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Abstract

Background: Studies suggest that non-steroidal anti-inflammatory drugs (NSAID) may
contribute to inflammatory bowel disease (IBD) exacerbations. We examined whether variation
in the likelihood of IBD exacerbations is attributable to NSAIDs.

Methods: In a cohort of patients with IBD (2004-2015), we used three analytic methods

to examine the likelihood of an exacerbation following NSAID exposure. First, we matched
patients by propensity for NSAID use and examined the association between NSAID exposure
and IBD exacerbation using an adjusted cox-proportional hazards model. To assess for residual
confounding, we estimated a prior event rate ratio, and used a self-controlled case series analysis
to further explore the relationship between NSAIDs and IBD exacerbations.

Results: We identified 15,705 (44.8%) and 19,326 (55.2%) IBD patients with and without

an NSAID exposure, respectively. Findings from a Cox proportional hazards model suggest an
association between NSAIDs and IBD exacerbation (HR 1.24; 95%CI 1.16-1.33). However, the
likelihood of an IBD exacerbation in the NSAID exposed arm preceding NSAID exposure was
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similar (HR 1.30; 95%CI 1.21-1.39). A self-controlled case series analysis of 3,968 patients who

had both an NSAID exposure and IBD exacerbation demonstrated similar exacerbation rates in the
1-year preceding exposure, 2—6 weeks post-exposure, and 6-weeks to 6-months post-exposure, but
higher incidence 0-2 weeks post-exposure, suggesting potential confounding by reverse causality.

Conclusion: While we see an association between NSAIDs and IBD exacerbations using
traditional methods, further analysis suggests this may be secondary to residual bias. These
findings may reassure patients and clinicians considering NSAIDs as a non-opioid pain
management option.

Graphical Abstract
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Background:

Patients with inflammatory bowel disease (IBD) are prone to both inflammatory and non-
inflammatory pain. Given opioid-associated morbidity and mortality, consideration of non-
opioid medication options is essential.1~3 Non-steroidal anti-inflammatory drugs (NSAIDs)
are one of the most commonly prescribed analgesics worldwide.4® However, NSAIDs are
known to cause gastrointestinal toxicity in the form of mucosal injury which can lead to
erosions, ulcers, bleeding, strictures, and bowel perforation.® In IBD, there has been a long-
standing concern that NSAIDs may play a role in disease exacerbations.”-€ Single center
prospective data has demonstrated a higher likelihood of IBD flares among patients with
quiescent IBD after exposure to the non-selective NSAIDs as compared to acetaminophen.®
On the other hand, a recent systematic review of eighteen studies found no consistent
association between NSAIDs and IBD exacerbations.? However, the included studies had
small sample sizes and were single center, and the definition of IBD exacerbation varied.
Ultimately, the current literature is inconclusive, highlighting the need for additional studies.

Given that the relationship between NSAIDS and IBD exacerbations is unlikely to be
studied in randomized controlled studies, rigorous methodologies need to be applied to
observational data to adjust for residual confounding. For example, residual confounding in
the form of reverse causality (also known as protopathic bias) can occur when a medication
initiated to treat a symptom or disease outcome appears to cause the outcome.19 11 For
example, NSAIDs may be prescribed for the treatment of abdominal pain or arthralgias
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Methods:

Data source

related to an early IBD exacerbation, and consequently overestimate the risk of IBD
exacerbation associated with NSAID use. We aimed to examine whether variation in the
likelihood of IBD exacerbation is attributable to differences in patients” NSAID exposure, in
context of the potential for residual confounding.

We used the Veterans Affairs (VA) Corporate Data Warehouse (CDW) to identify patients
with IBD who had an outpatient encounter between January 1, 2004, and September 30,
2015. IBD patients were identified using a validated algorithm based on a combination

of inpatient and outpatient International Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9-CM) codes for Crohn’s disease (555.x), and ulcerative colitis
(556.x).12 Patients were selected for inclusion if they had two or more of these codes during
at least two clinical encounters, with at least one of these encounters being an outpatient
visit.12.13 patients with codes for both Crohn’s disease and ulcerative colitis were labeled as
having indeterminate colitis.

Variables of interest

Our primary independent variable was any NSAID exposure regardless of dosage or
duration. NSAIDs were identified using the CDW outpatient pharmacy file, based on
definitions from prior studies (Supplemental Table 1).8:914 In our primary analysis, we
considered exposure to non-selective NSAIDs based on NSAID dispense date. We excluded
aspirin and acetaminophen from our NSAID exposure definition in our analysis to minimize
heterogeneity of the exposure effect.? Our primary outcome was I1BD exacerbation, defined
as any outpatient IBD-related encounter requiring steroids or IBD hospitalizations for an
IBD flare, based on the need for corticosteroids. We defined IBD-related corticosteroid
prescriptions as requiring at least a one-week supply, and absence of a non-1BD indication
in the week preceding the prescription fill date. This definition of IBD exacerbation is
well-established and has been utilized in prior studies.1315 While this definition of IBD
exacerbation may not capture IBD exacerbations that are not treated with corticosteroids, the
definition is meant to allow for higher specificity at the cost of sensitivity, maximizing for
precision in defining a flare.

Study design

We started with a traditional cohort study design to examine the association between
NSAID exposure and IBD exacerbations. We then conducted a subgroup analysis using self-
controlled case series design to further explore the relationship between NSAID exposure
and IBD exacerbations based on a within-person analysis.

Cohort study: We matched patients with at least one NSAID exposure during the study
period to patients who were not exposed to NSAIDs. Patients were matched one-to-one by
propensity for NSAID use based on age, IBD type, gender, and smoking status. Patients
were included if data was available for at least 1 year preceding the index date, which was
defined by first NSAID exposure or a matched date for the unexposed patients. Baseline
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patient characteristics were derived from data in this year preceding the index date. Patients
were followed until a first IBD exacerbation, date of death, or study end date (December 31,
2015). We only examined the first occurrence of an IBD exacerbation to not overrepresent
patients with multiple exacerbations, as patients with one exacerbation are at a higher
likelihood for further exacerbations. We reported descriptive statistics by NSAID exposure
status.

Statistical analysis: First, we estimated hazard ratios using a Cox proportional hazards
model to examine the association between NSAID exposure and time to IBD exacerbation
in the matched cohort and adjusted for potential confounders. These confounders were
selected a prioriand included age, gender, race, Charlson comorbidity score, smoking

status, IBD type, and use of an immunomodulator or biologic.1® Immunomodulators
included 6-mercaptopurine, azathioprine, and methotrexate, and anti-tumor necrosis factor
inhibitors included infliximab, adalimumab, and certolizumab. Golimumab, vedolizumab,
and ustekinumab were not included as they were not readily available in the Veterans Affairs
health system during the study period.

As a secondary analysis to assess for residual confounding, we estimated a prior event

rate ratio, which is the ratio of the unadjusted hazards for IBD exacerbation between the
NSAID exposed and unexposed patients following an NSAID dispense date as compared to
the unadjusted hazards for IBD exacerbation in the 1 year preceding the NSAID dispense
date. The prior event rate ratio adjusts for pre-exposure hazards for IBD exacerbation.1’
95% confidence intervals (CI) were obtained by bootstrapping. This method assumes that
the differences in hazards for IBD exacerbation in the exposed as compared to unexposed
patients preceding NSAID exposure is independent of the effect of NSAIDs on IBD
exacerbations.

Subgroup analysis using a self-controlled case series method: The analysis
above estimates the hazards ratio for IBD exacerbations between NSAID exposed and
unexposed patients. However, within-person confounding may persist based on individual
disease activity, medication regimens, and IBD history. Therefore, to validate or refute

our initial findings, we used a second approach to estimate an individual’s risk of IBD
exacerbation after NSAID exposure using a self-controlled case series method. The self-
controlled case series method is a within-person research design that conditions on the
presence of the event, thus requiring only patients with the outcome of interest—an IBD
exacerbation. A self-controlled case series estimates a within-person incidence rate ratio
(IRR) for relative risk, comparing time periods of hypothesized excess risk after exposure to
all other times (e.g., baseline or non-exposed periods)18-20, Patients who do not experience
an IBD exacerbation during the study period do not contribute information to the effect
estimation and were excluded from further analysis. A key advantage of the self-controlled
case series methodology is that patients serve as their own control and hence the analysis
accounts for both measured (e.g., gender) and unmeasured (e.g., IBD phenotype) time-
invariant patient-level factors.?! This methodology allowed us to adjust for factors that are
difficult to characterize in large retrospective studies like IBD phenotype, disease severity,
and prior IBD history, all of which may modify the risk of IBD exacerbation.2!
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Results:

From the cohort of patients with IBD exposed to NSAIDs, we selected for patients who
had also experienced an IBD exacerbation. To examine the relationship of the timing of
NSAID exposure and IBD exacerbation, patients were followed from their first encounter
for an IBD diagnosis to their last visit record (Figure 1). We examined the risk of IBD
exacerbation in the first 6 months post NSAID dispense date. To avoid under-representation
of flares occurring later during the post-exposure period, we excluded patients with less
than 6 months of follow-up after initial NSAID exposure. We divided this observation time
into individual risk windows: the 1 year preceding an NSAID dispense date (ore-exposure
period), 0-2 weeks after NSAID dispense date (fransition period), 2— 6 weeks after NSAID
dispense date, and 6 weeks to 6 months after NSAID dispense date. The pre-exposure
period allowed us to examine the baseline risk for an IBD exacerbation. The transition
period allowed us to examine whether an IBD exacerbation might have precipitated an
NSAID prescription. Both the pre-exposure and transition periods allow us to address the
potential for capturing reverse causality at different time points, and wrongfully attributing
IBD exacerbations to NSAIDs started in response to an IBD exacerbation The remaining
observation time was considered the baseline or unexposed period. Incidence rate ratios are
reported for all IBD types. In a sensitivity analysis, we also examined whether differences
in observed risk occurred when using an alternative pre-exposure period defined by 1 month
preceding an NSAID dispense date. The study was approved by VA Ann Arbor Healthcare
System Institutional Review Board (IRB), #1597542-3.

Among a cohort of 42,999 patients with IBD, we identified 15,705 (36.5%) patients who
were also exposed to NSAIDs between 2004 and 2015 and used propensity scores to

match them with 19,326 patients with IBD who were not exposed to NSAIDs during

the study period. Overall, among the 35,031 patients that comprised the analytic cohort,
15,705 (44.8%) with and 19,326 (55.2%) without an NSAID exposure, a majority (93.2%)
of patients were male, white (88.8%) with a mean age of 60 years (standard deviation

[sd] 15 years) and a mean Charlson comorbidity index of 0.89 (sd 1.2) (Table 1). Patients
were followed for a mean 5.9 years (sd 3.9 years). Among the 15,705 patients who were
prescribed and dispensed an NSAID, there were a total of 30,295 NSAID prescriptions
during the study period; the most common NSAID medications used by patients were
ibuprofen (n = 7649, 48.7%), naproxen (n = 6505, 41.4%), and etodolac (n = 3183, 20.3%).]
Selective COX-2 inhibitors were uncommon (n=1103, 3.1%). Patients exposed to NSAIDS
were younger (57.1 versus 61.9 years; p<0.001), more likely to be female (91.4% versus
94.6%; p<0.001) or white (85.7% versus 91.5%; p<0.001) and had more comorbidities
(Charlson index of 0.96 versus 0.84; p<0.001) (Table 1). They were also more likely to be
taking an immunomodulator or biologic medication (14.2% versus 13.1%; p=0.007). A total
of 7,409 patients had an IBD exacerbation during follow-up, with 3,968 (53.6%) occurring
in the NSAID exposed group and 3,441 (46.4%) occurring in the unexposed group.

Cohort study using traditional methods:

In a propensity score matched Cox proportional hazards model, patients with IBD exposed
to NSAIDs demonstrated a higher likelihood for IBD exacerbation than those patients not
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exposed to NSAIDs (HR 1.24; 95%CI 1.16-1.33), after adjusting for age, gender, race,
Charlson comorbidity index, smoking status, IBD type, and use of immunomodulator or
biologic medications (Figure 2 & Table 2). The likelihood of an IBD exacerbation in the
pre-NSAID exposure period was 1.30 (95%CI 1.21-1.39) in NSAID exposed patients as
compared to the patients not exposed to NSAIDs. Therefore, the prior event rate ratio for
IBD exacerbation based on the adjusted hazards ratio post-NSAID exposure divided by the
adjusted hazards ratio for pre-NSAID exposure was 0.95 (95%CI 0.89-1.01).

Subgroup analysis using a self-controlled case series method:

We identified a subgroup of 3,968 (11.3%) patients in this cohort who had at least one IBD
exacerbation for the self-control case series analysis (Supplemental Table 2). We examined
the association between NSAID exposure and IBD exacerbation for each pre-defined pre-
and post-exposure period separately, to assess for the potential for reverse causality. The
incidence rate ratios (IRR) were 1.95 (95%CI 1.79-2.15) in the 1-year pre-NSAID exposure,
6.27 (95%CI 5.15-7.63) in the 0—2-week transition period, 1.77 (95%CI 1.37-1.43) in the
2—-6 weeks post-NSAID dispense date, and 1.24 (95%CI 1.07-1.43), in the 6 weeks to 6
months post-NSAID dispense date, as compared to the risk for IBD exacerbation outside

the exposure periods (Table 3). Similar findings are evidence when examining patients with
Crohn’s disease and ulcerative colitis, separately (Table 3).

Sensitivity analysis:
Given the possibility that our pre-defined risk periods could influence our findings, we
examined whether differences in observed risk occurred when using an alternative pre-
exposure period defined by 1 month preceding an NSAID dispense date. The findings
were not substantially different, with IRRs of 1.50 (95%CI 1.15-1.95) in the pre-NSAID
exposure period, 5.56 (95%CI 4.58-6.76) in the 0—2-week transition period, 1.57 (95%CI
1.22-2.04) in the 2—6 weeks post-NSAID exposure period, and 1.10 (95%CI 0.95-1.27)
in the 6 weeks-6 months post-NSAID exposure period. We also separately examined the
relationship between IBD exacerbation and the most common NSAID types. 1,131 patients
were exposed to ibuprofen and had an IBD exacerbation. The IRRs for IBD exacerbation
over the distinct risk windows were 2.31 for the 1-year pre-exposure, 6.46 for the 0-2 week
transition, 1.61 for the 2—-6 week post-ibuprofen period, and 1.04 for the 6 weeks to 6
months post- ibuprofen period. Similarly, 753 patients were exposed to naproxen and had
an IBD exacerbation. The IRRs for IBD exacerbation over the distinct risk windows were
1.64 for the 1-year pre-exposure, 4.85 for the 0-2 week transition, 1.15 for the 2—6 week
post-naproxen period, and 1.13 for the 6 weeks to 6 months post-naproxen period.

Discussion:

We conducted a multimethod analysis of the relationship between NSAID exposure and IBD
exacerbation in the context of residual confounding. We saw an association between NSAID
exposure and IBD exacerbation in a cohort of 35,031 patients. However, the estimated prior
event rate ratio of 0.95 (95%CI 0.89-1.01) suggests that this may be independent of NSAID
exposure and related to an underlying increased likelihood of IBD exacerbation in NSAID
exposed patients preceding NSAID exposure. Further, using a self-controlled case series
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approach to verify our findings and adjust for other immeasurable patient-level confounders,
the risk of IBD exacerbation did not increase in the 2 weeks to 6 months after NSAID
exposure.

While most studies examining the effect of medications on disease-specific outcomes
adjust for patient characteristics that may confound the outcome of interest, residual
confounding may persist. When examining IRRs by risk window, we observe a high IRR
for IBD exacerbation in the 0—2-week transition period after the NSAID dispense date.

It is difficult to differentiate the pre-existence of IBD exacerbation symptoms at the time
of NSAID dispensing given the timeframe between the NSAID dispense date and IBD
exacerbation requiring corticosteroids. Given the drop in IRR after the transition period,

it is possible that this reported association may be secondary to residual confounding
related to reverse causality. The potential for reverse causality occurs when a medication
is prescribed as a response to early signs or symptoms of an undetected disease outcome.
This concept has been identified in studies examining the effects of proton pump inhibitors
(PPI1), antimicrobials, and other medications on other short-term clinical outcomes.22 A
recent analysis examining the relationship between PPIs and mortality among Medicare
beneficiaries demonstrated this effect to address the discrepancy in findings between
observational studies where a significant association had been reported and negative
randomized controlled trials. PPIs appeared to have a small but significant association
with a higher likelihood of mortality on initial examination. However, this association was
no longer significant after excluding the 90-day perimortem period, since PPIs are often
prescribed as a result of critical illness or end of life care rather than contributing to
mortality.10

Analgesic selection in IBD patients remains a global concern for clinicians despite pain
representing a dominant feature of IBD owing to the sparsity of available safe analgesic
options and unfavorable side effect profiles. While NSAIDs represent the most common
first-line analgesic, their use in IBD patients is variable, in part due to the suspected

risk of IBD exacerbation despite inconclusive evidence of harm to date. 23-28 In our

study population, 36.5% of patients with IBD received at least one NSAID prescription,
demonstrating that NSAID use is common in this population. Furthermore, 75% of patients
with IBD who were prescribed NSAIDs did not have an IBD exacerbation during a mean of
5.9 years of follow-up.

This study’s strengths include a national cohort with a large sample size and sufficient
follow-up. The multimethod approach, which considers measurable and non-measurable
patient-level factors greatly reduces the risk of bias by confounding. This study has

its inherent limitations. First, there is a potential limitation to generalizability given a
predominantly male population of Veterans. However, we see similar rates of NSAID use
as compared to the general IBD population making these results more robust. Second,
this dataset has limited availability of details regarding IBD history, including phenotype
and duration of disease, though likely this does not impact the relationship between
NSAIDs and IBD exacerbations. Third, it is possible that patients at higher risk of an
exacerbation are less likely to be prescribed NSAIDs, which would falsely minimize the
magnitude of association between NSAID exposure and IBD exacerbation. However, our
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bivariate analysis demonstrates that patients receiving immune targeted therapy (i.e., with
moderate-severe disease as compared to mild disease) are more likely to receive NSAIDs.
In addition, we adjust for several covariates associated with higher risk of IBD exacerbation
in our analyses (i.e., smoking) and in our self-controlled case series analysis we control

for patient characteristics such as IBD severity. However, it is important to also note that
disease activity varies over time and may not be adequately captured in this analysis. It

is possible that disease activity moderates the relationship between NSAID exposure and
IBD exacerbation and should be studied in future work. Fourth, as an over-the-counter
medication, NSAIDs are often difficult to track using electronic medical record data.
Therefore, the potential for a misclassification bias and not capturing NSAID exposures
exists in the unexposed arm, which would bias our findings towards no association.
However, our primary analysis using traditional methods still demonstrates an association
between NSAIDs and IBD exacerbations, which subsequently is better differentiated in risk
windows in our secondary analysis using prior event rate ratios and subgroup analysis using
a self-controlled case series design. In addition, data for the indication of each NSAID
prescription is unavailable.

In addition, NSAID dose effect was not examined given that NSAID dosage varies by
NSAID type and there is no standard method to determine dose equivalences across
medications. We also did not evaluate NSAID duration of use, as this measure is difficult to
reliably capture. To reduce heterogeneity in our results, we focus on initial NSAID exposure,
and cannot account for the role of multiple NSAID exposures on IBD exacerbations. We did
not explore the relationship between acetaminophen and IBD exacerbations as this would
require a separate cohort for propensity score matching. In addition, a disproportionate
amount of acetaminophen is prescribed in combination with opioids. It is therefore difficult
to separate out the role of acetaminophen from the role of opioids which is known to
complicate IBD management. Also, it is difficult to separate out opioid use which may be
prescribed for IBD related chronic pain/exacerbations from acetaminophen preceding an
exacerbation. We also did not explore the relationship between selective COX-2 inhibitors
and IBD exacerbations as this would require a separate cohort for propensity score
matching, and the overall use of selective COX-2 inhibitors was low (3.1%). Finally, there
may be several reasons to potentially avoid NSAIDs in patients with IBD, which are not
examined in this study, such as gastric ulcers or kidney injury.

In conclusion, this study did not find convincing evidence to suggest a causal relationship
between NSAID exposure and IBD exacerbations. Our findings suggest that observed
associations between IBD exacerbation and NSAID exposure may be explained by existing
underlying risks for IBD exacerbations, residual confounding, and reverse causality. The
potential for residual confounding by reverse causality should be considered as the interest
in using large administrative data for conducting observational studies to evaluate the safety
of medications continues to grow. While the study design is not tailored to evaluate the
safety of NSAIDs, it provides support against the previously described potential causal
relationship between NSAIDs and IBD exacerbations. We hope these study findings will aid
providers in better directing IBD patients on their risk for IBD exacerbation with NSAID
use. This may guide therapy for both IBD and non-IBD related pain management, and the
comfort of patients with IBD and the clinicians who treat them when considering NSAIDs
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a non-opioid treatment option. We also hope this work will bring attention to the role of

protopathic bias in large association studies.

Supplement
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Refer to Web version on PubMed Central for supplementary material.
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WHAT IS KNOWN

. Patients with inflammatory bowel disease are prone to both inflammatory and
non-inflammatory pain.

. In IBD, there has been a long-standing concern that NSAIDs may play a role
in disease exacerbations.

WHAT IS NEW HERE

. The observed higher likelihood of IBD exacerbation among patients with IBD
who are exposed to NSAIDs may be influenced by residual bias, particularly
the bias of reverse causality.

. These findings may help guide therapy for non-opioid pain management for
patients with IBD.
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NSAID exposed and unexposed observation time in the self-controlled case series
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Figure 2.
NSAID exposure and time to IBD exacerbation in the cohort study
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