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Risk of Serious Infection in Patients With Rheumatoid 
Arthritis Treated With Biologic Versus Nonbiologic  
Disease-Modifying Antirheumatic Drugs
Gulsen Ozen,1  Sofia Pedro,2 Bryant R. England,3  Bella Mehta,4 Frederick Wolfe,2  and Kaleb Michaud5

Objective. The objective of this study is to examine the risk of serious infections (SIs) associated with biological 
disease-modifying antirheumatic drugs (bDMARDs) compared with conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs) in patients with rheumatoid arthritis (RA).

Methods. We studied patients with RA who initiated bDMARDs or csDMARDs from 2001 to 2016 in FORWARD–
The National Databank for Rheumatic Diseases. Disease-modifying antirheumatic drugs (DMARDs) were categorized 
into three groups: (1) csDMARDs (bDMARD-naïve; reference), (2) tumor necrosis factor α inhibitors (TNFis), and (3) 
non-TNFi biologics (abatacept, rituximab, tocilizumab, and anakinra). SIs were defined as those requiring intravenous 
antibiotics or hospitalization or those resulting in death. We calculated the propensity score (PS), which reflected the 
probability of receiving a specific DMARD group, and estimated the hazard ratio (HR) (with the 95% confidence inter-
val [CI]) for SI from multivariable Cox models, adjusting for PS and time-varying confounders.

Results. A total of 694 (5.9%) first SIs were identified in 11 623 patients with RA during 27 552 patient-years of 
follow-up. The SI incidence rate per 1000 patient-years was 22.4 (95% CI 19.2-26.1) for csDMARDs, 26.9 (95% CI 
24.5-29.6) for TNFis, and 23.3 (95% CI 19.0-28.5) for non-TNFi bDMARDs. Adjusted HRs for SIs were 1.33 (95% CI 
1.05-1.68) for TNFis and 1.48 (95% CI 1.02-2.16) for non-TNFi bDMARDs, compared with csDMARDs. The SI risk 
with non-TNFi bDMARDs versus TNFis was not different. Other risk factors for SI were older age, higher comorbidity 
burden (particularly pulmonary disease), higher weighted cumulative prednisone dose, disability and disease activity, 
and number of prior csDMARD failures.

Conclusion. TNFis and non-TNFi bDMARDs were associated with an increased SI risk compared with csD-
MARDs in RA, even after accounting for risk-associated patient characteristics.

INTRODUCTION

Rheumatoid arthritis (RA) is associated with increased risk of 
serious infections (SIs), which significantly contribute to increased 
overall mortality (1–3). This increased infection risk in RA has 
been attributed to complex interactions of disease-associated 
immune dysregulation, accompanying comorbidities, and use 
of immunosuppressive medications (4). With the advent of bio-
logic disease-modifying antirheumatic drugs (bDMARDs), better 
inflammation control and, consequently, reduction in associated 
morbidity and mortality have been achieved in RA (5). However, 

because of their mechanism of action, targeting key cytokines 
and cells of host immune response, concerns about infection 
risk have been raised. Several randomized clinical trials, observa-
tional studies, and meta-analyses have evaluated this issue, and 
some, but not all, have showed an increased risk of infection with 
bDMARDs compared with conventional synthetic disease-modi-
fying antirheumatic drugs (csDMARDs) with different risk magni-
tudes (2,6–16). Studies comparing the risk of infections across 
different bDMARDs, both in classes and as individual drugs, have 
also reported discordant results, although most have suggested a 
similar infection risk (6,17–21).
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Because the risk of infection in patients with RA is determined 
by both drug-specific parameters (agent, dose, and duration) 
(13,14) and patient-specific characteristics (age, sex, extra-articular  
manifestations, comorbidities, and comedications, particularly 
glucocorticoids [GCs]) (14,22), it is methodologically challenging 
to estimate bDMARD-associated infection risk without assessing 
all of these factors. Considering the significant variations of previ-
ous studies in study design and population (biologic registries and 
administrative or pharmacy data), comparator drug cohorts (csD-
MARDs or methotrexate only or one of the bDMARDs), follow-up 
duration, and assessment of confounders, further characterization 
of the risk of SI attributable to bDMARDs and other patient factors 
in RA is needed.

In this study, we assessed the risk of SIs associated with 
bDMARDs compared with csDMARDs in a US-wide observa-
tional RA cohort using propensity score (PS) analysis.

PATIENTS AND METHODS

Patients were participants in FORWARD–The National 
Databank for Rheumatic Diseases, a longitudinal prospective 
observational study (23). The study included patients with RA 
who completed at least two semiannual questionnaires and 
initiated a new course (incident users) of either bDMARDs 
(tumor necrosis factor α inhibitors [TNFis] or non-TNFi 
bDMARDs) or csDMARDs during the period of January 2001 
through December 2016. Patients with RA with a diagnosis of 
cancer during the follow-up before the diagnosis of SI were 
excluded.

Disease-modifying antirheumatic drug exposure. 
Treatment exposure was measured at enrollment and every 
6 months using comprehensive questionnaires (23). For dis-
ease-modifying antirheumatic drug (DMARD) use, we defined 
three mutually exclusive categories based on the initiated treat-
ment: 1) csDMARDs (reference) (bDMARD-naïve); 2) TNFis 
(infliximab, etanercept, adalimumab, certolizumab, and goli-
mumab), independent of other csDMARDs; and 3) non-TNFi 
bDMARDs (abatacept, rituximab, tocilizumab, and anakinra), 
independent of other csDMARDs and prior TNFi exposure. Each 
patient contributed to one specific DMARD group reached last 
during the follow-up. According to this design, as an example, 
a patient whose last DMARD was a non-TNFi bDMARD initi-
ated during the follow-up period would only contribute to the 
non-TNFi biologic group regardless of prior csDMARD-only or 
TNFi exposure periods. A diagram showing DMARD-exposure 
assignment with sample patients is provided in the Supplemen-
tary Material. Treatment categorization was based on the last 
DMARD because it reflected the trajectory of the disease pro-
cess and was a way of fixing the treatment regimen for each 
patient.

Outcome and follow-up. The primary outcome was inci-
dent SI, which was defined as an infection requiring intravenous 
antibiotics or hospitalization or resulting in death. Only SIs that 
were confirmed by medical review or death records were included 
(Supplementary Material). SIs were attributed to the correspond-
ing DMARD group when the treatment was ongoing or discontin-
ued 3 months or fewer before SI. This risk window was extended 
to 12 or fewer months for rituximab, considering its long-term 
effects on B cells (24).

Follow-up started at the time of treatment initiation with any 
of the DMARD groups mentioned previously and ended at the 
first SI, at treatment discontinuation, at death, at loss to follow-up, 
or on December 31, 2016, the study end. The risk window after 
discontinuation of a DMARD was included in the follow-up period 
for patients who discontinued therapy for a reason other than SIs.

Statistical analysis. Baseline characteristics of the 
patients with RA at the time of DMARD initiation, by future SIs 
and by DMARD group, were compared using either χ2, analysis of 
variance (ANOVA), or nonparametric tests (Kruskal-Wallis test), as 
applicable. Crude incidence rates for all patients with RA, and by 
DMARD group, were calculated by dividing the number of events 
per 1000 patient-years of follow-up and are presented with 95% 
confidence intervals (CIs).

To estimate risk differences between DMARD groups, a sur-
vival analysis was performed using a Cox proportional hazards 
model. The multiple-PS method was applied to minimize the chan-
neling bias related to baseline clinical characteristics of patients 
(25). PSs reflecting the probability of receiving csDMARDs, TNFis, 
or non-TNFi bDMARDs were calculated by using multinomial 
logistic regression models (csDMARDs vs TNFis and non-TNFi 
DMARDs). The PS was estimated based on the following charac-
teristics at the time of treatment initiation: age, sex, ethnicity (white 
vs other), insurance status (Medicare vs others), annual income, RA 
disease duration, smoking status, Rheumatic Diseases Comorbid-
ity Index (RDCI) score, Health Assessment Questionnaire (HAQ) 
score, pain and patient global assessment scores by visual ana-
logue scales (0-10), GC use (yes/no), total number of csDMARDs 
and bDMARDs used prior to the initiated DMARD in the cohort, 
prior SI history, and calendar year of treatment initiation.

Because of differences in timing of bDMARD availability for 
use, restricted cubic spline function of the calendar year was 
employed in the PS model to deal with nonlinearity. Two-way 
ANOVA for continuous variables and logistic regression models 
for binary variables were used to assess if the PSs were balanced. 
In these models, the dependent variable was each covariate, and 
the other factors were the exposure variable (DMARD group), the 
PSs, and the interaction terms between the two. The PSs were 
both used as continuous variables and as split-into quintiles. The 
nonstatistical significance of the main effects of exposure or of 
the interaction of exposure with the PS or its quintiles indicated a 
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balanced score for that covariate. The distribution of the multiple 
PSs within each treatment group was also assessed, confirming 
a substantial overlap of the PS values. All patient characteristics 
were balanced between DMARD groups after correction with the 
multiple-PS method.

To examine the SI risk associated with DMARDs, we con-
structed several multivariable models. First, the PS was added in 
the Cox models as a continuous variable instead of potential con-
founders. Second, considering the potential influence of increas-
ing age, disease duration, new comorbidities, added csDMARDs, 
disability, disease severity measures, and cumulative GC dose 
over time, time-varying age, disease duration, comorbidities, the 
HAQ score, pain and patient global assessment scores, weighted 
cumulative exposure (WCE) of GCs, and number of prior csD-
MARDs and bDMARDs were added to the Cox model along with 

the PS. As a disease activity measure, the patient activity scale 
(PAS), which is a composite index that uses the HAQ score and 
patient global assessment and pain scores, was also assessed 
in a different model. A PAS score of 3.7 or lower was defined as 
remission or low disease activity and a score greater than 3.7 was 
defined as moderate or high disease activity (26).

The WCE model for GCs (WCE-prednisone), which com-
bines information about duration, intensity, and timing of expo-
sure into a summary measure, was assessed as the weighted 
sum of past oral doses (prednisolone equivalent). The weights 
assigned to past doses were estimated using a flexible cubic 
spline-based method (27,28). The time window (past GC expo-
sure affects the current risk of SI) was determined based on the 
methodology applied by Dixon et  al (28). Details of the WCE 
model are described in the Supplementary Material.

Table 1. Characteristics of patients by DMARD group at the time of treatment initiation

Variables
csDMARDs 
(n = 2737)

TNFis,  
(n = 7210)

Non-TNFi bDMARDs 
(n = 1676) P

Age, mean (SD), y 60.3 (13.4) 59.9 (14.1) 58.9 (12.9) 0.001
Female sex, % 79.4 79.6 86.4 <0.001
White, % 93.6 94.8 93.4 0.061
Education level, mean (SD), y 13.3 (2.3) 13.5 (2.3) 14.1 (2.2) <0.001
Annual income (by $1000), mean (SD) 46.3 (30.7) 49.8 (32.5) 55.9 (33.8) <0.001
Rural residence, % 30.9 26.4 25.3 <0.001
Medicare, % 51.4 54.6 49.9 <0.001
Disease duration, mean (SD), y 15.2 (13.6) 15.9 (12.9) 17.3 (12.6) 0.002
Ever used GCs, % 49.6 61.2 77.9 <0.001
Current GC use, with doses (as

prednisone equivalents), %
   <0.001

None 64.4 64.2 47.3 …
<5 mg/d 7.3 7.3 8.5 …
5-10 mg/d 17 17.8 25.6 …
≥10 mg/d 11.3 10.7 18.7 …

Rheumatic Disease Comorbidity Index
(0-9), mean (SD)

1.9 (1.6) 1.8 (1.6) 2.1 (1.6) <0.001

Ever smoked, % 42.7 42.1 44.9 0.738
Diabetes, % 13.7 13.4 15.5 0.445
Pulmonary disease, %a 15.8 15.9 23.7 <0.001
Prior serious infection history, % 4.2 4.6 5.6 0.373
HAQ disability score (0-3), mean (SD) 1.06 (0.74) 1.13 (0.73) 1.27 (0.71) <0.001
Pain score (0-10), mean (SD) 4.0 (2.9) 4.2 (2.8) 5.0 (2.7) <0.001
Patient global assessment score (0-10),

mean (SD)
3.6 (2.5) 3.8 (2.5) 4.4 (2.5) <0.001

PAS (0-10), mean (SD) 3.7 (2.3) 3.9 (2.2) 4.5 (2.1) <0.001
No. of prior bDMARDs, mean (SD) 0.00 1.0 (0.9) 2.6 (1.2) <0.001
No. of prior csDMARDs, mean (SD) 2.0 (1.2) 2.2 (1.6) 2.9 (1.8) <0.001

Abbreviation: bDMARD, biologic disease-modifying antirheumatic drug; csDMARD, conventional synthetic disease-mod-
ifying antirheumatic drug; DMARD, disease-modifying antirheumatic drug; GC, glucocorticoid; HAQ, Health Assessment 
Questionnaire; PAS, patient activity scale; TNFi, tumor necrosis factor α inhibitor.
aPulmonary disease included chronic obstructive lung disease, asthma, and interstitial lung disease. 
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In sensitivity analyses, the PS was added to the Cox 
model as a categorical variable in quintiles because stratify-
ing on the PS quintiles of a continuous variable can alleviate 
the bias due to the measured confounders when estimating 
a treatment effect. Before using the quintiles in the models, 
we confirmed that all propensity quintiles had sufficient num-
bers in each group. Because patients in the csDMARDs group 
were required to have no prior bDMARD exposure, a PS model 
without the number of prior bDMARDs was also assessed. 
Potential interactions of different DMARDs with the comorbid-
ity burden were also tested. For this analysis, regardless of 
the comorbidity type, the RDCI (which includes lung disease, 
heart attack, other cardiovascular diseases, stroke, hyperten-
sion, fracture, depression, diabetes, cancer, and gastrointesti-
nal problems) (29) score of patients was categorized as 0 (no 
comorbidity), 1 or 2, or 3 or more. Use of csDMARDs with-
out any comorbidity was set as the reference. Additionally, SI 
risk in patients who initiated TNFis was compared with that of 
non-TNFi bDMARD initiators. Lastly, we assessed the SI risk 
with bDMARDs at different durations compared with the same 
duration of use of csDMARDs by restricting the time at risk to 
the first 3, 6, and 12 months and after 12 months of treatment.

Missing covariate data were replaced by using multiple 
imputation by chained equations to create multiple imputed data 
sets for analyses (annual income had 4% missing; all other var-
iables had less than 1% missing) (30). The proportional hazards 
assumption was assessed by testing the Schoenfeld residuals. 
No violation of the proportional hazard assumption was observed. 
All tests were two-sided and were considered statistically signif-

icant at P < 0.05. All statistical analyses were performed using 
Stata version 14.0 (StataCorp).

RESULTS

The study included 11 623 patients with RA, of whom 2 737 
were csDMARD incident users, 7 210 were TNFi incident users, 
and 1 676 were non-TNFi bDMARDs incident users. The baseline 
characteristics of the patients by DMARD group and future SI are 
presented in Table 1 and Supplementary Table 1. Patients who ini-
tiated TNFis and non-TNFi bDMARDs had significantly higher dis-
ease duration, disease activity, disability, and comorbidity scores 
than those who initiated csDMARDs at the time of treatment initi-
ation (Table 1). During the 27 552 patient-years of follow-up, 694 
(5.9%) SIs were identified, yielding a crude incidence rate of 25.2 
(95% CI 23.4-27.2) per 1000 patient-years. The incidence rate 
for the TNFi-exposed group was slightly higher than that of other 
DMARD-exposure groups (Figure 1). The cumulative incidences 
of SIs in different DMARD groups during the first 2 years of treat-
ment are also shown in Figure 1.

In PS-only–adjusted models, TNFis (hazard ratio [HR] 1.11; 
95% CI 0.91-1.34) and non-TNFi bDMARDs (HR 1.26; 95% CI 
0.95-1.68) were associated with a nonsignificant SI-risk increase, 
whereas further adjustment for time-varying confounders revealed 
significantly increased SI risk with both TNFis (HR 1.33; 95% CI 
1.05-1.68) and non-TNFi bDMARDs (HR 1.48; 95% CI 1.02-2.16) 
compared with csDMARDs (Table 2). In the assessment of SI risk 
at different treatment durations, incidence rates of SI were higher 
in the first year of the treatment compared with those in the later 

Figure 1. Cumulative incidence of serious infections by disease-modifying antirheumatic drug (DMARD) groups during the first 2 years of 
treatment. The y-axis shows the hazard of serious infection. bDMARD, biological disease-modifying antirheumatic drug; CI, confidence interval; 
csDMARD, conventional synthetic disease-modifying antirheumatic drug; TNFi, tumor necrosis factor α inhibitor.
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years of the treatment in each DMARD group (Supplementary 
Table 2). Although the number of patients and events was lower 
when the time at risk was restricted according to the treatment 
duration, we observed a trend of increased SI risk early in the 
treatment with bDMARDs versus csDMARDs compared with later 
years of the treatment (first 3 months > 6 months > 12 months > 
after 12 months) (Supplementary Table 2).

Other factors associated with the risk of SI were older age, 
lower annual income, higher comorbidity scores, pulmonary dis-
ease, higher disability and patient global assessment scores, 
being exposed to several csDMARDs previously, and higher 
weighted cumulative prednisone doses (Table 3). Also, higher dis-
ease activity was associated with increased SI risk, with an HR of 
1.18 (95% CI 1.14-1.23) for each unit increase in PAS and an HR 
of 1.82 (95% CI 1.52-2.17) for moderate or high disease activity 
compared with remission or low disease activity.

In the sensitivity analyses using PS in quintiles and PS calcu-
lated without the number of prior bDMARDs, the risk of SIs asso-
ciated with bDMARDs compared with csDMARDs was similar to 
that in primary analyses, although SI risk with TNFis did not reach 
statistical significance when the PS without the number of prior 
bDMARDs was used (Table 4). Additionally, the risk of SIs in non-
TNFi bDMARD users was not significantly different compared with 
that in TNFi users (reference) in both PS-adjusted and PS- and 
time-varying confounders–adjusted models (HR 1.14 [95% CI 
0.88-1.46]; HR 1.13 [95% CI 0.85-1.50], respectively) (Table 4).

When the interaction of DMARD type with comorbidity bur-
den was examined, csDMARD users were also found to have a 
significant SI-risk increase in the presence of RDCI scores of 3 or 
higher compared with csDMARD users with no comorbidities (HR 
3.68; 95% CI 1.95-5.94). Although TNFi and non-TNFi biologic 
users without any comorbidity still had an increased SI risk com-
pared with csDMARD users with no comorbidities (RDCI = 0 and 
TNFi use: HR 2.07 [95% CI 1.05-4.06]; RDCI = 0 and non-TNFi 
use: HR 2.95 [95% CI 1.20-7.28]), the risk was markedly higher 
in patients who had a higher comorbidity burden (RDCI score of 3 
or more and TNFi use: HR 4.49 [95% CI 2.38-8.45]; RDCI score 

of 3 or more and non-TNFi use: HR 5.15 [95% CI 2.51-10.54]) 
(Figure 2).

DISCUSSION

In this large US-wide observational cohort study, we found 
that TNFis and non-TNFi bDMARDs were associated with an 

Table 2. Risk of serious infections in RA by treatment; results from the Cox proportional hazard models with PSs and time-varying confounders

 
No. of Events/No. 

of Exposures

Incidence Rate per 
1000 Patient-Years, 

(95% CI)

Adjusted for Age 
and Sex Only, HR 

(95% CI)
Adjusted for PS 

Only, HR (95% CI)

Adjusted for PS 
and Time-Varying 
Confounders, HR 

(95% CI)a

csDMARDs 161/2737 22.4 (19.2-26.1) Reference Reference Reference
TNFis 439/7210 26.9 (24.5-29.6) 1.30 (1.00-1.44) 1.11 (0.91-1.34) 1.33 (1.05-1.68)
Non-TNFi 

bDMARDs
94/1676 23.3 (19.0-28.5) 1.07 (0.83-1.56) 1.26 (0.95-1.68) 1.48 (1.02-2.16)

Abbreviation: bDMARD, biologic disease-modifying antirheumatic drug; CI, confidence interval; csDMARD, conventional synthetic disease-modi-
fying antirheumatic drug; HR, hazard ratio; PS, propensity score; RA, rheumatoid arthritis; TNFi, tumor necrosis factor α inhibitor; WCE, weighted 
cumulative exposure.
aAdjusted for age, RA disease duration, annual income, Rheumatic Diseases Comorbidity Index, selected comorbidities (including diabetes and 
pulmonary diseases), Health Assessment Questionnaire score, pain and patient global assessment scores, cumulative GC exposure as WCE-pred-
nisone, and the number of prior csDMARDs and bDMARDs. 

Table 3. Factors associated with serious infection risk in 
rheumatoid arthritis

 
Adjusted  

HR (95% CI)a P
Age, y   

<50 Reference …
50-64 1.39 (1.03-1.89) 0.034
≥65 2.31 (1.70-3.12) <0.001

Annual income > 
$45 000

0.70 (0.57-0.84) 0.001

Rheumatic Disease 
Comorbidity Index

1.20 (1.13-1.26) <0.001

Selected 
comorbidities

  

Diabetes 1.15 (0.94-1.41) 0.174
Pulmonary disease 1.46 (1.21-1.77) <0.001

Disease duration, y 1.00 (0.99-1.01) 0.852
HAQ disability 1.27 (1.10-1.47) 0.001
Pain score 1.04 (1.00-1.08) 0.050
Patient global 

assessment score
1.06 (1.02-1.11) 0.008

WCE-prednisone 1.33 (1.22-1.45) <0.001
No. of prior 

csDMARDs
1.11 (1.05-1.17) <0.001

No. of prior bDMARDs 0.90 (0.80-1.02) 0.095

Abbreviation: bDMARD, biological disease-modifying antirheumatic 
drug; CI, confidence interval; csDMARD, conventional synthetic dis-
ease-modifying antirheumatic drug; HAQ, Health Assessment Ques-
tionnaire; HR, hazard ratio; WCE, weighted cumulative exposure.
aAdjusted for propensity scores and DMARD exposure. 
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increased risk of SI compared with csDMARDs. However, SI risk 
associated with non-TNFi bDMARDs was not significantly dif-
ferent from t SI risk associated with TNFis. Comorbidity burden 
significantly increased the SI risk observed across all treatment 
groups, but SI risk was markedly increased in patients with RA 
with high comorbidity burden who were receiving TNFis and non-
TNFi bDMARDs. We also found that older age, pulmonary dis-
ease, higher disability, higher disease activity, and cumulative GC 
exposure were predictive of SI.

Although previous studies showed an increased incidence 
of SI in patients with RA compared with the non-RA population 
(1), there are discrepancies in the literature regarding the risk of 

SI associated with bDMARDs. Randomized controlled trials of 
bDMARDs have not reported a consistent pattern of SI risk with 
different bDMARDs compared with csDMARD (7,31–35), prob-
ably because of power restraints and relatively shorter follow-up 
durations. A recent meta-analysis of 106 randomized controlled 
trials (wide range of study selection from 1992 to 2014; included 
42 330 patients with RA; also examining doses of bDMARD) 
showed a 31% increase in SI risk with standard-dose bDMARDs 
in patients with RA compared with csDMARDs, particularly in 
studies that only had 6-12 months of follow-up (13). Although 
randomized controlled trials typically include patients with higher 
disease activity and less comorbidity (36), our findings of an 
increased SI risk with bDMARDs were consistent with those found 
in this meta-analysis.

The results from several observational studies were again 
inconsistent. The observed SI risk ratio with TNFis compared 
with csDMARDs ranged between 2.4- to 1.1-fold in the studies 
that showed an increased SI risk (2,4,9,14,37–39). However, 
others reported either a risk increase only during early treat-
ment or with certain TNFis such as infliximab or no increase at 
all with TNFis (8,10,40,41). For the newer non-TNFi bDMARDs, 
there are limited observational studies examining the risk of SI. 
Similar to TNFis, some, but not all, studies reported increased 
SI risk compared with csDMARDs (HR ranged from 1.1 to 6.9) 
(6,16,19). Our findings of a 33% and 48% SI-risk increase with 
TNFis and non-TNFi bDMARDs compared with csDMARDs, 
respectively, are in keeping with those of previous studies that 
reported increased risk (2,6,9,12,14,38,39). Regarding the 
comparison of SI risk across bDMARDs, the risk we observed 
with non-TNFi bDMARDs compared with TNFis was also con-
sistent with previous studies that showed no clear risk-increase 
pattern with bDMARD type despite the selection of different 
comparator bDMARDs in each study (6,17–21).

Table 4. Sensitivity analyses: risk of serious infections by using different PSs

  csDMARDs TNFis
Non-TNFi 
bDMARDs

PS in quintiles    
Adjusted HR (95% CI) for PS only Reference 1.06 (0.87-1.28) 1.22 (0.92-1.62)
Adjusted HR (95% CI) for PS and time-varying 

confounders
Reference 1.33 (1.06-1.70) 1.53 (1.05-2.23)

PS continuous: Non-TNFi bDMARDs vs TNFis    
Adjusted HR (95% CI) for PS only … Reference 1.14 (0.88-1.46)
Adjusted HR (95% CI) for PS and time-varying 

confounders
… Reference 1.13 (0.85-1.50)

PS without the No. of prior bDMARDs    
Adjusted HR (95% CI) for PS only Reference 1.11 (0.92-1.35) 1.21 (0.92-1.59)
Adjusted HR (95% CI) for PS and time-varying 

confounders
Reference 1.39 (1.10-1.75) 1.55 (1.07-2.25)

Abbreviation: bDMARD, biological disease-modifying antirheumatic drug; CI, confidence interval; csDMARD, conven-
tional synthetic disease-modifying antirheumatic drug; HR, hazard ratio; PS, propensity score; TNFi, tumor necrosis 
factor α inhibitor; WCE, weighted cumulative exposure.

Figure 2. Hazard ratios of serious infections for the interaction 
of treatment with different disease-modifying antirheumatic drugs 
(DMARDs) and comorbidity burden. The reference is treatment 
with conventional synthetic disease-modifying antirheumatic drugs 
(csDMARDs) and having a Rheumatic Diseases Comorbidity Index 
(RDCI) (0-9) score of 0. bDMARD, biological disease-modifying 
antirheumatic drug; TNFi, tumor necrosis factor α inhibitor.
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Notably, similar findings were obtained despite substantial 
heterogeneity in study design, such as study population (bio-
logic registries or administrative/pharmacy databases) (10,14,21), 
treatment episodes (incident/prevalent use) (9,14,19,21), study 
outcomes (only bacterial or hospitalized infections not including 
death) (10,17,39), comparator groups (methotrexate only/all csD-
MARDs/different bDMARDs) (9,14,21,22), examined bDMARDs, 
included covariates (lack of disease severity measures in admin-
istrative databases), and methods for addressing confounding by 
indication (8,9,14,21,22,28).

The crude incidence rates and SI risk with bDMARDs 
compared with csDMARDs tended to be higher during the first 
months of treatment than during long-term use, although our 
sample size was small to show any significant association. Few 
observational studies using bDMARD registries also showed a 
similar trend for TNFis (2,8,40). Although bDMARDs can lead to 
a reduction in GC doses and improvement in function, which, 
in turn, may decrease SI risk, this finding should be interpreted 
cautiously because one of the reasons for SI-risk decline over 
time can be bDMARD termination or loss to follow-up in patients 
at increased risk (14).

Because this was an observational study, treatment selection 
was informed. Thus, factors that determine treatment choice may 
also influence the outcome. We minimized this potential bias by 
incorporating PS into multivariable models. PSs calculated using 
robust registry data, including demographics, comorbidities, RA 
disease severity, prior SI and csDMARD/bDMARD/GC exposure, 
and calendar year at the time of treatment initiation, were pre-
dictive of both treatment choice and risk of SI. Because the PS 
was calculated using single time-point measurements, we also 
included time-varying variables in the models to account for the 
changes in clinical factors that can alter the SI risk. Only a few stud-
ies used PS methodology, including three from biologic/clinical 
registries that reported an increased SI risk with TNFis compared 
with csDMARDs (9,12,14) and two from administrative databases 
that showed no risk increase (10,41). Besides the differences in 
covariables, study populations, and risk windows, unlike ours, all 
of these prior studies allowed patients to contribute to more than 
one treatment group, which may introduce bias. Furthermore, 
to account for the variation in timing, duration, and intensity of 
the GC exposure, we calculated WCE of GCs, which has been 
shown to be a superior method of GC-exposure assessment than 
conventional approaches (current or previous use) in examining SI 
risk (28). Our study is one of the largest observational studies to 
assess SI risk by using PS and WCE of GCs.

Our results also provide key information about the contribu-
tion of patient factors, disease characteristics, and GC use on SI 
risk in RA. As shown previously, we found that older age, a higher 
comorbidity burden (particularly the presence of pulmonary dis-
ease), worse physical disability, higher patient global assessment 
scores, a greater number of prior csDMARD failures, and cumula-
tive GC exposure were strong predictors of SI in patients with RA 

(14,28,39,42,43). Despite the lack of tender/swollen joint counts 
or acute-phase reactants, we observed about a doubled SI risk 
in patients who were in a moderate or high disease activity state 
compared with those in remission or a low disease activity state 
by PAS. The limited evidence on the influence of disease activity 
suggested that higher disease activity, measured by the 28-joint 
Disease Activity Score, was associated with increased SI risk in 
RA (44). However, our study examined this association along with 
a comprehensive DMARD- and GC-exposure assessment. Given 
the close relation between disease activity and GC use, it has also 
been shown that GC use is strongly associated with increased 
SI risk in a dose- and duration-dependent manner (28,39,42,44). 
Our results were also consistent with the previous studies when 
GC exposure was assessed as both WCE and time-varying cate-
gorical (data not shown) daily doses.

Notably, although chronic pulmonary disease was the most 
important comorbidity influencing SI risk in RA, we also observed 
that the SI risk increased substantially as the number of comor-
bidities increased, regardless of the type of comorbidities. Higher 
comorbidity burden, assessed with the RDCI, a validated comor-
bidity index (45), was a better predictor of SI than individual comor-
bidities included in the RDCI, other than pulmonary disease. This 
association between RDCI and SI was also observed when the 
patients without chronic pulmonary disease were analyzed sepa-
rately (data not shown). Earlier studies indicated increased SI risk 
with several individual comorbidities, such as pulmonary disease, 
diabetes, and kidney disease (14,39,42,43); however, so far, only 
one study assessed comorbidity burden using the number of 
comorbidities and reported no association with SI risk (39). Eval-
uating comorbidity burden in RA is critical to achieving optimal 
long-term outcomes because of an increasing prevalence of mul-
tiple chronic conditions and an aging population.

Our study has some limitations. First, we intentionally 
limited our analysis to DMARD-initiators and did not allow 
patients to contribute to multiple treatment groups. Although 
this method provided a less biased approach, it decreased 
our sample size and prohibited us from examining individual 
bDMARDs and site-specific infections. Second, we evaluated 
only the first SI for each patient. However, this approach limited 
the bias resulting from bDMARD discontinuation caused by an 
SI development. Third, as an observational study, there is the 
potential that channeling bias and unmeasured confounding 
occurred. However, using PS, time-varying disease severity 
measures, and patient characteristics–adjusted multivariable 
models should have decreased this bias. Lastly, we may not 
have captured all SIs because patients who are possibly in 
better health may be more likely to participate in FORWARD–
The National Databank for Rheumatic Diseases than those 
who are frail and at higher risk of infection. This participation 
bias can also explain our relatively lower SI incidence rates. 
However, the design of the analysis and the inclusion of com-
parison arms helped mitigate complications with data capture.
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In conclusion, we observed that TNFis and non-TNFi 
bDMARDs were associated with an increased SI risk in RA com-
pared with csDMARDs, with no difference in SI risk between 
TNFis and non-TNFi bDMARDs. SI risk was also associated 
with older age, comorbidity burden, pulmonary disease, higher 
disability, higher disease activity, and cumulative GC exposure. 
Our study both strengthens the evidence of increased SI risk 
with bDMARDs and indicates that patient characteristics also 
determine SI risk. Therefore, despite the efficacy of bDMARDs 
in reducing disease activity, disability, and, potentially, GC expo-
sure, the risk/benefit ratio should be weighed carefully when 
treating patients with RA, particularly older individuals with 
multiple comorbidities and disability, with bDMARDs. Patients 
should be monitored closely for symptoms and signs of infec-
tion, and assessment and possible modification of risk factors 
should be continued throughout the bDMARD treatment.
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