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Serious Infections in a Population-Based Cohort of
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Objective. To assess risk and risk factors for serious infections in seniors with rheumatoid arthritis (RA) using a
case—control study nested within an RA cohort.

Methods. We assembled a retrospective RA cohort age =66 years from Ontario health administrative data across
1992-2010. Nested case-control analyses were done, comparing RA patients with a primary diagnosis of infection (based
on hospital or emergency department records) to matched RA controls. We assessed independent effects of drugs,
adjusting for demographics, comorbidity, and markers of RA severity.

Results. A total of 86,039 seniors with RA experienced 20,575 infections, for a rate of 46.4 events/1,000 person-years. The
most frequently occurring events included respiratory infections, herpes zoster, and skin/soft tissue infections. Factors
associated with infection included higher comorbidity, rural residence, markers of disease severity, and history of
previous infection. In addition, anti-tumor necrosis factor agents and disease-modifying antirheumatic drugs were
associated with a several-fold increase in infections, with an adjusted odds ratio (OR) ranging from 1.2-3.5. The drug
category with the greatest effect estimate was glucocorticoids, which exhibited a clear dose response with an OR ranging
from 4.0 at low doses to 7.6 at high doses.

Conclusion. Seniors with RA have significant morbidity related to serious infections, which exceeds previous reports
among younger RA populations. Rural residence, higher comorbidity, markers of disease severity, and previous infection
were associated with serious infections in seniors with RA. Our results emphasize that many RA drugs may increase the

risk of infection, but glucocorticoids appear to confer a particular risk.

INTRODUCTION

Patients with theumatoid arthritis (RA) have an increased
risk of infection compared with the general population
(1,2). Risk may be influenced by RA therapies, including
biologic drugs and nonbiologic disease-modifying anti-
rheumatic drugs (DMARDs) (3-5). Data from clinical trials,
which occur outside of the “real-life” context, do not allow
comparisons for real-life differences in risk of infections
between various treatment strategies.
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Significance & Innovations

e Few studies have evaluated infection risk among
seniors with rheumatoid arthritis (RA), a more vul-
nerable population than their younger counter-
parts, due to compromised host defense mecha-
nisms related to disease, comorbidities, and
polypharmacy. We report the rates of serious in-
fections, overall and by type of infection, includ-
ing organism- and organ-specific infections,
among a population-based sample.

e Seniors with RA have significant morbidity related
to serious infections. The increased rate is most
strongly associated with current glucocorticoid ex-
posure, but comorbidities are also important, as
may be the disease itself.

ulation is an important undertaking, especially because
they are frequently excluded from clinical trials (6).

While the increased risk of bacterial infections in RA is
fairly well documented, there are less data on the risk of
other serious infections, particularly invasive fungal infec-
tions and viral manifestations, such as herpes zoster (HZ).
Our primary objective was to determine the incidence of
serious infections (identified from hospitalization or emer-
gency room [ER] data) among seniors with RA, and to
assess the influence of demographics, drug exposures, and
other factors. This study was performed in the context of
the Ontario Biologics Research Initiative, which is a novel
undertaking performing real-world surveillance of RA out-
comes in Ontario through provincial population-based ad-
ministrative database analyses.

SUBJECTS AND METHODS

Setting and design. In the province of Ontario, all 13
million residents are covered by universal public health
insurance, including access to hospital care and physi-
cians’ services. Universal prescription drug coverage,
however, is available only to persons ages =65 years.
Researchers routinely use Ontario’s health administrative
databases to study drug safety in clinical practice.

A retrospective population-based cohort of RA patients
ages =66 years was assembled using Ontario health ad-
ministrative data from April 1, 1992 to March 1, 2010.
Within this cohort, we developed a case—control study to
assess the risk of serious infections from 1998-2010, the
period for which we had detailed information about pa-
tients’ prescription drugs. The study was approved by the
Research Ethics Board at Sunnybrook Health Sciences
Centre in Toronto, Ontario, Canada.

Data sources. We used the Ontario Health Insurance
Plan (OHIP) Database (7) to identify physician service
claim diagnoses, provided as International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) codes (8). Medication exposures were determined

using the pharmacy claims database of the Ontario Drug
Benefit Program, which covers residents ages =65 years
(9). Hospital visits were identified using the Canadian
Institute for Health Information Discharge Abstract Data-
base, which contains detailed information regarding all
hospital admissions, and the National Ambulatory Care
Reporting System, which records all hospital-based and
community-based ambulatory care for day surgery and ERs
(10). The OHIP Registered Persons Database contains a
single unique record for each health care beneficiary and
provides demographic information on age, sex, place of
residence, death, and emigration. Socioeconomic status
(SES) was estimated for each patient by linking their res-
idential postal code to Statistics Canada Census data on
neighborhood median household income. These data sets
were linked in an anonymous fashion using encrypted
health insurance numbers, and they have very little miss-
ing information (11).

Cohort definition. We used a previously published al-
gorithm to identify RA patients within the OHIP billing
data, based on =2 billing code diagnoses of RA (ICD-9-CM
code 714) >60 days apart but within 5 years. This ap-
proach is similar to the approach used by researchers and
by public health surveillance teams in Canada (12). As
others have done (13,14), to increase our specificity of RA
case ascertainment, cohort members were further required
to have =1 prescription for an oral glucocorticoidsteroid, a
DMARD, or a biologic agent. Cohort entry was the date on
which all criteria were met, and patients were followed
until outmigration, death, or the end of the study (March
31, 2010).

Identification of cases and controls. We defined RA
patients who had an emergency department visit or hos-
pital admission with a “most responsible” (primary) diag-
nosis of infection between the later of April 1, 1998 or
cohort entry and March 1, 2010. For hospitalizations, we
used International Classification of Diseases, Ninth Revi-
sion (ICD-9) diagnosis codes up until 2002 and the Inter-
national Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) thereafter (spe-
cific ICD codes for each type of infection are available from
the corresponding author). ER visits were captured using
ICD-9 diagnosis codes until 2000 and ICD-10 codes there-
after. For those who had multiple events during the study
period, the first event served as our index event. In addi-
tion to identifying cases of “any infection” overall, we
identified cases by type of infection, including both organ-
and organism-specific infections (where each separate out-
come was analyzed separately). All types of infection were
ascertained from hospital or ER ICD diagnoses, except for
our case definition of HZ, which was based on =1 inpa-
tient or office visit diagnosis (according to the definition
employed by Smitten and colleagues [15]), since HZ gen-
erally does not require hospitalization. The HZ cases that
did not require hospitalization or an ER visit were in-
cluded in the HZ-specific analyses, but not the analyses of
overall infection.

Cases of infection were matched on age (=5 years), sex,
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and date of cohort entry (+1 year) to up to 5 controls from
the same RA cohort using risk set sampling, whereby con-
trols where matched to each case with respect to sampling
time (those at risk). Since our study aim was to evaluate
multiple end points (overall infections and by type), sep-
arate analyses were done for each infection outcome.

Exposure assessment. We determined the use of meth-
otrexate, leflunomide, azathioprine, cyclophosphamide,
sulfasalazine, hydroxychloroquine, other DMARDs (gold,
cyclosporine, penicillamine, and chloroquine), anti-tu-
mor necrosis factor (anti-TNF) agents, and other biologic
agents from pharmacy claims. We also examined oral glu-
cocorticoid prescriptions and converted those other than
prednisone to prednisone-equivalent dosages and catego-
rized each prednisone-equivalent dosage into low (=5 mg/
day), medium (6-9 mg/day), high (10-19 mg/day), and
very high (=20 mg/day) (16,17). In addition, methotrexate
was further dichotomized into =10 mg/day or >10 mg/
day.

Drug exposures were identified using prescription drug
claims in the 365 days preceding the index date for each
case—control set. Current exposures were those that in-
cluded the index date (based on duration of the drug
supplied, plus 21 days for DMARDs and other drugs, e.g.,
steroids) and a variable period for biologic agents based on
half-life (17). Past exposures were then defined as any
noncurrent drug prescriptions in the preceding year before
the event. The analyses of drug effects considered all past
and current drug exposures in a single model, which there-
fore controlled for multiple concurrent DMARD expo-
sures. This enabled us to estimate the specific effect of
each exposure, independent of whether or not the patients
were concomitantly receiving other medications. We also
controlled for current use of nonsteroidal antiinflamma-
tory drugs (NSAIDs) and selective cyclooxygenase (COX)
inhibitors as part of our efforts to control for disease activ-
ity/severity. Since proton-pump inhibitors and H, recep-
tor antagonists are commonly coprescribed with NSAIDs/
COX inhibitors and may heighten the risk of infection, we
also included these in our model.

Covariate information. Covariates included age, SES,
urban versus rural residence, and clinical factors (co-
morbidity and proxies for disease severity). SES was de-
fined as the patient’s neighborhood income quintile from
the Statistics Canada Census, and the rurality index was
based on each patient’s postal code at the time of an event.
Comorbid conditions were identified from both outpatient
and inpatient physician encounters. In addition to includ-
ing the Deyo-Charlson Comorbidity Index derived from
inpatient diagnoses over the previous 5 years (18,19), we
counted both the number of distinct prescription drugs
each patient received (20) and the number of days in the
hospital in the preceding year. We also evaluated specific
comorbid conditions that could confound our results (be-
ing potentially associated with both drug use and infection
risk). Here we used case definitions for diabetes mellitus
that have been validated (=1 hospitalization code OR =2
diagnosis codes within 2 years of each other) (21), as well

Table 1. Rates of serious infections in a cohort of 86,039
seniors with rheumatoid arthritis: overall, organ-specific,
and organism-specific infection event rates for
serious infections

Event rate,
events/1,000
No. of patient-

Types of infection*® events years
Infections, overallt 20,575 46.36
Respiratory infections, overall 11,545 23.50
Bacterial pneumonia 8,839 17.43
Herpes zoster 4,368 8.54
Skin or soft tissue infections 4,198 8.12
Septicemia 2,056 3.87
Postoperative infections 853 1.61
Pyelonephritis 574 1.08
Septic arthritis 232 0.43
Osteomyelitis 195 0.36
Fungal infections 49 0.09
Endocarditis 35 0.07
Tuberculosis 30 0.05
Meningitis 19 0.04
Central nervous system abscess 16 0.03
Encephalitis 11 0.02

* All types of infection were ascertained from hospital or emer-
gency room International Classification of Diseases, Ninth Revision,
Clinical Modification and International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision diagnoses,
except for our case definition of herpes zoster, which was based on
=1 inpatient or office visit diagnosis.

t Types of infections are not mutually exclusive. The number of
events for overall infections does not equate to the sum of each
individual type of infection, since organism- and organ-specific
infections can be counted twice (e.g., bacterial pneumonia and
respiratory infections).

as renal and chronic lung disease algorithms (=2 diagnosis
codes separated by =2 months, in each case). We also
considered the possible effect of channeling bias, adjusting
for the history of each infection end point prior to cohort
entry (which could also affect both drug prescriptions and
the risk of an event) (22). Finally, since administrative data
do not allow direct measures of RA severity or activity, we
included proxies of this covariate in our model (2,14,23).
These proxies included the number of rheumatology visits
between cohort entry and the index date, history of joint
replacement, extraarticular RA features (pulmonary in-
volvement, ocular involvement, Felty’s syndrome, and
vasculitis) and, as mentioned previously, use of NSAIDs
and COX inhibitors.

Statistical analysis. The rates of serious infections,
overall and by type of infection, including organism- and
organ-specific infections, were determined from the later
of April 1, 1998 or cohort entry to the end of followup or
March 31, 2010. Rates were estimated by dividing the
number of cases observed during the observation period
(1998-2010) by the number of years of person-time con-
tributed by individuals for the observation period (1998—
2010). Multivariate conditional logistic regression analy-
ses were performed to estimate the effect of factors
(demographics, comorbidity, history of previous infection,
markers of RA severity, and RA-related drug exposures) on



356

Widdifield et al

Table 2. Descriptive characteristics for cases with any serious infection (between April 1, 1998 and March 31, 2010) and their
matched controls and the influence of baseline factors and antirheumatic drug exposures on risk of infection*

Cases Controls Crude OR Adjusted OR
(n = 20,575) (n = 102,860) (95% CI) (95% CDt
Demographics
Age, mean * SD years 79.00 = 6.57 78.70 = 6.19 1.05 (1.04-1.05) 1.05 (1.04-1.06)
Women 14,259 (69.3) 71,290 (69.3) - -
Rural (ref. urban) 4,014 (19.5) 12,872 (12.5) 1.70 (1.64-1.77) 1.51 (1.44-1.58)
Income quintile (ref. 1 — lowest) 4,548 (22.1) 21,265 (20.7) - —
2 4,539 (22.1) 22,057 (21.4) 1.04 (1.00-1.08) 1.02 (0.96-1.07)
3 4,106 (20) 20,273 (19.7) 1.01 (0.98-1.05) 1.02 (0.96-1.08)
4 3,697 (18) 18,912 (18.4) 0.97 (0.93-1.01) 1.01 (0.95-1.07)
5 3,596 (17.5) 19,952 (19.4) 0.88 (0.85-0.92) 0.99 (0.93-1.04)
Clinical characteristics
Deyo-Charlson Comorbidity Index (ref. 0) 5,447 (26.5) 27,186 (26.4) - -
1 3,612 (17.6) 12,444 (12.1) 1.56 (1.49-1.62) 1.34 (1.27-1.42)
=2 5,057 (24.6) 12,006 (11.7) 2.51 (2.42-2.60) 1.44 (1.36-1.52)
No. of distinct medications used (1 year 13.3 + 6.38 10 = 5.47 1.10 (1.10-1.11) 1.03 (1.02-1.03)
prior to index date), mean = SD
No. of rheumatologist visits between cohort 8.8 = 19.48 7.9 +17.8 1.00 (1.00-1.00) 0.99 (0.99-0.99)
entry and index date, mean = SD
No. of days in the hospital in the 365 days 5.6 = 14.82 2.3 £9.7 1.02 (1.02-1.02) 1.01 (1.00-1.01)
preceding the index date, mean * SD
Past infection 8,713 (42.3) 28,573 (27.8) 1.96 (1.90-2.02) 1.51 (1.45-1.57)
Diabetes mellitus 5,078 (24.7) 21,002 (20.4) 1.28 (1.24-1.33) 0.97 (0.93-1.01)
Chronic lung disease 7,280 (35.4) 22,774 (22.1) 1.94 (1.88-2.00) 1.31 (1.25-1.36)
Renal disease 1,976 (9.6) 4,849 (4.7) 2.17 (2.05-2.29) 1.26 (1.18-1.36)
Joint replacement 4,984 (24.2) 22,083 (21.5) 1.17 (1.13-1.22) 1.01 (0.97-1.06)
Extraarticular features of RA 5,962 (29) 22,576 (21.9) 1.45 (1.41-1.50) 1.11 (1.07-1.16)
Drug exposures (ref. nonuse)¥
Anti-TNF agent
Current use 129 (0.6) 169 (0.2) 3.85 (3.06—4.85) 1.60 (1.19-2.15)
Past use 28 (0.1) 57 (0.1) 2.46 (1.56—3.86) 1.97 (1.10-3.52)
Methotrexate dose, mg
=10 2,661 (12.9) 3,513 (3.4) 4.40 (4.17-4.65) 2.38 (2.22-2.56)
>10 64 (0.3) 63 (0.1) 5.18 (3.64—7.35) 2.97 (1.90—4.64)
Past use 905 (4.4) 2,322 (2.3) 2.00 (1.85-2.17) 1.36 (1.23-1.50)
Hydroxychloroquine
Current use 2,290 (11.1) 3,025 (2.9) 4.23 (3.99-4.48) 2.21 (2.05-2.38)
Past use 757 (3.7) 2,546 (2.5) 1.51 (1.39-1.64) 1.27 (1.14-1.41)
Sulfasalazine
Current use 356 (1.7) 629 (0.6) 2.87 (2.52-3.28) 1.16 (0.98-1.37)
Past use 273 (1.3) 868 (0.8) 1.59 (1.38-1.82) 0.98 (0.82-1.18)
Leflunomide
Current use 307 (1.5) 444 (0.4) 3.52 (3.04—4.08) 1.29 (1.07-1.56)
Past use 156 (0.8) 470 (0.5) 1.67 (1.39-2.00) 0.81 (0.63—1.03)
Azathioprine
Current use 242 (1.2) 182 (0.2) 6.72 (5.54-8.15) 2.48 (1.94-3.18)
Past use 115 (0.6) 189 (0.2) 3.08 (2.44-3.89) 1.53 (1.11-2.11)
Cyclophosphamide
Current use 33 (0.2) 19 (0) 8.68 (4.94-15.27) 2.54 (1.24-5.22)
Past use 36 (0.2) 47 (0) 3.83 (2.48-5.91) 1.97 (1.12-3.46)
Other drugs
Current use 383 (1.9) 412 (0.4) 4.74 (4.12-5.46) 2.78 (2.32-3.32)
Past use 255 (1.2) 787 (0.8) 1.63 (1.41-1.88) 1.42 (1.18-1.71)
NSAIDs/COX inhibitors
Current use 5,041 (24.5) 6,627 (6.4) 4.82 (4.63-5.03) 3.49 (3.31-3.67)
Past use 4,345 (21.1) 11,772 (11.4) 2.09 (2.01-2.18) 1.97 (1.88-2.07)
H, receptor antagonists/PPIs
Current use 6,391 (31.1) 8,068 (7.8) 6.43 (6.17-6.71) 3.10 (2.95-3.26)
Past use 1,774 (8.6) 4,471 (4.3) 2.11 (1.99-2.23) 2.02 (1.88-2.17)

(continued)
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Table 2. (Cont’d)

Cases Controls Crude OR Adjusted OR
(n = 20,575) (n = 102,860) (95% CI) (95% CDt
Prednisone-equivalent dosage, mg/day
Low: =5 2,091 (10.2) 2,519 (2.4) 4.55 (4.28—-4.83) 3.96 (3.67—4.27)
Medium: 6-9 541 (2.6) 562 (0.5) 4.93 (4.38-5.56) 4.28 (3.70-4.96)
High: 10-19 1,526 (7.4) 1,167 (1.1) 7.11 (6.56—7.69) 5.98 (5.42-6.59)
Very high: =20 1,569 (7.6) 1,195 (1.2) 7.29 (6.73-7.89) 7.57 (6.87—8.34)
Past use 4,978 (24.2) 14,711 (14.3) 2.04 (1.97-2.13) 2.28 (2.17-2.39)

event.

* Values are the number (percentage) unless otherwise indicated. OR = odds ratio; 95% CI = 95% confidence interval; RA = rheumatoid arthritis;
anti-TNF = anti—tumor necrosis factor; NSAIDs = nonsteroidal antiinflammatory drugs; COX = cyclooxygenase; PPIs = proton-pump inhibitors.

1 Adjusted for all covariates, including demographics (age, socioeconomic status, urban versus rural residence), clinical factors (comorbidity and
proxies for disease severity), and current and past use of RA therapies (methotrexate, leflunomide, azathioprine, cyclophosphamide, sulfasalazine,
hydroxychloroquine, other DMARDs [gold, chloroquine], anti-TNF agents, NSAIDs and selective COX inhibitors, PPIs, and H, receptor antagonists).
# Drug exposures were identified using prescription drug claims in the 365 days preceding the index date for each case—control set. Current exposures
were those that included the index date (based on the duration of the drug supplied, plus 21 days for DMARDs and other drugs, e.g., steroids, and a
variable period for biologic agents based on half-life). Past exposures were then defined as any noncurrent drug prescriptions in the year before the

the risk of serious infections overall. Using the same meth-
ods, we produced separate estimates for risk of the 4 most
commonly occurring infections: respiratory infections,
bacterial pneumonia, HZ, and skin or soft tissue infec-
tions. Crude and adjusted odds ratio (OR) estimates with
95% confidence intervals (95% CIs) were generated. De-
tailed results are shown only for overall infections; results
for other selected outcomes are shown in Supplementary
Table 1 (available in the online version of this article at
http://onlinelibrary.wiley.com/doi/10.1002/acr.21812/
abstract).

Sensitivity analyses. Three separate sensitivity analy-
ses were performed for the outcome of “bacterial pneumo-
nia” and are shown in Supplementary Table 2 (available in
the online version of this article at http://onlinelibrary.
wiley.com/doi/10.1002/acr.21812/abstract). To investigate
the robustness of our definition of serious infection, we
first restricted our definition of infection to include hospi-
talization visits only (and not to incorporate ER visits as
done in our primary analysis). A separate analysis was also
performed to include both primary and secondary diagno-
ses of infection. One additional sensitivity analysis was
performed, narrowing our risk window for drug exposures
(eliminating the grace period following exposure to immu-
nosuppressant agents).

RESULTS

We identified 86,039 seniors with RA from 1992-2010. As
expected, the majority (59,658 [69.3%]) were women, and
the mean = SD age at cohort entry was 72.4 * 6.98 years;
only a minority (14,452 [16.8%]) resided in rural areas.
Over the 443,803 patient-years of followup from 1998—
2010, there were 20,575 infections requiring hospitaliza-
tion or an ER visit, for a rate of 46.4 events/1,000 patient-
years. The numbers of events, as well as organ-specific and
organism-specific infections, are shown in Table 1. The
most common events were respiratory infections (n =
11,545; 23.5 events/1,000 patient-years), including bacte-
rial pneumonia (n = 8,839; 17.4 events/1,000 patient-

years), HZ (n = 4,368; 8.5 events/1,000 patient-years), and
skin or soft tissue infections (n = 4,198; 8.1 events/1,000
patient-years). In addition, there were 49 serious fungal
infections (0.09 event/1,000 patient-years) and 30 cases of
tuberculosis (TB; 0.05 event/1,000 patient-years).

For overall infections, when the 20,575 cases were com-
pared to 102,860 matched controls without infection,
cases were more often from rural areas and had more
comorbidities, drug prescriptions, theumatology visits, ex-
traarticular features of RA, joint replacements, previous
infections, and prior hospitalizations (Table 2). The stron-
gest independent demographic and clinical associations
were rural residence, previous infections, higher comor-
bidity, and extraarticular features.

Table 2 also shows the specific drug exposures and
the crude and adjusted ORs (for serious infections over-
all) for each exposure, adjusted for concomitant medica-
tions at the index event date. The most common current
drug exposures included glucocorticoids (27.8% cases ver-
sus 5.3% controls), methotrexate (13.2% cases versus
3.5% controls), and hydroxychloroquine (11.1% cases
versus 2.9% controls). Only 129 cases (0.6%) and 169
controls (0.2%) were currently receiving an anti-TNF
agent at the time of the index date. After adjusting for
covariates, an increased risk of serious infection was
elevated for current use of anti-TNF agents (OR 1.60,
95% CI 1.19-2.15). Among DMARDs, the highest ORs
were for cyclophosphamide (OR 2.54, 95% CI 1.24-5.22)
and azathioprine (OR 2.48, 95% CI 1.94-3.18) and meth-
otrexate. A dose-response relationship was observed for
low-dose methotrexate (OR 2.38, 95% CI 2.22-2.56) and
high-dose methotrexate (OR 2.97, 95% CI 1.90—4.64). In
addition, previous drug exposures appeared to confer risk
as well. However, the highest OR point estimates were
found for current exposure to glucocorticoids, with an
increasing trend to infection risk at higher doses, and an
OR ranging from 3.96 (95% CI 3.67—4.27) at low doses to
7.57 (95% CI 6.87—8.34) at high doses. Similar results
demonstrating increasing risk with increasing steroid
doses were seen among the 4 most common occurring
infections: respiratory infections, bacterial pneumonia,
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HZ, and skin or soft tissue infections (see Supplementary
Table 1, available in the online version of this article at
http://onlinelibrary.wiley.com/doi/10.1002/acr.21812/
abstract). Sensitivity analyses surrounding our definition
of serious infection and narrowing our risk windows for
drug exposures did not change the ORs appreciably
(see Supplementary Table 2, available in the online ver-
sion of this article at http://onlinelibrary.wiley.com/doi/
10.1002/acr.21812/abstract).

DISCUSSION

Experiencing a hospitalization or an ER visit with a pri-
mary diagnosis of infection was relatively common in
seniors with RA, occurring at a rate of 46.4 events/1,000
patient-years. Smitten et al (2), who defined a serious
infection as one requiring hospitalization or outpatient
parenteral antibiotics with both primary and secondary
diagnoses, showed a lower rate (38.6 events/1,000 patient-
years) for serious infections in persons with RA, but only
7.2% of patients were seniors and the majority of patients
(77%) had no comorbidities.

Respiratory infections (23.5 events/1,000 patient-years)
were our leading cause of site-specific infections in our
sample, with bacterial pneumonia (17.4 events/1,000 pa-
tient-years) being a key contributor to this burden. Few
studies have addressed the risk of pneumonia among se-
niors with RA; however, our estimates are in line with
reports by researchers from the National Data Bank for
Rheumatic Diseases, who reported 17 events/1,000 pa-
tient-years, and their rate reached its maximum among the
age group 75—84 years (24). When our definition of serious
infection for pneumonia was restricted to those who were
hospitalized only, our event rate (9.3 events/1,000 patient-
years) was similar to findings published in Quebec, Can-
ada (8.3 events/1,000 patient-years) (14) that used a similar
approach to identify cases of infection.

Our rate of HZ (8.5 events/1,000 patient-years) is higher
than the rates of HZ estimated from sampling within the
US general population (approximately 2—-3 events/1,000
patient-years) (25,26). Population-based data have also es-
timated the burden of HZ to be substantially higher among
seniors in the general population versus younger individ-
uals (25,27). Previous reports among patients with RA
using a similar definition of HZ within administrative data
are similar to our study (9.9 cases/1,000 patient-years)
(15,28). Estimates from clinically confirmed RA cohorts
have been of a similar magnitude (29-31). However, some-
what varying estimates of risk by country are likely due to
differences in RA study populations, drug exposures, and
methodology. Our data, being unselected and population
based, likely represent a somewhat different patient profile
from that seen in clinical registries. However, the lack of
standard reporting of disease activity measures in admin-
istrative data further highlights the importance of disease
registries.

We present novel data on the incidence of serious fungal
infections in our cohort (0.09 event/1,000 patient-years).
While others have reported that the frequency of serious
fungal infections is increasing in immunosuppressed pa-

tients (32), the risk of serious fungal infections in RA has
only been reported sporadically, with the main emphasis
on the surveillance of RA patients undergoing biologic
therapy (33).

In our data set, nonpharmacologic factors associated
with infection included higher comorbidity, rural resi-
dence, markers of disease severity, and history of previous
infection. We also observed associations of both previous
and current antirheumatic drug use with an increasing
infection risk for both overall and specific infections.
While some observational data have pointed to the same
phenomenon, other studies have been unable to show a
definite increased risk of overall infection in RA related to
DMARDs (24,34). In fact, other authors have suggested a
decreased risk of serious infections with DMARDs that,
although counterintuitive, could be a marker for uncon-
trolled disease activity (35). Methodologically, the studies
suggesting a decreased infection risk (2,36) related to
DMARDs were different from ours in that they included
younger, and therefore less vulnerable, patients. The RA
case definition in these studies also differed from ours,
relying only on physician diagnoses (not RA treatment).
We suspect that since we required some RA treatment in
order to enter our cohort, our RA sample may be more
homogeneous (in terms of clinical status) and, on average,
more severely affected than patients in other administra-
tive data—based studies. In addition, the conflicting results
observed that showed a protective effect related to
DMARDs may have been due to some channeling bias,
such that those with a higher baseline risk of infection may
not have been prescribed DMARDs, particularly ones that
do have strong immunosuppressive properties. Finally,
depletion of susceptible patients is an important consid-
eration in these previous studies, which may have caused
an apparent reduction in infection risk due to DMARD
exposures and may partially explain why the magnitude of
our risk estimates for each drug exposure is higher than
that reported in previous studies (37).

In our study, the drug category with the highest estimate
of an independent effect was current glucocorticoid expo-
sure, with a trend for an increasing risk at higher doses.
Recently, concerns have emerged regarding glucocorti-
coids and both serious infections (16,17,36,38) and non-
serious infection in RA (39). Of course, again the effects
of channeling could be at play, since theoretically in very
high-risk patients, physicians might avoid the use of
DMARDs and biologic agents (which have relatively long-
term immunosuppressive effects) in favor of glucocorti-
coids, whose immunosuppressive effects may resolve
more quickly upon discontinuation. While we did not
explore the duration of glucocorticoid use, more recent
data have suggested a more delayed impact on infection
risk (40).

Regarding anti-TNF agents, Curtis et al recently showed
that risk of hospitalization with a physician-confirmed
infection was approximately 2-fold higher overall and
4-fold higher in the first 6 months among patients receiv-
ing anti-TNF agents versus patients receiving methotrexate
alone (41). We also observed an approximately 2-fold in-
crease in risk of serious infection among those receiving
anti-TNF agents after adjusting for concomitant drug use.
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Had we examined specifically the first 6-month period of
exposure, we may have seen an even higher OR for these
drugs in our senior population. Since treatment duration
can have varying effects on the patient and study outcome,
with longer exposures not only leading to clinical im-
provement but depletion of susceptible patients (healthy
drug survivor effect), we opted for the computationally
efficient nested case—control design (42).

Our study has both strengths and limitations. Popula-
tion-based administrative data can be used to generate
reasonably precise, generalizable estimates for the risk of
infrequent events. The conduct and reporting of this study
are in line with recent standards for the use of administra-
tive data in rheumatology research and surveillance (43).

While our approach did not permit confirmation of the
RA diagnosis or the serious infection, we combined claims
data with dispensed prescriptions to increase the specific-
ity of a diagnosis of RA (2,14). And while exposure to
DMARDs was low among cases and controls at the time of
our index date, all patients were required to have at least
had one exposure to a DMARD, biologic agent, or oral
glucocorticoid at the time of cohort entry. We additionally
explored variations in the criteria for cohort entry (first RA
code versus requiring all criteria to have been met), and
our results were robust with respect to the elevated ad-
justed ORs seen across drug exposures. Our sample was
limited to persons ages >65 years, but this is not a limita-
tion per se, since this population has a relatively high
prevalence of RA and represents a subgroup most vulner-
able to infection.

Our primary analyses limited our definition of serious
infection to diagnoses requiring either hospitalization or
an ER visit, which underestimates the full burden of in-
fections. We also employed a more comprehensive and
sensitive definition to identify HZ, since these cases are
more often seen in the outpatient setting. In contrast, we
employed a more restricted definition to identify serious
cases of TB only (those requiring a hospitalization or at
least 2 ER visits) than the methods employed by other
researchers, who identified cases of TB based on outpa-
tient visits and anti-TB therapy (44). However, we are
cautious in reporting our estimates of TB and interpreting
previously reported TB rates determined from adminis-
trative data because administrative data routinely over-
estimate TB risk in rheumatic populations, presumably
because of heightened awareness of TB risk in persons
exposed to immunosuppressants. Therefore, many of the
events that provide TB data are likely to actually rule out
TB visits and admissions.

The use of pharmacy claims to classify risk windows for
drug exposures can be challenging, but our comprehensive
sensitivity analyses confirm the robustness of our results.
Because there is no standard approach to represent expo-
sures, our preferred way was to show the effects of all
drugs estimated, adjusted for concomitant exposures, rel-
ative to no exposure to that drug. We have performed
additional sensitivity analyses (which are available upon
request from the corresponding author) in which patients
were placed into mutually exclusive groups based on a
hierarchy of drug exposures. ORs remained high for all
drug categories; however, because of the hierarchical na-

ture of the categories, we observed what appeared to be
additive effects. Finally, our case—control study was
nested within a cohort of seniors with universal health
coverage. This is a strength, since several reports have
identified an apparent risk reduction over time that may be
due to loss to followup (38).

Although we adjusted for proxies of disease activity/
severity, residual confounding may exist. However, there
are conflicting data on the impact of disease activity on
infection risk, with the possibility that there may be an
indirect association via the use of glucocorticoids and a
decline in function (38,45). Therefore, most of the excess
infection seen among medication groups was likely due to
medication, as opposed to residual confounding by RA
activity. Also, despite our inability to fully adjust for dis-
ease activity, adjustment using surrogate markers resulted
in risk estimates similar to those reported previously (38).
Confounding by indication or channeling bias may have
played a role, since seniors at the highest risk for infec-
tions may not have been prescribed biologic agents or
other immunosuppressive agents. This may have resulted
in conservatively low risk estimates for these exposures.
We did attempt to control for this by adjusting for comor-
bidity that heightens infection risk (diabetes mellitus, etc.)
as well as history of infection. However, to date, no perfect
proxy for disease activity exists for administrative data
(23); this is a future research priority.

In summary, these comprehensive analyses present
novel findings and confirm previous data from observa-
tional studies using large administrative databases, patient
registries, and postmarketing surveillance systems on the
safety of antirheumatic therapy in clinical practice. Rural
residence, higher comorbidity, markers of disease severity,
and previous infections were associated with serious in-
fections in older individuals with RA. Our results suggest
that both previous and current antirheumatic drug use also
increase risk among seniors, although some of the ob-
served effect may be due to channeling. Glucocorticoids
appear to confer particular risk. While the relative risk of
serious infection was elevated across all antirheumatic
treatments, the message should not be that nonuse is the
way to reduce infection risk in seniors. Rather, seniors
with RA have significant morbidity related to serious in-
fections and require enhanced vigilance in the manage-
ment of their pharmacotherapy and comorbidities.
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