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Abstract
Objective—To estimate the incidence and risk factors for gastrointestinal (GI) perforation among
patients with rheumatoid arthritis (RA).

Methods—Claims from employer health insurance plans were used to identify RA patients and
those hospitalized for upper or lower GI perforation. GI perforation cases were identified using
both a sensitive and specific definition. A Cox model using fixed and time-varying covariates was
used to evaluate risk of GI perforation.

Results—Among 143,433 RA patients, and using a maximally sensitive GI perforation
definition, 696 hospitalizations with perforation were identified. The rate of perforation was 1.70
per 1000 person years (PYs) [95% CI, 1.58–1.83] and most perforations (83%) occurred in the
lower GI tract. The rate of perforation was lower when a more specific GI perforation definition
was used (0.87, 95% CI, 0.78–0.96 per 1,000 PYs). Age and diverticulitis were among the
strongest risk factors for perforation (diverticulitis hazard ratio=14.5 [95% CI, 11.8–17.7] for
more sensitive definition, hazard ratio=3.9 [95% CI, 2.5–5.9] for more specific definition). Among
various RA medication groups, and compared to methotrexate, the risk of GI perforation was
highest among patients with exposure to concomitant non-biologic disease-modifying
antirheumatic drugs and glucocorticoids. Biologics without glucocorticoid exposure was not a risk
factor for perforation.

Conclusion—GI perforation is a rare but serious condition that affects patients with RA, most
frequently in the lower GI tract. Clinicians should be aware of risk factors for GI perforation when
managing RA patients, including age, history of diverticulitis, and use of glucocorticoids or
NSAIDs.
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Despite the gravity of GI perforations, little is known about the incidence and prevalence of
this condition, particularly in the lower GI tract, in clinical practice among patients with
rheumatoid arthritis (RA). Medications used to treat RA include systemic non-steroidal anti-
inflammatory drugs (NSAIDs), glucocorticoids, disease-modifying antirheumatic drugs
(DMARDs), and biologic response modifiers (biologics). While the expanding array of
therapies has notably mitigated the disability associated with RA for many patients, all of
these agents have the potential for side effects, including serious adverse events such as GI
bleeding and perforation.1–4

Likewise, glucocorticoid treatment has been associated with a broad array of adverse
systemic events. Even at low doses, as commonly used in RA patients, long-term
glucocorticoid therapy is associated with gastritis, pancreatitis, gastric ulcers, edema, and GI
bleeding when concomitantly used with NSAIDs.1, 3 Additionally, oral glucocorticoid use is
associated with a three-fold increase in risk of diverticular perforation.5

Among various RA medications, aspirin and NSAIDs have been the best characterized with
respect to serious GI events, including bleeding and perforation of colonic diverticula.6,7 A
prospective cohort study by Strate et al. (2011) assessed the use of these medications and
other risk factors biennially among 47,210 men in the United States. During the 22-year
follow-up period, 256 cases of diverticular bleeding were documented. After adjustment for
risk factors, men who used aspirin and nonaspirin NSAIDs regularly (≥2 times/week) had
multivariable-adjusted hazard ratios (HRs) of 1.70 (95% CI, 1.21–2.39) and 1.74 (95% CI,
1.15–2.64), respectively, for diverticular bleeding, compared with men who denied use of
these medications. Use of aspirin at intermediate doses (2–5.9 standard, 325-mg tablets/
week) and frequency (4–6 days/week) was associated with the highest risk of bleeding (HR,
2.32; 95% CI, 1.34–4.02, and HR, 3.13; 95% CI, 1.82–5.38, respectively).7

The incidence of NSAID-associated upper GI tract complications is well recognized and
described in the literature.8, 9 Although the incidence of lower GI tract complications is less
well understood, an increasing body of evidence suggests NSAID-induced GI toxicity
extends into the lower GI tract.10 Given this finding, an increasing number of studies are
evaluating complications of both the upper and lower GI tract together.11, 12

Most studies evaluating GI events—such as ulcers, bleeding, and perforations—report data
for these complications collectively, making it difficult to discern the incidence of and
characterize risk factors for GI perforations alone.8, 13, 14 Few studies have evaluated either
the frequency or risk of lower GI tract perforations, and fewer still have examined the
impact of exposure to other medications used to treat RA, either alone or in combination, on
the risk of perforation. To address these gaps in knowledge, the present study analyzed a
large administrative database to estimate the incidence of GI perforation among RA patients
and to identify RA and non-RA related risk factors for both upper and lower GI perforations.

METHODS
Data sources

The study analyzed data derived from the MarketScan® Commercial Claims and Encounters
(Thomson Reuters; www.thomsonreuters.com) database and the Medicare Supplemental and
Coordination of Benefits database for the period January 1, 2001 to June 30, 2009. These
databases provide information about inpatient, outpatient, and outpatient prescription drug
experience of approximately 94.1 million people of all ages covered under a variety of fee-
for-service, point-of-service, and capitated benefit plans. About 7.7 million of the covered
lives are from the Medicare database, which consists of persons with Medicare coverage
with supplemental employer-funded coverage. These databases are derived from employer
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health insurance plans and have been widely used for diverse epidemiologic and health
economic studies, including studies of RA.15–19

Population selection
Patients included in the analysis were 18 years of age or older and had at least two non-
diagnostic inpatient or outpatient medical claims (e.g., claims from physician evaluation and
management) with an International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) code for RA(714.0x or 714.3x). The RA claims had to occur
between January 1, 2002 and December 31, 2008 and were required to be for services on
different days—30 to 365 days apart. In addition, patients had a minimum of 12 months of
continuous eligibility prior to the ‘index date,’ defined as the second date of RA diagnosis. If
a patient did not have 12 months of continuous enrollment prior to their second eligible RA
diagnosis, the index date was moved forward in time until the 12-month continuous
enrollment requirement was met. Patients were also required to have continuous medical and
pharmacy coverage for the duration of their study eligibility.

Exclusion criteria included patients with malignant GI cancer or hospitalization for GI
perforation in the 12 months preceding the index date. Patients were followed until death,
occurrence of the first GI perforation, disenrollment from the study database, or study end.

Study outcome measures
The outcome of interest was hospitalization with a non-traumatic upper or lower GI
perforation. The number and proportion of patients with a GI perforation, the rate per unit of
person-time observed, and time to the perforation were reported. We considered upper and
lower GI perforations as a single entity for two reasons: 1) the larger number of events gave
us greater statistical power to identify risk factors, and 2) based on current and available
evidence, both upper and lower GI complications have been linked to use of NSAIDs,
aspirin, glucocorticoids, age, gender, etc.—all of which were factors of interest.

Two definitions of GI perforation were evaluated. The first definition, intended to be more
sensitive, included any inpatient admission with evidence of perforation based on 1) the
presence of the word perforation in the following ICD-9-CM diagnosis descriptions:
esophageal rupture; gastric, duodenal, peptic or gastrojejunal ulcers; appendicitis; and GI
perforation of an unspecific location in the large intestine, or 2) an ICD-9-CM diagnosis of
diverticulitis, diverticulosis, or ischemic colitis plus a Current Procedural Terminology
(CPT) code for suture or resection of the small or large intestine (Table 1). This sensitive GI
perforation definition was our primary study outcome. A second, more specific definition
was also used. This definition only included inpatient admissions with evidence of
perforation based on the presence of the word perforation in ICD-9-CM diagnosis
descriptions for esophageal rupture; gastric, duodenal, peptic or gastrojejunal ulcers; and
unspecified GI perforation. The specific GI perforation definition did not include cases of
appendicitis, diverticulitis, diverticulosis, or ischemic colitis associated with surgical GI
procedures. The definitions of GI perforation were based on a validated claims-based
algorithm. The validation study for the algorithm evaluated the medical charts of 92 RA
patients identified by the algorithm as having a GI perforation and showed the positive
predictive value (PPV) of the algorithm to be 94% (95% CI, 86–98) in identifying confirmed
GI perforations.20 In the validation study, the study algorithm initially included 1) ICD-9
codes with perforation language and 2) ICD-9 codes without perforation language + a CPT
code for confirmatory surgery; however, no cases in the validation sample were identified
by the latter method due to limitations in the data source. Given this result, the
acknowledged constraint, and additional concerns about the inclusion of perforated
appendix, our study used the full study algorithm in order to provide the most sensitive
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perforation definition but also evaluated the more specific definition that was better
supported by the methodology of the published perforation validation study.

Baseline characteristics and exposures of interest
Patient demographics and clinical characteristics were captured as of the study index date.
Two measures of baseline comorbidity were calculated: the Deyo-adapted Charlson
Comorbidity Index (CCI) and baseline medical and pharmaceutical expenditure.

Exposure to systemic medications used to treat RA was also evaluated. Medication classes
analyzed include the following groups: methotrexate (MTX), anti-tumor necrosis factor
(anti-TNF) biologics, other biologics (e.g., anakinra, abatacept, rituximab), glucocorticoids,
prescription NSAIDs, and other DMARDs (e.g., hydroxychloroquine, gold compounds,
sulfasalazine). Patients with multiple RA medication exposures were assigned a grouping
based on the following mutually exclusive hierarchy: biologics (anti-TNF and other) [with
or without non-biologic DMARDs] → MTX [with or without other non-biologic DMARDs]
→ all other DMARDs excluding MTX → none of these. Use of a medication hierarchy
allowed us to explicitly evaluate possible interactions between medications. The medication
hierarchy was established based upon clinical relevance in RA treatment and informed by
the degree of hypothesized immunosuppression. Use of the over the counter medications,
including NSAIDS, was not captured in this data source. Each of these four exposure groups
was also analyzed with glucocorticoids, yielding a total of eight mutually exclusive
categories. Exposure to NSAIDs was measured independently of the hierarchical RA
medication groups.

Several time-varying covariates were measured both during the baseline period and follow-
up (updated daily), including the occurrence of diverticulitis or diverticulosis, treatment with
RA medications (biologics, MTX, and other DMARDs, with or without concurrent
glucocorticoids), and exposure to NSAIDs. Time on drug and the time-varying risk factors
were computed for each day of the study. Patients with a history of diverticulitis or
diverticulosis at baseline were flagged as having the condition on the first day of follow-up.
Patients without a baseline history of these conditions but who developed them while under
follow-up were identified. For these individuals, the assigned date of the diagnosis of
diverticulitis and diverticulosis was ‘lagged’ by 90 days to avoid capturing these conditions
only at or near the time of the perforation event.

Medication exposure was characterized as current vs. non-current on each day of the study
period and determined by the prescription fill date plus the number of days’ supply of
medication. A fixed extension period of 60 days was applied to all pharmacy-based
prescriptions. Exposure to facility-based injectable or infused medications was based on the
administration date plus a clinically relevant exposure window specific to each medication
(56 days for infliximab, 30 days for abatacept, 180 days for rituximab).

Statistical analysis
Baseline characteristics of patients with and without GI perforation events during the
follow-up period were compared for demographic and risk factors of clinical interest. Chi-
square tests were used to assess the statistical significance of categorical variables; t-tests
and ANOVA were used for continuous variables.

A Cox model with time varying covariates assessed the impact of fixed and time-varying
characteristics on the risk of GI perforation. Fixed explanatory variables included age,
gender, census region, population density, and the Deyo-adapted CCI score. Time-varying
covariates included exposure to RA medications, diverticulitis, and diverticulosis without
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diverticulitis. Study RA medication categories in the model were biologics, MTX, and other
DMARDs, each with and without glucocorticoids. NSAIDs were assessed independently.

Additional analyses evaluated a possible interaction between biologic use (in the absence of
glucocorticoids) with both age (dichotomized as <65, 65+) and history of diverticulitis. This
assessed whether the risk associated with biologics varied for these two patient subgroups.
Conventional p values (< 0.05) were used to evaluate the significance of the associated
interaction terms.

Finally, we performed a sensitivity analysis in which we censored unspecified and upper GI
events at the perforation event date. We then used the remainder of the lower GI
perforations as the outcome to see if the risk factor hazard ratios were comparable.

RESULTS
A total of 143,433 RA patients were included in the analysis (Figure 1). The most common
reasons for exclusion were inadequate continuous eligibility (19.9%) or lack of data
availability (16.5%) either because of incomplete data or lack of a pharmacy benefit.
Patients were followed, on average (SD) for 34.8 (22.9) months, yielding 409,587 person-
years (PYs) of follow-up.

Perforations in the lower GI tract were most frequent, representing 83% of all cases (Table
1). The unadjusted GI perforation rate per 1000 PYs was 1.70 overall, 1.44 in the lower GI
tract, and 0.30 in the upper GI tract. Upper GI tract events were largely associated with
gastric and duodenal ulcers while lower GI events were mostly unspecified location
perforations and those associated with diverticulitis and appendicitis.

Demographic and clinical characteristics
Approximately three-quarters of the sample population was female, with a mean (SD) age of
57.7 (14.1) years. Compared to US Census population estimates for the study period, the
study population was notably concentrated in the Midwest (28.1% vs. 22.1%) and
underrepresented in the Northeast (9.8% vs. 18.5%).

At baseline, 91% of patients received some form of pharmacotherapy for RA. The most
commonly used medications for RA included prescription NSAIDs (56%), glucocorticoids
(55%), MTX (43%), a DMARD other than MTX (34%), and biologics (18%). The study
population had a median (IQR) Deyo-adapted CCI score of 1.0 (1.0–2.0), consistent with
modest levels of comorbidity.

Table 2 shows baseline demographic and clinical characteristics of patients by perforation
status. Compared to patients not experiencing a GI perforation, patients with a GI
perforation were older (mean age 62.0 vs. 57.6, P<0.0001), more likely to have Medicare as
a primary payer (43.0% vs. 30.4%, P<0.0001), more likely to reside in a rural area (22.8%
vs. 18.3%, P=0.002), and more likely to reside in the Midwest (33.3% vs. 28.0%, P=0.002).
Mean (SD) length of follow-up for patients who had a perforation was also lower (24.2 vs.
34.8 months, P<0.0001). At baseline, patients who subsequently experienced a GI
perforation had an increased likelihood of exposure to glucocorticoids (without NSAIDs:
25.3% vs. 21.3%, P=0.01; with NSAIDs: 40.5% vs. 34.1%, P<0.01) and non-methotrexate
DMARDs (38.5% vs. 33.7%, P<.00001), higher levels of overall comorbidity (CCI score:
1.7 vs. 1.5, P<0.001), an increased likelihood of GI conditions (diverticulitis, diverticulosis,
esophageal or GI hemorrhage, and noninfectious gastroenteritis/colitis), and higher annual
medical expenditures ($11,543 vs. $9,031, P<0.001) than patients not experiencing a GI
perforation.
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Perforation Incidence Rates
During the follow-up period, 710 GI perforations occurred in 696 patients (14 patients had
both upper and lower GI perforations). The overall incidence of GI perforation in this study
was low, with 0.5% of patients hospitalized with a perforation during follow-up, yielding a
rate of 1.70 events per 1000 PYs (95% CI, 1.58–1.83) [Table 3a]. This rate was 0.87 events
per 1000 PYs (95% CI, 0.78–0.96) when the more specific definition of perforation was
used.

The unadjusted rate of GI perforation per 1000 PYs in patients with diverticulitis was 22.98
(95% CI, 19.16–27.35) compared to 1.41 (95% CI, 1.29–1.53) in those without such history
[Table 3b]. Conversely, the unadjusted rate of GI perforation per 1000 PYs in patients with
diverticulosis was 1.30 (95% CI, 0.65–2.33), which was not higher than the rate among
patients without the disorder (data not shown). The highest rates of GI perforation (per 1000
PYs) were observed in patients with a history of diverticulitis and exposure to DMARDs
(other than MTX) and glucocorticoids (41.0; 95% CI, 22.9–67.6), exposure to other
DMARDs without glucocorticoids (33.1; 95% CI, 18.5–54.6), and exposure to biologics
with glucocorticoids (32.0; 95% CI, 18.64–51.22). The addition of glucocorticoids to each
RA medication combination, with the exception of MTX, was associated with a higher
incidence of perforation ranging from 24% (during exposure to other DMARDs) to 95%
(during exposure to biologics) among patients with a history of diverticulitis.

The rate of GI perforation during exposure to NSAIDs, independent of exposure to other
study RA medications, was 1.93 (95% CI, 1.71–2.16) per 1000 PYs. When NSAIDs were
added to most other study RA medication groups, there was an increased rate of GI
perforation of approximately 0.4–0.9 per 1000 PYs across the various rows in Table 3b
(P=0.007 comparing overall rate with and without NSAID exposure).

Multivariate analysis results
Results of the Cox model indicated that patients with a history of diverticulitis were at the
greatest risk of GI perforation (HR, 14.5; 95% CI, 11.8–17.7; P<0.0001; Table 4). Although
the magnitude of the risk decreased, diverticulitis remained a significant risk factor when the
specific GI perforation definition was used (HR 3.9; 95% CI, 2.5–5.9; P<0.0001). Other
clinically significant factors with both GI perforation definitions were use of
glucocorticoids, use of NSAIDs, increasing age, and higher levels of comorbidity. The HR
for diverticulosis without diverticulitis was not significant for either of the outcome
definitions. There were no significant interactions between biologic use without steroids and
age or a history of diverticulitis.

Patients with no exposure to DMARDs, glucocorticoids, or biologics had a higher risk for
GI perforation than patients with exposure to methotrexate alone. We conducted additional
analysis on those patients (n=8,032, 6%) who had no medical or pharmacy claim evidence
of any RA specific prescription medication during follow-up and found they were
significantly older (p<0.0001), more likely to be 75+ years of age, to have higher CCI
scores, to have each of the comorbid conditions evaluated during baseline, to have shorter
follow-up windows, and to have higher baseline expenditures. These findings are consistent
with channelling of older, higher risk patients away from methotrexate and other commonly
used RA therapies.

In the sensitivity analysis, the exclusion of upper GI perforations and perforations with an
unspecified location decreased the number of GI perforation events from 696 to 374 and the
rate of GI perforations from 1.70 to 0.91 (95% CI, 0.82–1.01). Although the statistical
significance of several variables was no longer present in this analysis, use of other
DMARDs with glucocorticoids remained significant (HR, 2.0; 95% CI, 1.3–3.1) and the risk
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associated with history of diverticulitis increased (HR, 32.4; 95% CI, 25.5–41.2). The HR
for diverticulosis without diverticulitis was not significant.

DISCUSSION
Findings from this study suggest that the risk of GI perforation is low in RA patients and
perforation occurs more frequently in the lower GI tract than in the upper GI tract. Results of
the multivariate analysis showed that the most significant factors associated with increased
risk of GI perforation were history of diverticulitis, use of glucocorticoids, exposure to
NSAIDs, increasing age, and higher levels of comorbidity. Diverticulosis, without
diverticulitis, was not a risk factor for perforation, nor was use of the biologic agents that
were studied (predominantly anti-TNF therapy).

Our findings are consistent with results from other studies reporting perforation rates among
RA patients. A similar but smaller administrative database analysis involving 40,841 RA
patients found among the 37 patients hospitalized for GI perforation, 19 (51.4%) were
currently being treated with glucocorticoids at the time of the event.21 Similar to our
findings, risk factors for GI perforation included diverticulitis and current treatment with
glucocorticoids, with or without NSAIDs. The MEDAL (Multinational Etoricoxib and
Diclofenac Arthritis Long-term) program, comparing use of etoricoxib or diclofenac in
>34,000 patients with OA or RA, reported upper GI perforation rates of 0.2–0.4 per 1000
PYs—similar to our finding of 0.30 upper GI perforations per 1000 PYs.22

We tested the sensitivity of these results to our definition of GI perforation, acknowledging
some clinicians would exclude GI perforation events associated with appendicitis and those
with diverticulitis/diverticulosis or ischemic colitis diagnoses and GI surgery but without
explicit mention of perforation. Removal of these types of events resulted in a reduction of
the unadjusted GI perforation rate (1.70 vs. 0.87 per 1000 PYs), a reduction in the number of
GI perforation events (696 vs. 356), and a lower HR for GI perforation associated with
diverticulitis (14.5 vs. 3.9).

Given the majority of events were lower GI perforations, we felt the addition of upper GI
perforations and unspecified perforations should not change, but may dilute, our study
findings. To test this, we performed a sensitivity analysis in which we censored unspecified
and upper GI events as of the event dates. With this most stringent GI perforation definition,
statistical significance was lost for many variables. This may have been a function of the
decreasing number of events as this definition was restrictive (n=374) or due to better
precision in evaluating risk factors for lower GI perforations. Variables that remained
significant included history of diverticulitis; other DMARDs with glucocorticoids, biologics
with glucocorticoids, methotrexate with glucocorticoids; and other DMARDs without
glucocorticoids.

Among the key strengths of this study is the data source. Large claims databases provide
insight into the routine practice of medical care and allow for the analysis of relatively
uncommon adverse events in specific patient populations. Furthermore, this particular
database had a relatively large proportion of older patients. Of the 696 RA patients who
experienced a GI perforation, 294 (42.2%) were > 65 years of age. Finally, although we did
not have access to medical records, our case definition for GI perforation was based on a
validated and high performing claims algorithm, shown to have a PPV of 94% among RA
patients.20

In interpreting our findings, several factors should be considered. While the present study
was based on a large and diverse sample of patients with RA, it is not a random sample and
medical records were not available to supplement or validate information. The MarketScan
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Databases comprise employer-sponsored coverage for active employees, dependents, and
retirees, and therefore did not include patients with other forms of insurance (Medicaid,
military, self-insured) or the uninsured. Thus, the generalizability of these findings may be
limited to relatively healthier patients, although this does not compromise the internal
validity of our results.

Another limitation is that we did not conduct a new user design and follow-up time began
based upon the first date that patients were observable in the health plan and met eligibility
criteria. We used a validated algorithm to identify GI perforation cases, although it is
possible that cases were misclassified, perhaps more likely for outcomes using our more
sensitive definition that were associated with nonspecific ICD-9-CM diagnosis codes (e.g.,
diverticulitis) with a CPT code for suture or resection. In the construction of medication
exposure windows, prescription medications were presumed to be taken based upon their
pharmacy fill dates. We assigned clinically relevant exposure windows or a grace period to
all medications. To the extent that this window could have been too short or long, we may
have under- or overstated exposure. Also, information was not available for over the counter
(OTC) medications such as OTC NSAIDs and OTC GI medications (e.g., histamine receptor
blockers and proton pump inhibitors). Furthermore, glucocorticoid use was characterized
only as current or not current in this study, not by daily dose or cumulative exposure.
Finally, we had an insufficient sample size to be able to compare the risks for perforation
between anti-TNF biologics versus those biologics with different mechanisms of action.

CONCLUSION
GI perforation is a rare but serious condition that affects patients with RA, most frequently
in the lower GI tract, and was observed among patients exposed to every combination of RA
therapies. Our retrospective analysis of a large US database showed that the main risk
factors for GI perforations in RA patients include age, history of diverticulitis, and use of
glucocorticoids and prescription NSAIDs. Reassuringly, diverticulosis in the absence of
diverticulitis and biologic use (predominantly anti-TNF therapy, in this population) did not
appear to be risk factors for GI perforation. Clinicians should be aware of risk factors for GI
perforation when managing patients with RA, especially when prescribing medications such
as systemic glucocorticoids or NSAIDs to older patients and those with a history of
diverticulitis.
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SIGNIFICANCE AND INNOVATION

• Our retrospective analysis of a large US health plan database showed that the
main risk factors for GI perforation in RA patients included age, history of
diverticulitis, and use of glucocorticoids and prescription NSAIDs.

• Using a sensitive definition for GI perforation, the overall rate of perforation
was 1.70 per 1000 PYs and was 0.87 per 1000 PYs when a more specific
definition of perforation was used.

• Biologic use (predominantly anti-TNF therapy) was not a significant risk factor
for perforation.
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Figure 1.
Study Accrual and Attrition
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Table 1

Frequency1 of GI Perforation During Follow-up By Location

Perforation Location and Subtype N % of Total Events ICD-9-CM Diagnosis Code

Upper GI Tract

 Esophageal Perforations

  Esophageal Perforation 11 1.6% 530.4

 Gastroduodenal Perforations

  Gastric Ulcer 55 7.8% 531.10, 531.11, 531.20, 531.21, 531.50, 531.51, 531.60, 531.61

  Duodenal Ulcer 54 7.8% 532.10, 532.11, 532.20, 532.21, 532.50, 532.51, 532.60, 532.61

  Peptic Ulcer 17 2.4% 533.10, 533.11, 533.20, 533.21, 533.50, 533.51, 533.60, 533.61

Lower GI Tract

 Perforations of the Small Intestine

  Gastrojejunal Ulcer 6 0.9% 534.10, 534.11, 534.20, 534.21, 534.50, 534.51, 534.60, 534.61

  Diverticulosis2 3 0.5% 562.00, 562.01

  Diverticulitis2 2 0.3% 562.02, 562.03

 Perforations of the Large Intestine

  Appendicitis 140 19.7% 540

  Ischemic Colitis3,4 24 3.4% 557.0, 557.1, 557.9

  Diverticulosis2 94 13.2% 562.10, 562.11

  Diverticulitis2 180 25.4% 562.12, 562.13

 Unspecified Perforations

  Location Unspecified 244 34.4% 569.83

GI, gastrointestinal; ICD-9-CM, International Classification of Diseases, Ninth Edition, Clinical Modification

1
Rows are not additive as patients may have multiple diagnoses on the same day (e.g., one patient with ICD-9-CM codes 530.4 and 531.10

classified as having a single ‘upper GI tract’ perforation spanning both the esophageal and gastric locations);

2
Requires evidence of confirmatory surgery via a professional claim with CPT code 44602, 44603, 44120, 44121, 44125, 44130, 44202, or 44203;

3
Requires evidence of confirmatory surgery via a professional claim with CPT code 44604, 44605, 44140, 44145, 44204, or 44205;

4
ICD-9-CM codes 557.0x, 557.1x and 557.9x are not specific to ischemic colitis and may include other diagnoses

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 December 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Curtis et al. Page 14

Ta
bl

e 
2

B
as

el
in

e 
D

em
og

ra
ph

ic
 C

ha
ra

ct
er

is
tic

s 
by

 G
I 

Pe
rf

or
at

io
n 

St
at

us
 a

t F
ol

lo
w

-u
p

P
at

ie
nt

s 
w

it
ho

ut
N

=1
42

,7
37

P
er

fo
ra

ti
on

P
at

ie
nt

s 
w

it
h

N
=6

96
P

er
fo

ra
ti

on
p-

va
lu

e

Fe
m

al
e 

G
en

de
r 

(n
, %

)
10

6,
71

4
74

.8
0%

50
6

72
.7

0%
0.

21

A
ge

 (
m

ea
n,

 S
D

),
 y

ea
rs

57
.6

14
.1

62
12

.9
<

 .0
1

In
su

ra
nc

e 
Pl

an
 T

yp
e 

(n
, %

)

 
C

om
m

er
ci

al
99

,3
64

69
.6

0%
39

7
57

.0
0%

<
 .0

1

 
M

ed
ic

ar
e

43
,3

73
30

.4
0%

29
9

43
.0

0%
<

 .0
1

G
eo

gr
ap

hi
c 

R
eg

io
n 

(n
, %

)

 
N

or
th

ea
st

13
,9

35
9.

80
%

60
8.

60
%

0.
31

 
M

id
w

es
t

40
,0

13
28

.0
0%

23
2

33
.3

0%
<

 .0
1

 
So

ut
h

56
,3

05
39

.4
0%

26
2

37
.6

0%
0.

33

 
W

es
t

31
,5

32
22

.1
0%

13
7

19
.7

0%
0.

13

 
U

nk
no

w
n

95
2

0.
70

%
5

0.
70

%
0.

87

Po
pu

la
tio

n 
D

en
si

ty
 (

n,
 %

)

 
R

ur
al

26
,1

11
18

.3
0%

15
9

22
.8

0%
<

 .0
1

 
U

rb
an

11
5,

79
2

81
.1

0%
53

2
76

.4
0%

<
 .0

1

 
U

nk
no

w
n

83
4

0.
60

%
5

0.
70

%
0.

64

L
en

gt
h 

of
 F

ol
lo

w
-u

p 
[m

on
th

s]
 (

m
ea

n,
 S

D
)

34
.8

22
.9

24
.2

19
.2

<
0 

.0
1

A
gg

re
ga

te
 C

om
or

bi
di

ty
 (

m
ea

n,
 S

D
)

 
D

ey
o-

ad
ap

te
d 

C
ha

rl
so

n 
C

om
or

bi
di

ty
 I

nd
ex

1.
5

1.
1

1.
7

1.
2

<
 0

.0
1

 
B

as
el

in
e 

E
xp

en
di

tu
re

 (
$)

9,
03

1
19

,8
56

11
,5

43
22

,2
12

<
 0

.0
1

R
A

 M
ed

ic
at

io
n 

H
is

to
ry

 [
an

y 
us

e]
 (

n,
 %

)

 
M

et
ho

tr
ex

at
e

61
,3

69
43

.0
0%

28
5

41
.0

0%
0.

28

 
B

io
lo

gi
c 

– 
T

N
F

24
,3

50
17

.1
0%

11
9

17
.1

0%
0.

98

 
B

io
lo

gi
c 

– 
O

th
er

81
0

0.
60

%
3

0.
40

%
0.

63

 
A

ll 
O

th
er

 D
M

A
R

D
s1

48
,0

25
33

.7
0%

26
8

38
.5

0%
<

 0
.0

1

 
N

SA
ID

 w
ith

ou
t G

lu
co

co
rt

ic
oi

d
31

,5
81

22
.1

0%
13

7
19

.7
0%

0.
12

 
G

lu
co

co
rt

ic
oi

d 
w

ith
ou

t N
SA

ID
30

,4
13

21
.3

0%
17

6
25

.3
0%

0.
01

 
N

SA
ID

 a
nd

 G
lu

co
co

rt
ic

oi
d

48
,6

32
34

.1
0%

28
2

40
.5

0%
<

 0
.0

1

 
N

o 
N

SA
ID

 o
r 

G
lu

co
co

rt
ic

oi
d

32
,1

11
22

.5
0%

10
1

14
.5

0%
<

 0
.0

1

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 December 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Curtis et al. Page 15

P
at

ie
nt

s 
w

it
ho

ut
N

=1
42

,7
37

P
er

fo
ra

ti
on

P
at

ie
nt

s 
w

it
h

N
=6

96
P

er
fo

ra
ti

on
p-

va
lu

e

 
N

o 
Pr

es
cr

ip
tio

n 
R

A
 m

ed
ic

at
io

n
13

,0
84

9.
20

%
41

5.
90

%
<

 0
.0

1

A
ny

 H
2,

 P
PI

 o
r 

C
yt

ot
ec

/M
is

op
ro

st
ol

 (
n,

 %
)

42
,1

15
29

.5
0%

27
1

38
.9

0%
<

 0
.0

1

O
th

er
 G

I 
D

is
tu

rb
an

ce
2  

(n
, %

)
8,

02
6

5.
60

%
68

9.
80

%
<

 0
.0

1

 
D

iv
er

tic
ul

iti
s

40
1

0.
30

%
20

2.
90

%
<

 0
.0

1

 
D

iv
er

tic
ul

os
is

 w
ith

ou
t D

iv
er

tic
ul

iti
s

58
3

0.
40

%
10

1.
40

%
<

 0
.0

1

 
E

so
ph

ag
ea

l o
r 

G
I 

H
em

or
rh

ag
e

1,
25

3
0.

90
%

13
1.

90
%

<
 0

.0
1

 
N

on
in

fe
ct

io
us

 G
as

tr
oe

nt
er

iti
s/

C
ol

iti
s3

80
3

0.
60

%
10

1.
40

%
<

 0
.0

1

1 in
cl

ud
es

 a
za

th
io

pr
in

e,
 c

hl
or

oq
ui

ne
 a

nd
 h

yd
ro

xy
ch

lo
ro

qu
in

e,
 c

yc
lo

sp
or

in
, D

-p
en

ic
ill

am
in

e,
 le

fl
un

om
id

e,
 g

ol
d 

co
m

po
un

ds
, a

nd
 s

ul
fa

sa
la

zi
ne

;

2 ex
cl

ud
es

 p
er

fo
ra

tio
n;

3 un
sp

ec
if

ie
d

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 December 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Curtis et al. Page 16

Table 3a

Incidence of GI perforation, by medication exposure, in total study population

Medication Exposure Group

Sensitive GI Perforation Definition
n=143,433

Specific GI Perforation Definition
n=143,433

IR/1000 PYs 95% CI IR/1000 PYs 95% CI

Biologics with glucocorticoids 1.87 1.46 – 2.35 0.91 0.63 – 1.26

Biologics without glucocorticoids 1.02 0.80 – 1.29 0.47 0.32 – 0.66

Methotrexate with glucocorticoids 2.24 1.82 – 2.74 1.25 0.94 – 1.63

Methotrexate without glucocorticoids 1.08 0.86 – 1.35 0.47 0.33 – 0.66

All other DMARDs1 with glucocorticoids 3.03 2.34 – 3.85 1.65 1.16 – 2.29

All other DMARDs1 without glucocorticoids 1.71 1.34 – 2.16 0.66 0.44 – 0.96

Glucocorticoids without DMARDs or biologics 2.86 2.27 – 3.56 2.15 1.64 – 2.76

No DMARDs, biologics or glucocorticoids 1.68 1.44 – 1.96 0.81 0.64 – 1.01

Overall 1.70 1.58 – 1.83 0.87 0.78 – 0.96

DMARD, disease modifying antirheumatic drug; IR, incidence rate; NSAID, non-steroid anti-inflammatory drug; PYs, person-years; Rx,
prescription; 95% CI, 95% confidence interval;

1
azathioprine, chloroquine, hydroxychloroquine, cyclosporine, D-penicillamine, leflunomide, sulfasalazine, gold compounds
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Table 4

Relative Risk of GI Perforation during Follow-up

Risk Factor

Sensitive GI Perforation Definition Specific GI Perforation Definition

HR 95% CI HR 95% CI

Age

 Age 18 to 39 -- -- -- --

 Age 40 to 64 1.6 1.1 – 2.4 2.1 1.1 – 3.9

 Age 65 or older 2.1 1.4 – 3.1 3.6 1.9 – 6.9

Gender

 Male -- -- -- --

 Female 0.9 0.8 – 1.1 1.0 0.8 – 1.2

Population Density

 Rural or Suburban -- -- -- --

 Urban 0.8 0.7 – 0.9 0.9 0.7 – 1.1

Census Region

 Northeast -- -- -- --

 Midwest 1.0 0.8 – 1.4 1.0 0.6 – 1.4

 Southern 1.1 0.8 – 1.4 1.1 0.7 – 1.7

 Western 1.1 0.8 – 1.4 1.2 0.8 – 1.8

History of Diverticulitis

 No -- -- -- --

 Yes 14.5 11.8 – 17.7 3.9 2.5 – 5.9

History of Diverticulosis

 No -- -- -- --

 Yes 0.8 0.5 – 1.5 0.8 0.4 – 1.6

Deyo-adapted Charlson Comorbidity Index Score

 0 -- -- -- --

 Score [n] 1.1 1.0 – 1.2 1.2 1.1 – 1.3

During RA medication exposure (time-varying)2

 Methotrexate without glucocorticoids -- -- -- --

 Glucocorticoids w/o DMARDs or biologics 2.2 1.6 – 3.1 4.0 2.6 – 6.2

 Other DMARDs1 with glucocorticoids 2.5 1.8 – 3.5 3.2 2.0 – 5.2

 MTX with glucocorticoids 1.9 1.4 – 2.5 2.5 1 6 – 3.8

 Biologics with glucocorticoids 1.8 1.3 – 2.4 2.1 1.3 – 3.3

 No DMARDs, glucocorticoids, biologics 1.5 1.2 – 2.0 1.8 1.2 – 2.7

 Other DMARDs1 w/o glucocorticoids 1.6 1.1 – 2.2 1.4 0.8 – 2.3

 Biologics w/o glucocorticoids 1.0 0.8 – 1.5 1.1 0.7 – 1.8

During NSAID exposure (time-varying)3

 No -- -- -- --

 Yes 1.4 1.2 – 1.6 1.8 1.4 – 2.2

CI, confidence interval; DMARD, disease modifying antirheumatic drug; GI, gastrointestinal; HR, hazard ratio; MTX, methotrexate; NSAID, non-
steroid anti-inflammatory drug;
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1
azathioprine, chloroquine, hydroxychloroquine, cyclosporine, D-penicillamine, leflunomide, sulfasalazine, gold compounds;

2
With or without NSAIDs;

3
With or without DMARDs, glucocorticoids, biologics
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