
Heart Failure in Rheumatoid Arthritis:
Rates, Predictors, and the Effect of

Anti–Tumor Necrosis Factor Therapy

Frederick Wolfe, MD, Kaleb Michaud, MS

PURPOSE: We sought to determine the frequency of heart fail-
ure in patients with rheumatoid arthritis, and to determine its
predictors, particularly the use of anti–tumor necrosis factor
(TNF) therapy.
METHODS: Rheumatoid arthritis (n � 13,171) and osteoar-
thritis (n � 2568) patients were studied during a 2-year period
ending in June 2002. The diagnosis of heart failure was based on
self-report or review of medical records. Propensity scores were
used to adjust for the risk of anti-TNF (infliximab and etaner-
cept) prescription.
RESULTS: Heart failure was more common among patients
with rheumatoid arthritis (3.9% [n � 461]) than in those with
osteoarthritis (2.3% [n � 87]), after adjusting for differences in

demographic characteristics. Patients with rheumatoid arthritis
had similar risk factors for heart failure (e.g., hypertension,
prior myocardial infarction, diabetes, advanced age) as persons
in population-based studies. Heart failure was significantly (P
�0.05) less common in anti-TNF–treated patients (3.1% [180/
5832]) than in the remaining patients (3.8% [281/7339]), even
after adjusting for baseline differences. In the absence of pre-
existing cardiovascular disease, the risk of heart failure was low
(0.4% [24/6251]) and was not related to anti-TNF therapy.
CONCLUSION: Our results suggest that rheumatoid arthritis
increases the risk of heart failure, which may be ameliorated by
anti-TNF therapies. Am J Med. 2004;116:305–311. ©2004 by
Excerpta Medica Inc.

There is now substantial evidence that rheumatoid
arthritis is associated with increased cardiovascu-
lar morbidity and mortality (1–12). Cardiovascu-

lar manifestations of rheumatoid arthritis include peri-
carditis, myocardial infarction, and heart failure (13),
perhaps including diastolic dysfunction (14). Although
the risk of myocardial infarction appears to be increased,
little is known about the risk of heart failure in rheuma-
toid arthritis. Heart failure is of special interest because
the failing heart produces tumor necrosis factor (TNF),
but the normal heart does not (15). Although the effects
of circulating TNF-� on cardiovascular function are un-
certain (15–18), data from murine heart failure models
support the theory that blockade of circulating TNF may
ameliorate ventricular dysfunction (19,20). However,
clinical trials of TNF blockade in patients with advanced
heart failure have shown little benefit or even harm
(17,21,22). It is not known whether anti-TNF therapy,
which is being used increasingly in the treatment of rheu-
matoid arthritis, affects the risk of heart failure in these
patients.

The purpose of this report was to determine the prev-
alence of heart failure in patients with rheumatoid arthri-

tis, in comparison with patients with osteoarthritis; to
determine the factors associated with heart failure; and to
study the effects of anti-TNF therapy on the risk of heart
failure.

METHODS

Subjects were participants in the National Data Bank for
Rheumatic Diseases study of the outcomes of arthritis.
Patients are recruited for this ongoing study from the
practices of U.S. rheumatologists (23–25), and are fol-
lowed with semiannual questionnaires. Approximately
8% of patients decline to participate per year. This report
includes 13,171 rheumatoid arthritis patients (including
3862 who were enrolled as part of an infliximab safety
registry) who completed 35,064 biannual questionnaires
during consecutive 6-month assessment periods ending
in June 2002. In addition, data from 2568 patients with
osteoarthritis of the hip or knee who were enrolled simi-
larly were also analyzed for comparison.

At each assessment, demographic and clinic variables
are obtained (26 –35). Patients report all comorbid con-
ditions, medications, and side effects of treatment. We
obtained a history of pre-existing cardiovascular illness,
current and previous hypertension, myocardial infarc-
tion, and other cardiovascular conditions. We asked spe-
cifically, “During the last 6 months were you diagnosed or
treated for heart failure?” We also requested and reviewed
records for all hospitalizations. Patients reporting heart
failure were interviewed by the research staff using a stan-
dardized, written protocol. A diagnosis of heart failure
was considered valid if the patient provided data indicat-
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ing that a physician diagnosed heart failure, or if the di-
agnosis was supported by medical records or physician
contact. Reports of heart failure were found to be valid in
more than 90% of cases. Incident cases of heart failure
were defined as those occurring in persons without a his-
tory of cardiovascular disease, including the use of car-
diovascular medications.

Statistical Analyses
Each study observation relates to events that occurred in
the previous 6-month period; patients had between one
and four such observations. Of these, one observation
was chosen for study. For patients with heart failure, we
selected the first observation when heart failure was
present. For patients without heart failure, a random ob-
servation was chosen.

Propensity scores were used to adjust for nonrandom
assignment to treatment (36 –38). Variables used in con-
structing the propensity score were Health Assessment

Table 1. Characteristics of the Patients with Rheumatoid Arthritis (N � 13,171)

Characteristic Number (%) or Mean � SD

Age (years) 61 � 13
Male sex 3015 (23)
Married 9039 (69)
Nonhispanic white 12,308 (94)
At least high school graduate 11,712 (89)
Income ($) 46,000 � 28,800
Disease duration (years) 14.9 � 11.1
Lifetime comorbidity score (scale, 0 to 11) 2.4 � 1.7
Body mass index (kg/m2) 27.5 � 6.3
Use of cardiovascular medication(s) 6797 (52)
History of hypertension 6190 (47)
Any cardiovascular history 6849 (52)
Treatment

Methotrexate 7386 (56)
Prednisone 5160 (39)
Infliximab 4307 (33)
Hydroxychloroquine 2590 (20)
Leflunomide 2316 (18)
Etanercept 1680 (13)
Sulfasalazine 761 (6)
No DMARD or anti-TNF agent* 4307 (14)

Severity and status (scale)
Health Assessment Questionnaire disability index (0–3) 1.1 � 0.7
Rheumatoid Arthritis Disease Activity Index (0–10) 3.6 � 2.1
Pain (0–10) 3.9 � 2.8
Global severity (0–10) 3.6 � 2.5
Fatigue (0–10) 4.5 � 2.9
Depression (0–10) 2.5 � 1.8
SF-36 physical component score (0–100) 32.1 � 10.3
SF-6 utility index (0–1) 0.62 � 0.1
EuroQol-5D utility (0–1) 0.63 � 0.2

* DMARDs include methotrexate, sulfasalazine, hydroxychloroquine, leflunomide, oral and injectable gold,
azathioprine, and cyclosporine.
DMARD � disease-modifying antirheumatic drug; SF � short form; TNF � tumor necrosis factor.

Figure. Frequency of heart failure in 13,171 rheumatoid arthritis
patients stratified by age and sex. Bars represent 95% confidence
intervals. Numbers for each age group represent the numerator/
denominator by sex. Rates increase with age (P �0.001) and are
always greater in men than in women (P �0.001).
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Questionnaire disability index, pain, global severity,
prednisone use, age, age squared, and sex.

Two sets of potential covariates were used. In one an-
alytic model, variables were ‘lagged’ from data of the pre-
vious observation for each patient; thus, the covariates
were measured ‘before’ the heart failure outcome (or the
random observation in those without heart failure). For
approximately one third of patients, lagged variables were
not available, and variables from the current observation
were used based on the assumption that disability index,
pain, and global severity had similar effects regardless of
whether they came before or after the event. However, to
assess the validity of this assumption, analyses were also
conducted after excluding patients without lagged vari-
ables. Because results were very similar regardless of
method, we report results from the first model including
all participants.

Adjustment to the demographic characteristics of the
general population was made using Monte Carlo simula-
tions with 1000 repetitions (39). This method was also
used to adjust the frequency of heart failure in osteoar-
thritis patients. All statistical analyses were performed us-
ing Stata (College Station, Texas), version 7.0 (40). This
study was approved by the Via Christi Regional Medical
Center Institutional Review Board, Wichita, Kansas.

RESULTS

The majority of the patients with rheumatoid arthritis
were white women (Table 1); about half had a history of

cardiovascular disease. About one third were treated with
infliximab, reflecting the inclusion of patients in the in-
fliximab safety registry. By comparison, patients with os-
teoarthritis were older (mean [� SD] age, 67 � 12 years),
less likely to be male (18% [n � 482]), and slightly more
likely to have graduated from high school (92% [n �
2350]) than were those with rheumatoid arthritis.

There were 461 cases of heart failure among the 13,171
patients with rheumatoid arthritis, including 42 incident
cases of which 24 occurred in patients without previous
cardiovascular disease history. The frequency of heart
failure in the rheumatoid arthritis cohort was 5.2% in
men and 3.0% in women, for an overall risk of 3.5%.
Increased age was associated with a greater frequency of
heart failure (Figure). Of the 2568 patients with osteoar-
thritis, 87 (3.4%) had heart failure. After adjusting for
demographic characteristics, the risk of heart failure was
3.9% (95% confidence interval [CI]: 3.4% to 4.3%) in
patients with rheumatoid arthritis compared with 2.3%
(95% CI: 1.6% to 3.3%) in those with osteoarthritis.

In general, the factors associated with the presence of
heart failure among patients with rheumatoid arthritis were
similar to those in the general population (Table 2). Several
measures of disease, including the disability index, pain, and
global severity, were also associated with the prevalence and
incidence of heart failure (Table 2).

Effects of Anti-TNF Therapy
There were significant differences between nearly all of
the characteristics of patients who were and were not

Table 2. Univariate Correlates of Heart Failure in Rheumatoid Arthritis Patients

Variable
All Heart Failure
(n � 461 Cases)

Incident Cases of
Heart Failure Only

(n � 42 Cases)

Odds Ratio (95% Confidence Interval)

Hypertension (ever) 2.6 (2.1–3.2)
Myocardial infarction (last 6 months) 16.1 (11.0–23.7)
Myocardial infarction (ever) 6.6 (5.4–8.0)
Diabetes 3.4 (2.7–4.3) 2.1 (0.9–5.1)
Body mass index per 10-unit increase 1.3 (1.1–1.5) 1.6 (1.0–2.7)
Body mass index �25 kg/m2 1.2 (1.0–1.5) 1.4 (0.6–3.2)
Male sex 1.8 (1.4–2.1) 1.7 (0.9–3.3)
Current or past smoker 1.6 (1.3–1.9) 1.8 (1.0–3.5)
Disability index per unit increase (lagged) 2.1 (1.8–2.5) 2.8 (1.5–5.2)
Disability index �0 (lagged) 4.2 (2.2–8.2) NA*
Age (per 10-year increase) 1.8 (1.7–2.0) 1.6 (1.2–2.1)
Education

High school graduate Reference Reference
0–8 years 1.7 (1.1–2.7) 1.5 (0.3–6.3)
8–11 years 1.6 (1.2–2.1) 1.5 (0.6–3.7)
13–15 years 0.7 (0.5–0.9) 0.4 (0.1–1.0)
�16 years 0.7 (0.5–0.9) 0.5 (0.2–1.1)

* All incident cases of heart failure had a disability index �0 at previous observation.
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treated with anti-TNF therapy (Table 3). There were also
differences between patients treated with infliximab ver-
sus etanercept (Table 3), suggesting that infliximab-
treated patients had worse clinical status and slightly
lower socioeconomic status.

Among all cases of heart failure (both prevalent and
incident), patients receiving anti-TNF therapy were less
likely to have heart failure than were those not receiving
anti-TNF treatment. These differences became even
greater after covariate adjustment: the frequency of heart
failure was 1.2% lower in anti-TNF–treated patients in
adjusted analyses.

There were no significant differences in the risk of in-

cident heart failure by use of anti-TNF therapy, although
the numbers of cases were small (Table 4).

Of patients receiving infliximab, 47.8% (2057/4307)
had a history of cardiovascular disease compared with
54.4% (4820/8864) of those not receiving infliximab. We
therefore performed sensitivity analyses by adding prior
cardiovascular history to the models. For all cases of heart
failure, the adjusted frequency of heart failure was 2.8%
in those treated with anti-TNF therapies, versus 3.9% in
the remaining patients (P � 0.03). Among incident cases
of heart failure, the risks were 0.2% in both groups (P �
0.68). When limited to observations prior to the U.S.
Food and Drug Administration’s warning of increased

Table 3. Characteristics of Patients by Type of Treatment

Variable
Anti-TNF*
(N � 5832)

Infliximab
(N � 4152)

Etanercept
(N � 1525)

No Anti-TNF
(N � 7339) P Value†

Number (%) or Mean � SD

Age (years) 60 � 12 61.5 � 13.0 56.7 � 12.1 61.5 � 13.0 �0.001
Male sex 1283 (22) 955 (23) 310 (20) 1725 (24) 0.06
Nonhispanic white 5540 (95) 3998 (96) 1408 (92) 6759 (92) �0.001
Married 3966 (68) 2703 (65) 1127 (74) 5101 (70) 0.01
High school graduate 5097 (87) 3558 (85) 1400 (92) 6605 (90) �0.001
Total income ($) 46,800 � 29,100 43,300 � 28,100 53,000 � 29,800 45,500 � 28,700 0.02
Disease duration (years) 14.2 � 10.7 13.8 � 10.7 15.2 � 10.5 15.5 � 11.4 �0.001
Lifetime comorbidity score (0–11) 2.2 � 1.6 2.1 � 1.5 2.5 � 1.8 2.5 � 1.8 �0.001
Health Assessment Questionnaire

disability index (0–3)
1.2 � 0.7 1.2 � 0.7 1.1 � 0.7 1.0 � 0.7 �0.001

Rheumatoid Arthritis Disease
Activity Index (0–10)

3.7 � 2.1 3.7 � 2.1 3.6 � 2.1 3.5 � 2.2 �0.001

Pain (0–10) 4.2 � 2.8 4.2 � 2.8 3.9 � 2.7 3.8 � 2.8 �0.001
Global severity (0–10) 3.8 � 2.5 3.8 � 2.5 3.5 � 2.5 3.4 � 2.5 �0.001
Fatigue (0–10) 4.7 � 2.8 4.8 � 2.8 4.6 � 2.9 4.3 � 2.9 �0.001
Depression (0–10) 2.6 � 1.8 2.6 � 1.8 2.5 � 1.8 2.4 � 1.8 �0.001
Physical component score (SF-36) 31.0 � 9.9 30.7 � 9.9 31.6 � 10.1 32.8 � 10.4 �0.001
SF-6 utility index (0–1) 0.61 � 0.09 0.61 � 0.09 0.61 � 0.0 0.63 � 0.1 �0.001
EuroQol-5D utility index (0–1) 0.60 � 0.21 0.60 � 0.21 0.61 � 0.2 0.64 � 0.2 �0.001
Treatment

Methotrexate 3907 (67) 3135 (76) 669 (44) 3479 (47) �0.001
Prednisone 2729 (47) 2151 (49) 593 (39) 2429 (33) �0.001
Hydroxychloroquine 816 (14) 561 (14) 239 (16) 1769 (24) �0.001
Leflunomide 793 (14) 544 (13) 223 (15) 1519 (21) �0.001
Sulfasalazine 280 (5) 195 (5) 79 (5) 84 (7) �0.001
Etanercept 1680 (29) 0 1525 (100) 0
Azathioprine 152 (3) 112 (3) 29 (2) 132 (2) 0.003
Injectable gold 58 (1) 42 (1) 15 (1) 161 (2) �0.001
Minocycline 58 (1) 33 (1) 23 (2) 139 (2) �0.001
Anakinra 41 (1) 25 (1) 11 (1) 44 (1) 0.52
Cyclosporine 17 (0) 17 (0) 0 29 (0) 0.22
Auranofin 6 (0) 4 (0) 3 (0) 15 (0) 0.002
Penicillamine 6 (0) 8 (0) 0 37 (1) 0.27
Cyclophosphamide 0 0 0 7 (0) 0.20

* Patients that received both etanercept and infliximab are included here.
† Comparing anti-TNF with no anti-TNF.
SF � Short Form; TNF � tumor necrosis factor.
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heart failure with anti-TNF use, the adjusted frequency of
heart failure was 3.6% (n � 1555) in those treated with
anti-TNF therapies versus 4.3% (n � 4034) in the re-
maining patients (P � 0.16).

We also examined incident cases of heart failure occur-
ring in patients under the age of 50 years. No increase was
found (0/1569 patients using anti-TNF therapy vs. 3/1401
not using anti-TNF therapy).

DISCUSSION

Our results suggest that—at least as compared with pa-
tients who had osteoarthritis—the prevalence of heart
failure is increased among patients with rheumatoid ar-
thritis. However, we found no increase in heart failure
among patients receiving anti-TNF therapy. Because of
recent concerns about the risk of anti-TNF therapy
among patients without a history of cardiovascular dis-
ease (41), we also looked at patients �50 years of age and
found no evidence of harmful effects.

The overall increase in heart failure among rheuma-
toid arthritis patients may be related to increased inflam-
matory activity, perhaps leading to premature arterio-
sclerosis. Potential explanations include endothelial
dysfunction and injury (42– 44), lipid abnormalities and
atherogenic lipoprotein factors (45– 47), adhesion mole-
cules (48), and proinflammatory cytokines, including in-
terleukin 1 and TNF (17,18,49). Indeed, clinical markers
of inflammation have been associated with cardiovascu-
lar mortality and morbidity in these patients (50).

There is growing recognition that TNF-� is involved in
the inflammatory process in rheumatoid arthritis and

cardiac disease, and that anti-TNF therapy may be effec-
tive (15,16,18,42). Several trials have evaluated the effects
of anti-TNF therapy in patients with severe heart failure.
However, the Research Into Etanercept: Cytokine Antag-
onism in Ventricular Dysfunction (RECOVER) (N�900),
Randomized Etanercept North American Strategy to Study
Antagonism of Cytokines (RENAISSANCE) (N � 900),
and Randomized Etanercept World Wide Evaluation (RE-
NEWAL) (N � 1500) trials of etanercept as treatment for
heart failure were stopped due to the lack of efficacy
(21,22,51). In addition, there was a nonstatistically signifi-
cant increase in mortality among patients with heart failure
in the Anti-TNF Alpha Therapy Against CHF (ATTACH)
(N � 150) trial who received infliximab therapy (10 mg/kg)
when compared with placebo (21,51). These data raise con-
cerns about the use of infliximab or etanercept in patients
with symptomatic heart failure (17).

Because most of our results were based on prevalent
cases of heart failure, it is possible that infliximab was less
likely to be given to patients with known heart failure,
particularly in view of the U.S. Food and Drug Adminis-
tration’s warning. Indeed, fewer patients receiving inflix-
imab had a history of cardiovascular disease than those
not receiving infliximab. When we adjusted for previous
history, however, we continued to find no increase in
heart failure in patients treated with anti-TNF agents.

In summary, heart failure is more common in rheuma-
toid arthritis patients than in those with osteoarthritis.
Rheumatoid arthritis activity and severity measures were
associated with heart failure, whereas patients receiving
anti-TNF therapy were less likely to have heart failure.

Table 4. Adjusted and Unadjusted Rates of Heart Failure by Treatment*

Outcome
All Anti-TNF†

(n � 5832)

Infliximab
(n � 4152)

Percentage (N)
Etanercept
(n � 1525)

No Anti-TNF
(n � 7339)

All heart failure
Unadjusted 3.1 (180) 3.2 (134) 2.6 (40) 3.8 (281)
Adjusted 2.8 2.6 2.9 3.4 to 3.9‡

Difference from no anti-TNF
(95% confidence interval)

�1.2% (�1.9% to �0.5%) �1.4% (�2.2% to �0.6%) �0.5% (�1.5% to 0.4%)

Incident heart failure (n � 3003) (n � 2162) (n � 768) (n � 3248)
Unadjusted 0.4 (12) 0.5 (10) 0.3 (2) 0.4 (12)
Adjusted 0.2 0.2 0.3 0.2 to 0.3‡

Difference from no anti-TNF
(95% confidence interval)

�0.1% (�0.1% to 0%) �0.1% (�0.1% to 0%) 0% (0% to 0.1%)

* All heart failure refers to heart failure occurring in patients with or without a history of previous cardiovascular disease, including use of cardio-
vascular medications. Incident heart failure refers to heart failure occurring in persons without any history of cardiovascular disease, including use of
cardiovascular medications. Adjusted rates were based on use of a propensity score.
† Includes patients that took both infliximab and etanercept
‡ Adjusted rates vary because propensity scores varied in the three comparison groups.
TNF � tumor necrosis factor.
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