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Abstract: Objective: Patients with chronic inflammatory rheumatic diseases (CIRD) have a higher 

incidence of coronary artery disease (CAD) due to accelerated atherogenesis. This study aimed to 

assess the extent and location of CAD lesions in CIRD patients compared to non-CIRD patients. 

Methods: A retrospective study was conducted on CIRD patients (rheumatoid arthritis, ankylosing 

spondylitis, psoriatic arthritis) who underwent coronary angiography at Hospital Fundación Jiménez 

Díaz (Madrid, Spain) between 2018-2022. For each CIRD patient, at least two frequency-matched 

controls were selected based on sex, age (+/- 2 years), diabetic status, and clinical indication for 

coronary angiography. The indications for coronary angiography in both groups were chronic 

coronary syndrome and acute coronary syndrome with or without ST elevation. Results: A total of 

66 CIRD patients were included, with 42 (63.6%) women, and a median age of 66.6 years (range: 58.3–

75.2). Compared to controls, CIRD patients had a higher number of affected coronary arteries (2.03 

versus 1.56, p=0.03). The mid-anterior descending artery and the right posterior descending artery 

were more frequently involved in CIRD patients than in controls (odds ratio [OR] 2.45 and 3.53, 

respectively, p≤0.02 for both comparisons). The frequency of coronary calcification was higher in 

CIRD patients, though the difference did not reach statistical significance (5 of 66 in CIRD patients 

versus 3 of 140 in non-CIRD controls, OR 3.74, p=0.06). Revascularization was more commonly 

performed in patients with CIRD (50 of 66 versus 85 of 140 in those without CIRD (OR: 2.02 [95% CI: 

1.01-4.18]; p=0.03).  Conclusion: Patients with CIRD exhibit more extensive CAD, with a higher 

propensity for involvement of the mid-anterior descending and right posterior descending arteries 

compared to patients without CIRD. 
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1. Introduction 

Chronic inflammatory rheumatic diseases (CIRD) are characterized by persistent inflammation 

and immune system dysregulation, which often lead to an increased risk of cardiovascular disease 

[1]. Within the category of CIRD, we include conditions such as rheumatoid arthritis [2–5], ankylosing 

spondylitis [6–8], and psoriatic arthritis [9,10], which have been associated with accelerated 

atherosclerosis and an increased risk of mortality due to cardiovascular events. 

Patients with CRID often experience endothelial dysfunction [11–14], which is an early stage in 

the development of atherogenesis. Endothelial dysfunction due to arterial wall damage leads to 

increased permeability. In addition, circulating low-density lipoproteins (LDL) deposit in the intima 

of the damaged endothelial vascular wall. LDL becomes oxidized, triggering inflammation and 

attracting macrophages into the intima. Macrophages engulf the oxidized LDL, forming foam cells. 

As the foam cells replicate and release cytokines, a fatty streak develops, promoting the migration of 

smooth muscle cells into the intima. These smooth muscle cells release collagen and proteoglycans, 

leading to the formation of an atherosclerotic plaque. The plaque develops a fibrous cap, which can 

rupture, causing thrombosis. Additionally, over time, the plaque may become calcified, leading to 

arterial stenosis and ischemia [1,3]. 

A higher frequency of subclinical atherosclerosis has also been observed in CIRD, as 

demonstrated by imaging studies such as carotid ultrasound [15–18], which frequently detects 

atheromatous plaques in these patients, and cardiac computed tomography (CT), used for coronary 

calcium quantification [19,20]. In this regard, both carotid ultrasound and coronary CT have been 

identified as useful surrogate markers of coronary artery disease (CAD) in the general population as 

well as in CIRD patients [19]. 

One unresolved issue is whether the severity of CAD in CIRD patients is comparable to that in 

individuals without underlying autoimmune or chronic inflammatory diseases. Specifically, it is 

important to assess whether the extent of CAD differs in terms of the number and location of affected 

coronary vessels when comparing CIRD patients to those with CAD but no inflammatory or 

autoimmune conditions. To address this question, we conducted a retrospective study of CIRD 

patients, including those with rheumatoid arthritis, ankylosing spondylitis, and psoriatic arthritis, 

who were treated at the Rheumatology Department of a reference hospital in central Spain and 

underwent coronary angiography. 

2. Patients and Methods 

 The study included CIRD patients treated at the Rheumatology Division of Hospital Fundación 

Jiménez Díaz in Madrid, Spain, who underwent coronary angiography between 2018 and 2022. They 

included patients with rheumatoid arthritis, ankylosing spondylitis and psoriatic arthritis who 

fulfilled the classification criteria for the diagnosis of each CIRD [21–23]. 

For each CIRD patient, at least two frequency-matched controls were selected based on sex, age 

(+/- 2 years), diabetic status (yes/no), and clinical indication for coronary angiography. The controls 

had no inflammatory rheumatic diseases or other inflammatory or malignant conditions.  

The indications for coronary angiography were applicable to both patients with CIRD and non-

rheumatic patients. These included: Chronic coronary syndrome, acute coronary syndrome without 

ST elevation, and acute coronary syndrome with ST elevation. 

The study procedures were conducted in accordance with the Helsinki Declaration of 1975, as 

revised in 2000. Although it was a retrospective study, ethical committee approval was obtained from 

the Ethical Committee of Fundación Jiménez Díaz, Madrid, Spain (PIC 071-23_FJD). 

2.1. Statistical analysis 
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 Patient demographics were presented as mean and standard deviation (SD), or median and 

interquartile range [IQR] for skewed quantitative variables, and as absolute numbers and relative 

frequencies (%) for qualitative variables. Categorical variables were compared using Fisher’s exact 

test. Continuous variables were compared using the Student’s t-test. 

To measure the association between CAD extension and CRID we estimated odds ratios (OR) 

with 95% confidence interval (CI). OR were not adjusted for age and gender as the control sample 

was frequency-matched for these two variables. We also estimated non-parametric area under the 

ROC curve (AUROC). OR>1 or AUROC>0.5 indicate that specific CAD was more frequent in patients 

with CRID, while OR<1 or AUROC<0.5 indicate the opposite. 

All statistical analyses were carried out with the package Stata 18/SE.  

3. Results 

Sixty-six patients with CRID were assessed. Forty-one were diagnosed with rheumatoid 

arthritis, 14 with ankylosing spondylitis, and 11 with psoriatic arthritis.  

Forty-two of the 66 patients with CRID were women (63.6%), with a median age of 66.6 years 

(range: 58.3–75.2) at the time of the coronary event. 

When compared with matched controls, no differences in age or gender were found between 

CIRD patients and those without CIRD who underwent coronary angiography (Table 1). However, 

the number of affected coronary arteries was higher in the CRID group compared to the controls (2.03 

versus 1.56; p= 0.03). 

Table 1. Age, sex and number of affected coronary arteries in patients with chronic inflammatory rheumatic 

diseases (CIRD) and those controls without CIRD. 

Variable CIRD Non-CIRD P 

Age (mean±SD) 66.9±11.2 66.8±11.5 0.95 

Age (median, IQR) 66.6 (58.3, 75.2) 66.3 (58.1, 75.8)  

Gender (men/women) 42 (63.6%) / 24 89 (63.6%) / 51 0.99 

Number of coronary arteries 

affected 
2.03±1.32 1.56±1.45 0.03 

SD: Standard deviation. IQR: Interquatirle range. Data in bold indicate significant differences between CIRD 

patients and controls. 

Table 2 shows the distribution of CAD damage in patients with and without CIRD. Regarding 

CAD distribution, the mid anterior descending artery and right posterior descending artery were 

more commonly affected in the CRID group than in controls (OR: 2.45 [95% CI: 1.29- 4.65] and 3.53 

[95% CI: 1.06-12.5]), respectively; p≤ 0.02 for both comparisons). In this regard, the coronary 

angiographic damage in both arteries in CIRD patients showed OR values greater than 1, indicating 

that atherosclerotic damage in these arteries was more frequent in CIRD patients than in the control 

group of individuals without CIRD who underwent coronary angiography. Moreover, the area under 

the ROC curve for atherosclerotic damage in both arteries in CRID patients was greater than 0.5, 

supporting an association with atherosclerotic disease in these arteries in CIRD patients compared to 

those without CIRD (Table 2).  
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Table 2. Coronarography differences between patients with Chronic inflammatory rheumatic disease (CRID) 

and matched controls without CIRD (non-CIRD). 

Coronary artery CIRD* 
Non-

CIRD** 

Odds ratio (95% 

CI) 
P 

Area under the ROC curve 

(95% CI) 

Left heart dominance 6/66 9/140 1.46 (0.41, 4.81) 0.49 0.514 (0.473, 0.554) 

Left main coronary 

artery 
6/65 18/140 0.69 (0.21, 1.94) 0.45 0.482 (0.437, 0.527) 

Proximal anterior 

Descending artery 
20/66 27/140 1.82 (0.87, 3.75) 0.08 0.555 (0.490, 0.620) 

Mid anterior 

descending artery 
37/66 48/140 2.45 (1.29, 4.65) 0.003 0.609 (0.537, 0.681) 

Diagonal artery 13/66 25/140 1.13 (0.49, 2.50) 0.75 0.509 (0.451, 0.567) 

Proximal circumflex 

artery 
10/66 24/140 0.86 (0.34 2.03) 0.72 0.490 (0.436, 0.544) 

Left marginal artery 

(obtuse 
10/66 22/140 0.96 (0.38, 2.28) 0.92 0.497 (0.444, 0.550) 

Mid-distal circumflex 

artery 
7/66 12/140 1.27 (0.40, 3.69) 0.64 0.510 (0.466, 0.554) 

Proximal-mid right 

coronary artery 
27/66 49/140 1.29 (0.67, 2.44) 0.41 0.530 (0.458, 0.601) 

Right posterior 

descending 
9/66 6/140 3.53 (1.06, 12.5) 0.02 0.547 (0.502, 0.592) 

Posterolateral artery 1/66 5/140 0.42 (0.01, 3.83) 0.41 0.490 (0.468, 0.511) 

*n with each coronary artery affected / total number of patients with CIRD. **n with each coronary artery affected 

/ total number of patients without CIRD. 

The frequency of coronary calcification was higher in patients with CIRD than in controls. 

However, the difference did not reach statistical significance (5 of 66 in CIRD patients versus 3 of 140 

in non-CIRD controls, OR 3.74; p= 0.06) (Table 3). 

No other significant differences in the frequency of arterial coronary damage between patients 

with and without CIRD were observed (Table 3). 

Table 3. showed morphological coronary differences between patients with CIRD and matched controls without 

CIRD. 

 CIRD* 
Non-

CIRD** 

Odds ratio (95% 

CI) 
P 

Area under the ROC curve 

(95% CI) 

Coronary calcification 5/66 3/140 3.74 (0.70, 24.7) 0.06 0.527 (0.493, 0.562) 

Arterial thrombus 1/66 6/140 0.34 (0.01, 2.93) 0.31 0.486 (0.464, 0.509) 

Coronary ectasia or 

aneurysm 
6/66 7/140 1.90 (0.50, 6.90) 0.26 0.521 (0.481, 0.560) 

Performed 

Revascularization 
50/66 85/140 2.02 (1.01, 4.18) 0.03 0.587 (0.517, 0.657) 

No-reflow 2/66 0/140 --- --- 0.515 (0.494, 0.536) 

*n with each coronary artery affected / total number of patients with CIRD. **n with each coronary artery affected 

/ total number of patients without CIRD. Data in bold indicate significant differences between CIRD patients 

and controls. 

Interestingly, revascularization (angioplasty or coronary artery bypass surgery) was more 

commonly performed in patients with coronary artery disease and CIRD than in those without CIRD 

(Table 3). In the group of patients with CIRD, 50 of 66 underwent revascularization, compared to 85 

of 140 in those without CIRD (OR: 2.02 [95% CI: 1.01-4.18]; p= 0.03).  
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 In a subsequent step, we compared whether coronary damage following coronary angiography 

assessment differed between patients with rheumatoid arthritis, ankylosing spondylitis, or psoriatic 

arthritis (Table 4).  

Table 4. Coronarography differences among patient with rheumatoidd arthritis, ankylosing spondylitis and 

posriatic arthritis. 

Coronary artery 
Rheumatoid 

arthritis* 

Ankylosing 

spondylitis* 

Psoriatic 

arthritis* 
P** 

Left heart dominance 4/41 1/14 0/11 0.35 

Left main coronary 

artery 
4/41 0/14 2/11 0.30 

Proximal anterior 

Descending artery 
16/41 2/14 2/11 0.15 

Mid anterior 

descending artery 
25/41 7/14 5/11 0.60 

Diagonal artery 8/41 1/14 4/11 0.20 

Proximal circumflex 

artery 
8/41 1/14 1/11 0.55 

Left marginal artery 

(obtuse 
8/41 1/14 1/11 0.55 

Mid-distal circumflex 

artery 
0/41 3/14 4/11 <0.001 

Proximal-mid right 

coronary artery 
16/41 5/14 6/11 0.64 

Right posterior 

descending 
4/41 2/14 3/11 0.31 

Posterolateral artery 0/41 1/14 0/11 0.38 

Coronary calcification 4/41 0/14 1/11 0.66 

Arterial thrombus 0/41 0/14 1/11 0.17 

Coronary ectasia or 

aneurysm 
3/41 2/14 1/11 0.83 

Performed 

Revascularization 
31/41 10/14 9/11 0.89 

No-reflow 2/41 0/14 0/11 1.00 

*n with each coronary artery affected / total number of patients with each CIRD. **p values estimated with Fisher 

exact test. Data in bold indicate significant differences between CIRD patients and controls. 

In most cases, there were no significant differences in the frequency of arterial damage detected 

by coronary angiography among the three CIRD groups. In this regard, the only significant difference 

was found in the involvement of the mid-distal circumflex artery, which was absent in patients with 

rheumatoid arthritis (Table 4). However, these results should be interpreted with caution due to the 

small number of patients with ankylosing spondylitis and psoriatic arthritis. 

4. Discussion 

 Patients with CIRD, such as rheumatoid, ankylosing spondylitis, and psoriatic arthritis, are at 

an increased risk of accelerated atherosclerosis and cardiovascular events due to the chronic 

inflammation characteristic of these conditions [1]. Genetic factors have also been proposed to 

influence the risk of cardiovascular disease in these patients [24]. In the present study, we 

investigated the distribution of CAD in CIRD patients. Our findings show that these patients exhibit 

a higher number of affected coronary arteries compared to matched controls, supporting the 

hypothesis that chronic inflammation contributes to more extensive coronary atherosclerosis. 
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Notably, we observed greater involvement of the mid-anterior descending and right posterior 

descending arteries in CIRD patients. This higher frequency of involvement of these arteries in 

patients with CIRD compared to non-CIRD patients deserves further replication in an unrelated 

population.  

While information on the location and extent of coronary damage in CIRD patients is limited, 

several studies have attempted to explore this issue. With respect to this, Aubry et al. analyzed the 

differences in CAD between individuals with and without rheumatoid arthritis [25]. They conducted 

a retrospective analysis, based on autopsy data from patients who died between 1980 and 2004, which 

included 157 patients with rheumatoid arthritis and 173 control patients without CIRD. The study 

revealed that patients with rheumatoid arthritis had a significantly higher burden of atherosclerosis, 

including more severe coronary artery disease and a greater frequency of multi-vessel involvement. 

Additionally, patients with rheumatoid arthritis exhibited more advanced forms of CAD, despite 

being younger on average than the control group [25]. Holmqvist et al. performed a population-based 

study using nationwide clinical, health, and demographic registers in Sweden. They compared 2,985 

patients with rheumatoid arthritis and 10,290 non-rheumatoid arthritis patients who underwent 

coronary angiography between 2006 and 2015 [26]. However, their study found no significant 

differences in the presence and distribution of clinically significant coronary stenoses between the 

two groups, regardless of disease duration, sex, or cardiovascular risk factors [26]. 

A systematic review and meta-analysis, however, provided evidence of increased prevalence of 

asymptomatic CAD in patients with rheumatoid arthritis, measured using coronary calcium scores 

and coronary CT angiography. The analysis of eight studies (788 rheumatoid arthritis patients and 

1,641 controls) revealed that patients with rheumatoid arthritis had a significantly higher risk of 

coronary artery disease and higher coronary calcium scores compared to controls [27]. Patients with 

rheumatoid arthritis also had a higher prevalence of moderate-to-severe coronary artery disease and 

multivessel disease, with disease duration and activity linked to higher coronary calcium scores and 

the presence of high-risk coronary plaques [27]. Additionally, studies on ankylosing spondylitis 

patients found that atherosclerotic plaques in the coronary arteries were significantly more prevalent 

in these individuals compared to controls [28]. In our own cohort of CIRD patients, we also observed 

an increased frequency of coronary calcification, though the difference did not reach statistical 

significance, potentially due to our sample size. 

Further supporting our findings, Karpouzas et al. assessed the presence, burden, and 

composition of coronary plaque in patients with rheumatoid arthritis who were asymptomatic or had 

no clinical diagnosis of CAD [29]. They compared 150 rheumatoid arthritis patients with 150 matched 

controls using 64-slice CT angiography. Their study found that a higher proportion of rheumatoid 

arthritis patients had coronary plaque compared to controls. Additionally, these patients had more 

multivessel disease, both non-obstructive and obstructive, as well as higher stenosis severity and 

plaque extent, even after adjusting for cardiac risk factors [29]. This result is consistent with our 

finding of a higher frequency of revascularization procedures (angioplasty or coronary artery bypass 

surgery) in CIRD patients compared to controls, likely due to the more severe coronary damage 

present even in the preclinical stages of coronary artery disease. 

One possible explanation for increased atherosclerotic coronary findings in patients with CIRD 

is the persistence of chronic inflammation, which has been associated with the development of 

subclinical atherosclerosis. In rheumatoid arthritis, for example, the magnitude and chronicity of the 

inflammatory response, as measured by C-reactive protein, have been linked to the progression of 

atherosclerosis [30,31]. These findings highlight the importance of monitoring coronary health in 

CIRD patients, even in the absence of clinical CAD, as they are at higher risk of cardiovascular events 

due to the cumulative effects of chronic inflammation on the coronary vasculature. In addition to the 

tight control of disease activity to minimize the inflammatory burden, strict management of 

traditional cardiovascular risk factors is essential for patients with CIRD. In this context, Karpouzas 

et al. provided valuable insights into the relationship between statin use and coronary atherosclerosis 

progression in RA [32]. These authors emphasized the complex interplay between chronic 
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inflammation in RA and increased cardiovascular disease risk, highlighting that statins not only help 

manage lipid levels but may also slow the progression of coronary atherosclerosis. Given the 

increased risk of heart disease in these patients, the long-term cardiovascular benefits of statins are 

particularly crucial in the management of CIRD. These findings highlight the importance of 

incorporating statin therapy alongside disease-modifying treatments to reduce cardiovascular risk in 

CIRD patients. Nevertheless, further research us needed to explore the underlying 

pathophysiological mechanisms driving this increased risk and potential strategies for mitigating 

cardiovascular events in these patients. 

5. Conclusions  

Patients with CIRD have more widespread CAD and a greater tendency for involvement of the 

mid-anterior descending and right posterior descending arteries, compared to those without CIRD. 

Author Contributions: Conception, design, and interpretation of the data: EH-R; JAM-L; RL; JAF-P, JT and 

MAG-G. Acquisition of the data: EH-R; MG-B; AC-C; TB-S; AT-R; AG-F.All the authors have agreed to be 

personally accountable for their own contributions and to ensure that questions related to the accuracy or 

integrity of any part of the work, even ones in which the author was not personally involved, are appropriately 

investigated, resolved, and the resolution documented in the literature. All authors have read and agreed to the 

published version of the manuscript. 

Funding: Prof. Miguel Ángel González-Gay research was supported by the Spanish Red de Investigación 

RICORS RD21/0002/0025 of the Instituto de Salud Carlos III, Spain. Prof. M.A. González-Gay research is 

supported by the Spanish Ministry of Health, Instituto de Salud Carlos III (ISCIII), Spanish Red de Investigación 

RICORS - RD24/0007/0031 and PI24/00554. 

Institutional Review Board Statement: The study procedures were conducted in accordance with the Helsinki 

Declaration of 1975, as revised in 2000. Although it was a retrospective study, ethical committee approval was 

obtained from the Ethical Committee of Fundación Jiménez Díaz, Madrid, Spain (PIC 071-23_FJD). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: The data sets used and/or analyzed in the present study are available from the 

corresponding author upon request. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Castañeda S, Nurmohamed MT, González-Gay MA. Cardiovascular disease in inflammatory rheumatic 

diseases. Best Pract Res Clin Rheumatol. 2016 Oct;30(5):851-869. doi: 10.1016/j.berh.2016.10.006. PMID: 

27964792. 

2. Szekanecz Z, Kerekes G, Dér H, Sándor Z, Szabó Z, Végvári A, Simkovics E, Soós L, Szentpétery A, Besenyei 

T, Szücs G, Szántó S, Tamási L, Szegedi G, Shoenfeld Y, Soltész P. Accelerated atherosclerosis in 

rheumatoid arthritis. Ann N Y Acad Sci. 2007 Jun;1108:349-58. doi: 10.1196/annals.1422.036. PMID: 

17893998. 

3. Gonzalez-Gay MA, Gonzalez-Juanatey C, Martin J. Rheumatoid arthritis: a disease associated with 

accelerated atherogenesis. Semin Arthritis Rheum. 2005 Aug;35(1):8-17. doi: 

10.1016/j.semarthrit.2005.03.004. PMID: 16084219. 

4. Sanghavi N, Ingrassia JP, Korem S, Ash J, Pan S, Wasserman A. Cardiovascular Manifestations in 

Rheumatoid Arthritis. Cardiol Rev. 2024 Mar-Apr 01;32(2):146-152. doi: 10.1097/CRD.0000000000000486. 

PMID: 36729119. 

5. Raj R, Thomas S, Gorantla V. Accelerated atherosclerosis in rheumatoid arthritis: a systematic review. 

F1000Res. 2022 Apr 27;11:466. doi: 10.12688/f1000research.112921.2. PMID: 36249997; PMCID: 

PMC9551388. 

6. Bhattad PB, Kulkarni M, Patel PD, Roumia M. Cardiovascular Morbidity in Ankylosing Spondylitis: A 

Focus on Inflammatory Cardiac Disease. Cureus. 2022 Jun 3;14(6):e25633. doi: 10.7759/cureus.25633. PMID: 

35795520; PMCID: PMC9250801. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 March 2025 doi:10.20944/preprints202503.0227.v1

https://doi.org/10.20944/preprints202503.0227.v1


 8 of 9 

 

7. Markov M, Georgiev T, Angelov AK, Dimova M. Adhesion molecules and atherosclerosis in ankylosing 

spondylitis: implications for cardiovascular risk. Rheumatol Int. 2024 Oct;44(10):1837-1848. doi: 

10.1007/s00296-024-05693-3. PMID: 39180529. 

8. Giollo A, Dalbeni A, Cioffi G, Ognibeni F, Gatti D, Idolazzi L, Orsolini G, Minuz P, Rossini M, Fava C, 

Viapiana O. Factors associated with accelerated subclinical atherosclerosis in patients with 

spondyloarthritis without overt cardiovascular disease. Clin Rheumatol. 2017 Nov;36(11):2487-2495. doi: 

10.1007/s10067-017-3786-3. PMID: 28889188. 

9. Zhu TY, Li EK, Tam LS. Cardiovascular risk in patients with psoriatic arthritis. Int J Rheumatol. 

2012;2012:714321. doi: 10.1155/2012/714321. PMID: 22645614; PMCID: PMC3356896. 

10. Eder L, Thavaneswaran A, Chandran V, Cook R, Gladman DD. Increased burden of inflammation over 

time is associated with the extent of atherosclerotic plaques in patients with psoriatic arthritis. Ann Rheum 

Dis. 2015 Oct;74(10):1830-5. doi: 10.1136/annrheumdis-2014-205267. PMID: 24827532. 

11. Gonzalez-Juanatey C, Testa A, Garcia-Castelo A, Garcia-Porrua C, Llorca J, Vidan J, Hajeer AH, Ollier WE, 

Mattey DL, Gonzalez-Gay MA. HLA-DRB1 status affects endothelial function in treated patients with 

rheumatoid arthritis. Am J Med. 2003 Jun 1;114(8):647-52. doi: 10.1016/s0002-9343(03)00133-5. PMID: 

12798452. 

12. Végh E, Kerekes G, Pusztai A, Hamar A, Szamosi S, Váncsa A, Bodoki L, Pogácsás L, Balázs F, Hodosi K, 

Domján A, Szántó S, Nagy Z, Szekanecz Z, Szűcs G. Effects of 1-year anti-TNF-α therapy on vascular 

function in rheumatoid arthritis and ankylosing spondylitis. Rheumatol Int. 2020 Mar;40(3):427-436. doi: 

10.1007/s00296-019-04497-0. PMID: 31848735. 

13. Kaleta K, Krupa J, Suchy W, Sopel A, Korkosz M, Nowakowski J. Endothelial dysfunction and risk factors 

for atherosclerosis in psoriatic arthritis: overview and comparison with rheumatoid arthritis. Rheumatol 

Int. 2024 Sep;44(9):1587-1606. doi: 10.1007/s00296-024-05556-x. PMID: 38522049; PMCID: PMC11343792. 

14. Avouac J, Ait-Oufella H, Habauzit C, Benkhalifa S, Combe B. The Cardiovascular Safety of Tumour 

Necrosis Factor Inhibitors in Arthritic Conditions: A Structured Review with Recommendations. 

Rheumatol Ther. 2025 Feb 28. doi: 10.1007/s40744-025-00753-x. PMID: 40019616. 

15. Gonzalez-Juanatey C, Llorca J, Testa A, Revuelta J, Garcia-Porrua C, Gonzalez-Gay MA. Increased 

prevalence of severe subclinical atherosclerotic findings in long-term treated rheumatoid arthritis patients 

without clinically evident atherosclerotic disease. Medicine (Baltimore). 2003 Nov;82(6):407-13. doi: 

10.1097/01.md.0000101572.76273.60. PMID: 14663290. 

16. Bai R, Zhang Y, Liu W, Ma C, Chen X, Yang J, Sun D. The Relationship of Ankylosing Spondylitis and 

Subclinical Atherosclerosis: A Systemic Review and Meta-Analysis. Angiology. 2019 Jul;70(6):492-500. doi: 

10.1177/0003319718814309. PMID: 30497278. 

17. Gonzalez-Juanatey C, Llorca J, Amigo-Diaz E, Dierssen T, Martin J, Gonzalez-Gay MA. High prevalence of 

subclinical atherosclerosis in psoriatic arthritis patients without clinically evident cardiovascular disease 

or classic atherosclerosis risk factors. Arthritis Rheum. 2007 Aug 15;57(6):1074-80. doi: 10.1002/art.22884. 

PMID: 17665475. 

18. Tam LS, Shang Q, Li EK, Tomlinson B, Chu TT, Li M, Leung YY, Kwok LW, Wong KC, Li TK, Yu T, Zhu 

TY, Kun EW, Yip GW, Yu CM. Subclinical carotid atherosclerosis in patients with psoriatic arthritis. 

Arthritis Rheum. 2008 Sep 15;59(9):1322-31. doi: 10.1002/art.24014. PMID: 18759318. 

19. Kerekes G, Soltész P, Nurmohamed MT, Gonzalez-Gay MA, Turiel M, Végh E, Shoenfeld Y, McInnes I, 

Szekanecz Z. Validated methods for assessment of subclinical atherosclerosis in rheumatology. Nat Rev 

Rheumatol. 2012 Feb 21;8(4):224-34. doi: 10.1038/nrrheum.2012.16. PMID: 22349611. 

20. Hansen PR, Feineis M, Abdulla J. Rheumatoid arthritis patients have higher prevalence and burden of 

asymptomatic coronary artery disease assessed by coronary computed tomography: A systematic literature 

review and meta-analysis. Eur J Intern Med. 2019 Apr;62:72-79. doi: 10.1016/j.ejim.2019.02.018. Epub 2019 

Feb 28. PMID: 30826172. 

21. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO 3rd, Birnbaum NS, Burmester GR, 

Bykerk VP, Cohen MD, Combe B, Costenbader KH, Dougados M, Emery P, Ferraccioli G, Hazes JM, Hobbs 

K, Huizinga TW, Kavanaugh A, Kay J, Kvien TK, Laing T, Mease P, Ménard HA, Moreland LW, Naden 

RL, Pincus T, Smolen JS, Stanislawska-Biernat E, Symmons D, Tak PP, Upchurch KS, Vencovský J, Wolfe 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 March 2025 doi:10.20944/preprints202503.0227.v1

https://doi.org/10.20944/preprints202503.0227.v1


 9 of 9 

 

F, Hawker G.. 2010 Rheumatoid arthritis classification criteria: an American College of 

Rheumatology/European League Against Rheumatism collaborative initiative. Arthritis Rheum. 2010 

Sep;62(9):2569-81. doi: 10.1002/art.27584. PMID: 20872595. 

22. van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for ankylosing spondylitis. A 

proposal for modification of the New York criteria. Arthritis Rheum. 1984 Apr;27(4):361-8. doi: 

10.1002/art.1780270401. PMID: 6231933. 

23. Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants H; CASPAR Study Group. 

Classification criteria for psoriatic arthritis: development of new criteria from a large international study. 

Arthritis Rheum. 2006 Aug;54(8):2665-73. doi: 10.1002/art.21972. PMID: 16871531. 

24. López-Mejías R, Castañeda S, González-Juanatey C, Corrales A, Ferraz-Amaro I, Genre F, Remuzgo-

Martínez S, Rodriguez-Rodriguez L, Blanco R, Llorca J, Martín J, González-Gay MA. Cardiovascular risk 

assessment in patients with rheumatoid arthritis: The relevance of clinical, genetic and serological markers. 

Autoimmun Rev. 2016 Nov;15(11):1013-1030. doi: 10.1016/j.autrev.2016.07.026. PMID: 27490206. 

25. Aubry MC, Maradit-Kremers H, Reinalda MS, Crowson CS, Edwards WD, Gabriel SE. Differences in 

atherosclerotic coronary heart disease between subjects with and without rheumatoid arthritis. J 

Rheumatol. 2007 May;34(5):937-42. Epub 2007 Mar 15. PMID: 17361987. 

26. Holmqvist M, Mantel Ä, Wållberg-Jonsson S, James S, Jernberg T, Askling J. Findings on Coronary 

Angiographies in Patients With Rheumatoid Arthritis and Ischemic Heart Disease: Are They Different 

From Patients Without Rheumatoid Arthritis? Arthritis Care Res (Hoboken). 2021 May;73(5):658-665. doi: 

10.1002/acr.24214. PMID: 33285616. 

27. Hansen PR, Feineis M, Abdulla J. Rheumatoid arthritis patients have higher prevalence and burden of 

asymptomatic coronary artery disease assessed by coronary computed tomography: A systematic literature 

review and meta-analysis. Eur J Intern Med. 2019 Apr;62:72-79. doi: 10.1016/j.ejim.2019.02.018. PMID: 

30826172. 

28. Ozdowska P, Wardziak Ł, Kruk M, Kępka C, Kowalik I, Szwed H, Głuszko P, Rupiński R, Kwiatkowska 

B, Sikorska-Siudek K, Dąbrowski R. Increased prevalence of subclinical coronary atherosclerosis in young 

patients with ankylosing spondylitis. Pol Arch Intern Med. 2018 Aug 31;128(7-8):455-461. doi: 

10.20452/pamw.4300. PMID: 30057388. 

29. Karpouzas GA, Malpeso J, Choi TY, Li D, Munoz S, Budoff MJ. Prevalence, extent and composition of 

coronary plaque in patients with rheumatoid arthritis without symptoms or prior diagnosis of coronary 

artery disease. Ann Rheum Dis. 2014 Oct;73(10):1797-804. doi: 10.1136/annrheumdis-2013-203617. PMID: 

23887286. 

30. Gonzalez-Gay MA, Gonzalez-Juanatey C, Piñeiro A, Garcia-Porrua C, Testa A, Llorca J. High-grade C-

reactive protein elevation correlates with accelerated atherogenesis in patients with rheumatoid arthritis. J 

Rheumatol. 2005 Jul;32(7):1219-23. PMID: 15996055. 

31. Gonzalez-Gay MA, Gonzalez-Juanatey C, Vazquez-Rodriguez TR, Martin J, Llorca J. Endothelial 

dysfunction, carotid intima-media thickness, and accelerated atherosclerosis in rheumatoid arthritis. Semin 

Arthritis Rheum. 2008 Oct;38(2):67-70. doi: 10.1016/j.semarthrit.2008.02.001. PMID: 18395772. 

32. Karpouzas GA, Ormseth SR, Hernandez E, Budoff MJ. The impact of statins on coronary atherosclerosis 

progression and long-term cardiovascular disease risk in rheumatoid arthritis. Rheumatology (Oxford). 

2022 May 5;61(5):1857-1866. doi: 10.1093/rheumatology/keab642. PMID: 34373923. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 March 2025 doi:10.20944/preprints202503.0227.v1

https://doi.org/10.20944/preprints202503.0227.v1

