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Risk of incident cardiovascular events in patients with rheumatoid arthritis:

ABSTRACT

Objective: To determine the magnitude of the risk of incident cardiovascular disease (CVD;
fatal and non-fatal), including acute myocardial infarction (MI), cerebrovascular accidents
(CVA) and congestive heart failure (CHF), in patients with rheumatoid arthritis (RA) compared
to the general population through a meta- analysis of controlled observational studies.

Methods: The authors searched the Medline, Embase, LILACS and Cochrane databases from
their inception to June 2011. Observational studies meeting the following criteria were included:
(1) prespecified RA criteria; (2) predefined CVD criteria for incident CVD (MI, CVA or CHF);
(3) a comparison group; and (4) RR estimates, 95% CI or data for calculating them. The authors
calculated the pooled RR using the random-effects model and tested for heterogeneity using the
bootstrap version of the Q statistic.

Results: Fourteen studies comprising 41 490 patients met the inclusion criteria. Overall, there
was a 48% increased risk of incident CVD in patients with RA (pooled RR 1.48 (95% CI 1.36 to
1.62)). The risks of MI and CVA were increased by 68% (pooled RR 1.68 (95% CI 1.40 to
2.03)) and 41% (pooled RR 1.41 (95% CI 1.14 to 1.74)). The risk of CHF was assessed in only
one study (RR 1.87 (95% CI 1.47 to 2.39)). Significant heterogeneity existed in all main
analyses. Subgroup analyses showed that inception cohort studies were the only group that did
not show a significantly increased risk of CVD (pooled RR 1.12 (95% CI 0.97 to 1.65)).
Conclusions: Published data indicate that the risk of incident CVD is increased by 48% in
patients with RA compared to the general population. Sample and cohort type influenced the

estimates of RR.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease that is

associated with an increased risk of mortality.] 2 Recent evidence has demonstrated that

the increased risk is largely attributable to cardiovascular disease (CVD). Overall, RA

increases the risk of cardiovascular (CV) mortality by up to 50%.3 This excess risk
mainly reflects higher rates of death from ischemic heart disease and cerebrovascular

accidents (CVA) observed among patients with RA. Since an association between chronic

inflammation and atherosclerosis has been established, 47 several studies

have examined the relationship between RA and specific CV events, including

myocardial infarction MI),8-12 cval0 11 13-17 34 congestive heart failure (CHF).18

However, several studies have observed a significantly increased incidence of MI but not

of CVA,10 11 suggesting that RA may have a differential effect on the vasculature of the

brain and heart. The increased risk of CVD in RA seems to be independent of traditional

risk factors (eg, hypertension, diabetes).!3 Patients with RA have a substantially increased

risk of 30-day case death following MI but not stroke, compared with patients without
RA.19 Furthermore, in a previous study, we found that glucocorticoid use increases the

risk of MI20 but not of CVA.21
Previous studies that evaluated the risk of incident CV events in RA have shown

that factors such as cohort type, disease duration, length of follow-up and incident versus

prevalent cohorts seem to influence the association between RA and cvD.1322
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Our objective was to conduct a meta-analysis of published observational studies to
determine the magnitude of the risk of incident CVDs combined (fatal and non-fatal), as
well as cause-specific incidence from MI, CVA and CHF in patients with RA compared to

the general population.

MATERIALS AND METHODS
Search strategies

The Medline, Embase, LILACS and Cochrane data- bases were searched by an
experienced librarian from their inception (1966, 1980 and 1982, respectively) to June
2011 to identify published studies and reviews in the field of CVD in RA. The following
search terms were used alone and in combination: RA, CVD, CVA, risk, risk factors,
mortality, comorbidity, causality, cause of death, heart death, cohort study, case—control
study and longitudinal study. The authors also hand-searched the reference lists of text
books and key articles retrieved for additional references.

We selected peer-reviewed articles (case—control and cohort studies) that met the
following inclusion criteria: (1) predefined RA criteria; (2) pre- defined CVD criteria
for incident (first ever event per person) CVD (MI, CVA or CHF); (3) RR estimates,
95% CI or data for calculating them; and (4) a comparison group. We only included
studies where patients with RA had no history of CVD prior to RA onset.

Furthermore, only the first CV event during follow-up was considered. If data from a
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single study were reported in more than one article, only the results from the most
recent study were included in the meta-analysis.
Data extraction

Two researchers (JAA-Z and DL) independently assessed studies for eligibility
and extracted data on year of publication, type of study, source of the RA sample, RA
definition, sample size, enrolment period, RA duration at study entry, mean time of
follow-up, extent of loss to follow-up, reference group, outcome definition, number of
observed and expected CV events for all patients by gender if available, and matching or
adjustment for CV risk factors. Any differences among the two authors were discussed
until consensus was reached.
Quality scores of included studies

We assessed study quality based on a 12-point scale that included elements of
previously published scales for observational studies,23 24 which was also used in our

previously published meta- analysis of CV mortality in RA.3 Each study was scored
according to six characteristics related to its patient sample and methods. Each item was
scored as 0, 1 or 2. Specifically, we determined the source of the patient sample
(community-based: 2, clinic- based: 1, undefined: 0); cohort type, if applicable (inception:
2, non-inception: 1); RA definition (use of American College of Rheumatology
classification criteria for RA25: 2, other validated criteria: 1, other predefined but non-

validated criteria: 0); ascertainment of CVD outcome (validated criteria (eg, Framingham

diagnostic criteria): 2, non-validated but clearly defined criteria (eg, international
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classification of diseases): 1, not mentioned: 0); extent of loss to follow-up (<20%: 2, 20—
40%: 1, >40%: 0); and matching by or adjustment for Framingham risk factors (=5 risk
factors: 2, <5 risk factors: 1, none: 0). For stratification purposes, studies that scored 10 or
more were considered to be of higher quality, and the rest were considered to be of lower
quality. Quality scoring was performed independently by two reviewers (JAA-Z and DL).
Disagreement was resolved by consensus.
Statistical analysis

We calculated weighted—pooled summary estimates of relative risks (pooled RR)
for all CVDs combined, as well as for each dis- ease individually (MI, CVA and CHF).
The pooled RR represents a summary estimate of the increased risk of CVD in patients
with RA compared to the general population, weighted by a factor that is influenced by the
sample size of each study. Separate pooled RRs were calculated for men and women when
data were available. Calculations were performed on the log of RR from the individual
studies, and the resulting pooled values were then transformed back to the RR scale. We

used the random-effects model and tested for heterogeneity using the bootstrap version of

the Q statistics and Stata statistical software V. 10.0.26

Because heterogeneity is expected in meta-analyses of observational studies,
subgroup analyses were carried out to assess the degree and source of such heterogeneity.
Studies were stratified based on patient sample (community-based versus clinic-based),
cohort type (inception versus non-inception), design (cohort versus case—control studies),

case ascertainment (American College of Rheumatology criteria versus others) and quality
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score (<10 vs >10). Statistical inferences about the difference in pooled RR between

subgroups of studies were performed using a multivariate meta-regression analysis that

evaluated the adjusted effect of the above study characteristics on the pooled log RR.
Robustness of the results was evaluated using jackknife sensitivity analysis, that is,

the analysis was repeated multiple times, each time with removal of a single study from

the baseline group of studies.27
To detect the presence of publication bias (ie, the bias resulting from the greater
likelihood of publication of studies reporting positive results) or small-study effect (the

tendency for treatment effect estimates in small studies to differ from those in larger
studies),28 we constructed a funnel plot, in which a measure of the study size is plotted as

a function of the measure of interest.29 If publication bias and small-study effect are
absent, the distribution of the data points will be symmetrical. In addition, Egger’s

regression test was used to provide an objective quantitative test statistic (p value) for the

presence of asymmetry in the data.30

RESULTS
Overall risk of CVD
We screened 841 abstracts published over the last 45 years (figure 1). We identified

16 studies (two were repeated studies on the same sample) evaluating the risk of MI,
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CVA or CHF and comprising a total of 41 490 patients with RA, with 3155 CV eventsS

10-18 31-35 (table 1).

Nine studies (n=39 901 RA cases with 2047 CV events) assessed the overall risk of
CVD, and four studies also reported risks by gender (figure 2). Overall, the risk of
incident CVD was significantly increased by 48% in patients with RA compared to the
general population (pooled RR 1.48 (95% CI 1.36 to 1.62)). Among the studies that
reported the stratified results by gender, the risk increased similarly in both genders (female:
pooled RR 1.50 (95% CI1.24 to 1.80); male: pooled RR 1.53 (95% CI 1.38 to 1.70)).
We identified significant heterogeneity among studies (Q=25.6, p=0.001). Subgroup
analyses showed that a number of factors influenced CVD risk (table 2).

Overall, pooled RRs were higher in studies with lower-quality scores (<10), studies

from clinic-based samples and non-inception cohorts. The two inception cohorts8 17 were
the only studies that did not show an increased overall risk of CVD (combined events)
among patients with RA even after pooling data from both studies (pooled RR 1.12 (95%
CI 0.97 to 1.30)). Despite the observed differences in CVD risk among subgroups, only
cohort type was significantly associated with the observed heterogeneity in the meta-
regression analysis (p=0.009). Results of the jack- knife sensitivity analysis for all CV
events combined suggested that the results were robust (table 3).

The pooled RR remained significantly increased when studies were excluded one
at a time, with the pooled RR ranging from 1.47 to 1.55 and with the corresponding 95%

CI bounds remaining above 1. Funnel plot showed some asymmetry, as there seemed to
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be a dearth of studies with high precision (large sample size) and large RR (these studies
would occupy the northeastern part of the plot) (figure 3). Nevertheless, the result of

Egger’s regression test for asymmetry was not significant (p=0.32).

MYOCARDIAL INFARCTION
We identified 10 studies with 3178 patients with RA that assessed the risk of MI.8
10-12 14-17 31 33 Two studies!2 16-18 ygsed the same sample; therefore, the more recent

publication was included.12 33 Overall, there was a 68% increase in the risk of MI in

patients with RA (pooled RR 1.68 (95% CI 1.40 to 2.03)), as shown in figure 2. Six

studies reported on the risk of MI according to gen- der.8 10-12 31 34 The risk of MI was
significantly increased in both women (pooled RR 1.93 (95% CI 1.64 to 2.27)) and men

(pooled RR 1.67 (95% CI 1.18 to 2.36)).

CEREBROVASCULAR ACCIDENT

We identified seven studies with 39 520 patients with RA that assessed the risk
of CVA10 11 14-17 31 (figure 2). Overall, there was a 41% increase in the risk of
CVA in patients with RA (pooled RR 1.41 (95% CI 1.14 to 1.74)). Five studies
reported estimates according to gender.8 10 11 16 31 The risk of CVA was

significantly increased in both women with RA (pooled RR 1.29 (95% CI 1.12 to

1.48)) and men with RA (pooled RR 1.36 (95% CI 1.21 to 1.53)).
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CONGESTIVE HEART FAILURE

We identified only one study that evaluated the risk of CHF.18 Overall, there
was an 87% increase in the risk of CHF in patients with RA when compared to non-RA
cases (RR 1.87 (95% CI to 2.39)). However, the risk was only significantly increased in
patients who tested positive for rheumatoid factor (RR 2.59 (95% CI 1.95 to 3.43)) but

not in patients who tested negative for rheumatoid factor (RR 1.28 (95% CI 0.93 to 1.78)).

DISCUSSION

This is the first systematic review and meta-analysis of published observational
studies assessing the risk of incident CVD in patients with RA. We found that there
was a 48% increased risk of first ever CV events in patients with RA compared to
the general population. The excess risk was due to an increased risk of MI (68%), CVA
(41%) and CHF (70%). The risks of MI and CVA were increased in both genders. The
risk of CHF was increased only in patients who tested positive for rheumatoid factor
based on the only study assessing this outcome.

All but two studies evaluating MI found an increased risk in RA. In contrast,
most studies on CVA did not find an increased risk of CVA in RA. However, large
studies tended to report a positive association between RA and CVA, which caused a
significant association after pooling them. This suggests a lack of power due to an
insufficient number of CVA events in smaller studies, or a weaker association between RA

and CVA than between RA and MI. A recent nationwide study based on approximately 10
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000 patients with RA (published after the literature search period of the current meta-

analysis) found an increase in the risk of MI that was similar to our pooled estimate (70%

increased risk).30 In this study, the risk of MI in patients with RA was similar to the
risk of MI in patients without RA who were 10 years older. This may suggest that
patients with RA age at a faster rate than the general population and experience CVD at an
earlier age.

In a previous meta-analysis on the risk of CV mortality, we found that estimates

for CV mortality varied among the primary studies, depending on the sample and cohort

type.3 22 Risks were lower than and rates of CV mortality were closer to those of the
general population in studies with community-based and inception cohorts than in studies

with clinic-based or non-inception cohorts. We observed similar findings in the current

meta-analysis. Van Doornum et al 19 demonstrated that patients with RA had an increased
30-day CV mortality with respect to non-RA cases. Collectively, this evidence suggests
that individuals with RA have a higher risk of developing new CV events at an earlier age

and a higher case death.

Therefore, as recently proposed by the European League Against Rheumatism,37
focus on CVD risk prevention in RA should be included in rheumatological care. In
addition, aggressive primary CVD prevention should be part of the standard of care in
patients with RA. Longitudinal studies assessing management strategies and their impact

on patients with RA are warranted.
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Our study has some limitations. We included cohorts with different clinical
settings, diagnostic criteria, age at enrolment, period at risk and study design. As expected,

we found statistically significant heterogeneity in the results. As recommended, we used

the random-effects model to include an estimate of variability.38 We found that cohort
type (inception versus non- inception) explained some of the observed heterogeneity. Of
interest, inception cohorts were the only studies that did not find a statistically significant
increase in the risk of incident CVD. We believe that this is likely due to a shorter RA
duration upon their entry into the study, overall less disease severity and shorter follow-up

than non-inception RA studies. All of these factors influence the risk of CVD in patients

with RA, as eloquently discussed by Ward.l Visual inspection of the funnel plot
indicated a potential lack of studies with large sample sizes, which also reported a largely
increased RR (a manifestation of the small-study effect). The associated Egger’s
regression test did not reveal this effect, but this might be due to the relatively small
number of studies and the resulting lack of power in the test.

In summary, our meta-analysis of published observational studies indicates that
people with RA have a 48% (pooled RR 1.48 (95% CI 1.36 to 1.62)) increased risk of
incident CVD when compared to the general population. Also, people with RA have a
68% (pooled RR 1.68 (95% CI 1.40 to 2.03)), 41% (pooled RR 1.41 (95% CI 1.14 to
1.74)) and 87% (RR 1.87 (95% CI 1.47 to 2.39)) increased risk of MI, CVA and CHF,
respectively, when compared to the general population. Finally, the increased over- all

risk of CVD, as well as the increased risks of MI and CVA, is similar between
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genders. The risk of CHF was increased only in women with RA, but further research in

this area is needed given that only one study has been published to date
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Figure 1: Flow diagram of study selection

Potential relevant citations identified on screening (n = 841)

Citations excluded (repeated, non RA, other) (n =779) |—

Studies retrieved for more detailed evaluation (n = 62)

Studies excluded after evaluation of full text (did not meet inclusion
criteria, no RR/OR, no CVD, or no control group) (n = 48)

Studies included in meta-analysis (n=14)

Figure 2: Meta-analysis of studies on overall and cause-specific cardiovascular diseases in
patients with rheumatoid arthritis.
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Figure 3: Funnel plot of nine studies evaluating the risk of cardiovascular disease in

patients

with rheumatoid arthritis compared to the general population. Each dot

represents individual studies. The horizontal line is the random-effects pooled estimate of
log (RR).

1.5 1

InOR
(3]
|

Begg's funnel plot with pseudo 95% confidence limits

| | |
0 2 4

s.e. of: InOR



Risk of incident cardiovascular events in patients with rheumatoid arthritis:

Table 1: Characteristics of the 14 studies included in the meta-analysis to assess the risk of new cardiovascular

events in patients with RA

Author (year)

Country N

Meandisease

Subjects’

Sample type RA definition

duration at Person-years Enrolment CVDevents CVD Inception meanageat Female Outcome Quality
entry(years) atrisk period (n) included cohort  entry (years) (%) ascertainment score
Gabriel etal (1999)* USA 450  0(9) NAV 1965-1995 113 AMICVACHF  Community-based  Yes 64.1 74 ARA MR 14
DelRincoénetal (2001) USA 234 10(%) 252 1996 15 AMI, CVA Clinic-based No 56 623  ACR MR 10
Watsonetal (2003) UK 11633 NAV NAV 1987 tolast 807 AMI, CVA Community-based  No NAV 70 ICD-9 codes 9
encounter
Solomon et al (2003) USA 407  NAV 6259 1978-1996 24 AMI, CVA Community-based  Yes 58 100 ACR MR 14
Turesson et al (2004) Sweden 1022 NAV 2300 1997 54 AMI, CVA Community-based  No NAV 74 ACR ICD-9/10 codes 7
Fischeretal (2004) UK 208  NAV NAV 1995-2002 208 AMI Community-based  No NAV 62 Read codes Read codes 11
Goodsonetal (2005) UK 515  NAV 3173 1981-1996 134 AMI, CVA Clinic-based Yes 56.2 72 Rheumatologist's opinion  ICD-9 codes 9
MaraditKremersetal (2005)*  USA 603 0(9) 8672 1955-1995 40 AMI Community-based  Yes 58 73 ACR MR 14
Nicolaetal (2005)* USA 575  0(9) 8107 1955-1995 575 CHF Community-based  Yes 57.1 73 ACR Framingham criteria 14
Solomon et al (2006) Canada 24413 NAV 68525 19992003 828 AMI, CVA Community-based  No NAV 74 ICD-9 codes ICD-9/10 codes 8
Sodergren etal (2007) 1 Sweden 640 NAV NAV 1979 35 AMI Clinic-based No NAV 68 Seropositive RA MONICA definiion 8
Nadareishvili et al (2008)1  USA 226  NAV NAV 19992006 226 CVA Community-based  No NAV 87 Rheumatologist's opinion MR 7
Bergstrémetal (2009) 1
1978 cohort Sweden 148 13.9 1184 1978 31 AMI Community-based  No 46.3 79 ARA ICD-8,9,10codes 10
1995 cohort Sweden 161 13.3 1288 1995 37 CVA 48.3 78 ARA
Petersetal (2009) Netherlands 312 7 848 2001-2002 28 CVD Clinic-based No 63 65 ACR MR 10

*Studies from the same cohort.

tCase-control study.
1Study with two cohorts.
#Disease duration not mentioned, but from the article we inferred at least 10 years.

@Inception cohort, we assumed time 0 to entry cohort.
ACR, American College of Rheumatology; AMI, acute myocardial infarction; ARA, American Rheumatology Association; CHF, congestive heart failure; CVA,
cerebrovascular accidents; CVD, cardiovascular disease; ICD, International Classification for Diseases; MONICA, multinational MONItoring of trends and
determinants in CArdiovascular disease; MR, medical record; NAV, not available; RA, rheumatoid arthritis.
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combined CVDs in patients with rheumatoid arthritis

Study subset*

All studies

Study population
Community-based
Clinic-based

Cohort type

Inception cohorts
Non-inception cohorts
Quality score

Higher quality (score >10)

Lower quality (score <10)

Studies
n

3

4

Patients
(n)

39901

38799
1102

965
38936

1346

38555

Cardiovascular
events (n)

2047

1545
502

247
1800

224

1823

Random effects

g ooled RR
5%))

1.48(1.36t01.62)

1.53(1.4410 1.62)
1.79(0.96t03.32)

1.12(0.97t0 1.30)
1.56(1.47t0 1.66)

1.21(1.06t0 1.39)

1.47(1.35t01.61)

p Value

NS

0.009

NS

*Difference in the pooled RR between subgroups using univariate meta-regression analysis.
CVD, cardiovascular disease; NS, not significant.

Table 3 Sensitivity analysis using a jackknife approach whereby each study is removed individually to test
the robustness of the pooled RR

Author (year)

All cardiovascular events
All studies included
Gabriel et al (1999)

Del Rincén et al (2001)
Watson et al (2003)
Turesson et al (2004)
Goodson et al (2005)
Solomon et al (2006)
Bergstrom et al (2009)
1978 cohort

1995 cohort
Peters et al (2009)

Acute myocardial infarction

Pooled RR

1.48
1.51
1.47
1.50
1.47
1.55
1.47

1.48

1.47
1.48

Lower-bound
95% CI

1.36
1.39
1.35
1.28
1.34
1.44
1.27

1.35

1.34
1.36

Upper-bound

95% CI

1.62
1.65
1.60
1.78
1.62
1.66
1.7

1.62

1.61
1.62



Risk of incident cardiovascular events in patients with rheumatoid arthritis:

Author (year) Pooled RR Lower-bound Upper-bound
95% CI 95% CI

All included 1.68 1.40 2.03
Del Rincon et al (2001) 1.67 1.38 2.04
Solomon et al (2003) 1.65 1.35 2.02
Turesson et al (2004) 1.67 1.35 2.07
Fischer et al (2004) 1.73 1.38 2.17
Goodson et al (2005) 1.76 1.46 2.11
Maradit-Kremers et al (2005) 1.77 1.47 2.12
Solomon et al (2006) 1.65 1.27 2.13
Sodergren ef al (2007) 1.57 1.35 1.84
Cerebrovascular accidents

All included 1.41 1.14 1.74
Gabriel et al (1999) 1.52 1.23 1.88
Del Rincon et al (2001) 1.43 1.16 1.77
Watson et al (2003) 1.36 1.00 1.86
Solomon et al (2003) 1.40 1.12 1.75
Turesson et al (2004) 1.44 1.14 1.81
Solomon et al (2006) 1.31 1.10 1.56

Nadareishvili et al (2008) 1.36 1.08 1.73




