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Ethics approval was waived as this is a systematic review without patient identifiers. Patient consent was 

waived as this is a systematic review without patient identifiers. 

Abstract:  

Objectives: To assess the current state of knowledge for the utility of coronary calcium scoring (CCS) in connective 

tissue disorders (CTDs) as it relates to the presence/quantification of coronary atherosclerosis.

Methods: Following PRISMA guidelines, a literature search via PubMed, Embase, Scopus, Web of Science Core 

Collection, CINAHL, and Cochrane Database of Systematic Review retrieved 1019 studies (since database inception 

– May 7, 2018) from which 121 manuscripts were eligible for review. Inclusion criteria consisted of studies that 

investigated CCS in adults with respective CTDs. Studies were excluded if a complete manuscript was not written in 

English, or was a case report.

Results: 31 studies were included (27 with healthy age/gender matched control group for comparison and 4 

without). CTDs analyzed in articles with control group: 11 rheumatoid arthritis (RA), 14 systemic lupus 

erythematosus (SLE), 4 systemic sclerosis (SSc), 1 idiopathic inflammatory myopathies (IIM), 1 Takayasu arteritis, 

and 1 psoriasis. 9 out of 11 RA studies, 12 out of 14 SLE studies, and 2 out of 4 SSc studies showed statistically 

significant increased CCS when compared to control group. CTDs analyzed in studies without control group: 2 

Kawasaki disease, 1 juvenile idiopathic arthritis (JIA), and 1 antiphospholipid syndrome (APS) article which 

demonstrated increased coronary arterial calcium (CAC) burden, however, without statistically significant data. 

Conclusions: CTDs, especially SLE and RA, are associated with higher CCS compared to control group, indicating 

increased risk of coronary atherosclerosis. . Our search did not elicit sufficient publications or statistically 

significant results in many other connective tissue disorders.

Introduction

The association between atherosclerosis and inflammation has been well established (1). Atherosclerosis has been 

attributed to oxidative injury to the endothelial walls from inflammatory cells (2,3). Most connective tissue 

disorders (CTDs) are known chronic inflammatory disorders, of which some have been associated with 

cardiovascular disease (CVD). This CVD association has been mostly shown in systemic lupus erythematosus (SLE) 
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and rheumatoid arthritis (RA). One study demonstrated that the risk of cardiovascular disease in those with SLE 

was reported to be more than two times compared to their control group (4). Another study that investigated the 

risk of CVD in a multitude of inflammatory disorders found the highest risk in those with RA and other connective 

tissue disorders (5). The pathophysiologic mechanisms of why this occurs in diseases such as RA and SLE is still not 

fully understood, though inflammation seems to play a central role. Given the established association of 

atherosclerosis with inflammation, all connective tissue disorders should be investigated for their possible 

contributions for CVD.  

Traditional cardiovascular risk factors such as age, race, systolic blood pressure, cholesterol, diabetes, smoking, 

and others have been previously validated for their increased risk of cardiovascular disease, and have been used to 

predict the risk of future cardiovascular events (6). A growing number of studies suggest that inflammatory and 

autoimmune disorders have both a higher burden of atherosclerosis and a higher number of cardiovascular hard 

events (4, 5). Furthermore, there is a disproportionate rate of CVD seen in the younger population with CTDs who 

lack traditional cardiovascular risk factors which accrue with age (7). This could be explained by the ebb and flow 

of systemic inflammation which has been well described as an underlying mechanism of atherosclerotic plaque (1). 

The traditional  CVD risk stratification model might underestimate the true cardiovascular risks in CTDs, and new 

risk calculation models are needed.

Currently, there is no cardiac risk stratification model that includes pro-inflammatory CTDs as a risk factor for CVD. 

Coronary event risk calculators such as the American College of Cardiology/American Heart Association 

Atherosclerotic Cardiovascular Disease (ASCVD) risk calculator (6) do not include CTDs as a contributor to 

cardiovascular events. 

The impact of CTDs on one’s cardiovascular health is an important relationship to understand to be able to aid in 

its prevention. Surrogate markers for CVD such as coronary calcium score (CCS) have been shown to be an 

effective tool to predict increased risk of coronary heart disease events (8), such as myocardial infarction. The 

utility of CCS in identifying the cardiovascular risk in patients with CTDs has not been studied over the spectrum of 

CTDs (such as vasculitis, myositis, and mixed connective tissue disorders).

The purpose of this systematic review is to evaluate the coronary atherosclerotic disease risk of all connective 

tissue disorders by computed tomography (CT) scan with coronary arterial calcification (CAC) or coronary calcium 

score.  A
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Methods

Protocol and registration

This descriptive systematic review was registered with PROSPERO (registration number CRD42019128607) and was 

performed following the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) (9). 

Search strategy

A structured search of published studies relating to coronary artery calcium scoring and connective tissue diseases 

was conducted in Medline via PubMed, Embase, Scopus, Web of Science Core Collection, CINAHL, and Cochrane 

Database of Systematic Review from database inception through May 7, 2018.

Search strategies were customized for each database and included appropriate controlled vocabulary terms and 

keywords related to coronary artery calcification and connective tissue disorders. Full details of the strategies for 

each database are available (Appendix 1). The reference lists of all included studies were hand searched to identify 

any additional relevant publications.

The Medical Subject Headings (MeSH) used to identify coronary artery calcification were the terms that were used 

to illustrate the connective tissue disorders and CT scan findings in the search concept (Table 1).

Eligibility criteria

Inclusion criteria consisted of studies that illustrated the CCS/CAC of the respective CTD in adults. Studies were 

excluded if they were a case report, not written in English, or were an abstract article without a full manuscript to 

evaluate. Each manuscript was evaluated to look for coronary arterial calcium detected from chest computed 

tomography scan in each respective connective tissue disorder (Figure 1).

Study selection, data extraction, and data items

Two reviewers evaluated the data and studies independently. 1907 abstracts were initially obtained from our 

search, which was reduced to 1019 after duplicates were removed. The 1,019 abstracts were analyzed for 

relevancy which resulted in 898 abstracts being excluded due to title and/or abstract that did not evaluate 

CCS/CAC of CTDs. 121 full manuscripts remained which were analyzed for mean, median, and/or 

prevalence/incidence of CCS/CAC in each respective CTD as either a primary outcome of the study, or as a 

secondary outcome. CCS/CAC was measured by CT scan of the chest without intravascular contrast and 

interpreted by a reviewer for CCS or CAC incidence/prevalence. All CT image modalities, including multidetector 

row computed tomography (MDCT) or electron beam tomography (EBT) were included. The units used to describe 
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the CCS was described by Agatston et al (10) and are reported in this review as Agatston units. Studies were also 

investigated for variables such as age, gender, ethnicity, and cardiovascular risk factors such as hypertension, 

diabetes, smoking, and hyperlipidemia. 

This search strategy resulted in 33 studies that were eligible for full manuscript review (Figure 1). 27 studies 

compared the CCS/CAC of the respective CTD to a control group, and 6 studies did not have a control group for 

comparison. Of these 6 studies, 2 were excluded (1 RA, 1 SLE) due to the sufficient number of higher quality RA 

and SLE studies which had a control group for comparison. The remaining 4 studies (2 Kawasaki disease, 1 juvenile 

idiopathic arthritis [JIA], and 1 antiphospholipid syndrome [APS]) were included in this review despite the absence 

of a control group for comparison due to the lack of better-quality studies that investigated this association. This 

resulted in a total of 31 articles that were evaluated in this systematic review. Of these, the quantity and type of 

CTDs analyzed with a control group for comparison were: 11 rheumatoid arthritis (RA), 14 systemic lupus 

erythematosus (SLE), 4 systemic sclerosis (SSc), 1 idiopathic inflammatory myopathies (IIM), 1 Takayasu arteritis, 

and 1 psoriasis. The quantity and type of CTDs analyzed without a control group for comparison were: 2 Kawasaki, 

1 JIA, and 1 APS.

Risk of bias in individual studies

The quality of articles included in this review were assessed using the Newcastle-Ottawa Scale (NOS) (11) 

assessment scale for cohort studies and the Agency for Healthcare Research and Quality (AHRQ) (12) criteria for 

cross-sectional studies. The Newcastle–Ottawa Scale assigns a maximum of 9 points to each study. The assessment 

scale analyzes three broad perspectives of each study: the selection of the study groups; the comparability of the 

groups; and the ascertainment of either the exposure or outcome of interest for case-control or cohort studies 

(11). When a study receives more than the median number of stars, it is considered to be of good quality (or low 

risk of bias); otherwise, it was deemed to be of low quality (or high risk of bias). All NOS assessments for cohort 

studies in this review had a score > 4 indicating good quality (Appendix 2). The individual assessments using AHRQ 

did not have a score value but did assess important study qualities through a series of investigational questions to 

assess for possible bias. The AHRQ assessment of the included cross-sectional studies subjectively demonstrated 

that they are also of good or fair quality (Appendix 3). 

Results:

CCS/CAC of CTDs compared to healthy matched control group (Table 2)

Connective Tissue Diseases Summary
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11 rheumatoid arthritis, 14 systemic lupus erythematosus, 4 systemic sclerosis, 1 idiopathic inflammatory 

myopathy, 1 Takayasu arteritis, and 1 psoriasis article were analyzed. Not all studies investigated CCS in the 

respective CTD as a primary outcome yet were able to be included as they met inclusion/exclusion criteria. Some 

studies investigated the CCS/CAC of multiple CTDs compared to a control group. MDCT or EBT was used in these 

studies to detect CAC/CCS. Some articles (16, 18, 30) used participants from the Multi-Ethnic Study of 

Atherosclerosis (MESA) (40) study, which evaluated CAC in different ages, sex, ethnicities, and cardiovascular risk 

factors to match for their control group. Table 2 outlines details of each study, including the type of CTD, CCS/CAC 

findings, statistical significance, and sample size. Descriptive characteristics of each article are outlined in Appendix 

4. 

Rheumatoid Arthritis (RA)

9 out of 11 (82%) RA articles showed a statistically significant increase in CAC prevalence and/or CCS in RA patients 

compared to control group. Among the 9 articles, 3 of them (14, 15, 17) analyzed the CCS and CAC prevalence in 

early RA (<5 and <6 years disease duration) and late RA (>10-year duration). All of these studies found that the CAC 

prevalence and CCS were higher in the late RA group. One article (20) only analyzed female patients and control 

group. Two articles (16, 19) did not demonstrate increased CAC in RA, however, neither of these studies 

demonstrated statistical significance. One article (16) illustrated that both prevalence and progression of CAC were 

similar between the RA and control group, and the other (19) demonstrated that the median CAC was not 

increased in RA patients when compared to control group (in a small sample size of 37 patients).

Systemic Lupus Erythematosus (SLE)

12 out of 14 (86%) studies demonstrated with statistical significance that CCS, CAC incidence/prevalence, and/or 

CAC burden was increased in SLE when compared to control group. Three articles (28, 29, 30) only analyzed female 

patients and controls. One study (31) only analyzed male patients and controls. Two out of the fourteen studies did 

not comment on disease duration at time of CAC/CCS. The median or mean disease duration of the other twelve 

studies were at least >5 years duration. Of the 2 studies that did not demonstrate statistical significance, one study 

(29) showed that the SLE group had higher prevalence of CAC and higher rates of CAC progression when compared 

to control group. The other study (19) showed that the median CAC was not increased in SLE patients, but had a 

small sample size of 33 SLE patients. 

Systemic Sclerosis (SSc)
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2 out of 4 studies (50%) showed statistically significant increased CCS or CAC incidence/prevalence compared to 

control group, though one study (35) had a very small population size (17 patients for each group). The other two 

studies (19, 37) did not demonstrate statistical significance and illustrated that CAC/CCS was not increased in SSc 

when compared to control group. The mean or median disease duration in all studies was at least 6 years. 

Idiopathic Inflammatory Myopathy (IIM) also known as (Dermatomyositis [DM]/Polymyositis [PM])

One article (38) was reviewed which did show slight increase in the median CCS for IIM when compared to control 

group (not statistically significant; p=0.27). The mean disease duration was 9 years. The IIM group had more 

patients with CCS score ≥ 400 (20%) compared to control group (4%) (p=0.04). However, multivariate analysis 

demonstrated that the confounding factors associated with this were age and smoking, and there was no 

significant association found between the number of patients with higher CCS and IIM. 

Takayasu Arteritis

One article (33) was reviewed which illustrated increased CAC incidence in Takayasu arteritis when compared to 

control group, however, this data was not statistically significant. The mean disease duration was 9.5 years. This 

same study did show that the incidence of CAC was greater in SLE than in Takayasu arteritis (with statistical 

significance).

Psoriasis

One article (39) was reviewed which showed that those with psoriasis had slightly higher CCS than control group, 

however, this was not statistically significant. The mean disease duration was 16 years. The psoriasis and control 

group populations had similar prevalence of CAC.

CCS/CAC of CTDs without a control group for comparison (Table 3)

Connective Tissue Diseases Summary

The following articles were included in this study due to the lack of better-quality studies to evaluate CAC/CCS in 

these respective connective tissue disorders compared to a control group. These consisted of one antiphospholipid 

syndrome (APS) article (43) which analyzed serologically positive APS antibodies from a previous study (45) of 

patients that had CCS/CAC calculated, two Kawasaki articles (41, 42) which did not have a control group for 

comparison, and one JIA article (44) which did not have a control group for comparison. Table 3 illustrates the 
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details of each study, including the type of CTD, CCS/CAC findings, statistical significance, and sample size. MDCT or 

EBT was used in these studies to detect CAC/CCS. The results demonstrate a higher CAC burden in people with 

these diseases than would be expected in their respective age groups, however, there is no control group for 

comparison, and data was not statistically significant. Descriptive characteristics of each article are outlined in 

Appendix 4.

Kawasaki Arteritis

Two articles (41, 42) were reviewed which demonstrated that CAC was increased in most patients with Kawasaki 

who developed a coronary aneurysm, though this data was not statistically significant. The median disease 

duration was at least 14.8 and 19.7 years. The median ages at the time of CT scan were 20 and 19.7 years in each 

study, respectively. There was no control group for comparison in either study. Both studies demonstrated that all 

of the participants without coronary dilation or aneurysm had no coronary arterial calcium detected.

Antiphospholipid Syndrome (APS)

One article (43) was analyzed from a pool of patients of the CARDIA study (Coronary Artery Risk Development in 

Young Adults) (45) which consisted of young adults aged 18-30 years old enrolled in the study in 1985. CAC was 

measured at 15 and 20 years. This study demonstrated that CAC was more prevalent in these patients with serum 

positivity for APS than would be expected for their age group. Antiphospholipid antibodies (IgG and IgA anti-β2-GPI 

antibodies) were associated with CAC > 0 at year 15 after adjustment for traditional cardiovascular factors, gender, 

and race. Anti-β2-GPI antibodies (more so anti-β2-GPI IgG) were associated with CAC > 0 at year 20, but the 

relationship was not as strong as that for CAC at year 15.

Juvenile Idiopathic Arthritis (JIA)

One article (44) discovered that 26% of patients were found to have CAC (not statistically significant), 

demonstrating an increased CAC burden than would be expected at this young age. The mean disease duration 

was 29.2 years, with a median age group of 38 years at the time of CT scan with CAC calculation. 

Discussion

The goal of this study was to evaluate the cardiovascular risk of connective tissue diseases as measured by 

coronary arterial calcium prevalence/incidence or coronary calcium score. Overall, the articles that compared their 

respective CTD to a control group effectively matched to age and gender, and had mostly similar cardiovascular 

risk factors. Unfortunately, there were not an adequate amount of publications meeting this study’s 
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inclusion/exclusion criteria that evaluated CAC/CCS in connective tissue disorders besides SLE and RA. Therefore, 

this systematic review was unable to definitively assess the cardiovascular risk through means of CCS/CAC in the 

other connective tissue disorders, though the suspicion for cardiovascular disease is still high based on all of the 

studies evaluated. Nevertheless, this systematic review did confirm that there is a strong association of coronary 

artery calcification, and thus, coronary atherosclerosis in RA and SLE. All of the studies with statistical significance 

included in this systematic review that compared the RA and SLE patient population to a control group 

demonstrated increased CAC/CCS in the RA and SLE groups. Given these findings, CCS has shown to be an effective 

modality in the evaluation of coronary atherosclerosis in these two CTDs. It is important for future studies to 

address if the strict control of other risk factors of CAD such as hypertension, smoking, and hyperlipidemia, in 

addition to the control of disease activity itself, can assist in preventing future cardiovascular events in this patient 

population.

Systemic sclerosis had conflicting data on its cardiovascular risk, with half of the studies demonstrating increased 

CAC/CCS compared to control group. However, the two out of four studies with data of statistical significance did 

demonstrate increased CAC burden in the SSc group. In addition, one systematic review which investigated the 

incidence of CAD from autopsy findings, CAC, and coronary angiographic findings demonstrated that SSc is 

associated with increased incidence of CAD (46). These findings are more supportive of an increased cardiovascular 

burden from SSc, though additional studies with larger patient population sizes are needed to confirm this.  

One IIM study did show that patients with IIM had a higher number of individuals with CCS ≥400 than the healthy 

control group, however that was found to be attributed to confounding risk factors of tobacco smoking and patient 

age, and not IIM. More studies are needed to investigate this correlation. The Takayasu arteritis and psoriasis 

studies also demonstrated increased CAC (though not statistically significant), however, more studies are needed 

with a larger patient population size for reliable assessment.

Overall, the analysis of articles without a control group for comparison demonstrated higher CAC/CCS in the 

Kawasaki, APS, and JIA population than would be expected for their younger patient population (not statistically 

significant), but additional studies are needed for direct comparison to a control group, as well as larger sample 

sizes. Kawasaki disease is unique in that there is a direct coronary artery injury in the pediatric population 

complicated by post traumatic effects such as coronary aneurysm. These studies were consistent in finding that 

those with coronary aneurysms did have increased CAC, though the data was not statistically significant. The JIA 

study also demonstrated increased CAC prevalence than would be expected in its young patient population. The 

APS study showed a CAC burden greater than zero in those with serum positivity for antiphospholipid antibodies 

which is not expected to be found in a young population of age 18-30 years old, however, a control group would 

be helpful in validating these findings. 

Limitations
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This systematic review has several limitations. First, this is a descriptive review and lacks statistical analysis to 

summarize the results of these studies and assist in eliminating some bias. The authors believe that publication 

bias could be present but cannot be assessed in this review due to the different expected magnitude of effect and 

different publication bias across these connective tissue disorders.

Another limitation of this study is the few number of articles that studied CCS in CTDs besides SLE and RA, which 

prevents proving or disproving the hypothesis that CCS/CAC is higher in all CTDs when compared to healthy control 

groups. Third, this review included many cross-sectional observation studies which could not evaluate the 

temporal relationship of each respective CTD and coronary arterial calcification.  

Conclusion

From the evidence of articles evaluated, this systematic review demonstrates that some CTDs (RA and SLE) have 

higher CCS and/or CAC incidence or prevalence compared to normal controls, and thus, may be an independent 

risk factor of coronary atherosclerosis, while the SSc data is still ambiguous. For SLE and RA, we suggest this risk 

from studies that demonstrated this association with statistical significance, though the quality of the articles 

evaluated (cross sectional and cohort studies) must be considered. Based on the current published data regarding 

other CTDs, increased coronary atherosclerosis also seems likely, however better-quality studies are needed to 

prove this association. This review also identified that aside from Takayasu arteritis and Kawasaki disease, there is 

currently no published data in the spectrum of vasculitides, which have been associated with high inflammatory 

burden. It is unclear if MDCT or EBT-measured CCS is a reliable and generalizable tool to assess subclinical 

atherosclerosis across the spectrum of CTDs, however we ascertain that it can be useful for cardiovascular risk 

assessment in patients with SLE and RA, with consideration of its disadvantages including radiation exposure and 

cost.

Acknowledgments

The authors would like to thank Andrea Rogers for assisting in the literature search for this project. No potential 

conflicts of interest relevant to this article were reported. The authors have no conflicts of interests and have not 

received any benefits or funding to conduct this project. There has been no financial support or competing 

interest. 

References:

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



12

This article is protected by copyright. All rights reserved

1. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med. 2005 Apr 

21;352(16):1685-95

2. Frostegard J. Atherosclerosis in patients with autoimmune disorders. Arterioscler Thromb Vasc Biol 

2005;25:1776–1785

3. Montecucco F, Mach F. Common inflammatory mediators orchestrate pathophysiological processes in 

rheumatoid arthritis and atherosclerosis. Rheumatology (Oxford) 2009;48:11–22

4. Hak AE, Karlson EW, Feskanich D, Stampfer MJ, Costenbader KH.  Systemic lupus erythematosus and the 

risk of cardiovascular disease: results from the nurses’ health study. Arthritis Rheum 2009;61:1396–402

5. Baena-Díez JM, Garcia-Gil M, Comas-Cufí M, Ramos R, Prieto-Alhambra D, Salvador-González B, et al. 

Association between chronic immune-mediated inflammatory diseases and cardiovascular risk. Heart. 

2018;104(2):119-126

6. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D'Agostino RB, Gibbons R, et al. 2013 ACC/AHA guideline 

on the assessment of cardiovascular risk: a report of the American College of Cardiology/American Heart 

Association Task Force on Practice Guidelines. Circulation 2014;129:S49

7. Alenghat FJ. The Prevalence of Atherosclerosis in Those with Inflammatory Connective Tissue Disease by 

Race, Age, and Traditional Risk Factors. Sci Rep. 2016 Feb 4;6:20303

8. Pletcher MJ, Tice JA, Pignone M, Browner WS. Using the coronary artery calcium score to predict coronary 

heart disease events: a systematic review and meta-analysis. Arch Intern Med 2004;164:1285

9. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta 

analyses: the PRISMA statement. Ann Intern Med 2009;151:264–9

10. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr, Detrano R. Quantification of coronary 

artery calcium using ultrafast computed tomography. J Am Coll Cardiol 1990;15:827-32

11. GA Wells, B Shea, D O'Connell, J Peterson, V Welch, M Losos, et al. The Newcastle-Ottawa Scale (NOS) for 

assessing the quality of nonrandomized studies in meta-analyses. Available: 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. (Date of access: 1/March/2019)

12. Technology Assessment Program. Agency for Healthcare Research and Quality. Available: 

http://www.ahrq.gov/research/findings/ta/index.html. (Date of access: 23/March/2019)

13. Abdel-Khalek MA, El-Barbary AM, Essa SA, Ghobashi AS. Serum hepcidin: a direct link between anemia of 

inflammation and coronary artery atherosclerosis in patients with rheumatoid arthritis. J Rheumatol 

2011;38;2153-2159

14. Asanuma Y, Chung CP, Oeser A, Solus JF, Avalos I, Gebretsadik T, et al. Serum osteoprotegerin is increased 

and independently associated with coronary-artery atherosclerosis in patients with rheumatoid arthritis. 

Atherosclerosis 2007;195:135–141

15. Avalos I, Chung CP, Oeser A, Gebretsadik T, Shintani A, Kurnik D, et al. Increased augmentation index in 

rheumatoid arthritis and its relationship to coronary artery atherosclerosis. J Rheumatol 2007;34:2388-94

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



13

This article is protected by copyright. All rights reserved

16. Chung CP, Giles JT, Kronmal RA, Post WS, Gelber AC, Petri M, et al. Progression of coronary artery 

atherosclerosis in rheumatoid arthritis: Comparison with participants from the Multi-Ethnic Study of 

Atherosclerosis. Arthritis Res Ther 2013;15:R134

17. Chung CP, Oeser A, Raggi P, Gebretsadik T, Shintani AK, Sokka T, et al. Increased coronary-artery 

atherosclerosis in rheumatoid arthritis: relationship to disease duration and cardiovascular risk factors. 

Arthritis Rheum 2005;52:3045–3053

18. Giles JT, Szklo M, Post W, Petri M, Blumenthal RS, Lam G, et al. Coronary arterial calcification in 

rheumatoid arthritis: comparison with the Multi-Ethnic Study of Atherosclerosis. Arthritis Res Ther 

2009;11:R36

19. Kakuta K, Dohi K, Sato Y, Yamanaka T, Kawamura M, Ogura T, et al. Chronic Inflammatory Disease Is an 

Independent Risk Factor for Coronary Flow Velocity Reserve Impairment Unrelated to the Processes of 

Coronary Artery Calcium Deposition. J Am Soc Echocardiogr 2016;29:173-80

20. Kao AH, Wasko MC, Krishnaswami S, Wagner J, Edmundowicz D, Shaw P, et al. C-Reactive Protein and 

Coronary Artery Calcium in Asymptomatic Women with Systemic Lupus Erythematosus or Rheumatoid 

Arthritis. Am J Cardiol 2008;102:755–760

21. Paccou J, Renard C, Liabeuf S, Kamel S, Fardellone P, Massy ZA, et al. Coronary and abdominal aorta 

calcification in rheumatoid arthritis: relationships with traditional cardiovascular risk factors, disease 

characteristics, and concomitant treatments. J Rheumatol 2014;41:2137-44

22. Wang S, Yiu KH, Mok MY, Ooi GC, Khong PL, Mak KF, et al. Prevalence and extent of calcification over 

aorta, coronary and carotid arteries in patients with rheumatoid arthritis. J Intern Med 2009;266:445-52

23. Yiu KH, Mok MY, Wang S, Ooi GC, Khong PL, Lau CS, et al. Prognostic role of coronary calcification in 

patients with rheumatoid arthritis and systemic lupus erythematosus. Clin Exp Rheumatol 2012;30:345-50

24. Asanuma Y, Oeser A, Shintani AK, Turner E, Olsen N, Fazio S, et al. Premature coronary-artery 

atherosclerosis in systemic lupus erythematosus. N Engl J Med 2003;349:2407-15

25. Chung CP, Oeser A, Avalos I, Raggi P, Stein CM. Cardiovascular risk scores and the presence of subclinical 

coronary artery atherosclerosis in women with systemic lupus erythematosus. Lupus 2006;15:562-9

26. Chung CP, Solus JF, Oeser A, Avalos I, Kurnik D, Raggi P, et al. N-terminal pro-brain natriuretic peptide in 

systemic lupus erythematosus: relationship with inflammation, augmentation index, and coronary 

calcification. J Rheumatol 2008;35:1314-9

27. Heshmat TS, Khalil NM, Elhamid HA, Labib S, Mahfouz M. Assessment of premature coronary 

atherosclerosis in patients with systemic lupus erythematosus disease. Egypt Rheumatol 2015;37:43–47

28. Kiani AN, Magder LS, Post WS, Szklo M, Bathon JM, Schreiner PJ, et al. Coronary calcification in SLE: 

comparison with the Multi-Ethnic Study of Atherosclerosis. Rheumatology (Oxford) 2015;54:1976-81

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



14

This article is protected by copyright. All rights reserved

29. Lertratanakul A, Wu P, Dyer AR, Kondos G, Edmundowicz D, Carr J, et al. Risk factors in the progression of 

subclinical atherosclerosis in women with systemic lupus erythematosus. Arthritis Care Res (Hoboken) 

2014;66:1177-85

30. Othman KMS, Assaf NY. Early detection of premature subclinical coronary atherosclerosis in systemic 

lupus erythematosus patients. Egypt Heart J 2013;65, 281–288

31. Romero-Díaz J, Acosta-Hernández RI, Criales-Vera S, Kimura-Hayama E, Domínguez-Quintana M, Morán-

Contla R, et al. Asymptomatic Coronary Artery Calcifications in Men with Systemic Lupus Erythematosus. J 

Rheumatol 2018;45:663-670

32. Romero-Díaz J, Vargas-Vóracková F, Kimura-Hayama E, Cortázar-Benítez LF, Gijón-Mitre R, Criales S, et al. 

Systemic lupus erythematosus risk factors for coronary artery calcifications. Rheumatology (Oxford) 

2012;51:110-9

33. Seyahi E, Ucgul A, Cebi Olgun D, Ugurlu S, Akman C, Tutar O, et al. Aortic and coronary calcifications in 

Takayasu arteritis. Semin Arthritis Rheum 2013;43:96-104

34. Yiu KH, Wang S, Mok MY, Ooi GC, Khong PL, Mak KF, et al. Pattern of arterial calcification in patients with 

systemic lupus erythematosus. J Rheumatol 2009;36:2212-7

35. Khurma V, Meyer C, Park GS, McMahon M, Lin J, Singh RR, et al. A pilot study of subclinical coronary 

atherosclerosis in systemic sclerosis: coronary artery calcification in cases and controls. Arthritis Rheum 

2008;59:591-7

36. Mok MY, Lau CS, Chiu SS, Tso AW, Lo Y, Law LS, et al. Systemic sclerosis is an independent risk factor for 

increased coronary artery calcium deposition. Arthritis Rheum 2011;63:1387-95

37. Seung-Geun L, Young-Eun P, Su-Yeon C, Eun-Kyung P, Geun-Tae K, Ki-Seok C, et al. Systemic Sclerosis is 

Not Associated with Increased Coronary Artery Calcium Deposition. Turk J Rheumatol 2013;28:242-250

38. Diederichsen LP, Diederichsen AC, Simonsen JA, Junker P, Søndergaard K, Lundberg IE, et al. Traditional 

cardiovascular risk factors and coronary artery calcification in adults with polymyositis and 

dermatomyositis: a Danish multicenter study. Arthritis Care Res (Hoboken) 2015;67:848-54

39. Seremet S, Genc B, Tastan A, Akyildiz ZI, Nazli C, Ozcelik S, et al. Are all patients with psoriasis at increased 

risk for coronary artery disease? Int J Dermatol 2015;54:355-61

40. Budoff MJ, Young R, Lopez VA, Kronmal RA, Nasir K, Blumenthal RS, et al. Progression of coronary calcium 

and incident coronary heart disease events: MESA (Multi-Ethnic Study of Atherosclerosis). J Am Coll 

Cardiol 2013;61:1231-9

41. Kahn AM, Budoff MJ, Daniels LB, Jimenez-Fernandez S, Cox AS, Gordon JB, et al. Calcium scoring in 

patients with a history of Kawasaki disease. JACC Cardiovasc Imaging 2012;5:264-72

42. Kahn AM, Budoff MJ, Daniels LB, Oyamada J, Gordon JB, Burns JC. Usefulness of Calcium Scoring as a 

Screening Examination in Patients with a History of Kawasaki Disease. Am J Cardiol 2017;119:967-971

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



15

This article is protected by copyright. All rights reserved

43. Majka DS, Liu K, Pope RM, Karlson EW, Vu TH, Teodorescu M, et al. Antiphospholipid antibodies and sub-

clinical atherosclerosis in the Coronary Artery Risk Development in Young Adults (CARDIA) cohort. 

Inflamm Res 2013;62:919-27

44. Aulie HA, Selvaag AM, Günther A, Lilleby V, Molberg Ø, Hartmann A, et al. Arterial haemodynamics and 

coronary artery calcification in adult patients with juvenile idiopathic arthritis. Ann Rheum Dis 

2015;74:1515-21

45. Cutter GR, Burke GL, Dyer AR, Friedman GD, Hilner JE, Hughes GH, et al. Cardiovascular risk factors in 

young adults. The CARDIA baseline monograph. Control Clin Trials 1991;12:1S–77S

46. Ali H, Ng KR, Low AH. A qualitative systematic review of the prevalence of coronary artery disease in 

systemic sclerosis. Int J Rheum Dis 2015;18:276-86

The 4 Domains of Connective Tissue Disorders

1. Rheumatoid Arthritis

2. Seronegative spondyloarthropathies

a. Ankylosing Spondylitis

b. Reactive Arthritis

c. Enteropathic Arthropathy OR Spondylitis Associated with Inflammatory Bowel Disease

d. Psoriatic Arthritis

e. Undifferentiated Spondyloarthropathy

3. Connective Tissue Diseases

a. Systemic Sclerosis

b. Primary Sjogren’s Syndrome

c. Systemic Lupus Erythematosus

d. Antiphospholipid Syndrome

e. Relapsing Polychondritis

f. Idiopathic inflammatory myopathies: Polymyositis, Dermatomyositis, Anti-synthetase 

Syndrome, Inclusion-body Myositis, Necrotizing Autoimmune Myopathy

g. Mixed Connective Tissue Disorder

h. Undifferentiated Connective Tissue Disease

4. Vasculitis:

a. Large vessel vasculitis:

i. Takayasu Arteritis

ii. Giant Cell Arteritis
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b. Medium vessel vasculitis:

i. Polyarteritis Nodosa

ii. Kawasaki Disease

c. Small vessel vasculitis

i. Microscopic Polyangiitis

ii. Granulomatosis with Polyangiitis 

iii. Eosinophilic Granulomatosis with Polyangiitis

d. Variable vessel vasculitis

i. Behcet’s Disease

ii. Cogan’s Syndrome

e. Immune complex small vessel vasculitis

i. Anti-glomerular Basement Membrane (anti-GBM) Disease

ii. Cryoglobulinemic Vasculitis

iii. IgA Vasculitis (Henoch-Schonlein)

iv. Hypocomplementemic Urticarial Vasculitis (anti-C1q vasculitis)

Table 1. Search terms for connective tissue disorders

Author, Year, & 

Reference CTD / Sample size

Mean, median, or incidence/prevalence of CAC or CCS results 

(Agatston units)

Statistical 

significance

Abdel-Khalek 

(2011) (13)

RA - 60

Control - 20

RA Mean CCS: 126 ± 115.23 

Control Mean CCS: 4.7 ± 4.03 p < 0.001

Asanuma (2007) 

(14)

Early RA - 90

Established RA - 67 

Control - 87 

Early RA (< 6 years) Median CCS: 0 (0-47)

Established RA (> 10 years) Median CCS: 63 (0-368)

Control Median CCS: 0 (0-18) p < 0.001

Avalos (2007) 

(15)

Early RA - 57 

Late RA - 60 

Control - 65 

Early RA (< 6 years) – Median CCS 0 (0–33.8) 

Late RA (> 10 years) – Median CCS 65.5 (0–400.5)

Controls – Median CCS  0 (0–16.4) p < 0.001

Chung (2013) 

(16)

RA - 155 

Control – 835*

Median CCS RA - 3.1 (0-135.1)

Median CCS control - 6.4 (0-119.6) NS

Chung (2005) 

(17)

Early RA - 70

Established RA - 71 

Control - 86 

Early RA (< 5 years) - median CCS 0 (0-42.6), CAC in 42.9% 

Established RA (> 10 years) - median CCS 40.2 (0-358), CAC in 60.6% 

Control - median CCS 0 (0-19.2), CAC in 38.4% p = 0.001 

Giles (2009) 

(18) 

RA - 195 

Control - 1,073*

RA mean CCS: 175 ± 31

Control mean CCS: 122 ± 13 p = 0.002

Kakuta (2016) 

(19) 

RA - 37 

SSc - 24 

SLE - 33 

Control - 74 

Median CCS RA – 0 (0-136)

Median CCS SSc – 0 (0-111)

Median CCS SLE – 0 (0-138)

Median CCS Control – 30 (0-225) NS

Kao (2008) (20) SLE - 105 Prevalence of CAC: p = 0.02
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Table 2. Descriptive summary of CCS/CAC of CTDs with control group for comparison; CAC = coronary artery calcium; CCS = coronary 

calcium score; RA = rheumatoid arthritis; SLE = systemic lupus erythematosus; SSc = systemic sclerosis; IIM = idiopathic inflammatory 

myopathy; NS = not significant; * = sample patients from (40) Multi-Ethnic Study of Atherosclerosis [MESA] Study

RA – 105

Control – 105

SLE - 47.6%, RA - 47.6%, Control - 35.2%

Paccou (2014) 

(21)

RA - 75 

Control - 75 

RA CAC prevalence - 65.3%

Control CAC prevalence - 49.3% p = 0.04

Wang (2009) 

(22)

RA - 85 

Control - 85 

RA Mean CCS - 62.8 ± 197.0

Control Mean CCS - 11.3 ± 38.5

p = 0.002

Yiu (2012) (23)

RA - 85 

SLE - 69 

Control - 106 

RA and SLE Mean CCS - 42.2 ± 154.3

Control Mean CCS - 1.4 ± 13.0 p < 0.01

Asanuma (2003) 

(24)

SLE - 65

Control - 69

SLE Mean CCS: 68.9 ± 244.2

Control Mean CCS: 8.8 ± 41.8 p = 0.002

Chung (2006) 

(25)

SLE - 93 

Control – 65

SLE CAC incidence and Mean CCS - 19.4% and 39 ± 200

Control CAC incidence and Mean CCS - 6.2% and 4 ± 30 p = 0.02

Chung (2008) 

(26)

SLE - 113 

Control - 80 

SLE Mean CCS - 43.4 ± 189.8 

Control Mean CCS - 3.8 ± 27.9 p = 0.002

Heshmat (2015) 

(27)

SLE - 30 

Control - 30 

SLE Mean CCS: 42 ± 111.09

Control Mean CCS: 0, no CAC was detected p = 0.04

Kiani (2015) 

(28)

SLE - 80 

Control – 241*

Age 45-54 CAC prevalence: SLE - 58%. Control - 22/125 (36%)

Age 55-64 CAC prevalence: SLE - 57%. Control - 42/116 (36%)

Age 45-54: p < 0.001

Age 55-64: NS

Lertratanakul 

(2014) (29)

SLE - 149

Control - 124 

CAC was more prevalent in SLE patients and had significantly higher 

progression NS

Othman (2013) 

(30)

SLE - 60

Control - 60

SLE Mean CCS - 59.2 ± 20.3

Control Mean CCS - 2.6 ± 1.85 p < 0.001

Romero-Diaz 

(2018) (31)

SLE - 95 

Control - 100 

SLE - CAC incidence 18%

Control - CAC incidence 7% p = 0.03

Romero-Diaz 

(2012) (32)

SLE - 139 

Control - 100 

SLE - CAC incidence 7.2%

Control - CAC incidence 1% p = 0.02

Seyahi (2013) 

(33)

Takayasu - 47 

SLE - 43 

Control - 70 

Takayasu CAC incidence: 11%

SLE CAC incidence: 21%

Control CAC incidence: 3%

Takayasu: NS

SLE: p = 0.010

Yiu (2009) (34)

SLE - 50 

Control - 50 

SLE CAC prevalence - 42%

Control CAC prevalence - 8% p < 0.01

Khurma (2008) 

(35)

SSc - 17 

Control - 17 

SSc Mean CCS - 126.6 ± 251.0

Control Mean CCS - 14.7 ± 52.2 p = 0.003

Mok (2011) (36)

SSc - 53 

Control - 106 

SSc - 56.5% had CCS > 101

Control - 29.4% had CCS > 101 p = 0.01

Seung-Geun 

(2013) (37)

SSc - 41 

Control – 123

SSc median CAC – 0 (0-133.5)

Control median CAC – 0 (0-454.1) NS

Diederichsen 

(2015) (38)

IIM - 76

Control – 48

IIM: Median CCS 18 (0 - >400)

Control: Median CCS 5 (0 - >400) NS

Seremet (2014) 

(39)

Psoriasis - 40 

Control - 42 

Psoriasis Mean CCS - 9.9 ± 35.2

Control Mean CCS - 2.8 ± 12.0 NS

Author, Year, & 

Reference

CTD / Sample 

Size

Mean, median, or incidence/prevalence of CAC or CCS results (Agatston 

units)

Statistical 

significance 

Kahn (2012) (41)

Kawasaki – 70

No control 

group

No coronary dilation (44/70) - none had CAC

Transient dilation (12/70) - 1/11 patients had CAC

With coronary aneurysm (14/70) – all patients had CAC and the highest 

CAC burden

NS

Kahn et al. (2017) 

(42)

Kawasaki – 116

No control 

group

No coronary dilation (100/160) - 0 CAC

Transient/persistent dilation (33/160) – 1 out of 33 patients had CAC

Aneurysm (9/33) – all had CAC and the highest CAC burden

NS

Majka et al. (2013) 

(43)

APS – 2,203*

No control 

group

APS: CAC was prevalent in 9.5% of young adults (age 18-30) with APS 

antibodies.

NS

Aulie et al. (2014) (44)

JIA – 84 

No control 

group

22 of 84 JIA patients (26%) had a CCS above 0

16 patients had CCS 1-10

6 patients had CCS > 10

NS
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Table 3. Descriptive summary of CCS/CAC of CTDs without control group for comparison; CAC = coronary artery calcium;  CCS = coronary 

calcium score; APS = antiphospholipid syndrome; JIA = juvenile idiopathic arthritis; NS = not significant; * = sample patients from (45) 

Coronary Artery Risk Development In Young Adults (CARDIA) study
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