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Increased Incidence and Impact of Upper and Lower
Gastrointestinal Events in Patients with Rheumatoid
Arthritis in Olmsted County, Minnesota: 
A Longitudinal Population-based Study
ELENA MYASOEDOVA, ERIC L. MATTESON, NICHOLAS J. TALLEY, and CYNTHIA S. CROWSON 

ABSTRACT. Objective. To assess the incidence and mortality impact of upper and lower gastrointestinal (GI)

events in rheumatoid arthritis (RA) compared to non-RA subjects.

Methods.We identified incident upper and lower GI events and estimated their incidence rates using

person-year methods in a population-based incident RA cohort of residents of Olmsted County,

Minnesota, USA (1987 American College of Rheumatology criteria first fulfilled between January

1, 1980, and January 1, 2008) and non-RA subjects from the same population. 

Results. The study included 813 patients with RA and 813 non-RA subjects (mean followup 10.3 and

10.8 yrs, respectively); 68% women; mean age 55.9 yrs in both cohorts. The rate of upper GI

events/100 person-years was 2.9 in RA versus 1.7 in the non-RA cohort (rate ratio 1.7, 95% CI 1.4,

2.2); for lower GI events, the rates were 2.1 in RA versus 1.4 in the non-RA cohort (rate ratio 1.5,

95% CI 1.1, 1.9). The incidence of upper GI bleed, perforation, ulcer, obstruction, and any upper GI

event in RA declined over calendar time; the incidence of lower GI events remained unchanged.

Exposure to glucocorticoids, prior upper GI disease, abdominal surgery, and smoking were associat-

ed with lower GI events in RA. Both upper and lower GI events were associated with increased mor-

tality risk in RA.

Conclusion. There is increased risk of serious upper and lower GI events in RA compared to non-RA

subjects, and increased GI-related mortality in RA. Prominent declines in incidence of upper, but not

lower GI events in RA highlight the need for studies investigating lower GI disease in patients with

RA. (First Release April 1 2012; J Rheumatol 2012;39:1355–62; doi:10.3899/jrheum.111311)
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Gastrointestinal (GI) disease is one of the most common

comorbidities that can adversely affect the quality of life

and the lifespan of patients with rheumatoid arthritis

(RA)1,2,3,4,5,6,7. There is extensive research showing

increased risk of upper GI disease, particularly, drug-relat-

ed upper GI disease, in RA8,9,10,11,12,13. Following major

therapeutic advances in prevention of severe upper GI com-

plications, a decline in nonsteroidal antiinflammatory drug

(NSAID)-associated upper GI events in RA has been

reported in the United States and Europe in recent

decades14,15.

Until recently, and in contrast to widely studied upper GI

disease, lower GI disease in RA remained underappreciated.

Awareness of increased risk of lower GI disease associated

with the use of glucocorticoids, NSAID, and biologic

response modifiers has grown3,8,16,17,18,19,20,21. However,

the incidence and risk factors for lower GI disease in RA

remain uncertain and trends in occurrence of lower GI

events in RA are unknown. We conducted a longitudinal

population-based study of occurrence of serious upper and

lower GI events in patients with incident RA compared to

non-RA subjects. To better understand GI disease in RA,

we studied potential determinants of lower GI events in

patients with RA and the influence of GI events on mortal-

ity in RA.
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MATERIALS AND METHODS 
Study setting. This retrospective population-based study was performed

using resources of the Rochester Epidemiology Project (REP) medical

record linkage system22,23. This system allows ready access to complete

inpatient and outpatient medical records from all community medical

providers including Mayo Clinic and Olmsted Medical Center and their

affiliated hospitals, local nursing homes, and the few private practitioners.

The REP ensures virtually complete ascertainment of all clinically recog-

nized cases of RA among residents of Olmsted County, Minnesota, USA.

The unique features of the REP and its potential for population-based stud-

ies in rheumatology have been described in detail22,23,24.

Study subjects and data collection. The study population included a retro-

spectively identified incidence cohort, Olmsted County, MN, residents,

aged ≥ 18 years who first fulfilled 1987 American College of Rheuma -

tology criteria for RA25 between January 1, 1980, and January 1, 2008. The

earliest date at which the patient fulfilled ≥ 4 criteria was defined as the RA

incidence date. The reference cohort comprised non-RA subjects randomly

selected from the same underlying population with similar age, sex, and

calendar year. The population of Olmsted County was ~95,000 in 1980 and

~138,000 in 2008. The index date for each non-RA subject was defined as

the RA incidence date of the corresponding RA patient. All subjects were

followed until death, migration from Olmsted County, or December 31,

2009.

Detailed medical record review was performed for all study subjects.

Information on GI events (including diagnoses, surgeries, and hospitaliza-

tions) was collected throughout the lifetime of each subject, without regard

to whether the GI event was before or after RA incidence/index date. The

following serious upper and/or lower GI events were ascertained: ulcer,

bleed, perforation, bowel obstruction, esophagitis, diverticulitis, appendici-

tis, and various types of colitis (i.e., ischemic colitis, infectious colitis,

drug-induced colitis, and other colitis for which cause could not be deter-

mined), as well as Crohn’s disease and ulcerative colitis. Lower GI events

were defined as GI lesions beyond the duodenojejunal junction (below the

ligament of Treitz). Cases were reviewed to identify whether bleeds were

due to perforations. Bleeding perforations were included in both categories

(i.e., perforations and bleeds). The following were excluded from our

aggregate definitions of any GI event, any lower GI event and any upper GI

event: functional GI disorders (i.e., functional dyspepsia, gastroesophageal

reflux disease, irritable bowel syndrome), diverticular disease without

diverticulitis, GI varices without bleeding, hemorrhoid bleeding, and

appendicitis. GI tumors (malignant and benign) as a category of events

were excluded. However, tumor-associated complications (e.g., bleed, per-

foration, obstruction) were included in the respective categories of GI

events.

Data regarding demographics (age and sex), smoking, and alcohol

abuse (based on physician diagnosis of chronic alcoholism) were gathered.

Information regarding RA disease was collected, including results of all

clinically performed tests for rheumatoid factor and erythrocyte sedimenta-

tion rate (ESR), persistently high ESR (≥ 3 ESR values ≥ 60 mm/h with ≥

30 days between measurements), large joint swelling, joint erosions/

destructive changes on radiographs, joint surgery (i.e., synovectomy and

arthroplasty), and severe extraarticular manifestations of RA defined

according to the Malmö criteria26. The use of antirheumatic medications

including disease-modifying antirheumatic drugs (DMARD; i.e.,

methotrexate, hydroxychloroquine and other DMARD, biologic response

modifiers), systemic glucocorticoids, NSAID, coxibs, and acetylsalicylic

acid (ASA; if > 1950 mg/day for ≥ 3 months) was recorded. In addition,

data on use of low-dose ASA (75–81 mg/day) were collected. The study

protocol was approved by Institutional Review Boards from Mayo Clinic

and Olmsted Medical Center.

Statistical methods. Descriptive statistics were used to examine the charac-

teristics of RA and non-RA subjects at the incidence/index date. Among

subjects who did not have the GI event prior to incidence/index date, the

rates of development of each GI event during followup were calculated

using person-years methods. Rate ratios (RR) were used to compare GI

event rates in RA and non-RA cohorts. CI for RR were calculated using an

F approximation27. Poisson regression models were used to assess time

trends in the occurrence of GI events28. Cox models were used to examine

the effect of GI events on mortality in RA. Dichotomous time-dependent

covariates were used to model GI events that developed during followup.

Specifically, over the followup period, a patient’s status was changed from

“unexposed” to “exposed” at the time of first occurrence of a particular GI

event.

Cox proportional hazard models were used to examine risk factors for

incident lower GI events adjusting for age, sex, and calendar year of RA

diagnosis. The risk factors included RA characteristics and medications,

history of upper GI disease, prior GI surgery, smoking, and alcohol abuse.

Cumulative inflammatory burden was estimated by applying the most

recent ESR value to each day of followup and summing these ESR values.

All clinically performed ESR measures during the patient’s followup were

used for this analysis. Inflammatory burden was analyzed continuously

using smoothing splines to allow for nonlinear effects and was also catego-

rized into tertiles. Similarly, cumulative glucocorticoid exposure was esti-

mated by summing the daily dose of glucocorticoids throughout the

 followup and classified into the tertiles.

RESULTS

Patients’ characteristics. The study included 813 patients

with RA and 813 non-RA subjects. Age, sex, and length of

followup were similar in both cohorts (Table 1). Patients

with RA were more likely to be current smokers (p = 0.04)

and ever-smokers (p < 0.001) than non-RA subjects. Except

for the higher likelihood of any GI diagnoses (32% vs 27%,

respectively; p = 0.03), and upper GI diagnoses (21% vs

17%, respectively; p = 0.04) before the incidence/index date

in the RA versus non-RA cohort, there were no statistically

significant differences in the occurrence of GI events before

the incidence/index date (Table 1). 
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Table 1. Demographic data and distribution of gastrointestinal (GI) events

before the rheumatoid arthritis (RA) incidence/index date in RA and

non-RA cohorts.

RA, Non-RA,

Variable n = 813 n = 813 p*

Mean age, yrs (SD) 55.9 (15.7) 55.9 (15.7) 0.99

Female, n (%) 556 (68.4) 556 (68.4) 1.00

Smoking at incidence/index date, n (%)

Current 178 (22) 144 (18) 0.04

Ever 449 (55) 377 (47) < 0.001

Alcohol abuse, n (%) 56 (7) 55 (7) 0.92

Mean length of followup, yrs (SD) 10.2 (6.8) 10.8 (7.02) 0.11

Diagnoses before incidence/index date, n (%)

Any GI event 261 (32) 222 (27) 0.03

Upper GI event 169 (21) 137 (17) 0.04

Lower GI event 135 (17) 131 (16) 0.79

Abdominal surgery before incidence/index date**, n (%)

Upper GI surgery 26 (3) 30 (4) 0.59

Lower GI surgery 57 (7) 52 (6) 0.62

GI-related hospitalizations before 

incidence/index date, n (%) 102 (12) 111 (14) 0.51

* Indicates the differences between RA and non-RA cohorts. ** Any upper

or lower abdominal surgery, excluding appendectomy.
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Incidence of upper and lower GI events. During the fol-

lowup, patients with RA developed 154 upper and 129 lower

GI events, corresponding to event rates of 2.85 and 2.10 per

100 person-years, for upper and lower GI events, respec-

tively (Table 2). Non-RA subjects developed 110 upper and

99 lower GI events corresponding to event rates of 1.66 and

1.43 per 100 person-years, for upper and lower GI events,

respectively. This resulted in a 1.7-fold increased risk of

upper GI events (95% CI 1.4, 2.2) and 1.5-fold increased

risk of lower GI events in RA versus non-RA subjects (95%

CI 1.1, 1.9). The risk of any GI event was 1.7-fold higher in

RA versus non-RA subjects (95% CI 1.3, 2.2). The ratio of

upper to lower GI events was 1.35 in RA versus 1.16 in the

non-RA cohort.

Among upper GI events, ulcers [rate ratio (RR) 1.8],

bleeds (RR 1.7), and esophagitis (RR 1.8) were significant-

ly more common in RA versus non-RA subjects (Table 2).

Among lower GI events, the risks of infectious colitis (RR

1.8) and drug-induced colitis (RR 2.0) were significantly

increased in RA versus non-RA. When drug-induced colitis

was separated by type of drug (i.e., NSAID, DMARD,

antibiotics, other drugs), patients with RA experienced more

colitis due to NSAID (RR 16.0, 95% CI 0.02, 99.1) and

DMARD (RR 18.1, 95% CI 0.02, 109.3) than non-RA sub-

jects. Patients with RA also appeared to experience more

colitis due to antibiotics than non-RA subjects (RR 1.6, 95%

CI 0.7, 4.0), but this comparison did not reach statistical sig-

nificance. However, due to the paucity of events in some

subgroups of drug-induced colitis, statistical power was

lacking to draw firm conclusions regarding these associa-

tions. There were no statistically significant differences in

other lower GI events, although the numbers of some lower

GI events (particularly lower GI perforations) were small in

both cohorts.

Hospitalizations for any GI event (RR 1.6, 95% CI 1.2,

2.2), particularly esophagitis (RR 3.4, 95% CI 1.3, 12.3),

diverticulitis (RR 2.0, 95% CI 1.01, 4.4), bleeds and/or per-

forations (RR 1.6, 95% CI 1.1, 2.2), bowel obstruction (RR

1.5, 95% CI 1.04, 2.3), and infectious colitis (RR 2.3, 95%

CI 1.1, 5.1), but not for other GI events, were significantly

increased in RA versus the non-RA cohort. The risk of hos-

pitalization for drug-induced colitis in RA versus non-RA

approached statistical significance (RR 2.7, 95% CI 0.99,

9.8). Among GI surgeries, only surgery for upper bowel

obstruction was significantly more likely in RA versus

non-RA subjects (RR 2.2, 95% CI 1.04, 5.1).

Trends in incidence of upper and lower GI events in RA and

non-RA cohorts. To determine the dynamics of occurrence

of GI events over time, we analyzed trends in incidence of

upper and lower GI events in RA and non-RA subjects since

1980. There was a significant decline in incidence of any

upper GI event in RA (p = 0.006) and in non-RA subjects 

(p = 0.046) over calendar time (Figure 1). A similar declin-

ing trend was noted for upper GI ulcers in RA (p < 0.001),

but not in the non-RA cohort (p = 0.13). Significant declines

in the incidence of upper GI bleeds (p < 0.001) and upper GI

obstructions (p = 0.024) were found in RA, but not in the

non-RA cohort (p = 0.08 and p = 0.96, respectively).
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Table 2. Incidence and risks of upper and lower gastrointestinal (GI) events in patients with rheumatoid arthritis (RA) and non-RA subjects.

GI Events No. Events Incidence Rates (95% CI)* RR (95% CI)

RA Non-RA RA Non-RA

Any GI event 162 124 3.64 (3.10, 4.25) 2.19 (1.82, 2.62) 1.66 (1.32, 2.16)

Any upper GI event 154 110 2.85 (2.41, 3.33) 1.66 (1.36, 2.00) 1.72 (1.35, 2.20)

Any lower GI event 129 99 2.10 (1.76, 2.50) 1.43 (1.16, 1.74) 1.47 (1.13, 1.91)

Upper GI diagnoses

Ulcer 74 47 1.07 (0.84, 1.35) 0.60 (0.44, 0.79) 1.79 (1.25, 2.6)

Bleed 52 333 0.68 (0.51, 0.90) 0.40 (0.06, 0.21) 1.71 (1.12, 2.67)

Perforation 10 10 0.12 (0.06, 0.22) 0.12 (0.06, 0.21) 1.05 (0.44, 2.54)

Obstruction 46 35 0.60 (0.44, 0.80) 0.42 (0.29, 0.59) 1.41 (0.91, 2.2)

Esophagitis 73 46 1.01 (0.79, 1.26) 0.57 (0.41, 0.57) 1.77 (1.23, 2.58)

Lower GI diagnoses

Ulcer 16 14 0.20 (0.11, 0.32) 0.16 (0.09, 0.28) 1.21 (0.59, 2.5)

Bleed 40 33 0.54 (0.38, 0.73) 0.40 (0.28, 0.56) 1.33 (0.85, 2.12)

Perforation 11 5 0.13 (0.07, 0.24) 0.06 (0.02, 0.13) 2.23 (0.85, 7.1)

Obstruction 41 31 0.53 (0.38, 0.72) 0.38 (0.26, 0.53) 1.40 (0.89, 2.26)

Diverticulitis 35 25 0.45 (0.31, 0.62) 0.29 (0.19, 0.43) 1.51 (0.91, 2.56)

Ischemic colitis 9 11 0.11 (0.05, 0.21) 0.13 (0.06, 0.22) 0.88 (0.36, 2.09)

Infectious colitis 32 19 0.41 (0.28, 0.58) 0.23 (0.14, 0.35) 1.81 (1.05, 3.26)

Drug-induced colitis 34 18 0.43 (0.29, 0.59) 0.21 (0.12, 0.34) 1.98 (1.15, 3.60)

Other colitis** 9 12 0.11 (0.05, 0.21) 0.14 (0.07, 0.24) 0.81 (0.33, 1.87)

Crohn’s disease/ulcerative colitis 5 3 0.06 (0.02, 0.14) 0.04 (0.01, 0.10) 1.68 (0.45, 7.89)

* Rates are given per 100 person-years. ** Cases of colitis for which the cause could not be determined. Statistically significant differences (p < 0.05) are

shown in bold type. RR: relative risk.
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No significant trends in any lower GI event, lower GI

bleeds, perforations, or obstructions were found. A signifi-

cant increase in incidence of lower GI ulcers was observed

in the non-RA cohort (p = 0.019), but not in RA (p = 0.39).

However, these trends in lower GI ulcers were based on

small numbers of events (16 in RA and 14 in non-RA).

There was no evidence of a difference in calendar year

trends of lower GI events for different age groups in the

cohorts. As expected, the occurrence of individual GI

events, any upper and any lower GI event, increased with

age in both the RA and non-RA cohorts. No significant

trends in upper and/or lower GI events occurred over the RA

disease course.

Risk factors associated with lower GI events in RA. On uni-

variate analysis, the use of glucocorticoids, history of upper

GI disease, and prior abdominal surgery were significantly

associated with any lower GI event, with adjustment for age,

sex, and calendar year of RA diagnosis (Table 3). A history

of upper GI disease was significantly associated with lower

GI bleed. Use of low-dose ASA approached statistical sig-

nificance with any lower GI event and lower GI bleed (p =

0.05 for both associations). A history of ever smoking

increased the risk of lower GI events [hazard ratio (HR) 1.4,

95% CI 1.0, 2.1; p = 0.049], but no significant association

was found with alcohol abuse (p = 0.23). Multivariable

modeling revealed that glucocorticoids (HR 1.7, 95% CI

1.2, 2.6) and history of upper GI disease (HR 1.9, 95% CI

1.3, 2.8) were independent predictors, but smoking (HR 1.4,

95% CI 0.98, 2.1) and prior abdominal surgery (HR 1.3,

95% CI 0.8, 2.2) were no longer significant.

We estimated risks of lower GI events associated with

cumulative ESR measures and cumulative glucocorticoid

exposure (Table 4). Cumulative inflammatory burden was

not associated with the risk of any lower GI event or lower

GI bleed. Cumulative glucocorticoid exposure was signifi-

cantly associated with incident lower GI events, but there

was no significant difference in risk between the tertiles of

glucocorticoid exposure (p = 0.55).

Mortality impact of upper and lower GI events in RA.

During followup, 229 patients with RA died. Univariate

analysis revealed that the following events were significant-

ly associated with mortality after adjustment for age, sex,

and calendar year of RA diagnosis: any upper GI event (HR

1.4, 95% CI 1.06, 1.8), upper GI bleed and/or perforation

(HR 2.1, 95% CI 1.5, 2.8), lower GI bleed and/or perfora-

tion (HR 1.6, 95% CI 1.1, 2.4), upper GI obstruction (HR

1.8, 95% CI 1.2, 2.5), lower GI obstruction (HR 1.7, 95%

CI 1.2, 2.4), and lower GI ulcer (HR 2.2, 95% CI 1.3, 3.6).

The association of upper GI ulcer with mortality

approached statistical significance (HR 1.3, 95% CI 0.98,

1.7; p = 0.07). In multivariable models, after adjustment for

other known predictors of mortality in RA, i.e., the pres-

ence of severe extra articular manifestations of RA, comor-

bidity (including cardiovascular disease, renal disease, liver

disease, dementia, cancer), history of alcohol abuse, and

glucocorticoid use29, only upper GI bleed and/or perfora-

tion remained significantly associated with mortality (HR

2.1, 95% CI 1.5, 3.0).

DISCUSSION

The available evidence suggests a substantial burden of GI

disease in RA. We report the results of a longitudinal pop-

ulation-based study of incidence of upper and lower GI

events in patients with incident RA compared with

non-RA subjects from the same underlying population.

Concordant with findings from previous studies, the risk
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Figure 1. Trends in incidence of any upper gastrointestinal event in patients with rheuma-

toid arthritis (RA; solid line) and non-RA subjects (broken line) during the study period

1980-2009.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


of incident upper GI events (particularly ulcers, bleeds,

esophagitis, and perhaps upper bowel obstruction)

remains increased in RA versus non-RA subjects in recent

decades8,9,12,13.

Evidence of increased risk of lower GI events (primarily

ulcers, bleeds, and more recently perforations) in RA is

mounting. This risk is predominantly described within the

scope of adverse effects of NSAID, glucocorticoids, and

biologic response modifiers8,9,10,17,19,20,30,31,32,33,34,35. We

found a significantly increased risk of any incident lower GI

event, particularly infectious colitis and drug-induced coli-

tis, and a trend to increased risk of lower GI bleeding, lower

GI perforation, bowel obstruction, and diverticulitis, in RA

versus non-RA subjects.

There was a significantly increased risk of hospitaliza-

tions for most of the “high-risk” upper and lower GI events

examined (including any GI event, esophagitis, bleeds, per-

forations, bowel obstructions, diverticulitis, infectious coli-

tis, and perhaps drug-induced colitis) in RA versus non-RA

subjects. Supporting the existing evidence of increased mor-

tality associated with GI bleeds in RA, upper GI bleeds

1359Myasoedova, et al: Incidence of GI events in RA 

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

Table 3. Effects of RA characteristics and medications, history of upper gastrointestinal (GI) disease, and  history

of abdominal surgery on the development of lower GI events and lower GI bleed in RA. Data are given as num-

ber (%) unless indicated otherwise.

Characteristic Value Lower GI Events, Lower GI Bleed*

HR (95% CI) HR (95% CI)

At RA incidence

Rheumatoid factor-positive 537 (66) 1.28 (0.87, 1.88) 0.99 (0.52, 1.90)

Mean ESR, mm/h (SD) 24.8 ± 20.5 1.00 (0.99, 1.01) 1.00 (0.99, 1.02)

At any time during followup

ESR ≥ 3 values ≥ 60 mm/h 105 (13) 1.08 (0.61, 1.90) 1.10 (0.38, 3.16)

Large joint swelling 639 (79) 1.13 (0.75, 1.72) 1.31 (0.61, 2.80)

Joint erosions/destructive changes on radiographs 433 (53) 0.84 (0.59, 1.20) 1.41 (0.75, 2.67)

% radiographed 95 — —

Joint surgery

Synovectomy 85 (10) 0.99 (0.54, 1.82) 0.79 (0.24, 2.59)

Arthroplasty 141 (17) 0.87 (0.52, 1.46) 1.09 (0.44, 2.68)

Severe extraarticular manifestations of RA 90 (11) 1.29 (0.72, 2.31) 1.40 (0.49, 4.00)

Antirheumatic drug use

Methotrexate 469 (58) 1.05 (0.72, 1.53) 1.16 (0.58, 2.29)

Hydroxychloroquine 480 (59) 1.18 (0.82, 1.70) 1.24 (0.65, 2.38)

Other DMARD 258 (32) 1.41 (0.94, 2.10) 1.83 (0.93, 3.61)

Biologic response modifiers 137 (17) 1.14 (0.57, 2.29) 1.74 (0.58, 5.16)

Glucocorticoids 627 (77) 1.77 (1.17, 2.68) 1.71 (0.85, 3.46)

NSAID 737 (91) 1.66 (0.86, 3.18) 1.20 (0.42, 3.41)

Coxibs 390 (48) 1.12 (0.74, 1.68) 0.77 (0.35, 1.69)

ASA for arthritis** 337 (41) 1.21 (0.81, 1.79) 1.18 (0.57, 2.44)

Low-dose ASA for cardioprotection 349 (43) 1.50 (0.99, 2.26) 2.09 (0.99, 4.38)

Upper GI disease 329 (40) 2.07 (1.44, 2.97) 2.77 (1.45, 5.32)

Abdominal surgery*** 150 (18) 1.80 (1.10, 2.93) 1.07 (0.44, 2.61)

* Excluding perforations. ** Use of > 6 tablets of ASA per day (> 1950 mg/day) for ≥ 3 months. *** Any upper

or lower abdominal surgery, excluding appendectomy. Statistically significant associations (p < 0.05) are shown

in bold type. RA: rheumatoid arthritis; HR: hazard ratio; ESR: erythrocyte sedimentation rate; DMARD: dis-

ease-modifying antirheumatic drugs; ASA: acetylsalicylic acid; NSAID: nonsteroidal antiinflammatory drugs.

Table 4. Effects of inflammatory burden and exposure to glucocorticoids

on development of lower gastrointestinal (GI) events and lower GI bleed

in rheumatoid arthritis.

Lower GI Events, Lower GI Bleed*,

Characteristic HR (95% CI) HR (95% CI)

Cumulative inflammatory burden of ESR**

Low tertile 1.00 (reference) 1.00 (reference)

Middle tertile 1.00 (0.59, 1.70) 0.58 (0.20, 1.71)

High tertile 1.14 (0.61, 2.12) 1.12 (0.37, 3.43)

p = 0.87 p = 0.36

Cumulative glucocorticoid exposure***

Never exposed 1.00 (reference) 1.00 (reference)

Low tertile 2.63 (1.46, 4.73) 1.59 (0.68, 3.68)

Middle tertile 3.40 (1.99, 5.79) 1.18 (0.45, 3.09)

High tertile 2.70 (1.42, 5.13) 2.00 (0.82, 4.86)

p < 0.001 p = 0.42

* Excluding perforations. ** For cumulative inflammatory burden of ESR,

low tertile: ≤ 15,000 mm/h, mid tertile: > 15,000 to ≤ 45,000 mm/h, high

tertile: > 45,000 mm/h. *** For cumulative glucocorticoid exposure, low

tertile: ≤ 1500 mg, mid tertile: > 1500 to ≤ 7000 mg, high tertile: > 7000

mg. Statistically significant associations (p < 0.05) are shown in bold type.

HR: hazard ratio.
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and/or perforations were found to be an independent deter-

minant of mortality in RA in this study14,36.

Declines in incidence of upper GI disease were previous-

ly reported in the general population37,38. Some authors

have reported a decrease in hospitalization rates for

NSAID-induced upper GI gastropathy in RA in the United

States14. Decreasing incidence of NSAID-gastropathy in

RA in recent years was suggested in a large survey in

Amsterdam15. Concordantly, we found a significant decline

in any upper GI event in both the RA and non-RA cohorts

and prominent declines in upper GI bleeds, ulcers, and

obstructions in patients with RA over time. These declines

may be related in part to the implementation of guidelines

for prevention of NSAID-gastropathy in the late

1990s14,15,39. Other reasons, including early diagnosis and

increased awareness of upper GI disease, could also con-

tribute to the decline in serious upper GI complications (e.g.,

bleeds, perforations, and obstructions).

Despite favorable trends in upper GI events, the inci-

dence of lower GI events does not appear to be declining

over recent decades. In contrast, some increase in occur-

rence of lower GI ulcers was noted in the non-RA cohort.

This is in agreement with recent data from Europe, where a

slight increase in lower GI events has been reported in the

general population38. That there has been no significant

improvement in incidence of lower GI events, particularly in

RA, suggests the lack of effective strategies and algorithms

for primary and secondary prevention of lower GI disease

and the need for improved ascertainment of associated risk

factors.

The association of systemic glucocorticoid use with risk

of serious lower GI events in our study corroborates the

findings of others10,13,17,31. There was no apparent cumula-

tive dose-dependent effect of glucocorticoids on lower GI

events in our study. There were no statistically significant

associations of other antirheumatic medications or RA char-

acteristics (including cumulative inflammatory burden) with

lower GI events in RA. However, statistical power may be

limited in these analyses, suggesting that some associations

could be missed. Although not statistically significant, there

was a trend toward decreased risk of lower GI bleeds in

patients with RA who used coxibs compared to nonusers,

which corroborates the emerging evidence of better GI safe-

ty in coxib users compared to NSAID users37.

Increased risk of lower GI events in patients with RA and

a history of prior abdominal surgery, and in those with prior

upper GI disease, could be due to changes in GI motility fol-

lowing upper GI disorders and surgical distress, resulting in

the compromised postoperative local immune response40.

Increased risk of any GI event and upper GI events before

RA may be due to more medication use (NSAID use in par-

ticular) in patients with evolving RA versus non-RA sub-

jects, which suggests a preexisting unfavorable background

for GI disease in RA. Increased risk of lower GI events in

smokers with RA supports the evidence of the adverse

effects of smoking on upper and lower GI tract suggested by

others41,42. Exposure to these and other factors (e.g.,

decreasing adherence to healthy lifestyle, and particularly

worsening dietary habits) could contribute to the lack of

decrease in occurrence of lower GI events in RA43. In con-

trast, timely treatment of upper GI disease, minimizing

exposure to glucocorticoids, avoiding smoking, and vigilant

screening for lower GI disease may be beneficial for

decreasing the incidence of lower GI disease in RA. These

issues require further investigation.

Our study has particular strengths; it is the first to report

longterm trends in incidence of both upper and lower GI

events with specification of GI diagnoses, GI surgeries, and

GI-related hospitalizations in RA versus non-RA subjects.

The longitudinal population-based design with extensive

followup data obtained through the unique medical record

linkage system (the REP) and the use of complete inpatient

and outpatient medical records strengthen our work by pro-

viding complete ascertainment of study outcomes for all

study subjects.

As in any retrospective study, only those events that

came to medical attention were included. However, the vast

majority of clinically important GI events are likely to come

to medical attention. While there may be a chance of mis-

classification of GI events, the detailed review of each ques-

tionable case by our multidisciplinary team including clini-

cians specializing in rheumatology (ELM, EM) and gas-

troenterology (NJT) makes this unlikely. The definition of

alcohol abuse in our study was based on physician’s diag-

nosis, and thus may not reflect the true extent of alcohol

abuse, as some patients may never be diagnosed. Because of

the long followup and completeness of the medical records,

we believe the majority of cases of alcohol abuse, including

cases of alcohol abuse complicated by serious GI events,

were recorded reliably.

Because of the retrospective longitudinal design of the

study and the use of medical records, information required

for calculation of RA disease activity scores was not avail-

able. To minimize this shortcoming the results of all clini-

cally performed ESR tests were used to assess the effect of

inflammatory burden on serious GI events in RA over time.

Information on the use of over-the-counter medications

(particularly NSAID and ASA) was not available for

non-RA subjects; therefore, we were unable to analyze the

effects of these medications on GI events in the non-RA

cohort. Statistical power may be limited in some analyses,

particularly assessing some rare events (e.g., lower GI per-

forations, subcategories of drug-induced colitis). These

results should be interpreted with caution.

Our study shows increased risk of incident upper and

lower GI events in RA versus non-RA subjects and

increased GI-related mortality in those with RA. While the

incidence of upper GI events decreased significantly, partic-
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ularly in patients with RA, there was no apparent decrease

in lower GI events in RA over time. Patients with RA who

were exposed to systemic glucocorticoids, those with prior

abdominal surgery or underlying upper GI disease, and

smokers appear to be at increased risk of lower GI events.

Favorable trends in upper GI disease should trigger more

research into lower GI disease in RA. Studies to develop

effective approaches for prevention and treatment of lower

GI disease in RA are needed. 
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