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Objective. Comorbidities in rheumatoid arthritis (RA) can influence treatment selection, impact treatment persis-
tency, and increase health care costs. This study assessed the magnitude of comorbidity burden via epidemiology
(incidence and prevalence) and associated costs of select comorbidities in RA patients: anemia, malignancy, venous
thromboembolism (VTE), major adverse cardiovascular events (MACE), and infections, stratified by history of
disease-modifying antirheumatic drug (DMARD) exposure.

Methods. From the IQVIA PharMetrics® Plus database, we selected adult patients with RA (2 or more RA diagnostic
codes at least 30 days apart) at initiation of a new DMARD (DMARD-naïve), after the first conventional synthetic
DMARD (csDMARD) or after the first biologic DMARD (bDMARD). We assessed pre-index prevalence (percentage)
and on-treatment incidence (per 100 patient-years [P100PY]) of the aforementioned comorbidities. For patients with
versus without incident conditions, we compared total all-cause health care costs as unadjusted and adjusted for
baseline characteristics and health care costs.

Results. Prior to initiating a new treatment, among DMARD-naïve patients (N = 28,201), csDMARD switchers
(N = 7,816), or bDMARD switchers (N = 4,656), the overall prevalence ranged from 14.1% to 16.2% (anemia), from
1.3% to 5.2% (malignancy, evaluated in csDMARD and bDMARD switchers), from 1.5% to 2.1% (VTE), from 1.8% to
2.9% (MACE), and from 66.6% to 76.1% (infections). Once on index treatment, overall incidence (P100PY) among
the cohorts ranged from 6.9 to 8.9 (anemia), from 2.0 to 2.3 (malignancy), from 0.7 to 0.9 (VTE), from 1.6 to 2.0
(MACE), and from 77.4 to 87.7 (infections). The incident comorbidities (except herpes zoster) were associated with
increased adjusted health care costs.

Conclusion. Anemia, malignancy, VTE, MACE, and infections affect patients with RA at all stages of their treatment
journey and are associated with increased health care costs.

INTRODUCTION

American College of Rheumatology (ACR) 2021 guidelines
on rheumatoid arthritis (RA) disease management recommend
initiating treatment with a conventional synthetic disease-

modifying antirheumatic drug (csDMARD) and giving consider-
ation to a patient’s comorbidity history (1). After a failure (the
development of side effects or the lack or loss of effectiveness)
on the first csDMARD, the ACR recommends csDMARD combi-
nation therapy, a biologic DMARD (bDMARD), or a Janus kinase
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inhibitor (JAKi) (1). If the patient fails treatment on a bDMARD,
guidelines recommend switching to another bDMARD or a
JAKi (1).

The emergence of JAKi for the treatment of RA stimulated
discussions around assessing risk of venous thromboembolisms
(VTEs), anemia, and infections such as herpes zoster (HZ) (2–5).
Estimates for comorbidities frequently associated with DMARD
therapies exist for malignancies (6,7), VTE (deep-vein thrombosis
[DVT] or pulmonary embolism [PE]) (8–10), major adverse cardio-
vascular events (MACE) (11,12), infections (2–5,13,14), and ane-
mia (15–18). However, contemporary estimates are lacking by
treatment history.

The presence of these comorbidities may lead to treatment
discontinuation and increased health care costs. The treatment
of acute VTE incurs substantial added direct medical costs (19).
Cardiovascular disease, including acute myocardial infarction
(MI) and ischemic stroke, is also associated with high direct costs
(20). Patients with RA and concomitant anemia exhibit longer
hospital stays, undergo more procedures, and incur higher hospi-
talization costs than patients without anemia (21). The presence
of comorbidities can also lead to DMARD switching, which is
associated with increased health care costs (22). Given the
potential impact of these comorbidities on RA management and
health care costs, understanding their burden in the real world
can help optimize treatment decisions.

RA clinical trials often select DMARD-naïve patients or
patients who previously failed a csDMARD or bDMARD (23). Clin-
ical trials are required to report the incidence of adverse events
including anemia, malignancy, VTE, MACE, and infections. How-
ever, narrow inclusion and exclusion criteria in clinical trials are
not representative of real-world populations (23, 24), and retro-
spective observational studies can help expand the understand-
ing of the complexity of patient comorbidities beyond the limits
of clinical trial participation.

Reports of the real-world incidence, prevalence, and eco-
nomic burden of anemia, malignancy, VTE, MACE, and infections
in patients with RA are outdated and ignore DMARD exposure
history (6,15,25–27). This study aimed to investigate the baseline
prevalence of, on-treatment incidence of, and costs associated
with the comorbidities—anemia, malignancy, VTE, MACE, and
infections—in RA patients stratified by history of DMARD expo-
sure and by initiated treatment.

METHODS

Data source. This retrospective cohort analysis used data
from the IQVIA PharMetrics® Plus database, a fully adjudicated
commercial medical and pharmacy (including Medicare Advan-
tage) health insurance claims database, which contains data for
approximately 40 million children and adults in the United States
annually. In compliance with the Health Insurance Portability and
Accountability Act, patient data were de-identified; therefore,

informed consent and institutional review board approval were
unnecessary.

Patient population and study duration. We defined
three study cohorts based on patient history of DMARD expo-
sure. The DMARD-naïve cohort comprised patients with RA
newly initiating a DMARD treatment, defined as no evidence of
DMARD therapy during the 1-year pre-index period. csDMARD
switchers included patients who received a csDMARD
(as monotherapy or combined with another csDMARD) as their
first regimen and then switched to or added another DMARD
(as monotherapy or combined with a csDMARD). bDMARD
switchers included patients who received a first bDMARD and
then switched to another targeted immunomodulator treatment
regimen (with or without a concomitant csDMARD). In some
instances, the cohorts were nested within each other; some
DMARD-naïve patients moved into the csDMARD switcher cohort
and then moved into the bDMARD switcher cohort.

Between 1 January 2011 and 31 March 2017, we identified
adult patients with RA, defined as two or more International
Classification of Diseases, Ninth Revision–Clinical Modification
(ICD-9-CM) codes (714.0, 714.1, 714.2, 714.4, 714.81) or ICD-
10-CM codes (M05, M06) for RA occurring at least 30 days apart
and at least 12 months prior to index date (Supplementary Fig-
ure 1). Exclusion criteria included evidence of pregnancy at any
point in the study, evidence of autoimmune disease during the
pre-index period or index date, and (specific to the DMARD-naïve
cohort) pre-index presence ofmalignancy. Supplementary Table 1
lists inclusion and exclusion criteria for each cohort.

Index date was defined as the date that patients initiated their
first DMARD (for the DMARD-naïve cohort), another DMARD ther-
apy after the first csDMARD (csDMARD switchers), or another tar-
geted therapy after the first bDMARD (bDMARD switchers). All
patients had continuous health plan enrollment for 12 months
prior to (pre-index) and at least 12 months after index date (fol-
low-up). Follow-up ended at disenrollment or the end of the study
period, whichever occurred first.

Initiated treatment classes included csDMARD (hydroxy-
chloroquine sulfate, leflunomide, methotrexate, or sulfasalazine),
tumor necrosis factor-α inhibitors (TNFi; adalimumab, certolizu-
mab pegol, etanercept, golimumab, or infliximab), non-TNFi
bDMARD (abatacept, rituximab, sarilumab, and tocilizumab),
and JAKi (tofacitinib citrate). Monotherapy was defined as initia-
tion and continued use of a single DMARD for at least 30 days
post-index without overlap with another DMARD agent in the ini-
tial 30 days post-index. Combination therapy was defined as at
least 30 days of overlapping use of a DMARD agent and one or
two additional csDMARDs, with the overlap starting within
30 days after the index date. No refill within 60 days after finishing
a prescription’s supplied days signified a treatment discontinua-
tion, a designation that prioritized the supply status of the biologic
or JAKi agent in combination scenarios.
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Demographic and clinical characteristics. Patient
baseline demographics (age and sex) and clinical characteristics
(duration of RA, Deyo-Charlson comorbidity index [DCCI] [28], and
prevalence of comorbidities of interest) were reported for all cohorts.

Comorbidities of interest included anemia (excluding heredi-
tary hemolytic anemias), malignancies (excluding nonmelanoma
skin cancers), DVT, PE, VTE (DVT or PE or both), two- and four-
part nonfatal MACE (two-part: nonfatal MI and nonfatal stroke;
four-part: nonfatal MI, nonfatal stroke [including hemorrhagic
and ischemic stroke and transient ischemic attack], hospitaliza-
tion for heart failure, and hospitalization for unstable angina), and
infections (including serious infections, opportunistic infections,
and HZ). Anemia was defined by ICD-9-CM or ICD-10-CM diag-
nosis codes or documented use of anemia medication (iron, vita-
min B12, erythropoietin). MACE were defined by ICD-9-CM or
ICD-10-CM diagnosis codes. Infections were defined by ICD-
9-CM or ICD-10-CM diagnosis codes or documented use of anti-
biotics, antifungals, or antivirals. Serious infections were defined
as inpatient admission or emergency department visit with an
infection diagnosis (in any position) or outpatient visit with infec-
tion diagnosis and use of intravenous (IV) antibiotics, IV antifun-
gals, or IV antivirals. Opportunistic infections and HZ were
defined by ICD-9-CM or ICD-10-CM diagnosis codes. Unless
otherwise specified, a single occurrence of an associated diag-
nostic code qualified as occurrence of a comorbidity.

Pre-index prevalence referred to the proportion of patients
with a specified comorbidity within the 12months prior to the index
date. On-treatment incidence rates were assessed among patients
without the comorbidity of interest in the 60 days prior to index date

(for VTE, MACE, and infection) or in the 1-year pre-index period (for
anemia and malignancy). The incidence rates (per 100 patient-
years [P100PY]) were calculated as the number of patients with
new events divided by the total time (patient-years) from index date
until the earliest among the following: first event of interest, end of
index treatment, end of follow-up, or end of study.

Health care costs included the negotiated amount that a
health plan had agreed to pay a provider. Total costs comprised
all medical and pharmacy claims accrued over the duration of
the index therapy. Medical costs denoted costs for all inpatient
and outpatient medical services provided including diagnostics,
office visits, and procedures, but did not include the costs of
medications dispensed from a pharmacy.

Statistical analyses. Baseline demographic and clinical
characteristics for each cohort (total and stratified by monother-
apy and combination therapy) were summarized using descriptive
statistics. Prevalence and incidence rates of comorbidities were
reported for all patients and were stratified by monotherapy and
combination therapy in each cohort.

t tests (continuous variables) and χ2 or Fisher’s exact test (cate-
gorical variables) compared baseline demographics, clinical charac-
teristics (including prevalence and incidence of comorbidities), and
treatment patterns between themonotherapy and combination ther-
apy groups. Within monotherapy and within combination regimens,
an analysis of variance test compared prevalence among DMARD
classes, and univariate Poisson regression models compared inci-
dence rates among DMARD classes. For all analyses, a P value less
than 0.05 was considered statistically significant.

Table 1. Patient baseline demographics and clinical characteristics

All Patients
Index:

Monotherapy Index: Combination Therapya P Valueb

DMARD-naïve
N 28,201 26,261 1,940
Age, mean (SD), years 52.9 (10.9) 53.0 (10.9) 52.7 (10.6) 0.3876
Sex, female, n (%) 20,597 (73.0) 19,158 (73.0) 1,439 (74.2) 0.2415
Duration of RA, mean (SD), years 0.6 (1.0) 0.6 (1.0) 0.7 (1.1) <0.0001
DCCI, mean (SD) 1.2 (1.1) 1.2 (1.1) 1.1 (1.0) 0.2381
csDMARD-switchers
N 7,816 2,947 4,869
Age, mean (SD), years 52.5 (10.4) 52.5 (10.6) 52.6 (10.2) 0.7258
Sex, female, n (%) 5806 (74.3) 2248 (76.3) 3558 (73.1) 0.0017
Duration of RA, mean (SD), years 1.0 (1.0) 1.1 (1.1) 0.9 (1.0) <0.0001
DCCI, mean (SD) 1.5 (1.0) 1.5 (1.0) 1.4 (0.9) 0.0906
bDMARD-switchers
N 4,656 2,149 2,507
Age, mean (SD), years 52.4 (10.3) 52.0 (10.7) 52.8 (9.8) 0.0041
Sex, female, n (%) 3,627 (77.9) 1,678 (78.1) 1,949 (77.7) 0.7801
Duration of RA, mean (SD), years 1.8 (1.3) 1.8 (1.3) 1.8 (1.2) 0.9634
DCCI, mean (SD) 1.6 (1.1) 1.6 (1.1) 1.6 (1.0) 0.0778

a Combination therapy is defined as the addition of an RA therapy to the index therapy within 30 days after the index date, with continuation of
the index therapy.
b P value for comparison of monotherapy and index combination therapy group was calculated using t test for continuous variables and χ2 or
Fisher’s exact test for categorical variables.
Abbreviations: bDMARD, biologic DMARD; csDMARD, conventional synthetic DMARD; DCCI, Deyo-Charlson comorbidity index; DMARD,
disease-modifying antirheumatic drug; RA, rheumatoid arthritis; SD, standard deviation.
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Unadjusted mean total annualized per-patient per-year
(PPPY) all-cause health care costs in 2017 US dollars accumu-
lated during the index treatment were compared between
patients with and without incidence of each type of comorbidity.
Generalized linear models with gamma distribution and log link
function adjusting for index regimen and baseline

characteristics (demographics, clinical history, and cost) esti-
mated the impact of various baseline characteristics on PPPY
costs associated with each incident comorbidity. The estimated
adjusted total cost differences were calculated via the recycled
prediction method (29). Analyses used SAS® version 9.4 (SAS
Institute Inc.).
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Figure 1. Pre-index prevalence of select comorbidities by index treatment in DMARD-naïve patients (A), csDMARD switchers (B), and bDMARD
switchers (C). *Malignancy excludes nonmelanoma skin cancers, and presence of malignancy was an exclusion criterion for the DMARD-naïve
cohort. †Anemia excludes hereditary hemolytic anemia. ‡Four-part MACE includes nonfatal MI, nonfatal stroke, hospitalization for heart failure,
and hospitalization for unstable angina. bDMARD, biologic DMARD; csDMARD, conventional synthetic DMARD; DMARD, disease-modifying anti-
rheumatic drug; JAKi, Janus kinase inhibitor; MACE, major adverse cardiovascular events; MI, myocardial infarction; TNFi, tumor necrosis factor-α
inhibitor; VTE, venous thromboembolism.
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RESULTS

DMARD-naïve cohort

Patient baseline demographics and clinical characteristics.Within
the DMARD-naïve cohort (N = 28,201; Supplementary Figure 2),

the majority of patients were female, the mean age was
52.9 years (Table 1), and the mean DCCI was 1.2.

Pre-index prevalence and on-treatment incidence.
Anemia, malignancies, DVT, PE, MACE, and infections were
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Figure 2. Incidence (95% confidence interval) while on index treatment of select comorbidities by index treatment in DMARD-naïve patients (A),
csDMARD switchers (B), and bDMARD switchers (C). *Malignancy excludes nonmelanoma skin cancers. †Anemia excludes hereditary hemolytic
anemia. ‡Four-part MACE includes nonfatal MI, nonfatal stroke, hospitalization for heart failure, and hospitalization for unstable angina. bDMARD,
biologic DMARD; csDMARD, conventional synthetic DMARD; DMARD, disease-modifying antirheumatic drug; JAKi, Janus kinase inhibitor;
MACE, major adverse cardiovascular events; MI, myocardial infarction; P100PY, per 100 patient-years, TNFi, tumor necrosis factor-α inhibitor;
VTE, venous thromboembolism.
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prevalent in patients with RA in the 12 months prior to initiating
their first DMARD, with the exception of zero baseline preva-
lence of VTE and two- and four-part MACE in patients who ini-
tiated JAKi combined with csDMARD (Figure 1,
Supplementary Figure 3, and Supplementary Tables 2-4). After
initiating index treatment, all examined comorbidities occurred
in the DMARD-naïve cohort, with a P100PY incidence of 8.9
for anemia, 2.3 for malignancy, 0.8 for VTE (0.7 for DVT, 0.3
for PE), 1.6 for two-part MACE, 1.9 for four-part MACE, and
77.4 for infections (Figure 2, Supplementary Figure 4, and Sup-
plementary Tables 5-7).

Health care costs. Total mean unadjusted health care
costs were higher for patients with the examined comorbidities
than for patients without them (Supplementary Table 8). After

adjusting for baseline differences, total health care costs for
patients with comorbidities were higher than costs for patients
without the comorbidity, for all examined comorbidities. For
patients with DVT, PE, malignancy, or serious infection, costs
were more than 2 times higher than costs for patients without
each of those comorbidities (Table 2). The effects of factors other
than comorbidities on adjusted health care costs are summarized
in Supplementary Tables 9-11.

csDMARD switchers

Patient baseline demographic and clinical charac-
teristics. csDMARD switchers (N = 7,816; Supplementary Fig-
ure 2) were predominately female, had a mean (SD) age of
52.5 years (Table 1), and had a mean DCCI of 1.5.

Table 2. Adjusted per-patient per-year total health care costs in patients with and without DVT, PE, malig-
nancy, anemia, infection, or MACE while on index therapy

Comorbidity of Interest
Cost With

Comorbidity
Cost Without
Comorbidity

Cost Ratio
(95% CI) P Value

DMARD-naïve
Anemia, mean PPPY $30,364 $15,956 1.90 (1.82-1.99) <0.0001
Malignancya, mean PPPY $47,908 $17,821 2.69 (2.49-2.90) <0.0001
DVT, mean PPPY $36,958 $18,128 2.04 (1.77-2.35) <0.0001
PE, mean PPPY $46,991 $18,180 2.58 (2.06-3.24) <0.0001
Infection, mean PPPY $19,634 $13,594 1.44 (1.41-1.48) <0.0001
Serious infection, mean PPPY $37,714 $15,932 2.37 (2.28-2.46) <0.0001
Opportunistic infection, mean PPPY $25,706 $17,994 1.43 (1.35-1.51) <0.0001
HZ, mean PPPY $22,533 $18,389 1.23 (1.12-1.34) <0.0001
Two-part MACEb, mean PPPY $54,885 $17,592 3.12 (2.87-3.40) <0.0001
Four-part MACEc, mean PPPY $61,811 $17,256 3.58 (3.32-3.87) <0.0001
csDMARD-switchers
Anemia, mean PPPY $50,097 $26,959 1.86 (1.74-1.99) <0.0001
Malignancya, mean PPPY $81,779 $28,565 2.86 (2.55-3.22) <0.0001
DVT, mean PPPY $60,430 $28,927 2.09 (1.68-2.60) <0.0001
PE, mean PPPY $77,942 $29,000 2.69 (1.94-3.73) <0.0001
Infections, mean PPPY $32,431 $22,774 1.42 (1.36-1.49) <0.0001
Serious infection, mean PPPY $52,935 $26,723 1.98 (1.88-2.09) <0.0001
Opportunistic infection, mean PPPY $39,239 $28,947 1.36 (1.25-1.47) <0.0001
HZ, mean PPPY $30,638 $29,515 1.04 (0.92-1.17) 0.5429
Two-part MACEb, mean PPPY $59,545 $28,850 2.06 (1.83-2.32) <0.0001
Four-part MACEc, mean PPPY $60,270 $28,741 2.10 (1.87-2.35) <0.0001
bDMARD-switchers
Anemia, mean PPPY $64,944 $51,920 1.25 (1.19-1.32) <0.0001
Malignancya, mean PPPY $78,968 $52,877 1.49 (1.37-1.63) <0.0001
DVT, mean PPPY $67,624 $53,464 1.26 (1.09-1.47) 0.0025
PE, mean PPPY $92,635 $53,435 1.73 (1.38-2.17) <0.0001
Infections, mean PPPY $53,658 $49,163 1.09 (1.06-1.13) <0.0001
Serious infection, mean PPPY $66,967 $51,402 1.30 (1.25-1.35) <0.0001
Opportunistic infection, mean PPPY $58,926 $53,424 1.10 (1.04-1.16) 0.0004
HZ, mean PPPY $56,183 $53,737 1.05 (0.96-1.13) 0.2876
Two-part MACEb, mean PPPY $79,109 $53,018 1.49 (1.37-1.63) <0.0001
Four-part MACEc, mean PPPY $86,347 $52,673 1.64 (1.51-1.78) <0.0001

a Malignancy excludes nonmelanoma skin cancer.
b Two-part MACE includes nonfatal MI and nonfatal stroke.
c Four-part MACE includes nonfatal MI, nonfatal stroke, hospitalization for heart failure, and hospitalization for
unstable angina.
Costs are calculated for the duration of index treatment in 2017 US dollars.
Abbreviations: bDMARD, biologic DMARD; CI, confidence interval; csDMARD, conventional synthetic DMARD;
DMARD, disease-modifying antirheumatic drug; DVT, deep vein thrombosis; HZ, herpes zoster; MACE, major
adverse cardiovascular events; MI, myocardial infarction; PE, pulmonary embolism; PPPY, per-patient per-year.
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Pre-index prevalence and on-treatment incidence.
All the examined comorbidities of special interest manifested
in the csDMARD switcher cohort in the 12 months prior to
switching to their next treatment (Figure 1, Supplementary Fig-
ure 3, and Supplementary Tables 2-4). New cases of all comor-
bidities presented while on index treatment (Figure 2,
Supplementary Figure 4, and Supplementary Tables 5-7), with
overall on-treatment P100PY incidence rates of 7.9 for anemia,
2.1 for malignancy, 0.6 for DVT, 0.3 for PE, 0.7 for VTE, 1.7 for
two-part MACE, 1.9 for four-part MACE, and 79.4 for
infections.

Health care costs. In csDMARD switchers, mean unad-
justed and adjusted total health care costs for patients with malig-
nancy, anemia, DVT, PE, MACE, serious infection, or
opportunistic infection were higher than for those without these
conditions (Table 2 and Supplementary Table 10). Adjusted costs
increased by more than 2-fold for patients with DVT, PE, and
malignancy compared with patients unaffected by these comor-
bidities (Table 2). Other factors were also associated with change
in adjusted health care costs and are summarized in Supplemen-
tary Tables 9-11.

bDMARD switchers

Patient baseline demographics and clinical charac-
teristics. Among bDMARD switchers (N = 4,656; Supplemen-
tary Figure 2), most patients were female, the mean age was
52.4 years (Table 1), and the mean DCCI was 1.6.

Pre-index prevalence and on-treatment incidence.
During the 12 months pre-index, each examined comorbidity
was prevalent in bDMARD switchers (Figure 1, Supplementary
Figure 3, and Supplementary Tables 2-4). While on index treat-
ment, patients experienced new cases of comorbidities, with inci-
dence rates P100PY of 6.9 for anemia, 2.0 for malignancy, 0.7 for
DVT, 0.3 for PE, 0.9 for VTE (for cohorts receiving JAKi, whether
as monotherapy or combination, the incidence of VTE was 0),
1.7 for two-part MACE, 2.0 for four-part MACE, and 87.7 for
infections (Figure 2, Supplementary Figure 4, and Supplementary
Tables 5-7).

Health care costs. Mean total PPPY unadjusted and
adjusted health care costs for bDMARD switchers with anemia,
malignancy, DVT, PE, MACE, any infections, and serious and
opportunistic infection subtypes were higher than for those with-
out these conditions (Table 2 and Supplementary Table 11). The
highest increase in adjusted costs was for patients with PE,
whose costs increased by a factor of 1.73 compared with
patients not diagnosed with this comorbidity. The effects of addi-
tional factors on adjusted health care costs are summarized in
Supplementary Tables 9-11.

DISCUSSION

This study explored comorbidities frequently associated with
RA therapies and their associated prevalence, incidence, and
costs at different stages of the treatment journey and by initiated
therapy. Patients with RA were affected by anemia, malignancy
(except for DMARD-naïve patients, for whom baseline malignancy
was an exclusion criterion), VTE, MACE, and infections in the
12 months before initiating their first DMARD treatment and
before switching from their first csDMARD or bDMARD to their
next treatment. While on index treatment, all cohorts developed
incident cases of these comorbidities, which varied by the type
of initiated treatment.

These comorbidities were associated with economic bur-
den. In most cases, their incident occurrences were associated
with increased crude and adjusted health care costs. The
increase in unadjusted total costs primarily involved medical
costs, likely resulting from the need for provider visits and addi-
tional monitoring. The adjusted analyses showed that incident
occurrence of the comorbidities examined were associated with
increased cost (except for HZ), with PE, malignancies, and MACE
associated with the most substantial increases in cost. Inciden-
tally, the cost models showed differences in total health care
costs by initiated DMARD regimens.

Our analysis revealed a pre-index prevalence of VTE ranging
from 0% to 3.7% and an on-treatment incidence rate ranging
from 0.7 to 0.9 P100PY. When examining patients prior to initiat-
ing a JAKi, pre-index VTE prevalence ranged from 0% to 3.7%.
On-treatment incidence was 0 for all JAKi regimens for all cohorts
except for JAKi plus csDMARD in bDMARD switchers, who had
an incidence of 1.1 P100PY. In comparison, a cohort study in a
UK primary care medical record database reported the preva-
lence of VTE in RA as 4.2% (incidence 0.7 P100PY) in patients
not receiving a DMARD and 4.7% (0.8 P100PY) in patients on
DMARD therapy (30), whereas a US commercial claims study
reported incidence rates of 0.3 to 0.6 P100PY (10). Our calcu-
lated rates of VTE in JAKi monotherapy were unexpectedly low
in the context of our overall findings and the black box warning
issued by the US Food and Drug Administration for the JAKi tofa-
citinib, baricitinib, and upadacitinib. The warning states the risk of
thrombosis—including DVT, PE, and arterial thrombosis—and
recommends that the drugs be used with caution in patients with
risk factors for thrombosis (such as prior history of thrombosis or
use of estrogen-based therapies). However, our findings could
be due to the small number of patients on JAKi identified in the
study selection.

Patients with RA may be at an increased risk for malignancy,
potentially due to a link between chronic inflammation and malig-
nant transformation or the suppression of anticancer immunosur-
veillance by the RA treatment regimen (6,31). In the current study,
we observed overall malignancy incidence of 2.0 to 2.3 P100PY.
The incidence of malignancy in published reports is somewhat
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lower than our estimates. For instance, an analysis of data from a
large-scale US longitudinal observational study found an overall
incidence of all malignancies of 1.3 P100PY (32). A UK study in
bDMARD-naïve patients who initiated a csDMARD treatment reg-
imen reported overall malignancy incidence of 1.37 P100PY (33),
whereas a cohort study using administrative databases from two
US states and one Canadian province found incidence rates
ranging from less than 0.1 to 1.4 P100PY for patients on a
csDMARD and from 0.1 to 1.1 P100PY for patients on a
bDMARD (34).

Anemia commonly affects patients with RA (15), and associ-
ated changes in hemoglobin levels may result in additional moni-
toring, further diagnostic workups, and modifications to
treatment regimen. Within our study, the pre-index prevalence of
anemia ranged from 7.5% to 29.1%, and on-treatment incidence
ranged from 4.6 to 10.7 P100PY. In comparison, other real-world
studies have reported a prevalence of anemia in patients with RA
at approximately 7% to 23% (35–37). Importantly, we observed
that the prevalence of anemia was consistent across all patient
cohorts, suggesting a constant need for management of this
comorbidity with any RA treatment.

Patients with RA experience frequent infections. The real-
world analysis presented here demonstrates an overall incidence
of 77.4, 79.4, and 87.7 in DMARD-naïve patients, csDMARD
switchers, and bDMARD switchers, respectively, whereas the
incidence rate of serious infection was 8.9, 9.5, and 12.1
P100PY for DMARD-naïve patients, csDMARD switchers, and
bDMARD switchers, respectively (Supplementary Table 6). A
population-based study of 609 patients with RA in Rochester,
MN, found an incidence rate of infections of 19.6 P100PY,
whereas a systematic review of 106 published clinical trials in
42,330 patients with RA (19.8% csDMARD-naïve, 68.9%
csDMARD-experienced, and 11.3% TNFi-experienced) found an
incidence rate for serious infections of 2 to 5.5 P100PY (13, 38).
The higher incidence reported in this study than previously pub-
lished results further underscores the need for appropriate man-
agement of this comorbidity.

The ACR guidelines encourage the use of a csDMARD com-
bination regimen over the use of bDMARD or targeted synthetic
DMARD for the treatment of patients with RA with previous seri-
ous infections (1). This study showed a prevalence for serious
infection of approximately 10% to 15% during the pre-index
period for patients in all three cohorts receiving index TNFi treat-
ment, suggesting that guidelines are not always followed.

In a clinical study, patients who began treatment with the
JAKi tofacitinib 2 to 3 weeks after receiving a live HZ vaccine
had a similar immune response to the vaccine as patients who
received placebo (5). Of note, a non-live adjuvanted varicella-
zoster virus glycoprotein E recombinant subunit vaccine received
US Food and Drug Administration approval on 20 October 2017
and could potentially prove beneficial to patients with RA on an
immunosuppressive treatment regimen (39,40). Despite the high

risk of infection and guideline recommendations, vaccination
rates for HZ are reported to range from 1% to 21% (41,42). In
Medicare claims, incidence of HZ in bDMARD-experienced
patients who began a new bDMARD regimen ranged from 1.6
to 2.5 P100PY (42). The type of bDMARD was not associated
with a significant change in HZ incidence, whereas HZ vaccination
prior to new bDMARD initiation was associated with lower HZ
incidence than no vaccination (42). These estimates of vaccina-
tion rates and HZ incidence—along with the incidence of HZ in
the current study (ranging from 1.5 to 2.2)—suggest that, overall,
there is an unmet need for HZ prevention in the RA population,
both in terms of appropriate preventive options and their execu-
tion in clinical practice.

Patients with RA have an elevated risk of MACE compared
with the general population (11,12). Better control of RA disease
activity over time is associated with reduced MACE risk (43),
though traditional risk factors such as hypertension and diabetes
are more prevalent in patients with RA than in the general popula-
tion (26). In this study, the most inclusive composite MACE out-
come, four-part MACE, had a pre-index prevalence ranging from
2.0% to 2.9% and on-treatment incidence rate of 0.6 to 0.7
P100PY. Our study also identified differences in MACE incidence
among DMARD classes, which a previous study did not (44). In
the literature, estimates of MACE incidence in patients with RA
vary, perhaps due, in part, to differing definitions of composite
outcomes. One retrospective cohort study estimated MACE inci-
dence in patients with RA to be 2.67 per 1,000 patient-years
(25), and another estimated cardiovascular event incidence to be
7.8 per 1,000 patient-years (43). Analysis of records from a data
repository found incidence of MACE in patients with RA to be
9.6 per 1,000 patient-years (26).

The results of this study should be interpreted in the context
of its limitations. A potential limitation of the study is generalizabil-
ity: because sample selection focused on patients with RA who
used DMARDs, it may not reflect the epidemiology of RA patients
who have not initiated DMARDs. This study did not quantify the
added comorbidity burden in RA relative to such burdens in the
general population, nor those associated with normal aging.
Within the JAKi class, we examined only tofacitinib because bar-
icitinib and upadacitinib became available in the United States
after the predetermined study period. Some conditions, such as
anemia, may be underreported if hemoglobin levels were not
tested or only over-the-counter therapies were used in managing
the condition. Patients could have self-managed upper respira-
tory infections without interacting with health care services.
Claims-based analyses do not account for the full range of clinical
characteristics that may affect the occurrence and economic
impact of these comorbidities in RA. For example, laboratory val-
ues or severity of comorbidities were not available to indicate the
level of management needed, such as the stage of malignancy,
localization of infection, or whether anemia affected oxygen satu-
ration levels. Unobserved factors and interactions among the
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comorbidities may have affected cost estimates but were not
captured by the models. For instance, malignancy may increase
the risk of anemia, infection, and VTE, with an increase in associ-
ated costs. Future research can examine how specific health
care resources contribute to cost differences. Current study
strengths include the large sample size representative of the US
insured population and the inclusion of different patient cohorts
defined by treatment histories consistent with clinical trial
programs.

In conclusion, because anemia, malignancies, DVT, PE,
MACE, and infections can affect patients at each step of the treat-
ment journey, their prevalence, incidence, and associated cost
should be factored into the selection of the most optimal RA treat-
ment to alleviate clinical and cost burdens.
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