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                                 ABSTRACT 
  Objective   To examine the association of cardiovascular 

events with tumour necrosis factor (TNF) α antagonist 

use compared with non-biological disease-modifying 

antirheumatic drug (DMARD) utilisation in patients with 

rheumatoid arthritis (RA).  

  Methods   The study population included 10 156 patients 

enrolled in the Consortium of Rheumatology Researchers 

of North America RA registry. Three study cohorts were 

defi ned based on three mutually exclusive drug use 

categories, including TNF antagonists, methotrexate 

and other non-biological DMARDs. HR were calculated 

adjusting for cardiovascular risk factors, RA disease 

characteristics and prednisone use. The primary study 

outcome was a composite of non-fatal myocardial 

infarction (MI), transient ischaemic attack (TIA) or stroke 

and cardiovascular-related death.  

  Results   There were 88 cardiovascular events, including 

26 MI, 45 TIA/strokes and 17 cardiovascular-related 

deaths. After adjusting for age, gender, cardiovascular 

risk factors and RA disease characteristics, patients 

using a TNF antagonist experienced a reduced risk of the 

primary composite cardiovascular endpoint (HR 0.39, 

95% CI 0.19 to 0.82) compared with users of non-

biological DMARDs. Methotrexate was not associated 

with a reduced risk (HR 0.94, 95% CI 0.49 to 1.80). 

Prednisone use was associated with a dose-dependent 

increased risk (p=0.04). The risk reduction associated 

with TNF antagonists was also observed for non-fatal 

cardiovascular events (HR 0.35, 95% CI 0.16 to 0.74).  

  Conclusion   TNF antagonist use was associated with a 

reduced risk of cardiovascular events in patients with RA.      

 Epidemiological studies have established that 
rheumatoid arthritis (RA) is associated with an 
increased risk of premature cardiovascular disease 
including myocardial infarction (MI) and cardio-
vascular-related mortality.  1  –  5   This heightened risk 
is not completely attributable to traditional car-
diovascular risk factors, and there is growing evi-
dence that infl ammatory mediators contribute to 
the risk.  6  –  8   Moreover, recent studies indicate that 
infl ammation plays a key role in atherosclerosis 
among patients without an underlying infl amma-
tory disease.  9  –  11   

 Tumour necrosis factor (TNF) α antagonists 
have been a major advance in the treatment of RA, 
with randomised controlled trials demonstrating 
signifi cant reductions in pain and improvement 
in function.  12     13   TNF antagonists reduce levels of 

pro-infl ammatory cytokines in synovial tissue and 
in the systemic circulation.  14   In addition to reduc-
ing C-reactive protein in patients with RA, TNF 
antagonists modify established cardiovascular 
risk factors, including insulin resistance and lipid 
metabolism.  15  –  17   However, trials of TNF antago-
nists have not been designed to study cardiovascu-
lar endpoints and have insuffi cient power to detect 
modest benefi ts in relatively uncommon outcomes, 
such as MI. 

 Whereas short-term assessments of the effect of 
TNF antagonists on surrogate markers of cardiovas-
cular risk have demonstrated benefi cial effects,  18  –  20   
published studies examining the association of 
TNF antagonists with the risk of cardiovascular 
events have predominantly failed to demonstrate 
a reduced risk.  5     21  –  23   Investigators from the UK 
concluded that TNF antagonists do not reduce the 
risk of MI overall, but may reduce the risk in the 
subset of patients achieving a clinical response.  21   
However, promising results for improving cardio-
vascular outcomes with TNF antagonist use have 
been reported by two European studies.  24     25   

 The objective of the present study was to inves-
tigate the incidence of cardiovascular events among 
RA patients treated with TNF antagonists, metho-
trexate, other non-biological disease-modifying 
antirheumatic drugs (DMARDs) and prednisone 
in a large US-based cohort. We utilised data from 
the Consortium of Rheumatology Researchers of 
North America (CORRONA) registry. 

  METHODS 
  Study design 
 We conducted a longitudinal cohort study of 
RA patients enrolled in the CORRONA registry. 
Details of the CORRONA registry have been 
published previously.  26     27   Both participating rheu-
matologists and patients complete detailed clini-
cal assessment forms at enrolment and follow-up 
study visits, which are completed at the time of 
a routine clinical encounter. Drug utilisation data 
are captured at each visit for both non-biological 
and biological DMARDs, as well as established 
physician and patient-derived RA disease activ-
ity outcomes, such as individual components of 
the American College of Rheumatology response 
criteria.  28   Comorbidities, including cardiovascu-
lar risk factors and incident adverse events are 
also recorded by the treating rheumatologist. 
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  Endpoints 
 The primary outcome for this study was a composite cardio-
vascular endpoint of incident non-fatal MI, non-fatal stroke 
or transient ischaemic attack (TIA) and cardiovascular-related 
death. Secondary outcomes included non-fatal MI and stroke/
TIA evaluated as a composite of non-fatal cardiovascular events, 
as well as individual outcomes. Incident cardiovascular events 
were defi ned as physician-reported cardiovascular events ascer-
tained at a study visit that were subsequently confi rmed by the 
reporting investigator site. Deaths were reported by the investi-
gator site as part of the study protocol, and the cardiovascular-
related attribution of the death was determined by the treating 
rheumatologist. 

 After confi rmation of the reported events by the treating 
rheumatologist, the validity of the physician-confi rmed cardio-
vascular events was determined by a three-person adjudication 
committee consisting of two board-certifi ed cardiologists and an 
internal medicine specialist. For this adjudication, we requested 
hospital records for all cardiovascular events reported during the 
study period. The adjudication committee reviewed all cases 
of MI, stroke, TIA and cardiovascular-related deaths reported 
by participating rheumatologists for which hospital records or 
source documents were available. All events were classifi ed into 
one of four possible categories: defi nite, probable, possible and 
unlikely cardiovascular events. Events adjudicated as defi nite 
or probable were considered as true events for the purposes of 
validation. Case defi nition criteria for MI and TIA/stroke were 
applied by the adjudication committee as previously defi ned 
and implemented in a multicentred clinical trial with cardiovas-
cular adjudication.  29   

 Hospital records including discharge summaries were obtained 
on the majority (42/71, 59%) of the confi rmed non-fatal cardio-
vascular events. For the 42 adjudicated cardiovascular events, 14 
(33%) events were adjudicated as defi nite, 26 (62%) as prob-
able, one (2%) as possible and one (2%) as unlikely. Defi nite 
and possible events were categorised as true events, with a 
positive predictive value of 95% for cardiovascular events. The 
positive predictive value for MI was 94% and 96% for stroke/
TIA. Death certifi cates were not collected as part of the study 
protocol, and thus case validation was limited to non-fatal car-
diovascular events.  

  RA treatment exposure 
 Individual DMARD utilisation data, including both non- biological 
and biological agents, were collected prospectively using clinical 
assessment forms completed at each study visit. The index date 
for calculating drug exposure was the fi rst recorded study visit 
at which the physician reported prescribing the drug, except for 
subjects with non-biological or biological DMARD use noted at 
baseline. Ongoing non-biological or biological DMARD use at 
baseline was included in the exposure assessment. A sensitiv-
ity analysis considered only new use of DMARDs. If the drug 
was started or stopped between study visits, the midpoint of 
the time interval was utilised. This assumption was varied in 
sensitivity analyses. When DMARD exposures changed during 
follow-up, these subsequent exposure periods were included. 
The same subject could thus contribute person time to more 
than one exposure category, each with a distinct index date. 

 We categorised DMARD use into the following hierarchy of 
three mutually exclusive exposure categories: (1) TNF antago-
nist use (monotherapy or combination therapy with non-bio-
logical DMARDs including methotrexate); (2) methotrexate use 
(monotherapy or combination therapy with other non- biological 
DMARDs but not TNF antagonists); or (3) other non- biological 

Follow-up assessments are performed during routine clinic vis-
its approximately every 3 months, at which time interim events 
and medication changes are recorded. The study was approved 
by the institutional review boards of participating academic 
sites and a central institutional review board for community-
based private sites and all patients sign informed consent before 
participation.  

  Study population 
 The study population included patients enrolled in the 
CORRONA registry from 1 October 2001 until 31 December 
2006 who were diagnosed with RA by their treating rheumatol-
ogist and had a minimum of two study visits. The CORRONA 
registry includes a network of 268 participating academic and 
community rheumatologists at 103 sites in 35 states within the 
USA. CORRONA is a disease-based registry. Access to and use 
of biological DMARDs in the USA varies depending on patient 
insurance and study period. In our study, TNF antagonists were 
prescribed to 43% of the study population. All patients with 
a diagnosis of RA or psoriatic arthritis treated by participating 
rheumatologists are eligible. At enrolment, current drug utilisa-
tion is captured, and new drug starts are captured whenever pre-
scribed during follow-up. Patients with a diagnosis of psoriatic 
arthritis were excluded from this study. Patients with a previ-
ous history of cardiovascular disease, as well as patients with 
no previous cardiovascular history, were included in the study. 
A fl ow chart of eligible and selected patients for this study can 
be found in  fi gure 1 .   

Total patients
enrolled in

CORRONA registry
N=17974 

Patients enrolled 
after 12/31/06

N=5295

Patients enrolled
10/01/01 to 12/31/06

N=12679

Other rheumatic 
diagnoses

N=1711

RA diagnosis
N=10986

RA patients
N=10870

Patients with ≥1
longitudinal follow-up

study visits
N=10156 

Dual diagnosis of RA 
& Psoriatic Arthritis

N=116

Patients without 
longitudinal follow-up

study visits
N=714

  Figure 1     Study population fl owchart. RA, rheumatoid arthritis.    
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events. Second, we limited the analysis to new use periods for 
the DMARD exposures, rather than ongoing or prevalent peri-
ods. A third sensitivity analysis limited the cohort to rheuma-
toid  factor-positive RA subjects. Fourth, we re-ran the primary 
model, forcing in baseline clinical disease activity index (CDAI) 
scores. We selected CDAI to minimise the number of patients 
that would be excluded due to missing ESR or C-reactive protein 
values. Fifth, we excluded patients with previous cardiovascular 
disease from the model. Sixth, we re-ran the model and broke 
out the TNF antagonist cohort into monotherapy versus com-
bination therapy (concomitant non-biological DMARD use). 
Because precise dates were not available for the start and stop 
dates for some DMARD use periods and for some cardiovascular 
events, we varied these dates to test our assumptions. In addi-
tion, we varied the allowable period between the last visit with 
a reported drug exposure and a cardiovascular-related death; 
180 days was chosen for the primary analysis, with shorter 
and longer periods allowed in sensitivity analyses. Additional 
sensitivities varying the drug exposure category for patients 

DMARDs, excluding methotrexate and TNF antagonists. 
Individual patients could contribute person-years of exposure 
to different drug cohorts over time, but drug exposure for each 
study interval was assigned to one of the three categories. Other 
non-biological DMARDs excluding methotrexate were grouped 
together. 

 Because prednisone was prescribed to patients across the three 
study cohorts, prednisone use was evaluated as a covariate at 
the index date and stratifi ed into three dose categories: (1) non-
use; (2) use of 1–7 mg daily; and (3) ≥7.5 mg daily. Person time 
refl ecting utilisation of other biological agents including anak-
inra, abatacept and rituximab were excluded from the analysis.  

  Other covariates 
 The following covariates were evaluated for the statistical 
models: demographics (age, gender, race, body mass index, 
education), cardiovascular risk factors (physician-reported his-
tory of hypertension, diabetes, previous MI, stroke or coronary 
artery disease, treated dyslipidaemia, current tobacco use) and 
RA-specifi c factors (rheumatoid factor status, RA disease dura-
tion, presence of nodules, disease activity level and physical 
function defi ned by the modifi ed health assessment question-
naire score).  30   The disease activity score in 28 joints (DAS28) 
utilising the physician-derived 28 tender and swollen joint 
counts, patient global assessment visual analogue scale score 
and erythrocyte sedimentation rate (ESR) was calculated as 
previously defi ned.  31   Non-steroidal anti-infl ammatory drug 
(NSAID) covariates included naproxen, other non-selective 
NSAID and cyclooxygenase-2 selective inhibitors. Aspirin was 
also included. All covariates were evaluated at the visit coincid-
ing with the index date and were updated if subjects changed 
exposure category.  

  Statistical analysis 
 Characteristics of the three exposure cohorts were compared, 
allowing subjects to contribute person time to more than one 
cohort. Incidence rates were calculated for each DMARD expo-
sure cohort. All patients were followed until one of the following 
occurred: end of the study period, withdrawal from the registry, 
a non-fatal cardiovascular outcome or death. Cox proportional 
hazard regression models were constructed to assess the RR 
associated with TNF antagonist use and methotrexate use com-
pared with the non-biological DMARDs. Standard errors were 
corrected using a robust sandwich estimator to account for mul-
tiple observations from the same subject. 

 The primary model examined the composite cardiovascular 
endpoint, and secondary models examined non-fatal events as 
a composite, as well as MI and TIA/stroke individually. All inci-
dent cases of MI, TIA/stroke and cardiovascular-related deaths 
occurring within 180 days of the last study visit were included 
in the primary model. Age, gender, cardiovascular risk factors, 
NSAID covariates, prednisone dose and DMARD exposure 
cohorts were included in all models. RA-related factors were 
considered for model inclusion based on a backward selection 
routine using a p value threshold to enter the model of 0.2. 
RA-related factors with a p value of less than 0.1 were included 
in all fi nal models. Fully adjusted models were run for the com-
posite endpoint (including cardiovascular-related deaths), non-
fatal MI and TIA/stroke as a composite outcome and then MI 
and TIA/stroke as individual outcomes. 

 A number of additional sensitivity analyses were conducted. 
First, we limited the analysis to patients with hospital records 
that were adjudicated to have defi nite or probable cardiovascular 

  Table 1     Baseline characteristics according to medication exposure 
period  

 

 TNF 
antagonist* 
(N=4684) 

 Methotrexate† 
(N=4969) 

 Non-methotrexate 
non-biological 
DMARDs (N=1785) 

No of unique patients‡ 4361 4016 1406
Demographics
 Female gender 3598 (76.9) 3687 (17.1) 1343 (75.3)
 Age (years, mean (±SD)) 56.3±15.1 59.09±14.6 58.6±14.3
 Race (white) 4244 (90.6) 4555 (91.7) 1662 (93.1)
 Educational level (college) 2314 (52.8) 2128 (45.7) 821 (48.7)
 BMI, mean (±SD) 28.1±9.0 28.0±9.1 27.5±8.6
RA-related variables
  Duration of RA, median (years 

(IQR))
8 (13) 6 (12) 6 (12)

 Rheumatoid factor positive 2319 (74.0) 2456 (70.9) 900 (71.8)
 Radiographic erosions 1387 (57.4) 1288 (48.7) 399 (43.3)
 Rheumatoid nodules 1115 (23.8) 915 (18.4) 349 (19.5)
 DAS28 3.7 (1.8) 3.7 (1.7) 3.6 (1.7)
 CDAI (median (IQR)) 12.4 (18.9) 10.8 (18.1) 9.5 (16.6)
 Modifi ed HAQ (median (IQR)) 0.25 (0.63) 0.13 (0.63) 0.13 (0.5)
Cardiovascular risk factors
 Diabetes 259 (5.5) 287 (5.8) 92 (5.2)
 Hypertension 1046 (22.3) 1202 (24.2) 433 (24.3)
 Dyslipidaemia (treated) 416 (8.9) 471 (9.5) 171 (9.6)
 Current smoking use 754 (16.1) 753 (15.2) 296 (16.6)
 Family history of MI 41 (0.9) 52 (1.1) 19 (1.1)
 Previous CAD 213 (4.6) 243 (4.9) 100 (5.6)
 Previous history of MI 139 (3.0) 202 (4.1) 83 (4.7)
 Previous TIA/stroke 229 (4.9) 300 (6.0) 116 (6.5)
Prednisone use
 None 2852 (60.9) 3052 (61.4) 1130 (63.3)
 1–7 mg 1355 (28.9) 1434 (28.9) 465 (26.1)
 ≥7.5 mg 477 (10.2) 483 (9.7) 190 (10.6)
Other medications
 Aspirin use 673 (14.4) 821 (16.5) 325 (18.2)
 Naproxen 184 (3.9) 201 (4.1) 67 (3.8)
 Other non-selective NSAID 1061 (22.7) 1091 (22.0) 443 (24.8)
 COX-2-selective NSAID 1192 (25.5) 1185 (23.7) 405 (22.7)

   All values represent exposure periods expressed as N (%) unless otherwise specifi ed. 
 *Monotherapy or combination therapy with any other disease-modifying antirheumatic 
drug (DMARD), including methotrexate. 
 †Monotherapy or combination therapy with any other non-biological DMARD. 
 ‡Excludes patients without any DMARD therapy (N=373) during study period. 
 BMI, body mass index; CAD, coronary artery disease; CDAI, clinical disease activity 
index; COX-2, cyclooxygenase 2; DAS28, disease activity score in 28 joints; HAQ, 
health assessment questionnaire; MI, myocardial infarction; NSAID, non-steroidal 
anti-infl ammatory drug; RA, rheumatoid arthritis; TIA, transient ischaemic attack; TNF, 
tumour necrosis factor.   

04_annrheumdis129916.indd   57804_annrheumdis129916.indd   578 3/1/2011   9:12:42 PM3/1/2011   9:12:42 PM

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2010.129916 on 24 N
ovem

ber 2010. D
ow

nloaded from
 

http://ard.bmj.com/


Extended report

Ann Rheum Dis 2011;70:576–582. doi:10.1136/ard.2010.129916 579

for all covariates can be found in supplementary table 1 (avail-
able online only).  

 Results of fully adjusted models for the secondary cardiovas-
cular endpoints are summarised in  table 4 . 

 For non-fatal MI and TIA/stroke outcomes as a composite, 
the use of TNF antagonists was associated with reduced risk 
(HR 0.35, 95% CI 0.16 to 0.74). For the individual cardiovascu-
lar outcomes, the use of TNF antagonists was associated with 
a reduced MI risk (HR 0.24, 95% CI 0.06 to 0.95) and a trend 
towards a reduced risk of TIA/stroke (HR 0.44, 95% CI 0.18 to 
1.09). Additional sensitivity analyses are summarised in  table 5 . 
The inclusion of baseline CDAI did not substantially alter the 
risk estimate, nor did limiting to new users or excluding patients 
with previous cardiovascular disease. The inclusion of baseline 
DAS28–ESR produced similar results. The risk estimates observed 
for all of the sensitivity models were consistent with the primary 
model, showing risk reduction associated with the use of TNF 
antagonists compared with non-biological DMARDs.  

  DISCUSSION 
 Despite the published evidence of a heightened cardiovascular 
risk for RA patients, few studies have investigated therapeutic 
strategies to reduce this risk. In our study, we found that treat-
ment with TNF antagonists, but not methotrexate, was associ-
ated with a reduced risk of cardiovascular events compared with 
non-biological DMARDs. This risk reduction was observed for 
both MI and TIA/stroke as individual outcomes. Conversely, we 
observed a dose-dependent risk for patients prescribed predni-
sone. These data indicate that TNF antagonists may represent a 
therapeutic strategy to attenuate the heightened cardiovascular 
risk experienced by RA patients. 

 The mechanism by which TNF antagonists may reduce car-
diovascular risk in RA patients remains speculative, although the 
pleiotropic effects of TNFα on the cardiovascular system and 
infl ammatory pathways have been well described.  14     32  –  34   TNFα 
has been detected in the endothelium, smooth muscle cells and 
macrophages associated with coronary atherosclerotic plaques.  32   
In addition, it has been observed that TNFα can be upregulated 
in the myocardium in animal models after transient myocar-
dial ischaemia and reperfusion.  33   While the precise mechanism 
remains unclear, further evidence of the importance of TNFα in 
the prognosis after infarction has emerged from work by other 
investigators, demonstrating that plasma concentrations of TNFα 
and other cytokines may be independent predictors of cardio-
vascular events.  10     35   Based on these studies and related work, it 
has been suggested that TNF antagonists may serve to stabilise 
atheromatous plaques and prevent rupture.  11     34   An additional 
proposed mechanism for a benefi cial effect of TNF antagonists 
has been suggested by studies demonstrating an improvement of 
fl ow-mediated vasodilation and endothelial function.  18     36   

who switched categories during the study period were also per-
formed. All analyses were conducted using SAS version 9.0.   

  RESULTS 
 A total of 10 156 RA patients was followed for a median of 
22.9 months. The study population was 75% female, mean (SD) 
age was 59 (13) years and 72% were rheumatoid factor positive. 
The median (IQR) interval between study visits was 4.0 (3.0–5.5 
months). Baseline characteristics of the three cohorts are sum-
marised in  table 1 .  

 Among 11 438 patient exposure periods, there were 4684 
exposure periods to TNF antagonists, 4969 exposure periods to 
methotrexate and 1785 exposure periods to other non-biolog-
ical DMARDs. More than two-thirds of patients in each drug 
category did not switch categories, including 72% of anti-TNF 
users, 78% of methotrexate users and 68% of non-biological 
DMARD users. The majority of the exposure periods included 
no prednisone use (N=6689). There were 3141 DMARD expo-
sure periods with the use of prednisone 1–7 mg daily and 1090 
exposure periods with prednisone 7.5 mg or greater daily. The 
proportion of patients with previous anti-TNF exposure was 
12.9% for anti-TNF users, 32.7% for methotrexate users and 
20.9% for non-biological DMARD users. Postdiscontinuation 
exposure time in a different drug exposure category repre-
sented a minority of person time, including 5% of total person 
time for anti-TNF users, 18% for methotrexate users and 25% 
for non-biological DMARD users. The baseline characteristics 
of patients who did not exit compared with those who did exit 
the registry were reasonably similar, including the proportion 
of anti-TNF users (46% vs 51%). During the study period, there 
were 88 composite cardiovascular events, including 26 MI, 45 
stroke/TIA and 17 cardiovascular-related deaths. Incidence 
rates per 1000 person-years for the composite and individual 
cardiovascular events for the three drug classes are shown in 
 table 2 . For the composite endpoint, the incidence rate was 7.51 
(95% CI 3.95 to 11.07) for the reference group of non-biological 
DMARD users, 6.73 (95% CI 4.83 to 8.63) for methotrexate 
users and 2.93 (95% CI 1.74 to 4.13) for patients prescribed 
TNF antagonists.  

 The results of the fully adjusted model for the composite car-
diovascular endpoint demonstrated that TNF antagonists were 
associated with a reduced risk (HR 0.39, 95% CI 0.19 to 0.82) 
but not methotrexate (HR 0.94, 95% CI 0.49 to 1.80), using the 
non-biological DMARDs as the reference cohort (see  table 3 ). 
In the same model, prednisone use was associated with a dose-
dependent risk of cardiovascular events. Compared with non-
use of prednisone, prednisone dosages of 1–7 mg daily (HR 1.78, 
95% CI 1.06 to 2.96) and dosages of 7.5 mg or greater daily (HR 
2.62, 95% CI 1.29 to 2.96) were associated with progressively 
increasing risk (p value for trend 0.04). Results of the full model 

  Table 2     Incidence rates of cardiovascular events by medication exposure  

 

 MI  TIA/stroke  Cardiovascular-related death  Composite cardiovascular events* 

 Event 
 Person years 
of exposure 

 Incidence rate 
(95% CI)  Event 

 Person years 
of exposure 

 Incidence rate 
(95% CI)  Event 

 Person years 
of exposure 

 Incidence rate 
(95% CI)  Event 

 Person years 
of exposure 

 Incidence 
rate (95% CI) 

Non-biological 
DMARDs

 5 2.272 2.20 
(0.27 to 4.13)

 8 2.287 3.53 
(1.09 to 5.97)

4 2.264 1.77 
(0.04 to 3.50)

17 2.264 7.51 
(3.95 to 11.07)

Methotrexate 17 7.153 2.38 
(1.26 to 3.51)

23 7.143 3.22 
(1.91 to 4.53)

8 7.132 1.12 
(0.35 to 1.90)

48 7.132 6.73 
(4.83 to 8.63)

TNF antagonist  4 7.853 0.51 
(0.01 to 1.01)

14 7.841 1.79 
(0.85, 2.72)

5 7.837 1.02 
(0.31 to 1.73)

23 7.837 2.93 
(1.74 to 4.13)

   Incidence rates expressed per 1000 patient years of exposure. 
 *Composite includes myocardial infarction (MI), transient ischaemic attack (TIA)/stroke and cardiovascular-related deaths.  
 DMARDs, disease-modifying antirheumatic drugs; TNF, tumour necrosis factor.   
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that prednisone doses greater than 7.5 mg daily were associ-
ated with an increased risk of cardiovascular events, defi ned as 
MI, heart failure or cardiovascular-related death.  38   Wolfe and 
Michaud  5   focused on the risk of MI in a US cohort study of RA 
patients, and also observed a dose-dependent risk with predni-
sone, including a 70% increased risk for doses of 1–5 mg daily. 
In fact, the risk estimate of prednisone 1–7 mg daily in our study 
was very similar (HR 1.78, 95% CI 1.06 to 2.96). It is possible 
that residual confounding may exist, particularly for datasets in 
which steroid use may be a surrogate for RA disease severity. 

 The strengths of our study include the large cohort of RA 
patients with detailed clinical and drug information derived from 
both physicians and patients at the time of a clinical encounter. 
The large cohort of patients treated with TNF antagonists, as 
well as methotrexate and non-biological DMARDs, allowed for 
large study and comparator cohorts for our models. In addition, 
the inclusion of both traditional cardiovascular risk factors and 
measures of RA severity and disease activity in the CORRONA 
registry permitted us to examine and adjust for a large number of 
relevant potential confounders. Finally, all of the incident cardio-
vascular events were confi rmed with the rheumatology investi-
gator site, and hospital records were obtained on the majority of 
cases. The results of the adjudicated cardiovascular events using 
hospital records strengthened our confi dence in the validity of 
our study results, and sensitivity analyses limited to adjudicated 
cases were consistent with our primary fi ndings. 

 There are also a number of limitations that should be acknowl-
edged. As is the case with all observational studies, residual 
confounding including confounding by indication is possible. 
Although we were able to examine a broad range of potential 
confounders including traditional cardiovascular risk factors 
such as the presence of diagnosed hypertension and treated 
hyperlipidaemia, as well as measures of RA severity, we do not 
have information about actual blood pressure or lipid measure-
ments. Other types of study bias, including selection bias, also 
represent potential methodological challenges. In addition, we 
observed a small number of cardiovascular events, limiting our 
statistical power for secondary outcomes. An additional limi-
tation was missing data for acute phase reactants that are not 
mandated in the registry. Finally, the study defi nition for drug 
exposures was based on current drug use, which may intro-
duce bias from left censored data. However, sensitivity analyses 
including a new user design generated similar risk estimates, 
suggesting our study results are robust. Our study population 
was primarily Caucasian and derived from a US-based cohort 
of RA patients with a higher prevalence of TNF antagonist use 
than most European countries. These realities may limit the gen-
eralisability of our fi ndings. 

 In summary, the use of TNF antagonists for the treatment of 
RA was associated with a reduced risk of cardiovascular events 

 Published studies of the association of biological DMARDs 
with the risk of MI and/or stroke outcomes have predominantly 
not observed a risk reduction for patients prescribed TNF antag-
onists.  5     21  –  23   The largest study to date examined the risk of MI 
associated with various RA therapies using a large US database 
reporting patient-derived drug exposure and outcomes.  5   The 
authors of that study observed no risk reduction for users of 
TNF antagonists, with or without background methotrexate 
use. Two retrospective studies of healthcare utilisation data also 
failed to observe a risk reduction for biological agents.  22     23   Of 
note, investigators from the UK found no overall difference in 
the risk of MI associated with TNF antagonist use compared 
with non-biological DMARDs.  21   However, in that study, TNF 
antagonist users who demonstrated a robust clinical response 
appeared to have a reduced risk of MI compared with non-
 responders. Other promising data have been reported from a 
small Swedish study in which a non-signifi cant reduction in the 
standardised morbidity ratio for cardiovascular-related hospitali-
sations was observed for patients on TNF antagonists. However, 
the hospitalisations included congestive heart failure and other 
non-ischaemic events, and did not adjust for traditional cardio-
vascular risk factors.  24   In addition, fewer non-fatal ischaemic 
events and a non-signifi cant reduction in cardiovascular-related 
deaths was also reported in TNF antagonist users in a Spanish 
registry.  25   

 The confl icting results of previously published studies relative 
to our fi ndings may be explained by a number of factors. First, 
there are differences in the cardiovascular outcome defi nitions 
across studies. Second, the comparator cohorts differ across stud-
ies. For example, methotrexate monotherapy was selected as 
the comparator cohort in one large US-based study.  22   However, 
methotrexate has previously been observed to reduce cardiovas-
cular mortality, suggesting that the selection of methotrexate as 
the referent cohort may reduce a study’s ability to detect a reduc-
tion in risk.  37   In contrast, a Canadian study defi ned the reference 
group as RA patients not prescribed any DMARD.  23   Additional 
sources of variability include whether the study design limits 
drug exposure to new (incident) users, as well as the duration 
of follow-up. Some studies utilised patient questionnaires or 
administrative datasets that may not adequately adjust for RA 
disease activity and severity. 

 Our study confi rms previous observations of a dose-depen-
dent cardiovascular risk for prednisone use in RA patients.  5     38   
However, the threshold for observing an increased cardiovas-
cular risk differs across the studies, as did the patient popula-
tions, study periods and endpoint defi nitions. Consistent with 
our study results, a US population-based RA study reported 

  Table 3     Adjusted risk of composite* cardiovascular events by DMARD 
and steroid exposure  
  Exposure periods (N)  HR  95% CI 

TNF antagonists 4585 0.39 0.19 to 0.82
Methotrexate 4791 0.94 0.49 to 1.80
Other non-biological DMARDs 1724 Referent –
Prednisone
 None 6689 Referent –
 <7.5 mg daily 3141 1.78 1.06 to 2.96
 ≥7.5 mg daily 1090 2.62 1.29 to 5.31

   Adjusted for age, gender, smoking status, diabetes, hypertension, dyslipidemia, 
previous myocardial infarction (MI) or stroke and modifi ed health assessment 
questionnaire score, aspirin use, naproxen use, non-selective non-steroidal anti-
infl ammatory drug use and cyclooxygenase-2 inhibitor use. 
 *Composite includes MI, transient ischaemic attack/stroke and cardiovascular-related 
deaths. 
 DMARDs, disease-modifying antirheumatic drugs; TNF, tumour necrosis factor.   

  Table 4     Comparison of results for association of TNF antagonists with 
individual and composite cardiovascular endpoints  
 Endpoint  No of events (N)  HR  95% CI 

Composite endpoint (including 
cardiovascular deaths)

82 0.39 0.19 to 0.82

Composite endpoint (excluding 
cardiovascular deaths)

66 0.35 0.16 to 0.74

Non-fatal MI 25 0.24 0.06 to 0.95
Non-fatal TIA/stroke 41 0.44 0.18 to 1.09

   All HR refl ect fully adjusted models for each endpoint, adjusting for age, gender, 
smoking status, diabetes, hypertension, dyslipidaemia, previous myocardial infarction 
(MI) or stroke, modifi ed health assessment questionnaire score, naproxen use, non-
selective non-steroidal anti-infl ammatory drug use and cyclooxygenase-2 inhibitor use. 
 TIA, transient ischaemic attack; TNF, tumour necrosis factor.   
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compared with non-biological DMARDs. We confi rmed the 
association of a dose-dependent risk of corticosteroids. TNF 
antagonist drugs may represent a promising therapeutic strategy 
to attenuate the heightened cardiovascular risk associated with 
RA. Further population-based and/or interventional studies of 
cytokine blockade are needed to determine the role of infl am-
mation in driving cardiovascular events in populations at risk.     
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  Table 5     Sensitivity analyses of risk of composite cardiovascular 
endpoint associated with TNF antagonist use  
 Sensitivity analysis  No of events (N)  HR  95% CI 

Adjudicated cardiovascular events only 48 0.21 0.09 to 0.48
Shorter drug exposure period 74 0.39 0.19 to 0.79
Shorter follow-up for cardiovascular deaths* 72 0.39 0.19 to 0.82
Longer follow-up for cardiovascular deaths† 78 0.33 0.17 to 0.64
Longer follow-up interval for non-fatal 
cardiovascular events

83 0.35 0.18 to 0.67

New drug users only 24 0.45 0.13 to 1.56
RF-positive patients only 41 0.57 0.22 to 1.43
Limit to 12-month follow-up 37 0.33 0.14 to 0.78
Forced in baseline CDAI 75 0.32 0.16 to 0.64
Exclude patients with previous 
cardiovascular disease

67 0.32 0.15 to 0.66

Anti-TNF monotherapy 83 0.63 0.27 to 1.49
Anti-TNF combination therapy 83 0.28 0.14 to 0.60
Exclude patients with history of anti-TNF use 68 0.57 0.22 to 1.48
Exclude person time after switching drug 
exposure category

64 0.30 0.14 to 0.63

Maintain initial drug exposure category after 
drug switch

64 0.41 0.19 to 0.85

   The composite cardiovascular endpoint includes myocardial infarction (MI), transient 
ischaemic attack/stroke and cardiovascular-related deaths. All HR refl ect fully adjusted 
models for each endpoint, adjusting for age, gender, smoking status, diabetes, 
hypertension, dyslipidaemia, previous MI or stroke, modifi ed health assessment 
questionnaire score, aspirin use, naproxen use, non-selective non-steroidal anti-
infl ammatory drug (NSAID) use and cyclooxygenase-2 inhibitor use. 
 *Shorter follow-up interval (<90 days) after last study visit for cardiovascular death 
ascertainment. 
 †Longer follow-up interval (no limit) after last study visit for cardiovascular death 
ascertainment. 
 CDAI, clinical disease activity index; RF, rheumatoid factor; TNF, tumour necrosis factor.   
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