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Summary

Background: Aspirin is associated with decreased risk of colorectal cancer (CRC), potentially 

by modulating the gut microbiome.

Aim: To evaluate the effect of aspirin on the gut microbiome in a double-blinded, randomised 

placebo-controlled pilot trial.

Methods: Healthy volunteers aged 50-75 received a standard dose of aspirin (325 mg, N = 30) or 

placebo (N = 20) once daily for 6 weeks and provided stool samples every 3 weeks for 12 weeks. 

Serial measurements of gut microbial community composition and bacterial abundance were 

derived from 16S rRNA sequences. Linear discriminant analysis of effect size (LEfSe) was tested 

for between-arm differences in bacterial abundance. Mixed-effect regression with binomial 

distribution estimated the effect of aspirin use on changes in the relative abundance of individual 

bacterial taxa via an interaction term (treatment × time).

Results: Over the study period, there were differences in microbial composition in the aspirin vs 
placebo arm. After treatment, four taxa were differentially abundant across arms: Prevotella, 
Veillonella, Clostridium XIVa and Clostridium XVIII clusters. Of pre-specified bacteria associated 
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with CRC (n = 8) or aspirin intake (n = 4) in published studies, interactions were significant for 

four taxa, suggesting relative increases in Akkermansia, Prevotella and Ruminococcaceae and 

relative decreases in Parabacteroides, Bacteroides and Dorea in the aspirin vs placebo arm.

Conclusion: Compared to placebo, aspirin intake influenced several microbial taxa 

(Ruminococcaceae, Clostridium XIVa, Parabacteroides and Dorea) in a direction consistent with a 

priori hypothesis based on their association with CRC. This suggests that aspirin may influence 

CRC development through an effect on the gut microbiome. The findings need replication in a 

larger trial.

1 INTRODUCTION

Aspirin, an accessible and affordable drug, is one of the most intriguing prospects for cancer 

prevention. In 2016, the U.S. Preventive Services Task Force recommended using low-dose 

aspirin (81 mg) to reduce cardiovascular disease (CVD) and colorectal cancer (CRC) risk 

among adults aged 50-59 with a 10% increased CVD risk.1 Currently, more than 30% of 

adults over the age of 40 reported taking low-dose aspirin for primary or secondary CVD 

prevention; this translates into almost 39 million aspirin users in the U.S.2 In addition to 

preventing CVD, aspirin use may protect against CRC development. In randomised clinical 

trials, aspirin use was associated with a reduction in CRC risk by 24%-38%.3 However, 

aspirin has not been recommended for population-based prevention in healthy people 

because of aspirin’s side effects (eg gastrointestinal bleeding and cerebral haemorrhage) in 

some individuals and lack of understanding about population subgroups in which aspirin 

decreases CRC risk but does not cause adverse reactions.4,5 Tailoring aspirin to individuals 

who will especially benefit from using this drug for CRC prevention is one of the current 

priorities in cancer research in the U.S.6

Aspirin modulates inflammation and immune response via cyclooxygenase (COX)-

dependent and -independent mechanisms.7–9 However, the exact mechanisms through which 

aspirin reduces risk of colorectal neoplasia and the molecular targets of aspirin in the context 

of CRC prevention have not been established. Data from animal studies have revealed that 

aspirin influences the gut microbiome either indirectly via an immune mechanism or directly 

via a local effect.10–14 Moreover, it was shown in humans that aspirin and other salicylate 

may inhibit the growth of pro-inflammatory bacteria in a dose-dependent manner.15 Despite 

these findings, surprisingly little research has been conducted in humans. An observational 

study in Finland suggested that aspirin and other nonsteroidal anti-inflammatory drugs 

(NSAIDs) may alter the composition of the intestinal microbiome and partially counteract 

an increase in unfavourable bacterial taxa inhabiting the gut at older age.16 In addition, in a 

cross-sectional study of 150 individuals taking NSAIDs, four taxa (Prevotella species, 

Bacteroides species, Barnesiella species and Ruminococcaceae family) discriminated aspirin 

users from non-users (AUC = 0.96; 95% CI 0.84–1.00).17 These studies provide compelling 

evidence for aspirin’s role in modulating gut bacteria, but have been limited by their cross-

sectional design.

In the present study, we addressed these gaps using a randomised placebo-controlled design 

to test the extentto which aspirin changes gut microbial composition. Given aspirin’s anti-
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inflammatory effect and its protective role in CRC, we hypothesised that aspirin alters the 

composition of gut microbiome in a way consistent with decreased inflammation and 

reduced CRC risk. Specifically, aspirin intake may lead to lower relative abundance of pro-

inflammatory gut bacteria associated with CRC (e.g., Streptococcus) and higher abundance 

of anti-inflammatory/anti-CRC bacteria (eg butyrate-producing bacteria). Thus, we 

conducted a double-blinded, placebo-controlled, randomised trial of 50 healthy volunteers 

who took aspirin or placebo for 6 weeks and collected stool samples before, during and after 

the intervention. The objective of this pilot trial was to compare the between-arm changes in 

microbiome composition and pre-specified bacterial taxa associated with CRC and with 

inflammation in previous studies.17,18

2 METHODS

The trial was registered at www.clinicaltrials.gov NCT02761486. The study protocol was 

approved by the Institutional Review Board at the University of Minnesota, and all 

participants provided written informed consent.

2.1 Study design

This randomised, placebo-controlled, double-blinded study targeted 50 healthy subjects, 

between 50 and 75 years old who lived in the greater Twin Cities area. Participants were 

recruited from 1056 individuals who had previously given consent to be contacted for future 

studies after participating in two CRC-related studies: Evaluation of SEPT9 Biomarker 

Performance for Colorectal Cancer Screening (PreSEPT, NCT00855348) and Validation and 

Comparison of Biomarkers for the Early Detection of Colorectal Adenocarcinoma (BCCD, 

NCT01511653). Of these, 350 were willing to participate, but only 50 met eligibility criteria 

(Figure 1). Exclusion criteria for this study included: use of any antibiotic prescription in the 

last 3 months; use of any NSAIDs > 2 times a week in the last 3 months; use of antiplatelet 

or anticoagulant medication, medications for diabetes or hypertension within the past 30 

days; gastrointestinal (GI) cancer or any serious GI condition or surgery within 6 months; 

any serious active medical (cancer, CVD) or psychiatric illness; BMI ≥ 40 or ≤ 17 kg/m2; 

unexplained change in weight of > 4.5 kg within the past 6 months; or major changes in 

eating habits within the past 3 months. Eligibility was further confirmed at baseline visit 

(Visit 1). At Visit 1, 50 eligible subjects signed a consent form and were randomised to the 

aspirin (N = 30) or placebo (N = 20) arm according to a 5-block randomisation scheme. We 

used unequal between-arm allocation to increase precision in the aspirin arm, because 

within-arm changes over time were deemed more important in aspirin than in the placebo 

arm. The duration of treatment (6 weeks) was based on trial of mesalazine for irritable bowel 

syndrome (IBS), in which mesalazine taken for 4 weeks altered microbiome composition, 

with this effect being reversed after a 4-week washout.19 We considered that our relatively 

healthy participants may have a microbial community more resistant to change than those 

with IBS, and thus we extended the duration of treatment (including placebo) and washout 

to 6 weeks.

Additionally, at baseline (Visit 1), a trained technician measured subjects’ height and weight 

and asked a series of questions about health, medication use, and diet. The dietary questions 
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were similar to the brief dietary questionnaire used in the Human Microbiome Project20 

(shown in Table S1). The same questions were repeated after the 6-week treatment period 

(Visit 2). Visits were followed up with five phone calls at 3-week intervals (Figure 2) to ask 

about changes in health status and possible adverse events and to discuss subjects’ upcoming 

stool collection. Each participant collected five stool samples (every 3 weeks) and two urine 

samples, one before (baseline) and one after treatment (Week 6). Forty-nine subjects 

completed the study and provided five stool samples; one subject quit after completing the 

treatment phase and providing three stool samples. Study participants and all study staff 

(except the study statistician and pharmacist) were blinded to the treatment given; the 

pharmacist and the statistician knew the contents of medication bottles through a blind code.

2.2 Sample collection and laboratory analysis

Urine and stool samples were collected at home by participants. Stool collection kits 

contained 95% ethanol. Both sample types were put on ice and transported by local courier 

within 72 hours, before being put into −80°C freezer until needed for analysis. The samples 

from all collections were processed in one batch. DNA was extracted from 250-500 mg of 

stool using the PowerSoil DNA Isolation Kit (MoBio/Qiagen) following the manufacturer’s 

instructions. The V4 hypervariable region of the 16S rRNA gene was amplified and 

sequenced on a MiSeq (2 × 300 Paired-end; Illumina) using the 515F-806R primer set,21 

containing dual indices by the University of Minnesota Genomics Center (UMGC).22 

Negative (sterile water) controls were included and did not produce amplicons. Sequence 

data were deposited in the Sequence Reach Archive of the National Center for 

Biotechnology Information under BioProject accession number SRP127801.

We also measured urinary PGE-M, the urinary metabolite of prostaglandin E2. PGE-M is an 

inflammatory biomarker shown to be increased in CRC.23–25 Urinary PGE-M levels are 

reduced in aspirin users because PGE-M reflects the production of systemic PGE2, which is 

suppressed by aspirin.26–28 Pre-post treatment change in PGE-M levels not only allowed us 

to estimate the correlation between changes in PGE-M and gut bacteria due to aspirin intake, 

but also to check for compliance with aspirin intake. PGE-M was analysed using high-

performance liquid chromatography/mass spectrometry (HPLC/MS)29 and normalised for 

creatinine levels measured using a test kit from Enzo Life Sciences, thus expressed in ng/mg 

creatinine. Both PGE-M and urinary creatinine were measured in the Eicosanoid Core 

Laboratory at Vanderbilt University Medical Center.

2.3 Medication preparation and treatment compliance

Aspirin and placebo (lactose) capsules were compounded and packaged by Fairview 

Investigational Drug Services (IDS), according to Good Manufacturing Practices. Blind-

coded study bottles of 50 pills containing either aspirin or placebo were prepared fora 6-

week daily treatment according to the randomisation scheme. Compliance was assessed in 

two ways: (a) we compared the number of pills returned after treatment completion to the 

expected number based on treatment duration, and (b) we assessed between-arm difference 

in urinary PGE-M levels and their change after treatment.
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2.4 Bioinformatics analysis

Sequence data were processed and analysed using Mothur ver. 1.35.1.30–32 The total number 

of sequences generated for the analysis was 11 159 032, and the median number of 

sequences per sample was 39 555. High-quality sequences were aligned against the SILVA 

database ver. 123,33 and chimeric sequences were identified and removed using UCHIME 

software.34 Samples were rarefied to 8800 sequence reads per sample to reduce bias in 

comparisons. To estimate the proportion of the gut microbiome operational taxonomic units 

(OTUs) represented in our samples, the mean Good’s coverage among baseline samples was 

calculated.

Clustering of OTUs was performed at 97% identity. Taxonomic classification was performed 

against the version 16 data release from the Ribosomal Database Project.35

2.5 Statistical analysis

Using intention-to-treat (ITT), our main analysis tested how aspirin affected (a) the 

microbiome community in general and (b) the relative abundance of pre-specif ied bacterial 

taxa that were identified in previous studies.17,18

2.5.1 Analysis of aspirin’s effect on the gut microbiome community—The 

properties of the global gut microbiome community in aspirin vs placebo arms at different 

time points were compared using Mothur ver. 1.35.1. Alpha diversity, a global measure of 

within-person microbial community diversity, was calculated using the Shannon index for 

five stool collections. The microbial composition of serial samples to the baseline sample 

was compared using SourceTracker (version 0.9.8).36 SourceTracker uses a Bayesian 

approach to infer the similarity of subsequent samples (called “sink” sample) to the baseline 

sample (called “source”) based on the posterior probabilities of sink OTUs coming from the 

source. The similarity of composition of a stool sample during treatment and washout to 

baseline sample was also compared using ANOVA with Tukey’s post-hoc comparisons.

To determine bacterial taxa with differential abundance across the aspirin and placebo arms 

at different collection times, we used linear discriminant analysis (LDA) of effect size 

(LEfSe).37 The significance level was set at LDA ≥ 2.0 and P < 0.05 for all LEfse analyses.

2.5.2 Analysis of aspirin’s effect on individual pre-specified bacteria—
Individual bacterial taxa were tested if they were present in >10% of subjects at the study 

baseline and if they were associated with (a) CRC status in the meta-analysis of eight cross-

sectional studies of stool microbiome in CRC cases and cancer-free individuals by Shah et 

al.18 or (b) aspirin in a cross-sectional study of NSAIDs and stool microbiome by Rogers et 

al.17 (Table S2). In total, we analysed 12 bacterial taxa. Eight genera were identified in the 

meta-analysis and included Akkermansia, Blautia, Dialister, Dorea, Faecalibacterium, 
Parabacteroides, Ruminococcus and Streptococcus.18 Four taxa discriminated aspirin-users 

from non-users in the study of Rogers et al. and included the genera Prevotella, Bacteroides 
and Barnesiella and the family Ruminococcaceae.17 Finally, we tested individual genera that 

were identified in our LEfSe analysis.
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The main focus in the analysis was differences in between-arm changes of relative 

abundance (assessed in percent) of each individual taxon over time. Mixed-effects regression 

with binomial distribution incorporating an interaction term (treatment × time) was used to 

estimate pre-post treatment changes in the relative abundance of each pre-specified 

bacterium in separate arms and to test whether the changes in the aspirin arm differed from 

those in the placebo arm. The mixed-effects model included a random effect for person and 

a fixed effect for samples times at 0, and 6 weeks. For each bacterial taxon, an absolute 

count of that taxon was included as a weight in the model. Regression coefficients (β) for the 

interaction term and Wald p-values were estimated for the abundance of pre-specified faecal 

bacterial taxa in aspirin vs placebo arms after 3 weeks and 6 weeks of treatment vs baseline. 

Positive β coefficients indicate a larger increase in the relative abundance of the taxon in the 

aspirin arm or a smaller decrease in the aspirin arm as compared to the placebo arm for week 

6 (or week 3) vs baseline, while negative β coefficients indicate a larger decrease or smaller 

increase in taxon abundance in the aspirin compared to placebo.

This was a pilot study and hence of small size, and because we expected a modest effect, we 

decided to focus on a small number of individual bacterial taxa identified in previous 

studies17,18 and chose not to apply corrections for multiple comparisons in the microbiome 

analysis. Thus, in all analyses of individual taxa, a two-sided P-value < 0.05 was considered 

statistically significant. All the analyses were conducted using R (version 3.4.3).

For 30 subjects in the aspirin group and 20 in the control group, we had 80% power (two-

sided α = 0.05) to detect between-arm difference of 8%, 17% and 40% in relative abundance 

of taxa with standard deviation of 0.1, 0.2 and 0.5%, respectively.38

2.5.3 Analysis of aspirin’s effect on the urinary inflammatory biomarker – 
PGE-M—We estimated the effect of aspirin on PGE-M by fitting an ANCOVA type model: 

the change in PGE-M was the outcome, the treatment group was an explanatory variable, 

and the model was adjusted for baseline (pre-treatment) PGE-M levels. We also estimated 

correlations between the changes in pre-specified bacterial taxa and PGE-M using Pearson 

correlation and p-values.

3 RESULTS

3.1 Patient characteristics at baseline

Successful randomisation of 30 subjects to aspirin and 20 to placebo is evidenced by the fact 

that there were no statistically significant differences in gender, age, BMI or PGE-M in the 

aspirin vs placebo arms after controlling for multiple comparisons (Table 1).

3.2 Treatment compliance

Treatment compliance was high as measured by number of returned pills and changes in 

PGE-M. The mean number of pills taken by participants was 42.3 (SD = 3.49); 94% (47 

participants) had at least 90% pill compliance, with 60% of those achieving 100% 

compliance. The lowest compliance reported in the study was 74%. Treatment compliance 

was also verified by testing levels of urinary PGE-M pre-and post-treatment. As expected, 

mean levels of PGE-M were similar across the arms at baseline; however, after treatment, 
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PGE-M levels decreased in the aspirin arm (p = 0.001), while stayed the same in the placebo 

arm (Table 2).

3.3 Gut microbiome composition before, during and after treatment with aspirin and 
placebo

The mean Good’s coverage among all baseline samples was 98.6 ± 0.1%, suggesting that the 

majority of the known bacterial community was captured. Alpha diversity as measured by 

Shannon’s index did not vary significantly by treatment or sample collection (p = 0.32) 

(Table S3).

Figure 3 depicts the similarity of gut microbiome composition from serial stool samples to 

the baseline collection using SourceTracker analysis. The microbiome samples in the 

placebo arm maintained a significantly greater similarity to the baseline sample compared to 

the samples in the aspirin arm (ANOVA p = 0.009). Likewise, the microbiome composition 

from samples collected during and after treatment (weeks 3 and 6) was more similar to 

baseline in the placebo than aspirin arm (p = 0.01). Thus, aspirin is likely to drive divergence 

in the microbiome from baseline. During mid-wash-out, the microbiome composition (9 

weeks) still differed between arms, but at the end of washout (week 12), the composition of 

the gut microbiome was similar in the aspirin and placebo arms, suggesting that the effect of 

treatment was short-term. Though similar at 12 weeks, the post-washout composition 

differed from the baseline microbiome composition in both arms.

The LEfSe analysis at the end of treatment (week 6) found several bacterial genera that were 

differentially abundant between arms: Prevotella, Akkermansia, Clostridium XIVa cluster 

and Clostridium XVIII cluster (Table 3). When LEfSe analysis was applied to baseline, 

before treatment, only one genus – Phascolarctobacterium – was differently abundant 

between arms (LDA = 4.40, p = 0.01, not shown in tables). The higher relative abundance of 

baseline Phascolarctobacterium was found in the aspirin vs. the placebo arm, most likely 

because of imperfect randomisation; however, the LEfSe analysis did not show any 

difference in the abundance of this bacterium after treatment.

3.4 Pre-specified bacteria before, during and after treatment with aspirin and placebo

Of the eight pre-specified genera associated with CRC in the meta-analysis,18 in the mixed-

effects analysis, regression coefficients (β estimates) for the interaction term were significant 

at three and six weeks of treatment vs baseline for two genera: Parabacteroides (β = −0.43, P 
< 0.0001 for week 3 vs baseline) and Akkermansia (β = 0.30, P = 0.009 for week 6 vs 

baseline) (Table 4). The regression coefficients were also significant for Dorea (β = −1.57, P 
= 0.02) and Ruminococcus (β = −0.63, P = 0.03) at week 6 vs baseline (but not at week 3) 

and marginally significant for Faecalibacterium (β = 0.21, P = 0.05) at week 3 vs baseline.

Three of four bacterial taxa that were previously associated with aspirin in the cross-

sectional analysis17 also changed differentially in aspirin compared to placebo in our trial: 

Ruminococcaceae family (β = 0.33, P < 0.0001) and Bacteroides (β = −0.39; P < 0.0001) 

and Prevotella genera (β = 0.51; P < 0.0001); all the estimates are for week 6 compared to 

baseline (Table 4). Lastly, the mixed-effects analysis confirmed the associations for two 
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bacteria, Clostridium XIVa cluster and Prevotella, that were differentially abundant after 

treatment, as shown by the LEfSe analysis (Table 3).

The bar plots showing relative abundances and 95% confidence intervals (CI) of pre-

specified bacterial taxa significantly associated with treatment are presented in Figure 4. 

Unexpectedly, the relative abundance of several taxa (Bacteroides, Clostridium XIVa cluster, 
Parabacteroides, Prevotella and Ruminococcaceae) changed in the placebo even more 

markedly than in the aspirin group. These findings suggest that either aspirin counteracted 

the change in these bacteria or the changes (eg decrease) in the relative abundance of some 

bacteria in the placebo arm may be driven by changes in other taxa (increase) in the aspirin 

arm. Lastly, no correlation was found between the changes in the pre-specified bacteria and 

PGE-M (not shown).

4 DISCUSSION

This double-blinded, placebo-controlled, randomised pilot trial of aspirin vs placebo found 

that, overall, bacterial community composition in stool samples collected during and after 

treatment was more similar to the pre-treatment samples in the placebo than in the aspirin. 

This finding suggests that aspirin induces changes in the gut microbiome.

Furthermore, the post-treatment relative abundance of four bacterial taxa differed between 

the aspirin and placebo arms with the associations for the Clostridium XIVa cluster and 

Prevotella being confirmed by mixed-effects analysis. An additional finding that gives 

credibility to our results is that we detected changes in three of four taxa that discriminated 

aspirin users from non-users in a previous cross-sectional study of NSAIDs use.17 Finally, in 

our analysis of individual pre-specified bacteria, the direction of changes for 

Ruminococcaceae, Parabacteroides, Clostridium XlVa and Dorea agree with the associations 

reported in the meta-analysis of individuals with and without CRC in terms of depicting a 

lower abundance of Ruminococcaceae and Clostridium XIVa cluster and a greater 

abundance of Parabacteroides and Dorea for those with CRC.18,39,40 These findings are 

concordant with our hypothesis that aspirin may decrease CRC risk partially through its 

effect on bacteria. In addition, we showed that the abundance of Akkermansia increased 

more in the aspirin compared to the placebo group, which is in line with anti-inflammatory 

role of this bacterium in cancer-free individuals.41–43

Our findings that aspirin alters the gut microbiome in humans are biologically plausible. 

They are consistent with animal studies that showed that aspirin impacts bacterial growth at 

concentrations within the range utilised for human therapy (5 mg/kg of body weight).13,14 

Additional support comes from recent animal studies that found that two other NSAIDs, 

celecoxib44 and indomethacin45, induced changes in gut microbiota and their metabolites. In 

a pathway analysis of metabolites, the decrease in pro-carcinogenic bacteria in mice treated 

with celecoxib contributed to reduced intestinal polyp burden in normal and APCMm/+ mice.
44 The authors concluded that NSAIDs’ effect on the gut microbiome may at least partially 

explain the anti-carcinogenic effect of NSAIDs.
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The functional roles of bacteria explaining their associations with inflammation and CRC 

are postulated for some, but not all, of the bacteria mentioned above. For instance, bacteria 

in the Clostridium XIVa cluster participate in maintaining gastrointestinal functions by 

producing short-chain fatty acids and inducing colonic regulatory T (Treg) cells, both of 

which are known to be protective in inflammation and CRC development and progression.
39,46 The Clostridium XlVa cluster and Ruminococcaceae are also reduced in those with 

inflammatory bowel disease (IBD) compared to those without disease,39,47 which agrees 

with their protective role in the gut inflammation and an anti-inflammatory effect of aspirin 

on the gut microbiome. Moreover, members of the family Ruminococcaceae degrade several 

types of polysaccharides in the lower gastrointestinal tract and facilitate the production of 

protective short-chain fatty acids 47,48 In contrast, one of the Ruminococcaceae family 

members, Ruminococcocus gnavus, was shown to be increased in IBD,48 which could 

explain an increased abundance of the Ruminococcocus genus in the aspirin vs placebo arm 

observed in our study. Additionally, a change in Faecalibacterium (although marginally 

statistically significant only at week 3 vs baseline), may be driven by the anti-inflammatory 

species Faecalibacterium prausnitzi.49

In addition to the hypothesised changes in the gut bacteria discussed above, we detected 

changes in other bacteria for which published findings were less consistent. Our findings for 

Bacteroides agree with data from some human40,50,51 and mouse studies,52,53 in which 

Bacteroides members (such as Bacteroides fragilis) have been linked to mucin degradation, 

intestinal inflammation and colorectal carcinogenesis. The differential associations for 

Bacteroides and Prevotella in various studies may be attributed to the large size of these 

genera that are characterised by high genomic diversity of strains and different functions of 

species.54

Additionally, findings from previous studies suggest that Akkermansia may play a different 

role in individuals with and without CRC. For instance, our findings for Akkermansia are 

consistent with data for cancer-free individuals that showed that Akkermansia may stimulate 

host mucosal anti-inflammatory pathways and improve epithelial barrier integrity, and thus 

decrease inflammation.41–43,55 However, the meta-analysis comparing gut microbiome in 

CRC individuals to those without, showed higher levels in Akkermansia muciniphila among 

those with CRC.18 It is possible that increased levels of Akkermansia muciniphila among 

CRC patients compared to cancer-free individuals may be related to an increased production 

of mucus which serves as a major nutrient source for this bacterium.56 The importance of 

mucus for Akkermansia muciniphila supports our finding of a greater increase in 

Akkermansia’s abundance in aspirin vs placebo users, because aspirin users, who do not 

have severe upper Gl complications, are likely to have increased mucin levels that contribute 

to host defense and potentially to a decrease in inflammation.57,58 Another possibility is that 

the inconsistent associations across various studies may reflect the complex nature of the 

microbiome in which detected changes in certain bacterial taxa may reflect changes in the 

whole system that we are unable to assess. For instance, in our study, because we examined 

the relative abundance of bacteria, some unexpected changes in the placebo arm (eg decrease 

in certain taxa) may be observed due to real changes (ie increase) in the relative abundance 

of other taxa in the aspirin arm. Aspirin could influence bacterial taxa via a systemic 

mechanism, local mechanism or both. A systemic mechanism of aspirin might involve the 
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inactivation of cyclooxygenase, the suppression of prostaglandins, and the production of 

anti-inflammatory lipoxins, leading to the clearance of inflammatory bacteria by 

macrophages and other immune cells.59 A local mechanism may be explained by the 

deacetylation of aspirin and formation of salicylic acid in the liver and stomach and its 

permeation into human gastrointestinal tissue, where it comes in contact with enteric 

bacteria.12 If aspirin exerts its effect mainly through a local mechanism (ie influences 

bacteria through the absorption of salicylic acid into the tissue), it is understandable why we 

did not observe correlations between changes in PGE-M levels and bacterial taxa, since the 

urinary PGE-M levels reflect a decrease in systemic inflammation caused by aspirin.10 It is 

also possible that we did not see correlations with PGE-M because of variations in time 

between collecting stool and urine samples and taking aspirin across subjects. Noteworthy, 

the PGE-M levels increased in five of 30 people after taking aspirin, and four of those five 

individuals had high aspirin compliance (93%-100%), as derived from the number of 

returned pills. Thus, an increase in PGE-M among those individuals cannot be explained by 

low compliance and may reflect upper gastrointestinal inflammation caused by aspirin. The 

mechanism of aspirin’s effect on the gut microbiome should be examined in future studies 

with controlled time between sample collection and aspirin intake.

A major strength of our study is its novelty and robust design. For the first time, we provide 

evidence of aspirin-induced changes in the microbiome in a randomised study of healthy 

individuals with repeated measures of microbial composition. Inclusion of a control arm 

allowed us to reduce the influence of unmeasured confounders and account for normal 

changes over the study period that may affect the gut microbiome, because some bacteria 

may fluctuate even within several weeks, although, in general, the microbiome is considered 

stable within a period of 1–2 months.60–62 The main limitations of our study is the small 

number of subjects and modest duration that most likely account for small bacterial changes 

observed in our study. It also possible that sample size of 50 participants or a 6-week follow-

up could be insufficient to observe modest aspirin-induced changes in some individual 

bacteria. Another limitation is that we cannot exclude that some changes in individual 

bacteria could have occurred due to temporal dietary changes. Unfortunately, we collected 

limited dietary information at baseline only and asked the participants not to make major 

dietary changes such as switching to vegetarian or other specific diet (eg carbohydrate or 

protein). Although participants reported no major dietary changes during follow-up, changes 

in individual dietary products cannot be excluded. In addition, given our healthy sample, we 

were unable to examine certain gut bacteria that are encountered mainly in CRC patients, 

such as Fusobacterium nucleatum, but rarely observed in heathy people.18,50,51 However, 

our main objective was to evaluate the influence of aspirin on bacteria predisposing to CRC, 

and we found that aspirin changed several bacterial taxa in a way consistent with reduced 

CRC risk. Finally, our placebo capsules consisted of lactose, and lactose could potentially 

affect the gut microbiome. Although it is highly unlikely that the amount of lactose in the 

placebo capsule (525 mg lactose per capsule) could have contributed to the observed 

changes in gut microbiota in the placebo arm because the amount of lactose in the standard 

American diet (12 gram per cup of milk) markedly exceeds the lactose amount in the 

placebo pill.63 In addition, aspirin capsules also contained lactose (162 mg). Finally, we 

lacked capacity to conduct metagenomics, which precluded examining bacteria at the 
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species or strain levels. However, because this is a novel pilot study, we considered 16S 

RNA as an appropriate first step that will motivate a larger follow-up study that will use 

metagenomics to analyse gut microbiome.

In conclusion, our double-blind, randomised, placebo-controlled pilot trial suggests that 

aspirin induces changes in the gut microbiome, including changes in several bacteria 

previously shown to be associated with CRC or inflammation. Furthermore, due to normal 

changes in gut microbiome composition over time, our study demonstrated the critical 

importance of having a control arm in studies of changes in the gut microbiome. Although 

our findings for aspirin-induced changes in individual bacteria are preliminary, our results 

have potential public health implications given the large percentage (30%) of aspirin users.2 

Our findings may inform the design of a large follow-up clinical trial that will examine the 

effect of different doses of aspirin on gut microbiome in individuals at high risk for CRC.
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FIGURE 1. 
ASMIC study flow chart. Screening, enrolment and study completion
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FIGURE 2. 
Diagram of interventions and sample collection. Of note, V1 is Visit 1 (baseline); V2 is Visit 

2 (6 weeks)
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FIGURE 3. 
Similarity of the microbiome compositions between serial stool samples and the baseline 

sample using SourceTracker analysis36

Prizment et al. Page 18

Aliment Pharmacol Ther. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 4. 
The mean relative abundance (in percent) and 95% confidence intervals (CI) of pre-specified 

taxa for post- vs pre-treatment in the aspirin and placebo arms. Post-treatment is at Week 6 

(blue colour), and pre-treatment, is at baseline Week 0 (pink colour)
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TABLE 3

Linear discriminant analysis (LDA) effect size (LEfSe) in samples collected after treatment (Week 6)

Bacterial taxa

Comparison of aspirin to placebo arm, Week 6

Class LDA P-value

Clostridium XIVa
Aspirin

a 3.66 0.035

Clostridium XVIII
Placebo

a 3.49 0.005

Prevotella Aspirin 3.38 0.004

Veillonella Placebo 3.41 0.047

a
Class “Aspirin” means that the bacterium was more prevalent in the aspirin arm, and class. “Placebo” means that bacterium was more prevalent in 

the placebo arm.
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