDs, and recall of

nstructions regarding specimen collection for testing
avoidance of certain foods, aspirin, and NSAIDs). In ad-
ition, patients were asked if they were taking aspirin or
SAIDs at the time the specimens were collected. Medi-

al records were reviewed in parallel with the interview,
nd data regarding comorbid conditions and prescribed
edications were abstracted and combined with the re-

ults of the interview. Patients underwent colonoscopy in
he standard fashion. The endoscopists performing the
rocedure were staff gastroenterologists and fellow train-
es rotating at the Roudebush Veterans Affairs Medical
enter. All endoscopists were blinded to the question-
aire and medical record findings.

xposure Status
egular aspirin or NSAID use was defined as at least
ne daily dose for at least 3 days per week at the time of
tool specimen collection, as determined by the inter-
iew, medical record review, or both. Conflicts be-
ween the medical record and questionnaire were re-
olved by reviewing pharmacy records. If aspirin or
ther NSAIDs were being filled regularly, then the pa-
ient was considered a user. Patients had to have taken
he medication for at least 1 month before fecal occult
lood testing. For aspirin, the dose was divided into
anges of 81 to 324 mg/d, 325 to 649 mg/d, and 650 to
250 mg/d.

utcome Measures
he primary outcome was the type of colorectal lesion

ound on colonoscopy that could explain a positive fecal
ccult blood test result. Findings unlikely to explain a
ositive test result were defined a priori as diverticulosis,
emorrhoids, polyps �1.0 cm with no villous histology,
r normal findings. Findings likely to explain a positive
emoccult test result included cancer, polyps �1.0 cm or
ith villous histology, right-sided vascular lesions, or
ight-sided colitis. A dose-response relation between u

38 December 1, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume 1
aily aspirin dose and the risk of a false-positive hemoc-
ult test result was also determined.

tatistical Analysis
ased on pilot data obtained by one of the investigators
TFI), we assumed a prevalence of regular aspirin use of
0% among patients with colorectal findings that explain
positive hemoccult test result, and of 60% among pa-

ients without such findings; using traditional values for a
wo-sided � (0.05) and � (0.2), these parameters require
sample size of 180. Descriptive statistics were used to

dentify demographic and clinical features of the cohort.
he frequency of colorectal findings that could explain a
ositive test result was compared between aspirin or
SAID users and nonusers using chi-squared statistics

nd the Fisher exact test. Logistic regression was then
sed to adjust for variables potentially associated with the
isk of (neoplastic) lesions that may cause a positive test
esult, including patient age, body mass index, family his-
ory of colorectal cancer, and use of acid-suppressive

edications. A chi-squared test for trend was used to test
or a dose-response relation between the dose of aspirin
nd the proportion of colorectal findings that would not
xplain a positive test result. Two-sided P values �0.05
ere considered statistically significant. All statistical

nalyses were performed using SAS software, version 8.0
Cary, North Carolina).

ESULTS

etween February 2001 and December 2002, 315 patients

able 1. Reasons for Exclusion of the 122 Patients

Exclusion Criterion Number

se of warfarin 34
leeding upper gastrointestinal lesion 28
Erosive or hemorrhagic gastropathy 10
Gastric or duodenal ulcer 7
Gastric cancer 2
Esophageal cancer 2
Erosive duodenopathy 2
Erosive esophagitis 2
Portal hypertensive gastropathy 2
Ampullary tumor 1

istory of hematochezia 20
olonoscopy within 5 years 11
ninvestigated dyspepsia requiring medications 9
se of clopidogrel 7
nsatisfactory colonic preparation 7
efusal to participate 4

ncomplete medical records with impaired
cognition and no caregiver

2

nderwent colonoscopy for evaluation of a positive fecal

17
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ccult blood test result. Of these, 122 met the exclusion
riteria (Table 1), leaving 193 for enrollment in the study.
he mean (� SD) age of the 193 patients was 66 � 10
ears (range, 35 to 93 years); 98% (n � 189) were male
nd 86% (n � 154) were white. The hemoccult test was
one as part of screening for colorectal cancer in 184 pa-
ients (95%), and for screening and evaluation of addi-
ional symptoms (e.g., abdominal pain, diarrhea, weight
oss) in the remaining patients.

able 2. Characteristics of Colonoscopy Findings (n � 193)

Characteristic Number (%)

indings likely to explain a positive fecal
occult blood test result

arge polyps (�1.0 cm)
Hyperplastic 2 (1)
Tubular adenoma 21 (11)
Tubulovillous adenoma 6 (3)

ancer 3 (2)
ight-sided vascular lesions 5 (3)
ight-sided colitis 3 (2)
indings unlikely to explain a positive

fecal occult blood test result*
iverticular disease
Left-sided 69 (36)
Left- and right-sided 25 (13)

emorrhoids (large or moderate) 50 (26)
mall polyps (�1.0 cm)

Hyperplastic 19 (10)
Tubular adenoma 59 (31)

Sum of percentages exceeds 100% because some patients had more
han one finding.

igure. Percentage of patients with colonic findings that do or d
spirin dose. *The 325- to 649-mg/d and 650- to 1250-mg/d cat

ighest category (n � 3). P � 0.6 (chi-squared test for trend).

Decembe
olonoscopy Results
he cecum was reached in 189 (98%) of 193 procedures.
he quality of preparation was rated as fair in 52 (27%),
ood in 104 (54%), and excellent in 35 (18%). One hun-
red and fifty-three patients (79%) had no colonoscopic
ndings to explain the positive hemoccult test result,
hereas 40 patients (21%) had findings explaining the
ositive test result (Table 2).

nterview and Medical Record Review
elephone interviews were obtained on 114 patients

59%); 26 (23%) of these patients reported that they re-
tricted their diet appropriately (in particular, avoided
ed meat) at the time of stool specimen collection. Of the
93 patients, 135 (70%) were taking regular aspirin,
SAIDs, or both at the time of stool specimen collection,

nd 58 (30%) were nonusers. Regular aspirin or NSAID
sers tended to be older (mean age, 67 � 10 years vs. 64 �
1 years, P � 0.04) and have coronary artery disease (41%
s. 14%, P � 0.0003) than nonusers. There were no other
ignificant differences in demographic characteristics or
n the number and type of comorbid conditions between
sers and nonusers (P �0.05).

rimary and Secondary Outcomes
wenty-nine (21%; 95% confidence interval [CI]: 14% to
8%) of the 135 regular aspirin or NSAID users had co-
onic findings that could explain the positive fecal occult
lood test result as compared with 11 (19%; 95% CI: 9%
o 29%) of the 58 patients using neither agent regularly
absolute difference, 2%; 95% CI: -10% to 14%; P � 0.7).
mong regular aspirin users, there was no relation be-

ween the dose of aspirin and the likelihood of colonic
ndings unlikely to explain a positive hemoccult test re-
ult (Figure). In analyses that adjusted for age, body mass

explain a positive hemoccult test result, by user status and daily
es were combined owing to the small number of patients in the
o not
egori
r 1, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume 117 839
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ndex, family history of colorectal cancer, and use of a
roton pump inhibitor or histamine-2 receptor antago-
ist, there was no association between regular aspirin or
SAID use and colonic findings unlikely to explain a pos-

tive test result (odds ratio � 0.85; 95% CI: 0.39 to 1.84).

Worst-Case Scenario” Analysis
f the 114 patients who were interviewed, 80 (70%) re-
orted regular aspirin or NSAID use; this was confirmed
y the medical record in 57 (70%). Among the remaining
9 patients who were not interviewed, 44 (56%) were
ound to be regular aspirin or NSAID users by medical
ecord. The remaining 35 patients were considered non-
sers for the primary analysis, since 101 (75%) of the 135
spirin or NSAID users were detected by medical record.
owever, the absence of an interview limited detection of

ver-the-counter use of aspirin and NSAIDs in this
roup. A “worst-case scenario” analysis was performed to
est whether this uncertainty would affect the main find-
ngs. Assuming that all 35 patients were regular aspirin or

SAID users, there would have been 170 regular users
nd 23 nonusers. Among these 35 patients, 5 had colonic
ndings that could explain a positive hemoccult test re-
ult. Reassigning these 5 patients (the worst-case sce-
ario) would lead to 34 (20%) of 170 regular users having
olonoscopic findings explaining a positive test result,
ompared with 6 (26%) of 23 nonusers (absolute differ-
nce, 6%; 95% CI: -25% to 13%; P � 0.6).

ISCUSSION

creening for colorectal cancer by testing for fecal occult
lood entails many decisions about the techniques for
ollection and processing, including identifying persons
ho should be screened, the type of test to be used, the

requency of screening, whether to rehydrate samples
uring slide development, and dietary and medication
estrictions during the collection process (11,12). Each
ecision, although seemingly mundane, can substantially
ffect the benefit of and effort involved in the screening
rocess (11). The extent to which false-positive and false-
egative test results occur in clinical practice is not
nown, but the effects on the benefit, cost, and effort of
creening may be substantial. Previous studies addressing
hether aspirin and NSAIDs cause false-positive fecal oc-

ult test results have had several limitations. In one ran-
omized crossover study of 68 healthy volunteers (me-
ian age, 40 years), aspirin (975 mg administered three
imes daily) increased fecal hemoglobin levels to 2.0 mg/g
tool (the presumed upper limit of normal) in all subjects
8). However, the study sample was relatively young and
ealthy, and the dose used was higher than that recom-
ended for primary and secondary prophylaxis.
One of the best data on the effects of aspirin and
SAIDs on fecal occult test results come from a prospec- i

40 December 1, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume 1
ive crossover trial conducted by Greenberg and col-
eagues (9). In that study, fecal occult blood loss was mea-
ured in 100 adults aged 40 years or older. Twelve patients
ad positive results by Hemoccult II testing while ingest-

ng aspirin. Of 17 patients with a positive result by either
emoQuant (Mayo Medical Laboratories, Rochester,
innesota) or Hemoccult II testing, only 7 (41%) under-
ent full colonoscopy and no lesions were found, leading

he authors to conclude that aspirin did not cause false-
ositive test results. One limitation of that study was that
ot all subjects with a positive test result had colonoscopy

o exclude a colonic source of occult bleeding; hence, it is
ot clear whether aspirin ingestion affects the risk of a

alse-positive test result (13).
Our study systematically correlated colonoscopic

ndings with intake of aspirin and NSAIDs at the time
f specimen collection for occult blood testing. The
esults have relevance and generalizability to clinical
ractice, as the study involved persons who take aspi-
in for primary or secondary prophylaxis of cardiovas-
ular or cerebrovascular disease and who use NSAIDs
or arthritis and other chronic conditions. We found
o difference in the prevalence of colonoscopic find-

ngs that would potentially explain a positive fecal oc-
ult blood test result between regular aspirin or NSAID
sers and nonusers, even after adjusting for factors

hat affect the risk of a lesion that would account for a
ositive result (e.g., advanced colorectal neoplasia,
eptic ulcer disease, esophagitis). These factors in-
luded age, body mass index, family history of colorec-
al cancer, and use of proton pump inhibitors or his-
amine-2 receptor antagonists. The dose of aspirin did
ot affect the likelihood of a colonoscopy with findings

hat would not explain a positive test result.
Our study has several limitations. First, we defined

olonoscopic findings that would explain a positive
est result based on literature review and consensus
hat contained little high-quality evidence. However,
he tests were primarily developed for the detection of
dvanced neoplasia (cancer, large polyps, or polyps
ith villous histology), and bleeding from diverticular
isease and hemorrhoids is more likely to manifest as
ematochezia that patients would see with the naked
ye and report with careful questioning, as opposed to
n isolated positive test result. Such lesions were con-
idered to be unlikely to explain a positive fecal occult
lood test result alone. Second, patients with a history
f unevaluated dyspepsia requiring medications for
ymptomatic relief were excluded. Such patients are at
ncreased risk of an upper gastrointestinal tract lesion,
valuation for which should ideally include an upper
ndoscopy in addition to a colonoscopy for investiga-
ion of a positive fecal occult blood test result (12).
hird, we administered questionnaires primarily to
dentify patients taking over-the-counter aspirin or

17



N
w
c
p
7
i
p
e
s
e
f
t
l
f
s
t
d
e
t
i
i
H
o
t
l
r
t
s
s
i
b
p
h

f
t
n
f

A
W
m

R

1

1

1

1

False-Positive Fecal Occult Blood Test Results/Kahi and Imperiale
SAIDs without knowledge of their physicians. As we
ere able to contact only 59% of subjects before their

olonoscopy, we may have underestimated the true
revalence of regular aspirin or NSAID use. However,
5% of aspirin and NSAID use was detected by review-
ng the medical record. Furthermore, assuming that
atients in whom over-the-counter use could not be
xcluded were all regular users did not affect the re-
ults. Fourth, nearly all of the patients were men. How-
ver, there are no reasons to believe that the rate of
alse-positive test results is different in women older
han 50 years who take aspirin or other NSAIDs regu-
arly. Fifth, although the study was adequately powered
or the primary outcome, it is possible that the small
ample size in the subgroup analysis precluded the de-
ection of a dose-response relation between aspirin
ose and the risk of a false-positive test result (type II
rror). The consistency of the proportions for lesions
hat would and would not explain a positive test result
n the three aspirin dose ranges mitigates this possibil-
ty to some extent. Sixth, the assay used was the

emoccult II test; whether the results would apply to
ther fecal occult tests, particularly immunochemical
ests, is not known. Finally, most patients had no co-
onic findings that explained a positive hemoccult test
esult. Part of the explanation may be that most pa-
ients were not instructed, or did not recall being in-
tructed, on proper dietary restrictions at the time of
ample collection. Although our study was not specif-
cally designed to address cost-effectiveness, the num-
er of procedures that may have been done for an im-
roperly collected fecal occult blood specimen may
ave been substantial.
In conclusion, aspirin and NSAID use were not risk

actors for a false-positive fecal occult blood test result in
his study. Our findings suggest that these medications
eed not be restricted at the time of specimen collection
or fecal occult blood testing.
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