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A B S T R A C T

Background: Rheumatoid arthritis (RA) is associated with increased risk of coronary artery disease (CAD) and
studies with coronary computed tomography have suggested increased rates of asymptomatic CAD determined
by the coronary calcium score (CCS) in these patients. To synthesize the evidence on this topic, we conducted a
systematic review and meta-analysis of the literature.
Methods: A systematic review was performed of data comparing the prevalence and burden of asymptomatic
CAD in RA and controls using CCS with or without coronary computed tomographic angiography (CCTA). For
the meta-analysis, pooled data provided the estimated risk ratio (RR) of CAD and weighted mean differences of
CCS in patients with RA compared to controls.
Results: The search revealed 1841 results of which 1083 were screened and 26 full text papers were evaluated.
Eight studies were included with data on 788 patients with RA and 1641 controls. Patients with RA had sig-
nificantly increased risk of CAD (RR = 1.26 [95% CI 1.04–1.52]; p = .021) and increased weighted mean dif-
ferences for CCS (48.25 [95% CI 26.97–69.53]; p < .001) compared to controls. Limited evidence suggested that
patients with RA had a higher prevalence of moderate-severe (CCS > 100) CAD and more multivessel CAD, and
RA duration and disease activity were associated with higher CCS, RA disease activity was linked with presence
of high risk (non-calcified or mixed) coronary plaques, and treatment with methotrexate was tied to absence of
CAD, respectively.
Conclusions: In patients with RA, asymptomatic CAD is more prevalent, with higher mean CCS, more multivessel
disease, and more high-risk plaques compared to controls.

1. Introduction

Rheumatoid arthritis (RA) is associated with increased risk of
myocardial infarction that is comparable to the risk in patients with
type 2 diabetes [1,2]. Risk of subclinical atherosclerotic disease is also
increased in RA, e.g. increased carotid artery intima-media thickness
and reduced brachial artery flow-mediated vasodilatation [3,4]. Along
this line, several small-sized studies have reported on the prevalence
and burden of subclinical coronary artery disease (CAD) in patients
with RA compared with controls using the coronary calcium score
(CCS) and coronary angiography obtained by coronary computed to-
mography. However, these studies are heterogeneous and it is less clear
whether CCS is increased in a large cohort of patients with RA without
prior atherosclerotic disease compared with controls without RA.

Perhaps unsurprisingly, traditional cardiovascular risk scores developed
for the general population are inadequate for prediction of risk in RA
and attempts at optimizing such risk scores, e.g. by inclusion of RA
disease activity markers, have not been successful [5–7]. In patients
with RA, limited evidence has suggested that CCS > 100 is linked with
markedly increased risk of major cardiovascular events independent of
other risk factors, as is also the case for the general population [8,9].
However, in view of the increased cardiovascular risk in RA, it is pos-
sible that assessment of CAD by computed tomography can be of more
decisive importance for cardiovascular risk prediction in RA. Accord-
ingly, to provide more accurate estimates of the prevalence and mag-
nitude of asymptomatic CAD in RA as determined by computed tomo-
graphy, we conducted a systematic review and pooled all available data
from the literature in a meta-analysis.
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2. Material and methods

2.1. Study design and search strategy

The systematic review was conducted in accord with the Preferred
Reporting Items for Systematic Review and Meta-analysis (PRISMA)
[10]. We searched in electronic databases (PubMed via MEDLINE and
EMBASE) for all published studies that reported the prevalence and
magnitude of CAD measured by CCS in patients with rheumatoid ar-
thritis. We combined the search term ‘rheumatoid arthritis’ in all fields
with each of the following keywords: coronary calcification, coronary

calcium, computed tomography angiography, and coronary artery
atherosclerosis, respectively. Electronically detected published papers
were all screened by titles and/or abstracts and by reviewing full papers
if these were considered relevant for inclusion. All reference lists of the
retrieved full text papers were also screened manually for additional
eligible studies. All detected references were saved electronically in
EndNote reference management program and all duplicates were
identified. The literature search was restricted to papers published in
English, from 1st January1990 until 31th December 2018. The sys-
tematic search was supplemented by manual review of all references in
the retrieved eligible studies.

Table 1
Search strategy in individual databases and manual search.

Database Search strategy and syntaxes Number of retrieved
articles

Pubmed (Medline) Rheumatoid arthritis and coronary calcification (("arthritis, rheumatoid"[MeSH Terms] OR ("arthritis"[All Fields]
AND "rheumatoid"[All Fields]) OR "rheumatoid arthritis"[All Fields] OR ("rheumatoid"[All Fields] AND
"arthritis"[All Fields])) AND ("heart"[MeSH Terms] OR "heart"[All Fields] OR "coronary"[All Fields]) AND
("calcinosis"[MeSH Terms] OR "calcinosis"[All Fields] OR "calcification"[All Fields] OR "calcification,
physiologic"[MeSH Terms] OR ("calcification"[All Fields] AND "physiologic"[All Fields]) OR "physiologic
calcification"[All Fields])) AND ("loattrfull text"[sb] AND ("2000/01/01"[PDAT] : "2018/12/31"[PDAT]) AND
English[lang])

68

Rheumatoid arthritis and coronary calcium (("arthritis, rheumatoid"[MeSH Terms] OR ("arthritis"[All Fields] AND
"rheumatoid"[All Fields]) OR "rheumatoid arthritis"[All Fields] OR ("rheumatoid"[All Fields] AND "arthritis"[All
Fields])) AND ("heart"[MeSH Terms] OR "heart"[All Fields] OR "coronary"[All Fields]) AND ("calcium"[MeSH Terms]
OR "calcium"[All Fields])) AND ("loattrfull text"[sb] AND ("2000/01/01"[PDAT] : "2018/12/31"[PDAT]) AND
English[lang])

80

Rheumatoid arthritis and computed tomography angiography (("arthritis, rheumatoid"[MeSH Terms] OR
("arthritis"[All Fields] AND "rheumatoid"[All Fields]) OR "rheumatoid arthritis"[All Fields] OR ("rheumatoid"[All
Fields] AND "arthritis"[All Fields])) AND ("computed tomography angiography"[MeSH Terms] OR ("computed"[All
Fields] AND "tomography"[All Fields] AND "angiography"[All Fields]) OR "computed tomography angiography"[All
Fields])) AND ("loattrfull text"[sb] AND ("2000/01/01"[PDAT] : "2018/12/31"[PDAT]) AND English[lang])

54

Rheumatoid arthritis and coronary artery atherosclerosis (("arthritis, rheumatoid"[MeSH Terms] OR ("arthritis"[All
Fields] AND "rheumatoid"[All Fields]) OR "rheumatoid arthritis"[All Fields] OR ("rheumatoid"[All Fields] AND
"arthritis"[All Fields])) AND ("coronary artery disease"[MeSH Terms] OR ("coronary"[All Fields] AND "artery"[All
Fields] AND "disease"[All Fields]) OR "coronary artery disease"[All Fields] OR ("coronary"[All Fields] AND
"artery"[All Fields] AND "atherosclerosis"[All Fields]) OR "coronary artery atherosclerosis"[All Fields])) AND ("2000/
01/01"[PDAT] : "2018/12/31"[PDAT]) AND ("loattrfull text"[sb] AND English[lang])

421

Total 623
EMBASE Rheumatoid arthritis and coronary calcification: limits “English language, year 2000–2018” Search status: all,

included congress abstracts
15

Rheumatoid arthritis and coronary calcium: limits “English language, year 2000–2018” Search status: all, included
congress abstracts

38

Rheumatoid arthritis and computed tomography angiography: limits “English language, year 2000–2018” Search
status: all, included congress abstracts

24

Rheumatoid arthritis and coronary artery atherosclerosis: limits “English language, year 2000–2018” Search status:
all, included congress abstracts

171

Total 248
Web of science Rheumatoid arthritis and coronary calcification

Refined by: WEB OF SCIENCE CATEGORIES: (RHEUMATOLOGY OR CARDIAC CARDIOVASCULAR SYSTEMS) AND
DOCUMENT TYPES: (ARTICLE) AND WEB OF SCIENCE CATEGORIES: (RHEUMATOLOGY OR CARDIAC
CARDIOVASCULAR SYSTEMS) AND LANGUAGES: (ENGLISH)
Timespan: 2000–2018. Indexes: BKCI-S, ESCI, SSCI, BKCI-SSH, SCI-EXPANDED, IC, A&HCI, CPCI-SSH, CPCI-S,
CCR-EXPANDED.

60

Rheumatoid arthritis and coronary calcium
Refined by: LANGUAGES: (ENGLISH) AND DOCUMENT TYPES: (ARTICLE) AND WEB OF SCIENCE CATEGORIES:
(RHEUMATOLOGY OR CARDIAC CARDIOVASCULAR SYSTEMS) AND WEB OF SCIENCE CATEGORIES:
(RHEUMATOLOGY OR CARDIAC CARDIOVASCULAR SYSTEMS)
Timespan: 2000–2018. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI,
CCR-EXPANDED, IC.

60

Rheumatoid arthritis and computed tomography angiography
Refined by: LANGUAGES: (ENGLISH) AND DOCUMENT TYPES: (ARTICLE) AND WEB OF SCIENCE CATEGORIES:
(RHEUMATOLOGY OR CARDIAC CARDIOVASCULAR SYSTEMS)
Timespan: 2000–2018. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI,
CCR-EXPANDED, IC.

16

Rheumatoid arthritis and coronary artery atherosclerosis
Refined by: LANGUAGES: (ENGLISH) AND DOCUMENT TYPES: (ARTICLE) AND WEB OF SCIENCE CATEGORIES:
(RHEUMATOLOGY OR CARDIAC CARDIOVASCULAR SYSTEMS)
Timespan: 2000–2018. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI,
CCR-EXPANDED, IC.

308

Total 444
Total results of electronical search 1315
Total results of manual search Screening of references of the retrieved eight articles and six other relevant articles 526
Overall results 1841
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2.2. Study eligibility

Randomized or non-randomized controlled studies were considered
for inclusion if they reported the prevalence of CAD and CCS in patients
with RA compared with controls without RA. Eligible controlled studies
had to provide at least one of the following datasets: absolute numbers
of patients with prevalent CAD (CCS >0) and total patient numbers to
estimate CAD prevalence and/or mean or median CCSs with standard
deviations (SDs) or ranges in order to estimate the severity of the dis-
ease, respectively. We excluded all studies that did not meet these
criteria or that reported insufficient data. We used the checklist for
Critical Appraisal and Data Extraction for Systematic Reviews of
Prediction Modelling Studies (CHARMS) for study quality assessment
[11].

2.3. Data extraction

We extracted all data on demographic characteristics and key
baseline clinical variables reported as means with SDs or medians with
ranges from each study. We also extracted absolute numbers of patients
who had CAD (CCS > 0) and means with SDs of CCSs measured as
Agatston units. Additional angiographic data on coronary plaque
composition characterized by cardiac computed tomographic angio-
graphy (CCTA) were also extracted whenever available. In the study by
Chung [12] we excluded patients with early RA from the analysis.
Studies providing data on CCS strata (<100 vs. >100) were extracted
for a sub-analysis. Values reported as medians with ranges or means
with standard errors were recalculated to the corresponding means
with SDs. Values presented as percents were recalculated to absolute
numbers.

2.4. Statistical methods

For assessment of the prevalence of CAD the number of RA patients
with CCS >0 and the total number of RA patients were pooled and
compared to similar data for controls to estimate the risk ratio (RR) for
CAD. CCS means with SDs reported in the included studies were pooled
to estimate the weighted mean difference between patients with RA vs.
controls. Due to data heterogeneity we reported the results of analyses
using the random effects model. For overall estimated RR or weighted
mean difference a p-value < .05 was considered statistically significant.
Heterogeneity among studies was tested using the chi-squared method
where a p-value < .05 was considered statistically significant. The I2

value indicates the percentage of variation in the pooled study results
and an I2 value above 20% was considered statistically significant. All
analyses were performed using the meta-analysis package of STATA
version 15 (STATA Corporation, Lakeway Drive, College Station, TX,
USA).

3. Results

3.1. Results of the literature search

The PRISMA search strategy and results are shown in Table 1 and
Fig. 1. Overall eight cross-sectional studies were eligible for meta-
analysis. Seven studies contributed to the meta-analysis of prevalence
of CAD [12–16,18,19] and seven studies contributed to the meta-ana-
lysis of mean CCS [12–15,17–19].

3.2. Study characteristics and quality assessment

All included studies were non-randomized controlled studies, where
a total of 788 RA patients were compared with 1641 controls. Patients
with previous CAD or stroke were excluded. One study included women
only [13]. The diagnosis of RA was based on fulfillment of the American
College of Rheumatology criteria [20]. For CCS quantification, two

studies of older date used electron beam CT scanners [12,13], while the
rest of studies used multi-slice CT scanners (Table 2). CCS was quan-
tified using the conventional Agatston method [21]. CCTA was acquired
according to recommended protocols [22]. Patients were prepared by
using beta-blockers to reduce heart rates below 60/min, followed by a
breath-hold and ECG-gated image acquisition using iodine contrast
agents. The results of study quality assessment according to CHARMS
are shown in Table 3.

3.3. Baseline characteristics

In all studies, RA patients were matched with controls at least for
age and sex. Overall, there were no significant differences in mean age,
sex, mean body mass index (BMI), mean total cholesterol levels and
ratios of patients with current smoking, diabetes and hypertension be-
tween subjects with RA and controls (Table 4).

3.4. Meta-analysis of the prevalence of CAD and mean CCS

As shown in Fig. 2, pooling of data from eight studies showed that
risk of CAD (CCS >0) was significantly higher in patients with RA than
controls (373/728 [51.2%] vs. 777/1621 [47.9%]; RR = 1.26 [95% CI
1.04–1.52]; p = .021). Three studies provided data concerning the se-
verity of CAD in RA patients and controls [12,14,16]. Using a threshold
of CCS 100, patients were divided in mild (CCS<100) or moderate-
severe (CCS > 100) CAD subgroups. A total of 147/314 (47%) RA pa-
tients vs. 245/404 (60%) controls had mild CAD (RR = 0.88 [95% CI
0.75–1.03]; p = .11), while a total of 103/314 (32%) RA patients vs.
73/404 (18%) controls had moderate-severe CAD (RR = 1.16 [95% CI
0.79–1.69]; p < .001). Limited evidence also indicated that RA dura-
tion and disease activity was associated with higher CCS [12–14,18].
Also, a steeper increase in CCS with age was observed for patients with
RA compared to controls [18], whereas treatment with methotrexate
was linked with absence of CAD (CCS = 0) [19]. A meta-analysis of the
weighted mean difference of CCSs (Fig. 3) showed significantly higher
mean Agatston units in RA compared to controls with a weighted mean
difference of 48.25 (95% CI 26.97–69.53; p < .001) and significant
heterogeneity between the studies (I2 = 99.5%, p < .001).

3.5. Results of CCTA

CCTA was performed in two studies. Ma et al. [16] found that the
number of coronary vessels with obstructive (>50% stenosis) CAD was
nominally more frequent in patients with RA than controls (19.1% vs.
6.4%; p = .06). In the study of Karpouzas et al. [18] multivessel CAD,
both non-obstructive and obstructive, and numbers of all plaque types
(calcified, non-calcified or mixed) were significantly more prevalent in
RA compared to controls, and RA disease activity was associated with
the presence of high-risk (non-calcified or mixed) plaques.

4. Discussion

In this systematic review and meta-analysis of studies where CAD
was examined by computerized tomography, subjects with RA had in-
creased prevalence of subclinical CAD and increased burden of the
disease with higher mean CCS, more multivessel disease, and more
high-risk plaques compared to controls. To our knowledge, this is the
first meta-analysis of this topic and the results are in line with the in-
creased risk of myocardial infarction and cardiovascular death as well
as increased subclinical atherosclerosis observed in other vascular ter-
ritories in RA [1–4]. Also, the clinical relevance of the results is sup-
ported by studies indicating that in subjects with new-onset CAD, pa-
tients with RA more often present with multivessel CAD on the first
invasive angiogram than controls [23]. In addition, the clinical pre-
sentation of incident CAD is more severe in patients with RA than in
controls, e.g. with more ST-segment elevation myocardial infarction
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and higher short-term mortality [24].
Increased mortality in patients with RA is mainly driven by CAD and

the risk of myocardial infarction in RA is comparable to that of subjects
with type 2 diabetes or individuals without RA that are 10 years older
[1,2]. The risk is correlated with RA duration and activity, and treat-
ment with methotrexate, a disease-modifying antirheumatic agent, and
tumour necrosis factor-α (TNF) antagonists, respectively, have been
associated with reduced risk of myocardial infarction, stroke and car-
diovascular death [1,25,26]. In agreement with these observations,
studies included in the present systematic review found that in RA
patients without prior CAD, the duration and activity of RA were as-
sociated with higher CCS and use of methotrexate was linked with
absence of CAD [12–14,18,19]. Also, CCS > 100 was observed more
frequently in patients with RA and it is notable that in comparison with
patients with CCS = 0, CCS > 100 has been associated with increased
independent risk of major cardiovascular events in subjects with RA
and systemic lupus in excess of the increased risk linked with
CCS > 100 in the general population [8,9]. In addition, a report in-
cluded in the present review showed that RA disease activity was as-
sociated with the presence of high-risk (non-calcified or mixed) cor-
onary artery plaques [18]. Such plaques are characterized by increased
inflammation and in patients dying from acute myocardial infarction,
culprit coronary arteries from individuals with RA display increased

lymphocyte and mast cell infiltration compared to controls [27]. Un-
stable plaque characteristics are also more prevalent in carotid arteries
of patients with active RA compared to those with RA in remission and
demonstration by CCTA of more unstable coronary plaques in patients
with active RA compared to controls without RA provides both a link
between RA disease activity and risk of CAD, and support for the role of
shared inflammatory mechanisms in the two diseases [1,28].

In current guidelines for cardiovascular disease risk management in
individuals with RA, optimal disease control is recommended to
achieve risk reduction and screening for asymptomatic atherosclerotic
plaques by use of carotid artery ultrasound examination may be con-
sidered as part of the risk evaluation, whereas potential utility of car-
diac computed tomography is not mentioned [29]. Although carotid
plaques predict incident acute coronary syndromes in patients with RA,
a recent study of patients with inflammatory joint disease (mostly RA)
referred for CCTA showed that the presence of carotid plaques was not
sufficient to reliably identify RA patients with CAD [30,31]. Along this
line, evidence suggests that in patients with axial spondylarthritis,
carotid plaques are observed in a considerable number of subjects with
CCS = 0, indicating that carotid artery ultrasound examination may be
more suitable for cardiovascular risk stratification in these patients
[32]. Notably, although the increased risk of acute coronary syndrome
in subjects with RA has declined in recent years in the wake of new

Fig. 1. Flow chart depicting the selection process of the systematic review. CAD = coronary artery disease; CCS: coronary artery calcium score.
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therapeutic options and aggressive treatment aimed at prompt RA re-
mission, the excess relative risk of acute coronary syndrome has re-
mained unchanged [33]. Therefore, there is a continuing need to im-
prove CAD risk stratification in RA and the potential of CCS and CCTA
to refine such risk algorithms remains to be defined.

4.1. Limitations

The present systematic review and meta-analysis has inherent lim-
itations including, for example, studies with small-sized patient popu-
lations with differences in RA duration, activity and treatment history.
Our results may also have been skewed by use of RA patients and/or
controls with (potentially divergent) clinical indication for coronary
computerized tomography and by inclusion of RA patients treated with
methotrexate and biological agents, e.g. TNF antagonists (Table 2).
Indeed, methotrexate has been linked to reduced risk of myocardial
infarction and was associated with absence of CAD in one study [19],
while on the other hand, such treatment could potentially allow for
inclusion of more RA patients without prior history of clinical CAD
despite having prevalent disease [25]. In patient with psoriasis, another
chronic inflammatory disease, TNF antagonists have been associated
with reduced progression of both CCS and plaque volume [34]. Also,
use of statins and antithrombotic agents can reduce risk of clinical CAD
and influence CCS and CCTA findings, e.g., statin therapy is associated
with increased CCS, reduced plaque progression and reduction of high
risk low attenuation (lipid rich and/or with necrotic core) plaques [35].
However, most included studies had no information on statins and as-
pirin, and in the few that did [12,13], use of these agents was very
limited in agreement with the notion that included subjects had no

history of CAD. Moreover, some unmeasured CAD risk confounders that
are known to be more prevalent in subjects with RA, e.g., depression,
low socio-economic status, and low cardiorespiratory fitness, may lead
to overestimation of the effect of RA per se [36–38]. Finally, more
studies examining the incremental prognostic value of CAD assessment
by cardiac computed tomography in RA patients are warranted.

5. Conclusion

This systematic review and meta-analysis indicated that in patients
with RA, subclinical CAD is more prevalent, with higher mean CCS,
more multivessel disease, and more high-risk plaques compared to
controls.
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Table 2
Characteristics of included studies.

Author and
publication year

N (RA/
controls)

Type of controls without RA Ethnicity RA%/
controls%

RA duration (median
[range] or mean ± SD
years)

Medications used for RA Type of CT
scanner

Chung 2005 71/86 Age-, sex-, and race- matched
volunteers

White 84.5/86.1 >10 Corticosteroids EBCT
Methotrexate
Hydroxychloroquine

Kao 2008 105/105 Age-, and race-matched healthy
women

Caucasian 96.2/
96.2

15.7 ± 10.4 Corticosteroids 44% EBCT
Hydroxychloroquine 22%
Immunosuppresants 60%
Anti-TNF-α 41%
NSAID 71%

Giles 2009 195/1073 Patients from a population study Caucasian 85.8/
54

9 (4–17) Glucocorticoids 38% MDCT

African American
8.2/49.7

Conventional DMARD 48%
Biologic DMARD 10%
NSAID 65%

Wang 2009 85/85 Age- and sex-matched subjects
from community health
screening programme

Chinese 100/100 12.6 ± 10.8 Corticosteroids 17% MDCT
Methotrexate 61%
NSAID 22%

Ma 2010 47/47 Age-, sex-, and traditional CV risk
factors-matched subjects
screened for CAD

Chinese: 40.4/
63.8

3 (interquartile range 5.5) NA MDCT

Malay: 25.5/23.4
Iban: 17%/2.1
Bidayuh: 15/6.3

Abdel-Khalek 2011 60/20 Age- and sex-matched healthy
controls

NA 10.25 ± 3.13 NA MDCT

Karpouzas 2014 150/150 Age- and sex-matched subjects
screened for CAD

NA 11 ± 8 Prednisolone 35% MDCT
DMARD
Methotrexate

Paccou 2014 75/75 Age- and sex-matched subjects NA 12.9 ± 9.2 Glucocorticoids 29% MDCT
Conventional DMARD 83% (incl.
methotrexate 76%)
Biologic DMARD 67% (incl. anti-
TNF-α 41%)
NSAID 28%

CAD = coronary artery disease; CV = cardiovascular; DMARD = Disease-modifying anti-rheumatic drugs; EBCT = electron beam computed tomography;
MDCT = multi-detector computed tomography; NA = not available; NSAID = Non-steroidal anti-inflammatory drugs; RA = rheumatoid arthritis; SD = standard
deviation; TNF = tumour necrosis factor.
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