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OBJECTIVE: Patients with rheumatoid arthritis (RA) are at increased risk of TB. Little is known
about the risk of nontuberculous mycobacteria (NTM) disease in these patients. We sought to
ascertain the rate of NTM infection and TB in all residents of Ontario, Canada, with and with-
out RA.

METHODS: Ina cohort study, all Ontarians aged = 15 years in January 2001 were followed until
December 2010. Individuals with RA were identified using a validated algorithm to search
hospitalization and physician billing claims. We linked Public Health Ontario Laboratory data
to identify all cases of laboratory-confirmed TB and NTM disease. Analysis was performed
using Cox proportional hazards regression.

RESULTS: We identified 113,558 Ontarians with RA and 9,760,075 Ontarians without RA. Rel-
ative to the non-RA group, adjusted hazard ratios (HRs) and 95% Cls for TB (1.92, [1.50-2.47])
and NTM disease (2.07, [1.84-2.32]) demonstrated increased risks in the RA group. Among
those with RA, per 100,000 person-years, NTM disease (HR, 41.6; 95% CI, 37.1-46.5) was
more common than TB (HR, 8.5; 95% CI, 6.5-10.8). After full adjustment, people with RA who
developed NTM disease were 1.81 times as likely to die than uninfected people with RA.

CONCLUSIONS: Mycobacterial infections are more common in Ontarians with RA, with NTM
disease more likely than TB. NTM disease is associated with an increased risk of death in
patients with RA. Given the rising rates of NTM disease worldwide, determining whether this
risk is due to the use of immunosuppressive medications vs RA itself is an important objective

for future research.
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TB is a leading cause of mortality worldwide and con-
tinues to be a problem in Canada, mainly due to the
immigration of infected people. Generally well-
standardized, treatment of TB typically spans 6 months,
with success rates exceeding 95% and low rates of
recurrence.! Nontuberculous mycobacteria (NTM) are
environmental organisms that can cause severe, pre-
dominantly pulmonary, infections without person-to-
person transmission. NTM disease is increasingly
common, with incidence and prevalence substantially
exceeding TB in Ontario.? NTM disease is most
common in the elderly? and causes important impair-
ments in quality of life. Treatment of NTM typically
spans 18 months, requires multiple drugs, and has
overall success rates of only about 56% and high recur-
rence rates.’

Rheumatoid arthritis (RA) is a chronic autoimmune
inflammatory arthritis associated with significant mor-
bidity and mortality that currently affects approximately
300,000 Canadians.s The introduction of anti-tumor
necrosis factor (TNF) agents for the treatment of RA has
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raised concerns regarding the risk of TB in this patient
population. Patients with RA have increased rates of TB
compared with the general population, independent of
anti-TNF therapy” 1, however, there are few data regard-
ing NTM infection in RA. To clarify issues surrounding
mycobacterial disease in patients with RA, we sought to
determine the rates of NTM infection and TB in all resi-
dents of Ontario, Canada, with and without RA.

Materials and Methods
Study Population and Setting

We conducted a population-based cohort study using linked health
administrative data and Public Health Ontario Laboratory data from
Ontario. We included all people in Ontario’s Registered Persons Data-
base aged = 15 years on January 1, 2001, and followed them until
the earliest of emigration, death, or December 31, 2010. Ontario resi-
dents have universal public health insurance under the Ontario Health
Insurance Plan (OHIP), the single payer for medically necessary ser-
vices. We excluded people who were ineligible for OHIP coverage (eg,
immigrants during their initial 3 months of residence). We obtained
ethics approval from the research ethics boards of the University of
Toronto (26090) and University Health Network (11-1018-AE), both in
Toronto, Canada.

Data Sources and Definitions

The Registered Persons Database, which contains demographic and
vital status information about every Ontario resident with a valid health
card, was used to identify and characterize our cohort. To identify indi-
viduals with RA and comorbidities, we used the Canadian Institute for
Health Information Discharge Abstract Database, which contains diag-
nostic and procedural information recorded during admissions to acute
care hospitals, and the OHIP Claims History Database, which contains
physician billing claims for inpatient and outpatient services. We used
a validated algorithm to identify individuals with RA (Fig 1)."” Comor-
bidities, including diabetes mellitus, chronic kidney disease, HIV infec-
tion, asthma, COPD, and gastroesophageal reflux disease (GERD), were
also identified with validated algorithms.!$2* We looked back from
cohort entry to April 1, 1991 (the earliest date available), to identify RA
and comorbidities.

Outcomes were identified by linking patient records from health
administrative databases with the Public Health Ontario Laboratory
database, which captures isolates from 100% of TB cases and approx-
imately 95% of NTM cases in Ontario.> Microbiologic methods are
described in e-Appendix 1. Case definitions of TB and NTM are pre-
sented in Figure 1. Consistent with accepted guidelines, NTM infec-
tion was defined as either “isolation” or “disease.” Findings relating to
NTM disease are presented in this article, while findings relating to
NTM isolation are presented in e-Appendix 2. We also assessed the
relative frequencies of individual NTM species associated with disease
in patients with RA and those without RA by pulmonary vs nonpul-
monary disease.

Statistical Analysis

Characteristics of Ontarians with and without RA were compared using
one-way analysis of variance for continuous variables and x? tests for
categorical variables. Incidence of TB and NTM (collectively referred
to as mycobacterial syndromes) was expressed relative to follow-up
time (person-years) among Ontarians with and without RA. For the
non-RA group, follow-up time began on January 1, 2001, and was cen-
sored at death, RA diagnosis (date of first diagnosis code), or end of the
study period, whichever came first. Follow-up time for patients with RA
began on January 1, 2001 (for prevalent cases), or the date of the first
diagnosis code for RA, and was censored at death or end of the study
period, whichever came first. Thus, patients in the non-RA group who
were subsequently diagnosed with RA contributed person-years to the
non-RA group until the date of RA diagnosis and contributed person-
years to the RA group after diagnosis. Follow-up was not censored at
the time of diagnosis of a mycobacterial syndrome for incidence calcu-
lations, but was censored at diagnosis of a mycobacterial syndrome for
determination of hazard ratios (HRs).

We attributed TB and NTM cases to RA if the patient was in the RA
cohort before the occurrence of the mycobacterial syndrome. We looked
back 3 years prior to the study period to find preexisting cases of myco-
bacterial syndromes. Due to the chronic nature of NTM lung disease,
cases of incident NTM were excluded in any patient who previously
had the same NTM species isolated during the look-back period. How-
ever, cases of TB were included in any given patient who previously
had TB isolated, as long as the interval between positive TB culture
results was at least 18 months.

Incidence was calculated as events per 100,000 person-years with Pois-
son 95% CIs. HRs comparing RA and non-RA groups were calculated
using Cox proportional hazards regression. A time-dependent variable
for the diagnosis of RA was used in the analysis to account for patients
developing RA during follow-up. Adjustment was made for age, sex,
income, rurality, and comorbidities known to increase the risk of TB and
NTM; comorbidities were modeled in a time-varying fashion. Among
patients with RA, mortality risk after mycobacterial disease was mod-
eled using Cox proportional hazards regression with time-dependent
covariates used to switch patients with RA from uninfected to infected
with TB or NTM during follow-up. To control for RA disease severity
in mortality analyses, we included extraarticular RA as a covariate.*
Analyses were performed using SAS, version 9.2 (SAS Institute Inc)
and Stata, version 9.2 (StataCorp LP). All tests were two-tailed with the
type 1 error () rate set at 5%.
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