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ALTHOUGH THE INTRODUCTION

of tumor necrosis factor
(TNF)-� antagonists revolu-
tionized the treatment of au-

toimmune diseases, concerns about the
safety of these biologic drugs remain.1,2

Several studies reported serious infec-
tions in users of TNF-� antagonists.1-3

However, whether the risk of serious in-
fections with TNF-� antagonists is
greater than that with comparator non-
biologic medications is unclear.

Available information from random-
ized clinical trials of TNF-� antagonists
is limited because of insufficient power
to assess safety outcomes conclusively.4

Moreover, the selected populations par-
ticipating in the trials warrant caution in
extrapolating results to thebroaderpopu-
lation of patients who receive these
agents.4 Furthermore,manyefficacy trialsFor editorial comment see p 2380.

Context Although tumor necrosis factor (TNF)-� antagonists are increasingly used in
place of nonbiologic comparator medications, their safety profile remains incomplete.

Objectives To determine whether initiation of TNF-� antagonists compared with
nonbiologic comparators is associated with an increased risk of serious infections re-
quiring hospitalization.

Design, Setting, and Patients Within a US multi-institutional collaboration, we
assembled retrospective cohorts (1998-2007) of patients with rheumatoid arthritis (RA),
inflammatory bowel disease (IBD), and psoriasis, psoriatic arthritis, or ankylosing spon-
dylitis (psoriasis and spondyloarthropathies) combining data from Kaiser Permanente
Northern California, New Jersey and Pennsylvania Pharmaceutical Assistance pro-
grams, Tennessee Medicaid, and national Medicaid/Medicare. TNF-� antagonists and
nonbiologic regimens were compared in disease-specific propensity score (PS)–
matched cohorts using Cox regression models with nonbiologics as the reference. Base-
line glucocorticoid use was evaluated as a separate covariate.

Main Outcome Measure Infections requiring hospitalization (serious infections) dur-
ing the first 12 months after initiation of TNF-� antagonists or nonbiologic regimens.

Results Study cohorts included 10 484 RA, 2323 IBD, and 3215 psoriasis and spon-
dyloarthropathies matched pairs using TNF-� antagonists and comparator medica-
tions. Overall, we identified 1172 serious infections, most of which (53%) were pneu-
monia and skin and soft tissue infections. Among patients with RA, serious infection
hospitalization rates were 8.16 (TNF-� antagonists) and 7.78 (comparator regimens)
per 100 person-years (adjusted hazard ratio [aHR], 1.05 [95% CI, 0.91-1.21]). Among
patients with IBD, rates were 10.91 (TNF-� antagonists) and 9.60 (comparator) per
100 person-years (aHR, 1.10 [95% CI, 0.83-1.46]). Among patients with psoriasis and
spondyloarthropathies, rates were 5.41 (TNF-� antagonists) and 5.37 (comparator)
per 100 person-years (aHR, 1.05 [95% CI, 0.76-1.45]). Among patients with RA, in-
fliximab was associated with a significant increase in serious infections compared with
etanercept (aHR, 1.26 [95% CI, 1.07-1.47]) and adalimumab (aHR, 1.23 [95% CI,
1.02-1.48]). Baseline glucocorticoid use was associated with a dose-dependent in-
crease in infections.

Conclusion Among patients with autoimmune diseases, compared with treatment
with nonbiologic regimens, initiation of TNF-� antagonists was not associated with
an increased risk of hospitalizations for serious infections.
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of biologics were placebo controlled,
which limits inference about alterna-
tive treatment options for autoimmune
diseases.1,2,4-7

Although observational studies have
tried to fill this knowledge gap, several
published reports had important limi-
tations.2,3,8-13 Some studies aggregated
TNF-� antagonists into a single cat-
egory, precluding the assessment of
individual medications. Similarly, seri-
ous infections were aggregated, but the
effect of TNF-� antagonists on spe-
cific infections, such as pneumonia,
remains unknown. Furthermore, meth-
odological differences may have con-
tributed to dissimilar and sometimes
conflicting results. Larger studies,
addressing specific methodological con-
cerns,14,15 are needed to quantify the risk
of serious infections in users of spe-
cific TNF-� antagonists.

As part of a large US federally funded
multi-institutional initiative, the Safety
Assessment of Biologic Therapy
(SABER) project,16 we evaluated whether
initiation of TNF-� antagonists was as-
sociated with an increased risk of seri-
ous infections among patients with au-
toimmune diseases, and whether risk
varied by specific TNF-� antagonist.

METHODS
This retrospective cohort study com-
bined data from 4 large US automated
databases.16 Exposure to TNF-� antago-
nists and other medications was deter-
mined using pharmacy and procedures
data, and serious infections resulting in
hospitalizationwere identifiedusingdis-
charge diagnoses and validated defini-
tions. The incidence of serious infec-
tionsbetweendisease-specificpropensity
score(PS)–matchedexposuregroupswas
compared using Cox proportional haz-
ard regression models. Planned sensi-
tivity and subgroup analyses evaluated
the robustness of the main findings and
key study assumptions.

Cohort Assembly

Study databases included the follow-
ing: national US Medicaid and Medi-
care databases, excluding Tennessee
(Medicaid Analytic eXtract, 2000-

2005; Medicare, 2000-2006; and Medi-
care Part D, 2006); Tennessee Medic-
aid (TennCare, 1998-2005); New
Jersey’s Pharmaceutical Assistance to
the Aged and Disabled and Pennsylva-
nia’s Pharmaceutical Assistance Con-
tract for the Elderly (PAAD/PACE,
1998-2006); and Kaiser Permanente
Northern California (KPNC, 1998-
2007). We used these data and a com-
mon programming algorithm to as-
semble retrospective cohorts of patients
with autoimmune diseases who were
initiating selected medications.

For each database, we identified pa-
tients with study-defined autoimmune
diseases, using the earliest International
Classification of Diseases, Ninth Revision
(ICD-9)–coded health care encounter,
who subsequently filled a prescription or
received an infusion for a TNF-� antago-
nist or comparator medication (see “Ex-
posures” for medication details).16-18 We
required a baseline period of 365 days
with continuous enrollment in the re-
spective database preceding the first in-
fusion or prescription fill to ascertain
other selection criteria and study covar-
iates. Using baseline information, pa-
tients were categorized into 3 mutually
exclusive groups: rheumatoid arthritis
(RA); inflammatory bowel disease (IBD);
and psoriasis, psoriatic arthritis, or an-
kylosingspondylitis(herein,psoriasis and
spondyloarthropathies group). Pa-
tients with diagnoses for more than 1 au-
toimmune disease were excluded
(FIGURE 1).

Among potential cohort members,
we identified new users of study medi-
cations,19 defined by a filled prescrip-
tion for a study medication after 365
baseline days without prescriptions
filled for the specific study medication
or others in the same group. This “first”
filling date (t0) marked the beginning
of follow-up. Vital information for each
cohort member was assessed and fol-
low-up continued from t0 through the
earliest of the following dates: death,
loss of enrollment, study outcome (see
“Outcomes”), switching to another regi-
men or the discontinuation of the cur-
rent regimen (30 days without medi-
cation), study end, or 365th day of

follow-up. We restricted the fol-
low-up to 365 days because we were
most interested in the period shortly af-
ter initiation of therapy,12,13,20 to limit
the effect of time-varying covariates
such as glucocorticoid use, and be-
cause long-term users likely differ from
patients who discontinue therapy
within the first year of treatment.

A detailed description of the design
of the SABER study has been reported
elsewhere.16 Institutional review boards
of all participating institutions ap-
proved the study and waived patient
consent requirements.

Exposures

We used pharmacy and procedures data
to determine medication exposure.
Study medications were classified into
2 groups: TNF-� antagonists (includ-
ing infliximab, adalimumab, and etaner-
cept [not approved for treatment of IBD
and thus excluded for that group]) and
comparator medications. For RA, the
comparator regimens were initiation of
leflunomide, sulfasalazine, or hydroxy-
chloroquine after any use of methotrex-
ate in the previous year (“nonbiologic
regimens”). For IBD, the comparator
group was initiation of azathioprine or
mercaptopurine. For psoriasis and
spondyloarthropathies, the compara-
tor group was initiation of methotrex-
ate, hydroxychloroquine, sulfasala-
zine, or leflunomide.

Exposure encompassed all person-
time covered by prescription fills and
up to 30 person-days without subse-
quent medication available. This 30-
day grace period was allowed because
some residual effects of study medica-
tions could extend beyond the last day
of use and to account for imperfect ad-
herence. Both the TNF-� antagonist and
nonbiologic comparator regimens al-
lowed concurrent use of methotrex-
ate. Analyses of IBD allowed for con-
tinuation of or simultaneous initiation
of azathioprine or mercaptopurine in
the TNF-� antagonist group.

Outcomes

The primary study outcome was seri-
ous infections, defined as those that re-
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quired hospitalization.8,10,21 These in-
fect ions were ident i f ied us ing
definitions based on principal dis-
charge diagnoses and included infec-
tions of the respiratory tract, skin and
soft tissue, genitourinary tract, gastro-
intestinal tract, central nervous sys-
tem, and septicemia/sepsis. Pneumo-
nia, the most common infection, was
also assessed separately. Considering
medical chart reviews as the refer-
ence, our definitions for serious infec-
tion requiring hospitalization have con-
sistently shown positive predictive
values of 80% or higher.22-25 Opportu-
nistic infections and tuberculosis were
not considered study outcomes.26

Covariates

Baseline covariates included demo-
graphics: age, sex, race (gathered rou-
tinely by the databases used), resi-
dence (urban/rural), nursing home/
community dwelling, area income,
calendar year; generic markers of co-
morbidity and health care utilization:
number of hospitalizations, outpa-

tient and emergency department vis-
its, number of different medication
classes filled; surrogate markers of dis-
ease severity: extra-articular disease
manifestations, number of intra-
articular and orthopedic procedures,
number of laboratory tests ordered for
inflammatory markers, use of selected
medications8,10,27-29; and other known
risk factors for infections: previous hos-
pitalizations for infections, chronic ob-
structive pulmonary disease (COPD),
diabetes, and antibiotic use.10,16

Baseline use of oral glucocorticoids
was categorized according to the aver-
age daily dose of prednisone equiva-
lents in the 6 months preceding t0: 0,
�0 to �5 (low dose), 5-10 (medium
dose), and �10 mg (high dose).30,31 This
variable was not included in the match-
ing strategy and its association with se-
rious infections was ascertained sepa-
rately in the final outcome models.

Statistical Analysis

The effects of potential confounders
were controlled for using a propensity

score matching strategy. For each da-
tabase and disease group, logistic re-
gression models estimated the pre-
dicted probabilities of exposure (to the
reference regimen) for each episode of
use. Thus, a propensity score value
summarized covariate information for
each episode, allowing confounding
control through propensity score
matching and ensuring shared data
were not individually identifiable.16,32

Episodes of use were propensity score
matched using a greedy matching al-
gorithm. Although subsequent analy-
ses were restricted to matched epi-
sodes, crude hospitalization rates for
infections estimated before and after
propensity score matching were simi-
lar across exposures and diseases (data
not shown).

Cox proportional hazard regression
models assessed the association be-
tween exposure groups and study out-
comes, with stratification by database
to allow the baseline hazard to vary. Be-
cause we compared propensity score–
matched cohorts and because patients

Figure 1. Assembly of Retrospective Cohorts of Patients With Autoimmune Diseases, SABER (1998-2007)

35 235 Initiated study regimen 12 905 Initiated study regimen7332 Initiated study regimen

139 611 With rheumatoid arthritis 51 732 With psoriasis and
spondyloarthropathies

45 188 With inflammatory bowel disease

236 531 Patients with autoimmune disease identified

407 319 Patients with autoimmune disease in study databases
270 458 From national Medicare/Medicaid

36 786 From TennCare
28 017 From PAAD/PACE
72 058 From KPNC

23 590 Received TNF-α
antagonist (24 753
new-use episodes)

11 645 Received nonbiologic
agent (12 390 new-
use episodes)

3073 Received TNF-α
antagonist (3263 new-
use episodes)

4259 Received azathioprine
or mercaptopurine 
(4570 new-use
episodes)

5145 Received TNF-α
antagonist (5257
new-use episodes)

7760 Received nonbiologic
agent (8177 new-use
episodes)

3215 Propensity score–
matched episodes

3215 Propensity score–
matched episodes

2323 Propensity score–
matched episodes

2323 Propensity score–
matched episodes

10 484 Propensity score–
matched episodes

10 484 Propensity score–
matched episodes

170 788 Excluded due to presence of >1
or nonstudy autoimmune disease
or use of nonstudy regimens

An episode refers to the observation time from initiation of use of a study regimen through the end of follow-up. National Medicare/Medicaid data do not include
Tennessee. TennCare is the Medicaid program in Tennessee; PAAD/PACE indicates New Jersey’s Pharmaceutical Assistance to the Aged and Disabled and Pennsyl-
vania’s Pharmaceutical Assistance Contract for the Elderly; and KPNC, Kaiser Permanente Northern California. SABER indicates Safety Assessment of Biologic Therapy;
TNF, tumor necrosis factor. Eligible patients had a diagnosis of autoimmune disease, used study medications, and had 365 days of available baseline data.
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could contribute more than 1 episode
of new use (with an updated set of co-
variates), we accounted for these addi-
tional correlations using the Huber-
White “sandwich” variance estimator
and calculated robust standard errors
for all estimates.33 The proportional haz-

ard assumption was verified for the
main study exposures,34 and the final
disease-specific outcome models for the
propensity score–matched cohort
analyses included only the exposure
groups and the indicator for baseline
glucocorticoid use.

All statistical tests were 2-sided, and
P�.05 was considered to indicate sta-
tistical significance. Using available in-
formation, we estimated that for RA, our
comparison of TNF-� antagonists vs
nonbiologic regimens would have a
power of 80% to detect a hazard ratio
of at least 1.15 at a significance level of
.05. Similarly, the detectable hazard ra-
tios were 1.30 or higher for IBD and
1.36 or higher for psoriasis and spon-
dyloarthropathies .35,36 All analyses were
performed using SAS version 9.2.

Planned subgroup analyses in-
cluded estimates by database, pres-
ence of baseline COPD, diabetes melli-
tus, hospitalization for a serious
infection, and glucocorticoid use. Each
subgroup analysis required a separate
propensity score matching iteration.
Sensitivity analyses evaluated the ef-
fects of restricting the TNF-� antago-
nists group to those who had used
methotrexate during baseline among
RA patients; restricting follow-up to 6
months; and evaluating pneumonia
hospitalizations as a separate out-
come.

RESULTS
Cohort Characteristics

We identified 407 319 patients with au-
toimmune diseases who had filled pre-
scriptions for study medications and
had complete baseline data preceding
that fill date. A total of 170 788 (42%)
patients with other autoimmune dis-
eases, more than 1 study disease, or ini-
tiating nonstudy regimens were ex-
cluded. We identified 35 235 patients
initiating study regimens for RA, 7332
for IBD, and 12 905 for psoriasis and
spondyloarthropathies (Figure 1).

After application of selection crite-
ria and propensity score matching, the
final RA cohorts included 10 484
matched episodes of TNF-� antago-
nists and comparator medications. The
respective IBD and psoriasis and spon-
dyloarthropathies cohorts included
2323 and 3215 matched pairs. Over-
all, 20% of patients were aged 65 years
or older. Patients with RA initiating
TNF-� antagonists and comparator
medications had similar baseline char-

Table 1. Baseline Characteristics for Patients With Rheumatoid Arthritis After Propensity
Score Matching, SABER 1998-2007

No. (%)

TNF-�
Antagonists

Nonbiologic
Agents

No. of episodes 10 484 10 484

No. of unique patients 10 242 10 082

Age, mean (SD), y 58.1 (14.1) 58.4 (14.4)

Female 9069 (86.5) 9077 (86.6)

Race
White 6405 (61.1) 6450 (61.5)

Black 1663 (15.9) 1657 (15.8)

Other 2416 (23.0) 2377 (22.7)

Rural residence 2560 (24.4) 2507 (23.9)

Estimated household income, mean (SD), $ per year 40 500.0 (17 384.0) 40 163.1 (17 603.1)

Region
Midwest 1543 (14.7) 1595 (15.2)

Northeast 1571 (15.0) 1558 (14.9)

South 3510 (33.5) 3489 (33.3)

West 3860 (36.8) 3842 (36.6)

Nursing home resident 425 (4.1) 461 (4.4)

�1 Hospitalization during baseline 2852 (27.2) 2994 (28.6)

�1 Ambulatory physician visit during baseline 10 476 (99.9) 10 469 (99.9)

Charlson-Deyo comorbidity score, mean (SD)a 1.72 (1.12) 1.71 (1.15)

�1 Marker of inflammation tested 3797 (36.2) 3837 (36.6)

Average glucocorticoid use, prednisone equivalents
None 4413 (42.1) 4440 (42.4)

Low, �5 mg/d 3027 (28.9) 3329 (31.8)

Medium, 5-10 mg/d 1966 (18.8) 1780 (17.0)

High, �10 mg/d 1078 (10.3) 935 (8.9)

Any orthopedic surgeries 589 (5.6) 595 (5.7)

Any intra-articular injection 3406 (32.5) 3253 (31.0)

Comorbidities
COPD 1338 (12.8) 1397 (13.3)

Cerebrovascular disease 373 (3.6) 368 (3.5)

Diabetes mellitus 2010 (19.2) 2038 (19.4)

�1 Antibiotic dispensed 7028 (67.0) 6644 (63.4)

Smoking 933 (8.9) 931 (8.9)

Medication initiated
Etanercept 4496 (42.9)

Infliximab 3911 (37.3)

Adalimumab 2077 (19.8)

Hydroxychloroquine 5062 (48.3)

Leflunomide 4062 (38.7)

Sulfasalazine 1360 (13.0)
Abbreviations: COPD, chronic obstructive pulmonary disease; SABER, Safety Assessment of Biologic Therapy.
aThe Charlson-Deyo comorbidity index provides an estimate of the disease severity and comorbidities for a given patient.

Lower values correspond with low comorbidity/disease severity.
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acteristics (TABLE 1). For patients with
RA, the mean age was 58 years, 87%
were women, 61% were white, and 24%
resided in rural areas. Of patients ini-
tiating TNF-� antagonists, 70% had
used methotrexate during baseline.
Similarly, after propensity score match-
ing, there were no substantial differ-
ences in the distribution of covariates
between exposure groups for patients
with IBD and psoriasis and spondylo-
arthropathies (eTables 1 and 2, avail-
able at http://www.jama.com). Over-
all, follow-up was censored due to death
in 225 patients, including 148 of 20 968
patients (0.7%) with RA, 38 (0.8%) with
IBD, and 39 (0.6%) with psoriasis and
spondyloarthropathies.

Initiation of TNF-� Antagonists
and Risk of Serious Infections

Overall, we identified 1172 serious in-
fections, most of which (53%) were
pneumonia and skin and soft tissue in-
fections (eTable 3). The case fatality ra-
tio during hospitalizations for serious in-
fections was 3.6% (30/823) for RA, 2.1%
(4/194) for IBD, and 7.1% (11/155) for
psoriasis and spondyloarthropathies.

Rheumatoid Arthritis. The hospi-
talization rate for serious infections in
the TNF-� antagonist group did not dif-
fer significantly from the rate for the
nonbiologic agent group (adjusted haz-
ard ratio [aHR], 1.05 [95% CI, 0.91-
1.21]) (FIGURE 2). However, baseline
glucocorticoid use was significantly as-
sociated with increased hospitaliza-
tion risk compared with no baseline use
(aHR, 1.32, 1.78, and 2.95 for low, me-
dium and high doses of glucocorti-
coids, respectively) (TABLE 2).

Within TNF-� antagonists, the rate of
serious infections among those taking in-
fliximab was higher than that for non-
biologic regimens (aHR, 1.25 [95% CI,
1.07-1.48]), whereas the rates for either
etanercept or adalimumab were not. In-
fection rates were significantly higher for
infliximab compared with etanercept
(aHR, 1.26 [95% CI, 1.07-1.47]) and
adalimumab (1.23 [95% CI, 1.02-
1.48]). Rates did not differ significantly
between adalimumab and etanercept
(FIGURE 3). Concurrent use of metho-

trexate at t0 and 180 days of follow-up
was 41% and 41% for adalimumab vs
44% and 41% for etanercept. The re-
spective proportions were 42% and 42%
vs 52% and 50% for adalimumab vs in-
fliximab, and 49% and 48% vs 41% and
36% for infliximab vs etanercept.

Inflammatory Bowel Disease. The
rateof serious infectionsamong those ini-
tiating TNF-� antagonist regimens was
not significantly higher than for those
taking azathioprine or mercaptopurine
(aHR, 1.10 [95% CI, 0.83-1.46]). Among
patients with IBD, there was no signifi-

Figure 2. Kaplan-Meier Survival Plots of Probability of Hospitalization for Serious Infection
for Propensity Score–Matched Cohorts Through 1 Year of Follow-up, SABER 1998-2007
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For each disease, there was no significant difference between tumor necrosis factor (TNF)-� antagonist and
comparator groups. SABER indicates Safety Assessment of Biologic Therapy.
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cant increase in the risk of serious infec-
tions associated with baseline use of glu-
cocorticoids (Table 2).

PsoriasisandSpondyloarthropathies.
Among patients with psoriasis, psori-
atic arthritis, or ankylosing spondyli-
tis, the rate of serious infections for
those initiating regimens of TNF-� an-
tagonists was not significantly higher
than for those taking comparator
medications (aHR, 1.05 [95% CI, 0.76-
1.45]). Baseline use of glucocorticoids
was associated with a significantly in-
creased risk of serious infections, com-
pared with no baseline use (Table 2).

Subgroup and Sensitivity Analyses

Subgroup analyses indicated that the
presence of selected baseline charac-
teristics (hospitalization for serious bac-

terial infections, diabetes mellitus,2
COPD, and glucocorticoid use) in-
creased the absolute risk of serious in-
fections in both those initiating TNF-�
antagonists and in patients initiating
comparator therapies to a similar de-
gree. For example, patients with COPD
had a 2- to 3-fold greater absolute risk
of infection compared with patients
without COPD. However, within each
subgroup, the relative risk of infection
for TNF-� antagonists vs the compara-
tor groups was similar, consistent with
the main study findings. Similarly, es-
timates stratified by database gener-
ally yielded consistent results (eTables
4 and 5), although for RA and psoria-
sis and spondyloarthropathies, crude in-
fection rates were lower at KPNC com-
pared with other databases.

A sensitivity analysis that compared
initiation of TNF-� antagonists after
baseline use of methotrexate (a subset of
the main TNF-� antagonists group) with
the nonbiologic regimens among pa-
tients with RA yielded results similar to
those from the main analyses (aHR, 1.01
[95% CI, 0.87-1.18]). Similarly, when
follow-up was truncated at 6 months, the
aHR was 1.11 (95% CI, 0.94-1.31). Fi-
nally, restricting the study outcomes to
pneumonia hospitalizations yielded re-
sults consistent with the main findings
for TNF-� antagonists compared with
comparator regimens (aHR, 1.11 [95%
CI, 0.94-1.31] for RA, 1.12 [95% CI,
0.81-1.54] for IBD, and 1.13 [95% CI,
0.79-1.62]) for psoriasis and spondylo-
arthropathies.

COMMENT
In a large US multi-institution research
initiative, we observed that initiation of
TNF-� antagonists (as a group) was not
associated with a significant increase in
the risk of serious infections requiring
hospitalization compared with initia-
tion of comparator nonbiologic medica-
tions. These findings were consistent
across study diseases: RA, IBD, and pso-
riasis, psoriatic arthritis, or ankylosing
spondylitis. Nevertheless, among pa-
tients with RA, initiation of infliximab-
based regimens was significantly asso-
ciated with an increased risk of serious
infections compared with other TNF-�
antagonist regimens and nonbiologic
comparator medications. We also ob-
served a dose-dependent increase in the
risk of serious infections associated with
baseline use of glucocorticoids among
patients with RA or psoriasis and spon-
dyloarthropathies.

A number of meta-analyses have sum-
marized results from randomized clini-
cal trials examining whether TNF-� an-
tagonists increase the risk of infections,
mainly in patients with RA. These stud-
ies indicated that TNF-� antagonists in-
crease the risk of infections (serious or
nonserious) by 1.2- to 2.0-fold com-
pared with placebo or other regimens,
with the vast majority being placebo-
controlled.4,5 Ameta-analysisof random-
ized trials of TNF-� antagonists among

Table 2. Initiation of TNF-� Antagonists and Risk of Serious Infectionsa

Exposures
Events,

No.

Person-
Years,

No.

Rate, per
100 Person-

Years

Hazard Ratio
(95% CI) for
Propensity

Score–
Matched
Cohorts

Adjusted
Hazard Ratios

(95% CI)b

Rheumatoid arthritis
Nonbiologic regimens 326 4192 7.78 1 [Reference] 1 [Reference]

TNF-� antagonists 497 6089 8.16 1.05 (0.91-1.21) 1.05 (0.91-1.21)

Baseline glucocorticoid use,
prednisone equivalents

None 1 [Reference]

�0-�5 mg/d 1.32 (1.10-1.58)

5-10 mg/d 1.78 (1.47-2.15)

�10 mg/d 2.95 (2.41-3.61)

Inflammatory bowel disease
Azathioprine or mercaptopurine 87 906 9.60 1 [Reference] 1 [Reference]

TNF-� antagonists
(infliximab or adalimumab)

107 981 10.91 1.09 (0.82-1.40) 1.10 (0.83-1.46)

Baseline glucocorticoid use,
prednisone equivalents

None 1 [Reference]

�0-�5 mg/d 1.09 (0.72-1.65)

5-10 mg/d 0.93 (0.60-1.46)

�10 mg/d 1.38 (0.98-1.95)

Psoriasis and spondyloarthropathiesc

Nonbiologic regimens 63 1172 5.37 1 [Reference] 1 [Reference]

TNF-� antagonists 92 1699 5.41 1.07 (0.77-1.48) 1.05 (0.76-1.45)

Baseline glucocorticoid use,
prednisone equivalents

None 1 [Reference]

�0-�5 mg/d 1.15 (0.75-1.77)

5-10 mg/d 2.01 (1.08-3.73)

�10 mg/d 2.77 (1.44-5.32)
Abbreviation: TNF, tumor necrosis factor.
aEstimates were stratified by database and all 95% CIs were based on robust SEs.
bPropensity score–matched cohorts plus adjustment for baseline glucocorticoid use.
cGroup includes patients with psoriasis, psoriatic arthritis, and ankylosing spondylitis.
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patients with IBD reported no differ-
ence in the frequency of serious infec-
tions between the anti-TNF and the
placebo-controlled groups.6 A recent sys-
tematic review of randomized trials that
evaluated whether use of TNF-� an-
tagonists increased the risk of serious
infections among patients with anky-
losing spondylitis (mostly small and
short-duration trials) reported no sig-
nificant increase in the risk of serious in-
fections compared with placebo.7 Thus,
available clinical trial data are not con-
sistent, and caution is warranted when
interpreting data that combine studies
with different comparators and selec-
tion criteria. Furthermore, under-
served, vulnerable patients are typi-
cally excluded from clinical trials, and
data on the safety of biologics for these
populations are scarce.

Several observational studies exam-
ined the association of TNF-� antago-
nists and the risk of serious infections
(mostly in RA), but results again are in-
consistent. For our analyses, we consid-
ered some of the methodological chal-
lenges that could explain differences in
these studies.14,15 Some observational
studies that used registry or administra-
tive data observed an increased risk of
serious infections associated with initia-
tion or prevalent use of TNF-� antago-
nists compared with prevalent use of
comparator drugs.8,12,13,37,38 Prevalent us-
ers have “survived” their initiation of
therapy and their risk of serious out-
comes may be lower than that for new
users. Hence, to ensure comparability of
exposure groups, we applied a new-
user design.19 Other observational stud-
ies that used a new-user design failed to
identify significant increases in the risk
of hospitalizations for serious infec-
tions among initiators of TNF-� antago-
nists compared with initiators of metho-
trexate.9-11 Similarly, a recent study in US
veterans suggested that initiation of
TNF-� antagonists was not associated
with an increase in the risk of serious in-
fectionscomparedwith initiationofother
medications, including methotrexate,
used to treat moderate disease.39

We reduced exposure misclassifica-
tion by using pharmacy and proce-

dure data to classify each day of fol-
low-up during new episodes of
medication use. Pharmacy records are
an excellent source of exposure data be-
cause they are not subject to recall
bias.40 We reduced outcome misclas-
sification by using validated algo-
rithms.22-26 These considerations are im-
portant for comparing our findings with
those of other studies. For example, a
registry study that reported an in-
creased incidence of serious infec-
tions among users of TNF-� antago-
nists in RA used an inpatient database
to identify a comparison group but in-
formation on nonbiologic medication
exposure for that group was unclear.41

Another registry-based study com-
bined mild and severe infections but
gave no specific estimate for serious in-
fections requiring hospitalization.42

Because disease severity is an impor-
tant predictor of treatment with TNF-�
antagonists and could independently
affect the risk of infections,43 it must be
controlled during assessments of medi-
cation effects. Although direct measure-
ments of disease severity are available
from disease registries,37,38,41,42 studies
that relied on administrative data, as ours
did, use available covariates as surro-
gates for disease severity. Nevertheless,
these surrogates appear to be closely cor-
related with objective measurements of
disease severity.8-10,14 Our study fo-
cused on initiation of study medica-

tions as a proxy for disease activity and
should minimize concerns about con-
founding by identifying an extensive
list of relevant covariates and balanc-
ing their distribution between expo-
sure groups using a propensity score
matching strategy.

Among patients with RA and psoria-
sis and spondyloarthropathies, baseline
glucocorticoid use was associated with
an increased risk of serious infections in
a dose-response manner irrespective of
other medication regimens. Although
glucocorticoiduse(especiallyhighdoses)
could also be a surrogate for disease se-
verity, these associations persisted after
adjustment for measured covariates, sev-
eral of which are likely correlated with
disease severity. Furthermore, this dose-
dependent association has been consis-
tently found in previous observational
studies that addressed a similar re-
search question.8-10,44-46

Unlike most prior studies, the SABER
study was large enough to provide es-
timates for individual TNF-� antago-
nist use among patients with RA. We
observed that initiation of an infliximab-
based regimen was associated with a sig-
nificant increase in the risk of serious
infections compared with other TNF-�
antagonist regimens. This is consis-
tent with recent studies conducted in
US veterans,39 in the German disease
registry,42 and in 2 different large US
health care insurance databases.20,47

Figure 3. Incidence Rates and Hazard Ratios for Specific TNF-� Antagonists and Serious
Infections Among Patients With Rheumatoid Arthritis

Treatment
No. of
Events

Event Rate per
100 Person-Years

Nonbiologic agent 234 8.8

Nonbiologic agent 148 7.9

Etanercept 233 7.8

Etanercept 252 8.2

Nonbiologic agent 233 7.6

Adalimumab 241 8.3 1.05 (0.87-1.25)

Infliximab 273 10.6 1.23 (1.02-1.48)
Adalimumab 183 8.9

Hazard Ratio
(95% CI)

1 [Reference]

1 [Reference]

1 [Reference]

1 [Reference]

1 [Reference]

1 [Reference]

Infliximab 420 10.3 1.25 (1.07-1.48)

Adalimumab 201 8.7 1.05 (0.85-1.30)

Infliximab 384 10.3 1.26 (1.07-1.47)

Etanercept 264 6.8 0.91 (0.76-1.08)

1.0 2.01.40.5 0.7

HR (95% CI)

Each comparison required a separate propensity score matching iteration. TNF indicates tumor necrosis factor.
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However, this differential effect was not
observed in the British registry data.37

Differences in pharmacological prop-
erties, mechanisms of action, and ad-
ministration modes including use of a
loading dose among TNF-� antago-
nists have been postulated to explain
these observations, but a definitive ex-
planation for this finding is lack-
ing.2,20,42,47-49 This observation may have
important implications for the inter-
pretation of studies that report on
TNF-� antagonists as a group because
the prevalence of infliximab use could
influence the observed associations. Al-
though our estimates evaluated the as-
sociation between serious infections and
infliximab-based regimens, as they are
used in clinical practice, methotrexate
was commonly used concurrently with
infliximab to reduce the production of
anti-infliximab antibodies. Disentan-
gling the effects of individual drugs
when used concurrently is difficult.
Nevertheless, we noted that concur-
rent methotrexate use was similar for
the other TNF-� antagonists.

Our findings must be interpreted in
the light of several limitations. First, al-
though pharmacy files provide excel-
lent information on medications
dispensed, the actual use of most medi-
cations is unknown. Second, we relied
on coded information from administra-
tive claims and other data not directly
collected for clinical care to identify study
outcomes. Misclassification of out-
comes would make it more difficult to
demonstrate true associations.8,22 How-
ever, we minimized outcome misclassi-
fication by using previously validated
definitions. Third, despite the enor-
mous effort to aggregate data from 4 ma-
jor US data sources, our study had in-
sufficient numbers to evaluate the role
of specific TNF-� antagonists on seri-
ous infections for IBD and psoriasis and
spondyloarthropathies.Furthermore,our
power to detect small risk increases in
these groups was limited. Fourth, we
were not able to study deaths due to in-
fections as an outcome because infor-
mation on cause of death was not avail-
able from all sources. Additionally, we
included hospitalizations for selected

infections in our outcome definitions ex-
cluding opportunistic infections, which
sometimes do not require hospitaliza-
tion and which will be examined sepa-
rately. Finally, the availability of clini-
cal covariates for statistical adjustment
was limited in our databases and we re-
lied on surrogate measurements. How-
ever, although residual confounding
could not be ruled out, our results were
consistent in several subgroup and sen-
sitivity analyses.

In conclusion, in this large retro-
spective cohort study of predomi-
nantly low-income and vulnerable US
patients with autoimmune diseases, we
observed higher absolute rates of infec-
tion compared with previously pub-
lished cohort studies and randomized
controlled trials. We found no increased
risk of hospitalizations for serious infec-
tions among patients initiating a TNF-�
antagonist (as a group) compared with
those taking comparator nonbiologic
therapies. However, our results also sug-
gest that, among patients with RA,
infliximab-based regimens were asso-
ciated with an increase in the risk of seri-
ous infections compared with other
TNF-� antagonist–based regimens. For
RA and psoriasis and spondyloarthropa-
thies, this large study also demon-
strated that glucocorticoid use was asso-
ciated with a strong dose-dependent
increase in the risk of serious infec-
tions requiring hospitalization.
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