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Abstract

Objectives—To determine among patients with autoimmune diseases in the United States 

whether the risk of non-viral opportunistic infections (OIs) was increased among new users of 

tumor necrosis factor-alpha inhibitors (TNFI), when compared to users of non-biologic agents 

used for active disease.
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Methods—We identified new users of TNFI among cohorts of rheumatoid arthritis (RA), 

inflammatory bowel disease (IBD), and psoriasis-psoriatic arthritis-ankylosing spondylitis (PsO-

PsA-AS) patients during 1998–2007 using combined data from Kaiser Permanente Northern 

California, two pharmaceutical assistance programs for the elderly, Tennessee Medicaid, and US 

Medicaid/Medicare programs. We compared incidence of non-viral OIs among new TNFI users 

and patients initiating non-biologic disease modifying drugs (DMARDs) overall and within each 

disease cohort. Cox regression models were used to compare propensity-score and steroid- 

adjusted OI incidence between new TNFI and non-biologic DMARD users.

Results—Within a cohort of 33,324 new TNFI users we identified 80 non-viral OIs, the most 

common of which was pneumocystosis (n=16). In the combined cohort, crude rates of non-viral 

OIs among new users of TNFI as compared to those initiating non-biologic DMARDs was 2.7 

verus 1.7 per 1000-person years[adjusted hazard ratio (aHR): 1.6, 95% CI: 1.0, 2.6)]. Baseline 

corticosteroid use was associated with non-viral OIs (aHR 2.5, 95% CI: 1.5, 4.0). In the RA 

cohort, rates of non-viral OIs among new users of infliximab were higher when compared to 

patients newly starting non-biologic DMARDs (aHR 2.6, 95% CI 1.2, 5.6) or new etanercept users 

(aHR 2.9, 95% CI: 1.5, 5.4).

Conclusions—In the US, the rate of non-viral OIs was higher among new users of TNFI with 

autoimmune diseases as compared to non-biologic DMARD users.
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Introduction

Biologic immunosuppressive therapies such as tumor necrosis factor-alpha (TNF-α) 

inhibitors (TNFI) represent important treatment advances for patients with rheumatoid 

arthritis (RA) and a number of other inflammatory conditions. Although these drugs have 

revolutionized the treatment of inflammatory and rheumatologic disorders, there is an 

important safety issue: a potential increased risk of infection caused by a broad spectrum of 

organisms. [1–5]

Infectious complications of biologic medical therapies are often sub-grouped into severe or 

opportunistic. We and others have demonstrated that at least some TNFI are associated with 

an increased risk of serious infections compared to non-biologic therapies. [1,2,4,6] 

Additional reports suggest a possible increased risk of opportunistic infections (OIs), 

including diseases such as tuberculosis and systemic mycoses, legionellosis and progressive 

multifocal encephalopathy, among patients treated with TNFI.[7–12] It remains difficult to 

ascertain the magnitude and significance of the risk because of the rarity of infections and 

variability in groups under study. For example, a recent report from the French registry 

estimated the annual sex and age-adjusted incidence rates of all non-mycobacterial 

opportunistic infections to be 1.52 per 1000 person years.[5] In contrast, a rate of 

opportunistic infections (herpes zoster and tuberculosis included) of 30 per 1000 person-

years among patients using TNFI was estimated with data from the CORRONA registry. 
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[13] These studies differed in methodologies, grouping of infectious outcomes, comparator 

groups and patient populations (RA versus all TNF indications). In addition, most analyses 

have focused on prevalent, not new users. Therefore, questions remain about the impact of 

specific TNF agents versus non-biologic therapy and risk of infection associated with TNFI 

for patients with autoimmune diseases other than RA.

As part of a multi-institutional U.S. initiative, the Safety Assessment of Biologic Therapy 

(SABER) project, we investigated among patients with RA and other autoimmune or 

inflammatory diseases whether the risk of non-viral opportunistic infections was increased 

among new users of TNFI, when compared to new users of non-biologic agents.

METHODS

This retrospective cohort study combined data from 1998 through 2007 from four large US 

data systems. [14] Exposure to TNFI and other disease-modifying antirheumatic drugs 

(DMARDs) was determined using pharmacy files and procedure codes (for infusions). 

Opportunistic infections (OIs) were identified using hospital and outpatient diagnoses. The 

incidence of OIs between exposure groups was compared using Cox proportional hazard 

regression models.

Cohort Assembly

Data from four data systems [National Medicaid (MAX) and dual Medicaid-Medicare 

databases; TennCare; The New Jersey’s Pharmaceutical Assistance to the Aged and 

Disabled (PAAD) and the Pennsylvania’s Pharmaceutical Assistance Contract for the 

Elderly (PACE) programs linked to Medicare data; and Kaiser Permanente Northern 

California (KPNC)] and a common data model were used to assemble the cohort of patients 

with who were new users of selected biologic and non-biologic DMARDs. [14] Within each 

data system, patients with autoimmune diseases were identified as those with an 

International Classification of Diseases, 9th edition, clinical modification (ICD9-CM)-coded 

healthcare encounter for an autoimmune disease followed by a prescription filled for, or 

infusion of, a study DMARD. We required availability of a baseline period of 365 days with 

continuous enrollment in the respective data system preceding the first qualifying new drug 

prescription fill or infusion (described below), for ascertainment of study covariates.

Patients were categorized in three mutually exclusive autoimmune disease groups: 

rheumatoid arthritis (RA), inflammatory bowel disease (IBD), and psoriasis (PsO), psoriatic 

arthritis (PsA) and ankylosing spondylitis (AS), PsO-PsA-AS. Within the pool of potential 

cohort members, we identified new users of study medications, defined as having filled one 

prescription or infusion for a study DMARD after 365 baseline days without prescriptions 

filled for the specific study medication(s). This “first” filling or infusion date was termed the 

time zero and marked the beginning of follow-up. Potential RA cohort members were 

further required to be aged ≥16 years.

Within each cohort, an episode of new medication use began on t0 and follow-up continued 

through the earliest of the following: death, loss of enrollment, study outcome, switch to a 

new DMARD regimen, or discontinuation of current regimen (defined as 30 days without 
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medication). Patients could contribute additional episodes of new medication use for a 

different medication (in the same or alternate exposure group) if they fulfilled the eligibility 

criteria again.

Medication Exposures

Claims data on pharmacy prescription fills and infusions were used to determine medication 

exposure following a new user design. Study DMARDs were classified in two groups: TNFI 

(including infliximab, adalimumab and etanercept [not included for IBD]); and, alternate 

non-biologic DMARD regimens. For RA, alternative regimens were initiation of 

leflunomide, sulfasalazine or hydroxychloroquine after use of methotrexate in the previous 

year (i.e. methotrexate failures); whereas for IBD, the comparison group was initiation of 

azathioprine or 6-mercaptopurine (AZA/6-MP). For PsO-PsA-AS the comparison was 

initiation of non biologic DMARDs (methotrexate, hydroxychloroquine, sulfasalazine and 

leflunomide).

For all groups, exposed person-time encompassed all follow-up person-time covered by 

prescription fills (and using 56 days for infliximab) and an additional 30 person-days 

without subsequent medication available. This 30-day grace period was allowed because 

some residual effects of study medications could extend beyond the last day of use and to 

account for imperfect adherence. Thus, this approach allowed a short gap in which outcomes 

identified after drug supply exhaustion could be related to the most recent exposure. Both 

TNFI and the non biologic DMARD regimens allowed the concurrent use (continuation or 

addition) of methotrexate. Analyses of IBD allowed for continuation of or simultaneous 

initiation of AZA/6-MP in the TNFI group.

Outcomes

The primary outcome was non-viral OIs. Additional analyses were performed for the sub-

groups of tuberculosis (TB) and non-tuberculous mycobacterial (NTM) disease patients. For 

fungal infections, we used primary or non-primary discharge diagnoses or an outpatient 

diagnosis for histoplasmosis, coccidioidomycosis, cryptococcosis, blastomycosis, or 

aspergillosis plus an outpatient prescription for at least 30 days of any active systemic 

antifungal drug (itraconazole, fluconazole, voriconazole).[15] Tuberculosis required an 

inpatient or outpatient ICD-9 diagnosis code (018.x) plus pharmacy records indicating 

prescription for pyrazinamide prescribed with 90 days of the diagnosis code. Diagnosis of 

other non-viral OIs (pneumocystosis, nocardiosis/actinomycosis, non-tuberculous 

mycobacteria, salmonellosis, listeriosis, legionellosis) required an inpatient or outpatient 

physician ICD-9 diagnosis code without concomitant anti-infective medication.

Study Covariates

Baseline covariates were measured, including demographics: age, gender, race, residence 

(urban and rural), nursing home/community dwelling, median area income, calendar year; 

generic markers of co-morbidity: number of hospitalizations, outpatient and emergency 

room visits, medication classes filled during baseline; markers of disease severity (extra-

articular manifestations of disease, number of intra-articular and orthopedic procedures), 

number of laboratory tests ordered for inflammatory markers, baseline use of DMARDs; 
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previous hospitalization due to infection, chronic obstructive pulmonary disease (COPD), 

diabetes and previous use of antibiotics.

Baseline use of oral glucocorticoids was categorized according to the estimated average 

daily dose of prednisone equivalents [none, >0-<5 (low dose), 5–10 (medium dose) and >10 

mg (high dose] averaged in the 6 months prior to time zero. This covariate was not included 

in the propensity score so as to be able to estimate its association with infection in outcome 

models.

Statistical analysis

The effects of potential confounders were controlled for using propensity score (PS) 

quintiles and baseline corticosteroid use within the past year prior to drug exposure. 

Covariates included in the PS derivation can be found in online supplemental Table S1. 

Within each of the four data systems, logistic regression models estimated the site-specific 

PS for each episode of use within each study disease. A single value summarized covariate 

information for each medication episode. [14] Visual inspection of the distribution of 

predicted probabilities across exposure groups showed substantial overlap of PS 

distributions, indicating that identification of patients with similar covariate distributions for 

each comparison was feasible. Non-overlapping regions (approximately 1%, 4% and 8% of 

RA, IBD and Ps-PSO-AS patients, respectively) of the PS were trimmed within each data 

system.

Cox-proportional hazard regression models assessed the association between exposure 

groups and study outcomes, with stratification by study site to allow the baseline hazard to 

vary. Within the RA cohort we evaluated the risk of OIs associated with individual biologic 

therapies, specifically infliximab and adalimumab (using etanercept as referent). Because 

patients could contribute more than one treatment episode, standard errors were adjusted 

using the Huber-White sandwich estimator. The final disease-specific outcome models for 

the overall cohort and the RA cohort evaluating specific TNFIs included exposure groups, 

adjustment for PS quintile and baseline glucocorticoid use one year prior to time zero. All 

analyses were performed in SAS 9.13. This study was approved by the Institutional Review 

Board of Vanderbilt University, Kaiser Permanente, Brigham and Women hospital, the 

University of Pennsylvania, and the University of Alabama at Birmingham.

RESULTS

Cohort assembly and baseline characteristics

We identified 407,319 potentially eligible patients with autoimmune diseases in the 

respective study databases, of which 170,788 (42%) patients were excluded due to having 

more than one autoimmune disease or autoimmune diseases other than RA, IBD, PsO, PsA 

or AS. We identified 36,212 (RA), 10,717 (IBD), and 12,137 (PsO-PsA-AS) patients who 

were either new-users of TNFI therapy or a comparator non-biologic DMARD. Within each 

disease group, baseline demographic and covariates were relatively similar between TNFI 

and non-biologic DMARD users (Table 1). The median (IQR) follow-up time in the TNFI 

and non-biologic groups was 170 (299) and 104 (166) days, respectively.
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Opportunistic infections

Across all disease indications, we identified 107 OIs (80 in new TNFI users; Table 2). The 

most common were pneumocystosis (n=18) nocardiosis/actinomycosis (n=12) and 

tuberculosis (n=10; Table 2). Of these cases, 74 (69.1%) patients used corticosteroids at the 

time of the OI event, and 27 (25.2%) patients were receiving methotrexate. Among TNFI 

users, median time to infection post-initiation of TNFI was 131.5 days (range, 9-1503 days); 

fifty-six percent of patients who developed an OI did so within 6 months of TNFI initiation. 

In the combined disease cohort (including RA, IBD and PsO-PsA-AS) and for each specific 

disease cohort, crude OI incidence rates were higher among those starting TNFI therapy 

versus the comparator group. For the combined disease cohort, rates among TNFI versus 

comparator patients were 2.7 vs. 1.7 per 1,000 person years (aHR 1.6; 95% CI 1.0, 2.6; 

Table 3). Baseline glucocorticoid use was also associated with non-viral OIs (aHR 2.5, 95% 

CI: 1.5, 4.0).

Rheumatoid arthritis

Compared with non-biologic DMARD patients, the adjusted risk of non-viral OIs in RA 

patients was not increased significantly among new users of any TNFI (aHR: 1.6, 95% CI: 

0.9–3.1; Table 3). Glucocorticoids had a borderline significant association with non-viral 

OIs (aHR 1.8; 95% CI: 1.0, 2.8). There were differences among specific TNFIs: infliximab, 

(aHR 2.6, 95% CI 1.2, 5.6) when compared with non-biologic DMARDs, was associated 

with an increased risk of non-viral OIs (Table 4). In comparisons between specific TNFI, 

infliximab initiation was associated with an increased risk of non-viral OIs when compared 

to etanercept (aHR 2.9, 95% CI: 1.5, 5.4).

In the mycobacterial analysis (Table 5) most cases occurred in TNFI users with a crude rate 

four times greater for tuberculosis in this stratum, although the difference did not reach 

statistical significance (aHR 4.2; 95% CI: 0.5, 33.5). Rates of NTM were similar between 

exposure groups (Table 5).

DISCUSSION

Within SABER, a United States multi-institutional research initiative, we studied rates and 

frequency of non-viral OIs among a large cohort of patients with selected autoimmune 

diseases. Pneumocystis and mycobacterial infections accounted for almost half of the OIs 

occurring among new users of TNFI therapy and the majority of OIs occurred within six 

months of TNFI initiation. Across disease indications, non-viral OIs occurred more 

frequently among patients initiating TNFI agents when compared to those starting non-

biologic DMARDS. Glucocorticoid use in the baseline period was associated with increased 

risk of non-viral OIs.

Although the topic of biologic therapy and OI risk is an important safety issue, little 

epidemiologic work to document frequency and relative risk, particularly with regard to 

specific organisms other than tuberculosis, has been completed. [5,13,16,17] Our study 

identified rates of non-viral opportunistic infections similar to those described in European 

studies, but our estimates are lower than another North American study which has evaluated 
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this question, perhaps explained by the definition of OI used.[13] The British registry 

identified rates of “intracellular infection” of 2.2 per 1000 person-years.[6] The French 

registry recently published rates of “non-TB opportunistic infection” of 1.56 per 1000 

person-years, and previously identified a rate for TB of 1.2 per 1000 person-years among 

users of anti-TNF agents. [5,18] Our overall rate of 2.7 per 1000 person-years is comparable 

for new users of TNFI therapy, although the choice of OIs included within the analyses and 

methods differed slightly. While the French study included herpes zoster but excluded 

tuberculosis among its outcomes, the British registry included all such infections. We, 

however, excluded zoster but included mycobacterial infections. Data from the CORRONA 

collaboration in North America, which included zoster and mycobacterial infections, 

revealed 10-fold higher rates of OIs than our study, which likely is accounted for by 

inclusion of zoster.[13]

Although TB has been reported previously as the most frequent OI in this setting, our data 

suggest that pneumocystosis occurs more frequently than other OIs in the US among TNFI 

users. Relatively high rates of pneumocystosis have been reported previously from Japan 

among TNFI users, and sometimes more commonly than TB among infliximab-treated 

patients.[19–21] However, it is possible that differences in case definition and more 

sensitive diagnostic procedures typically used in clinical practice (e.g. PCR) may influence 

higher observed rates in that region when compared to our findings. In addition, we may 

have underestimated the number of TB cases due to suboptimal sensitivity of diagnostic 

codes. Moreover, screening practices for latent TB in the US may have led to a smaller 

number of cases. In our overall population, rates for Pneumocystis infection among TNFI 

users (0.56 per 1000 person-years) and non-biologic DMARD users (0.51 per 1000 person-

years) were similar, and probably influenced by concomitant use of glucocorticoids. On the 

basis of the low rates of pneumocystosis identified in our study, it is doubtful that 

Pneumocystis prophylaxis in US TNFI users would be cost-effective.

Prior to our study, Winthrop and colleagues surveyed infectious disease specialists across 

the United States, the results of which suggested histoplasmosis to be more common than 

mycobacterial disease in the setting of biologic therapy.[22] Our study identified 

histoplasmosis as the fourth most frequent OI. Several of the cohorts we evaluated included 

patients who did not live within traditional histoplasmosis-endemic areas, which may 

explain a lower than expected rate within our study.[23] Further, for histoplasmosis and 

other fungal infections, we required both a diagnostic code and antifungal use to define a 

case. It is likely that the expected improvement in specificity diminished the sensitivity of 

our case-finding algorithms; there were patients with diagnostic codes that lacked anti-

fungal usage.

While French and British studies have reported rates of OIs to be higher in patients using 

TNFI therapy, it is likely that only a subset of OIs are influenced by TNF blockade. Those 

infections by which the host relies upon granulomatous response occur more commonly in 

those using TNFIs, and biologic mechanisms from animal models and in-vitro studies 

support this association.[24,25] It is not clear that other OIs, for which the host immune 

response might be different, are similarly affected. Further, even within Mycobacterium 

species, where tuberculosis and NTM both trigger granulomatous responses, there might be 
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a differential risk associated with TNF blockade, as observed in our study. Patients can be 

effectively screened for TB and disease prevented, while no such screening exists for NTM. 

We suspect there exists a potentially strong confounding by indication bias in our evaluation 

of NTM risk with TNF blockade, in that most patients with pulmonary NTM are those who 

have pre-existing lung disease.[26,27] It is possible that rheumatologists and other 

specialists are more likely to avoid biologic therapies in those patients with baseline severe 

underlying lung disease.

Use of the monoclonal antibodies infliximab or adalimumab, when compared to etanercept, 

have been associated with an increased risk of bacterial infections, tuberculosis and other 

granulomatous diseases in some but not all studies. [4,10,25,28–31] In addition, a variety of 

biologic mechanisms have been identified that potentially explain this risk differential.

[24,28] When evaluating our RA population, we found a similar increased risk for non-viral 

OIs, strongest among new infliximab users. Of note, we adjusted for baseline glucocorticoid 

use but did not control for time-varying risks such as differences in prednisone use or 

methotrexate after drug initiation. This avoided inappropriate adjustment for downstream 

factors that could be causally related to TNFI initiation.

Our findings must be interpreted in the light of several limitations. We relied on 

administrative data to identify diseases and outcomes, potentially resulting in 

misclassification of events. Some measures of disease activity (i.e. DAS28) were not 

available in the data set. We did not include Candida infections due to the poor specificity of 

diagnostic codes,[15] and we did not include viral infections such as herpes zoster, as it was 

the topic of another report. [32]

With use of these administrative diagnostic codes, it is also likely we underestimated 

incidence of several OIs. From a related project conducted within Kaiser Permanente that 

utilized microbiology data to find cases of TB and NTM, we found NTM diagnostic codes 

to be only 50% sensitive in detecting cases of disease.[33] For TB diagnosis in this study we 

required pyrazinamide along with a code for tuberculosis; however, analyses conducted 

using the Kaiser Permanente and TennCare data suggested that such approaches have 

suboptimal sensitivity and specificity for tuberculosis. [33,34] The ICD-9 code for TB is 

used frequently when patients are diagnosed with latent TB infection, making identification 

of active TB difficult. Despite the potential for outcome misclassification, it is unlikely that 

this would be differential by drug exposure and the incidence rates would likely be unbiased.

In conclusion, using a US multi-institutional cohort, non-viral OIs among new TNFI users 

were increased compared with initiators of alternate non-biologic DMARDS in patients with 

autoimmune diseases. Baseline corticosteroid use was associated with risk of non-viral OIs. 

Among patients with RA, infliximab was associated with an increased risk of OIs compared 

with etanercept. Pneumocystis and mycobacterial infections remain important OIs among 

patients with autoimmune diseases receiving TNFIs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2

Distribution of non-viral opportunistic infections (n=80) among new TNFI users for all disease indications1

Infection Frequency (%)

Pneumocystosis 16 (20)

Nocardiosis/Actinomycosis 12 (15)

Tuberculosis 10 (12.5)

Histoplasmosis 9 (11.3)

Nontuberculous Mycobacteria 9 (11.3)

Salmonellosis 8 (10)

Listeriosis 4 (5)

Legionellosis 4 (5)

Cryptococcosis 3 (3.8)

Endemic Fungal Infection1 1 (1.3)

Toxoplasmosis 1 (1.3)

Coccidioidomycosis 1 (1.3)

Blastomycosis 1 (1.3)

Aspergillosis 1 (1.3)

1
Only the first OI per patient is listed. One patient with TB was diagnosed with NTM several years later. That NTM case is not listed above but 

was used in analysis in Table 5.

2
Defined using ICD-9 484.7 (pneumonia in systemic mycoses).

TNFI=tumor necrosis factor-alpha inhibitor

Ann Rheum Dis. Author manuscript; available in PMC 2014 December 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Baddley et al. Page 16

Table 3

Crude incidence and risk of non-viral opportunistic infections among patients who were new users of TNFI or 

non-biologic DMARDs.

Exposures Events1 Person-
years

Crude rate
(per 1000

pyrs), 95% CI
Adjusted Hazard ratios2

Rheumatoid Arthritis

Non biologic DMARD 13 7188 1.8 (1.1, 3.1) 1.00 (Reference)

New users of TNF inhibitors 67 22213 3.0 (2.4, 3.8) 1.6 (0.9, 3.1)

Any baseline glucocorticoid use 1.7 (1.0, 2.8)

Inflammatory Bowel Disease3

AZA/6MP 9 4595 2.0 (1.0, 3.8) 1.00 (Reference)

New users of TNF inhibitors (infliximab or adalimumab) 5 2315 2.2 (0.9. 5.2) 0.97 (0.3, 2.8)

Psoriasis, Psoriatic Arthritis, Ankylosing Spondylitis

Non biologic DMARD 5 3951 1.3 (0.5, 3.0) 1.00 (Reference)

New users of TNF inhibitors 6 4116 1.5 (0.7, 3.2) 1.4 (0.3, 6.4)

Any baseline glucocorticoid use 4.7 (1.2, 19.6)

All Diseases

Comparator 27 15734 1.7 (1.2, 2.5) 1.00 (Reference)

New users of TNF inhibitors 78 28493 2.7 (2.2, 3.4) 1.6 (1.0, 2.6)

Any baseline glucocorticoid use 2.5 (1.5, 4.0)

1
Two patients had 2 OIs each documented. In analysis, only the first OI was counted as an event, totaling 78 in table above.

2
Adjusted by propensity score quintile and baseline glucocorticoid use one year prior to time zero (reference = no use), except for Inflammatory 

bowel disease model, where inclusion of steroids produced unstable estimates.

3
The model including baseline glucocorticoid use for IBD patients resulted in unstable HR estimates.

Estimates were stratified by site and all 95% CIs were based on robust Ses. TNFI=tumor necrosis factor-alpha inhibitor; DMARD=disease-
modifying anti rheumatic drug; AZA=azathioprine; 6MP=6 mercaptopurine; CI=confidence interval
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Table 4

Specific TNFI and Risk of Non-viral Opportunistic Infections in RA Patients

Exposures Events Person-years
Crude rate

(per 1000 pyrs),
95% CI

Adjusted Hazard ratios1

Comparison of Specific TNFI to Non biologic DMARD

Non biologic DMARD 13 7443 1.7 (1.0, 3.0) 1.00 (Reference)

Etanercept 13 8641 1.5 (0.9, 2.6) 0.8 (0.4, 1.8)

Any baseline glucocorticoid use 1.7 (0.7, 4.1)

Non biologic DMARD 13 7443 1.7 (1.0, 3.0) 1.00 (Reference)

Adalimumab 15 4282 3.5 (2.1, 5.8) 1.8 (0.6, 5.3)

Any baseline glucocorticoid use 2.8 (0.8, 9.9)

Non biologic DMARD 13 7443 1.7 (1.0, 3.0) 1.00 (Reference)

Infliximab 55 13,519 4.1 (3.1, 5.3) 2.6 (1.2, 5.6)

Any baseline glucocorticoid use 1.7 (0.9, 3.4)

Comparison of Specific TNFIs to Etanercept

Etanercept 13 8641 1.5 (0.9, 2.6) Reference

Adalimumab 15 4282 3.5 (2.1, 5.8) 1.8 (0.8, 4.0)

Any baseline glucocorticoid use 2.5 (0.9, 7.3)

Etanercept 13 8641 1.5 (0.9, 2.6) Reference

Infliximab 40 9263 4.3 (3.2, 5.9) 2.9 (1.5, 5.4)

Any baseline glucocorticoid use 1.6 (0.8, 3.1)

1
Adjusted by propensity score quintile and baseline glucocorticoid use one year prior to time zero (reference = no use). Estimates were stratified by 

site and all 95% CIs were based on robust Ses. TNFI=tumor necrosis factor-alpha inhibitor; DMARD=disease-modifying anti rheumatic drug; 
CI=confidence interval
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Table 5

Crude incidence and risk of mycobacterial infection among rheumatoid arthritis patients who were new users 

of TNFI or non-biologic DMARDs.

Exposures Events Person-
years

Crude rate
(per 1000 pyrs) Adjusted Hazard ratios1

Tuberculosis

Non biologic DMARD 1 6980 0.1 (0.0, 1.0) 1.00 (Reference)

New users of TNF inhibitors 8 22275 0.4 (0.2, 0.7) 4.2 (0.5, 33.5)

Nontuberculous Mycobacteria

Non biologic DMARD 4 6981 0.6 (0.2, 1.5) 1.00 (Reference)

New users of TNF inhibitors 10 22272 0.4 (0.2, 0.8) 0.9 (0.3. 3.3)

1
Adjusted by propensity score quintile. Estimates were stratified by site and all 95% CIs were based on robust Ses. TNFI=tumor necrosis factor-

alpha inhibitors; DMARD=disease-modifying anti rheumatic drug.
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