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Abstract

Background Patients with radiographic axial spondyloarthritis (-axSpA) are at increased risk of incident
cardiovascular events. Tumor necrosis factor inhibitors (TNFi) have shown a protective effect against incident
cardiovacular events. However, the incidence of recurrent cardiovascular events in patients with r-axSpA with a history
of cardiovascular events, and the effect of TNFi on recurrent cardiovascular events remain unclear. We aimed to assess
the incidence rate of recurrent cardiovascular events in patients with r-axSpA with a history of cardiovascular events
and evaluate the effect of TNFi on the risk of recurrent cardiovascular events.

Methods This nationwide cohort study used data from the Korean National Claims Database. Data of patients with
r-axSpA who had a history of cardiovascular events after being diagnosed with r-axSpA were extracted from the
database. The outcome of interest was the recurrence of cardiovascular events (myocardial infarction or stroke).
Patients were followed from the index date (date of the first cardiovascular event) to the date of cardiovascular event
recurrence, the last date with claims data, or December 31, 2021, whichever occured first. The incidence rate of
recurrent cardiovascular events was calculated. An inverse probability weighted Cox model was used to assess the
effect of TNFi exposure on the risk of recurrent cardiovascular events.

Results This study included 413 patients (TNFi non-exposure, n=338; TNFi exposure, n=75). The incidence rate

of recurrent cardiovascular events was 32 (95% confidence interval [Cl] 22-42) per 1,000 person-years (TNFi non-
exposure, 36 [95% Cl 24-48] per 1,000 person-years; TNFi exposure, 19 [95% CI 2-35] per 1,000 person-years). In the
inverse probability weighted Cox model, TNFi exposure was significantly associated with a lower risk of recurrent
cardiovascular events (hazard ratio 0.33, 95% Cl 0.12-0.94).

Conclusions The incidence rate of recurrent cardiovascular events in patients with r-axSpA is substantial. TNFi
exposure was associated with a lower risk of recurrent cardiovascular events.
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Background

Individuals with a history of cardiovascular events have
a high risk of recurrent cardiovascular events [1]. There-
fore, secondary prevention of cardiovascular events in
patients with a history of cardiovascular events is impor-
tant [2]. Antiplatelet agents, statins, and colchicine are
medications that are used for the secondary preven-
tion of cardiovascular events [3-5]. In addition, lifestyle
modification is also important for secondary prevention
of cardiovascular events [6]. Patients with radiographic
axial spondyloarthritis (r-axSpA) have a 1.4-fold higher
risk of cardiovascular events than the general popu-
lation [7]. Moreover, considering that cardiovascular
events are associated with a two-fold higher risk of mor-
tality in patients with r-axSpA, cardiovascular events
are important comorbidities that should be considered
when treating patients with r-axSpA [8]. The higher risk
of cardiovascular events in r-axSpA is attributed to the
inflammatory nature of the disease [9]. Independent of
traditional cardiovascular risk factors, inflammation
accelerates atherosclerosis and increases the risk of car-
diovascular events [9-11]. Studies have shown that the
use of tumor necrosis factor inhibitors (TNFi), which
are biological disease-modifying anti-rheumatic drugs
(bDMARD:s) that are effective in controlling inflamma-
tion in r-axSpA, is associated with a reduced risk of car-
diovascular events [12, 13].

Although it is well known that patients with r-axSpA
have a higher incidence rate of cardiovascular events
than the general population [7, 14], the incidence rate of
recurrent cardiovascular events in patients with r-axSpA
is poorly studied. Moreover, although the beneficial
effects of TNFi on the risk of incident cardiovascular
events in patients with r-axSpA have been reported [12,
13], it is unclear whether TNFi are also effective in reduc-
ing the risk of recurrent cardiovascular events (i.e., in a
setting where medications such as antiplatelet agents and
statins are being used for secondary prevention).

This study used a nationwide database to assess the
incidence rate of recurrent cardiovascular events in
patients with r-axSpA and evaluate the effect of TNFi on
the risk of recurrent cardiovascular events.

Patients and methods

Data source

Data were extracted from the Health Insurance Review
and Assessment Service (HIRA) database, a nation-
wide database that includes approximately 97% of the
entire population of South Korea. Comprehensive data,
including demographics, disease diagnosis based on the
International Classification of Diseases, Tenth Revision
(ICD-10) code and rare intractable disease (RID) code,
medications, and medical procedures, are included in the
HIRA database [15]. The RID code is registered after a
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thorough review by the National Health Insurance (NHI)
and the corresponding healthcare institution to ensure
compliance with the uniform diagnostic criteria provided
by the NHI [16].

Study cohort
All patients with r-axSpA were initially screened from
the database. r-axSpA was defined as ICD-10 code M45
with RID code V140 [16]. Patients with the following cri-
teria were excluded: (i) diagnosis of r-axSpA before 2010,
(ii) any bDMARDs exposure prior to the diagnosis of
r-axSpA, (iii) cardiovascular events (myocardial infarc-
tion [MI] or stroke) prior to the diagnosis of r-axSpA
(as patients with cardiovascular events prior to r-axSpA
diagnosis might have different risk of recurrent cardio-
vascular events before and after they are diagnosed with
r-axSpA, patients with cardiovascular events prior to
the r-axSpA dianosis were excluded to avoid the influ-
ence of r-axSpA itself), (iv) no cardiovascular events after
the diagnosis of r-axSpA, and (v) exposure to interleu-
kin-17 A inhibitors (IL-17i) during follow-up. As a result,
413 patients with r-axSpA who were diagnosed with car-
diovascular events after r-axSpA diagnosis were included
in the analysis (Fig. 1). The index date was defined as
the date of the first diagnosis of cardiovascular events.
Patients were followed from the index date to the date of
cardiovascular event recurrence, the last date with claims
data, or December 31, 2021, whichever occured first.
This study was approved by the Institutional Review
Board (IRB) of Gangnam Severance Hospital (IRB No:
3-2023-0271). The HIRA database provides fully anony-
mized data, and therefore, the requirement for informed
consent was waived.

Exposure

Exposure to TNFi was assessed as a binary variable
(ever used during follow-up: yes or no). According to
the national reimbursement policy of South Korea,
TNFi can be initiated in patients with active disease
despite treatment with non-steroidal anti-inflammatory
drugs (NSAIDs) with or without conventional synthetic
DMARD:s for at least 3 months.

Covariates and outcome

Age, sex, disease duration of r-axSpA, and the presence of
hypertension, type 2 diabetes, dyslipidemia, and chronic
kidney disease (CKD) on the index date were included as
covariates. Hypertension was defined as ICD-10 codes
110-113 and 115 with prescriptions for antihypertensive
agents; type 2 diabetes was defined as ICD-10 codes
E11-14 and at least one annual claim of a prescription
of antidiabetic agents; dyslipidemia was defined as ICD-
10 code E78 with prescriptions for lipid-lowering agents;
and CKD was defined as ICD-10 code N18 or N19 [17,
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[ Total Patients (n=71001) }

Exclusion (n=26690)
— - Patients diagnosed with r-axSpA before 2010
- Patients exposed to bDMARDs prior to r-axSpA diagnosis

[ n=44311 }

Exclusion (n=43891)
— - Patients diagnosed with cardiovascular events before r-axSpA diagnosis
- Patients with no cardiovascular events after r-axSpA diagnosis

| o |

|| Exclusion (n=7)
- Patients exposed to IL-17i during follow-up

[ Patients to Analysis (n=413) J
\
[ |
[ TNFi non-exposure (n=338) } [ TNFi exposure (n=75) }
[ IPTW }
[ TNFi non-exposure (n=345.35) } [ TNFi exposure (n=96.88) }

Fig. 1 Flowchart of the study. r-axSpA, radiographic axial spondyloarthritis; PLDMARDs, biological disease-modifying antirheumatic drugs; IL-17i, interleu-
kin-17 A inhibitors; TNFi, tumor necrosis factor inhibitors

18]. Medications (methotrexate, sulfasalazine, glucocorti-  categorical variables between the two groups (TNFi non-
coids, non-selective NSAIDs, selective cyclooxygenase-2  exposure vs. TNFi exposure). The number of outcomes
[COX-2] inhibitors, antiplatelet agents, anticoagulants, (%) and crude incidence rates were calculated for the
statins, angiotensin-converting enzyme inhibitors or  TNFi non-exposure and exposure groups, respectively.
angiotensin II receptor blockers, beta-blockers, sodium- To mitigate confounding by indication, we used inverse
glucose cotransporter-2 inhibitors, and glucagon-like probability of treatment weighting (IPT'W) based on the
peptide-1 receptor agonists) used during the follow-up  propensity score. The propensity score for TNFi expo-
were also included as covariates. sure was estimated using a multivariable logistic regres-
The outcome of this study was recurrent cardiovascular ~ sion model that included age, sex, disease duration,
events (MI or stroke). MI was defined as ICD-10 code I21  hypertension, type 2 diabetes, dyslipidemia, and CKD.
or 122 during hospitalization; stroke was defined as ICD-  Patients who were not exposed to TNFi were assigned
10 code 163 or 164 during hospitalization with claims for  a weight of 1/(1-propensity score) and those who were
brain magnetic resonance imaging or computed tomog-  exposed to TNFi were assigned a weight of 1/propensity
raphy [19]. Any MI or stroke event that occurred at least ~ score. After IPT'W, continuous variables were expressed
28 days after the first event was considered a recurrence  as the weighted mean (standard error), and categori-

[20]. cal variables were expressed as weighted numbers (%).
An inverse probability weighted Cox regression analy-
Statistical analyses sis was performed to assess the hazard ratio (HR) and

Patients were categorized into TNFi non-exposure and  95% confidence interval (CI) of recurrent cardiovascular
TNFi exposure groups. Characteristics are summarized events according to TNFi exposure. A univariable model
as mean (tstandard deviation) or numbers (%) for con-  was used, followed by a multivariable model adjusted
tinuous or categorical variables, respectively. Student’s for medications (use of methotrexate, sulfasalazine, glu-
t-test was used for comparing continuous variables, and  cocorticoids, non-selective NSAIDs, selective COX-2
the 2 test or Fisher’s exact test was used for comparing  inhibitors, antiplatelet agents, anticoagulants, statins,
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Table 1 Characteristics of the study population before IPTW

Variable TNFinon- TNFi p
exposure exposure value
(n=338) (n=75)

Age, years, mean +SD 60.7+13.3 519+109 <0.001

Male, n (%) 253(749)  69(92.0) 0.001

Disease duration, years, mean+SD  32+2.8 3.2+29 0918

Comorbidities
Hypertension, n (%) 219 (64.8) 32(42.7) <0.001
Type 2 diabetes, n (%) 95 (28.1) 12 (16.0) 0.030
Dyslipidemia, n (%) 149 (44.1) 33 (44.0) 0.990
Chronic kidney disease, n (%) 23(6.8) 1(1.3) 0.097

Medications
Methotrexate, n (%) 38(11.2) 21(28.0) <0.001
Sulfasalazine, n (%) 129 (38.2) 55(73.3) <0.001
Glucocorticoids, n (%) 305(90.2)  67(89.3) 0.813
Non-selective NSAIDs, n (%) 319(944)  71(94.7) >0.999
Selective COX-2 inhibitors, n (%) 202 (59.8) 54 (72.0) 0.048
Antiplatelet agents, n (%) 325(96.2) 75(1000) 0.138
Anticoagulants, n (%) 61(18.0) 7(9.3) 0.066
Statins, n (%) 315(93.2) 71(94.7) 0.799
ACE inhibitors or ARBs, n (%) 259 (76.6)  58(77.3) 0.896
Beta-blockers, n (%) 219 (64.8) 44 (58.7) 0318
SGLT2 inhibitors, n (%) 37(10.9) 11(14.7) 0.363
GLP1 receptor agonists, n (%) 3(0.9) 0(0.0) >0.999

ACE, angiotensin-converting enzyme; ARBs, angiotensin Il receptor blockers;
COX-2, cyclooxygenase-2; GLP1, glucagon-like peptide-1; IPTW, inverse
probability of treatment weighting; NSAIDs, non-steroidal anti-inflammatory
drugs; SD, standard deviation; SGLT2, sodium-glucose cotransporter-2; TNFi,
tumor necrosis factor inhibitors

angiotensin-converting enzyme inhibitors or angioten-
sin II receptor blockers, beta-blockers, sodium-glucose
cotransporter-2 inhibitors, and glucagon-like peptide-1
receptor agonists). All reported p-values are two-sided,
and statistical significance was set at p<0.05. Statisti-
cal analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA).

Results

Patient characteristics

Of the 413 patients who were diagnosed with cardiovas-
cular events after r-axSpA diagnosis, 338 and 75 were
unexposed and exposed to TNFi, respectively, during
follow-up. In the TNFi exposure group, the mean dura-
tion of TNFi exposure was 2.17+2.12 years. A compari-
son of the characteristics of the two groups is shown in
Table 1. Patients in the non-exposure group were older

Table 2 Crude incidence rate of recurrence
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(60.7+13.3 years vs. 51.9+10.9 years, p<0.001), less
commonly men (74.9% vs. 92.0%, p=0.001), had higher
hypertension (64.8% vs. 42.7%, p<0.001) and type 2
diabetes (28.1% vs. 16.0%, p=0.030) rates, and less com-
monly took methotrexate (11.2% vs. 28.0%, p<0.001),
sulfasalazine (38.2% vs. 73.3%, p<0.001), and selective
COX-2 inhibitors (59.8% vs. 72.0%, p=0.048) than those
in the exposure group.

Incidence rate of recurrent cardiovascular events

In the total study population, 38 cardiovascular events
(MI, 33; stroke, 5) recurred during 1187 person-years of
follow-up, accounting for an incidence rate of 32 (95%
CI 22-42) per 1,000 person-years. In the non-exposure
group, 33 cardiovascular events recurred during 917.32
person-years of follow-up, accounting for an incidence
rate of 36 (95% CI 24—48) per 1,000 person-years. In the
exposure group, five cardiovascular events recurred dur-
ing 270 person-years of follow-up, accounting for an inci-
dence rate of 19 (95% CI 2-35) per 1,000 person-years
(Table 2).

After IPTW

A comparison of the characteristics of the two groups
after IPT'W is presented in Table 3. There were no sig-
nificant differences in age, sex, disease duration, and
presence of comorbidities between the two groups. With
regard to medications, methotrexate (11.14% vs. 29.87%,
p<0.001), sulfasalazine (40.54% vs. 75.26%, p<0.001),
and selective COX-2 inhibitors (58.34% vs. 74.55%,
p=0.017) were less commonly used in the non-exposure
group than in the exposure group. Compared with the
non-exposure group, the exposure group showed numer-
ically fewer recurrent cardiovascular events (9.72% vs.
4.69%, p=0.132), although statistical significance was not
reached.

Risk of recurrent cardiovascular events according to TNFi
exposure

In the univariable model of inverse probability weighted
Cox regression analysis, TNFi exposure showed a trend
toward a lower risk of recurrent cardiovascular events
than TNFi non-exposure (HR 0.39, 95% CI 0.15-1.05,
p=0.063). After adjusting for medications in the multi-
variable model, TNFi exposure was significantly associ-
ated with a lower risk of recurrent cardiovascular events

Events Time to events, years, Time atrisk, years, Total person-years IR per 1,000 person-years (95% Cl)
mean+SD mean+SD
Total study population 38 1.59+2.11 2.88+257 1187 32(22-42)
TNFi non-exposure 33 1.54+2.20 2711246 917 36 (24-48)
TNFi exposure 5 1.93+1.46 3.60+292 270 19 (2-35)

Cl, confidence interval; IR, incidence rate; SD, standard deviation; TNFi, tumor necrosis factor inhibitors
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Table 3 Characteristics of the study population after IPTW
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Variable TNFi non-exposure TNFi exposure p value
(n=345.35) (n=96.88)
Age, years, weighted mean (SF) 59.01(0.78) 57.01 (1.76) 0.299
Male, weighted n (%) 269.63 (78.03) 78.7 (81.23) 0.697
Disease duration, years, weighted mean (SE) 3.21(0.16) 3.09(0.37) 0.758
Comorbidities
Hypertension, weighted n (%) 208.97 (60.48) 53.78 (55. 51) 0.493
Type 2 diabetes, weighted n (%) 88.99 (25.76) 1948 (20.11) 0.378
Dyslipidemia, weighted n (%) 146.79 (42.48) 47.68 (49. 22) 0367
Chronic kidney disease, weighted n (%) 20.01 (5.79) 3.97 (4.09) 0.723
Medications
Methotrexate, weighted n (%) 3848 (11.14) 28.94 (29.87) <0.001
Sulfasalazine, weighted n (%) 140.07 (40.54) 7291 (75.26) <0.001
Glucocorticoids, weighted n (%) 311.36(90.11) 86.74 (89.53) 0.887
Non-selective NSAIDs, weighted n (%) 327.25(94.71) 92.76 (95.74) 0.698
Selective COX-2 inhibitors, weighted n (%) 201.59 (58.34) 72.22 (74.55) 0.017
Antiplatelet agents, weighted n (%) 330.99 (95.79) 96.88 (100.00) NA
Anticoagulants, weighted n (%) 59.53(17.23) 5(13.58) 0.566
Statins, weighted n (%) 322.22(93.25) 92.80 (95.79) 0.392
ACE inhibitors or ARBs, weighted n (%) 260.78 (75.47) 77.90 (80.40) 0.401
Beta-blockers, weighted n (%) 22152 (64.11) (60 01) 0.565
SGLT2 inhibitors, weighted n (%) 37.35(10.81) 11.24 (11.60) 0.839
GLP1 receptor agonists, weighted n (%) 3.09 (0.89) 0.00 (O‘OO) NA
Recurrence, weighted n (%) 33,60 (9.72) 4.54 (4.69) 0.132

ACE, angiotensin-converting enzyme; ARBs, angiotensin Il receptor blockers; COX-2, cyclooxygenase-2; GLP1, glucagon-like peptide-1; IPTW, inverse probability
of treatment weighting; NSAIDs, non-steroidal anti-inflammatory drugs; SE, standard error; SGLT2, sodium-glucose cotransporter-2; TNFi, tumor necrosis factor

inhibitors

Table 4 Inverse probability-weighted Cox models

Univariable model Multivariable
model*
HR(95%Cl) pvalue HR(95%Cl) p
value
TNFi non-exposure  1.00 1.00
TNFi exposure 0.39 0.063 033 0.038
(0.15-1.05) (0.12-0.94)

*Adjusted for use of methotrexate, sulfasalazine, glucocorticoids, non-selective
non-steroidal anti-inflammatory drugs, selective cyclooxygenase-2 inhibitors,
antiplatelet agents, anticoagulants, statins, angiotensin-converting enzyme
inhibitors or angiotensin Il receptor blockers, beta-blockers, sodium-glucose
cotransporter-2 inhibitors, and glucagon-like peptide-1 receptor agonists

Cl, confidence interval; HR, hazard ratio; TNFi, tumor necrosis factor inhibitors

than TNFi non-exposure (HR 0.33, 95% CI 0.12-0.94,
p=0.038) (Table 4).

Discussion

This nationwide cohort study revealed that the incidence
rate of recurrent cardiovascular events in patients with
r-axSpA with a prior history of cardiovascular events was
32.00 per 1,000 person-years. Furthermore, TNFi expo-
sure was associated with a lower risk of recurrent cardio-
vascular events than TNFi non-exposure. Considering
that cardiovascular events are important comorbidities
that contribute to a higher risk of mortality in patients

with r-axSpA [8], the data presented in our study hold
clinical importance.

Previous observational studies and meta-analyses have
reported the incidence rate of cardiovascular events
(defined as MI or stroke) in patients with r-axSpA, which
ranges from 3.6 to 7.0 per 1,000 person-years [7, 13, 21].
However, the incidence rate of recurrent cardiovascular
events has not been reported. The present study found
that the incidence rate of recurrent cardiovascular events
in patients with r-axSpA was 32 per 1,000 person-years,
which is markedly higher than the incidence rate of first
cardiovascular events reported previously. Notably, the
incidence rate of recurrent cardiovascular events in our
study population was similar to that observed in patients
with type 2 diabetes (33.0 per 1,000 person-years) [20], a
well-known population with a high risk of cardiovascu-
lar events [22, 23]. The high incidence rate of recurrent
cardiovascular events in patients with r-axSpA with prior
cardiovascular events reflects the importance of second-
ary prevention in these patients.

Although previous studies have reported the benefi-
cial effect of TNFi on the risk of cardiovascular events
in patients with r-axSpA [12, 13], these results cannot
be generalized to the setting of recurrent cardiovas-
cular events because patients are taking medications
for secondary prevention in this setting. As our study
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population comprised patients with r-axSpA and a
prior history of cardiovascular events, the majority of
the patients were taking antiplatelet agents (400 of 413
patients, 96.9%) and statins (386 of 413 patients, 93.5%)
for the secondary prevention of cardiovascular events. In
the multivariable model of inverse probability-weighted
Cox regression analysis, TNFi exposure was associated
with a significantly lower risk (HR 0.33, 95% CI 0.12—
0.94, p=0.038) of recurrent cardiovascular events in
patients with r-axSpA with a prior history of cardiovas-
cular events. This suggests that TNFi could be beneficial
in reducing the risk of recurrent cardiovascular events,
even in patients taking antiplatelet agents and statins for
secondary prevention.

Inflammatory bowel disease (IBD) is another immune-
mediated inflammatory disease in which TNFi are used
for treatment [24]. Similar to our finding, a recent French
nationwide study reported that TNFi exposure was asso-
ciated with a lower risk (HR 0.75, 95% CI 0.63-0.90) of
recurrent cardiovascular events compared with TNFi
non-exposure in patients with IBD [25]. In contrast, a
meta-analysis of randomized controlled trials testing the
effect of DMARDs on cardiovascular events in patients
with rheumatoid arthritis, psoriasis, heart failure, and
MI showed that none of the DMARD subclasses (TNFi,
janus kinase inhibitors, and interleukin inhibitors) had
effect on cardiovascular events [26]. However, data on
patients with r-axSpA are lacking. To our knowledge, this
study is the first to evaluate and demonstrate that TNFi is
beneficial in reducing the risk of recurrent cardiovascular
events in patients with r-axSpA.

TNF-« is involved in the acceleration of atheroscle-
rosis and rupture of atherosclerotic plaques [27, 28].
Moreover, a Mendelian randomization study revealed
evidence of a causal association between TNF-a levels
and cardiovascular events (coronary artery disease and
stroke) [29]. These data indicate that TNFi is beneficial in
reducing the risk of the first occurrence of cardiovascular
events. Regarding the setting of recurrent cardiovascular
events, studies have shown that TNF-a is upregulated in
the myocardium in response to myocardial ischemia and
reperfusion [30-32]. Moreover, elevated plasma levels
of TNF-a post-MI are associated with an increased risk
of recurrent cardiovascular events [33]. These data sug-
gest that TNFi might be protective not only for the first
occurrence of cardiovascular events but also for recur-
rent cardiovascular events. Our data add to previous
knowledge by providing more direct evidence that TNFi
could reduce the risk of recurrent cardiovascular events.

In IPTW, medications were not included as covari-
ates in calculating the propensity score for TNFi expo-
sure because the propensity score was not calculable
when medications were included. As a result, the use
of some medications (methotrexate, sulfasalazine, and
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selective COX-2 inhibitors) remained different between
the two groups after IPTW. To address confounding by
medications, we used a multivariable model to adjust for
medications. Covariate adjustment using a multivariable
model is one of the methods used for adjusting for con-
founders [34].

The limitations of this study include: First, although
several traditional cardiovascular risk factors, such as
hypertension, type 2 diabetes, and dyslipidemia, were
well balanced between the two groups after IPTW, we
lacked data on other risk factors, such as obesity, smok-
ing and lifestyle, and were unable to adjust for these
covariates. Thus, residual confounding may exist. Second,
the number of patients in the TNFi exposure group was
insufficient to analyze each TNFi (adalimumab, etaner-
cept, golimumab, and infliximab) separately. Whether
monoclonal antibody TNFi and receptor fusion protein
TNFi have differential effects on the risk of recurrent car-
diovascular events requires further study. Furthermore,
the number of events, especially the number of recurrent
stroke, was relatively small and it was not feasible to ana-
lyze MI and stroke separately. In addition, the number
of patients who were exposed to IL-17i during follow-
up was notably small (n=7) and was excluded from the
analysis. Further studies assessing the effect of IL-17i on
the risk of recurrent cardiovascular events in patients
with r-axSpA are also needed. Third, only Koreans were
included in our study, and generalizability to other ethnic
populations is unclear. Fourth, this was a open-label, and
non-randomized study. Further double-blinded random-
ized studies involving different ethnic populations would
be beneficial.

Conclusions

In conclusion, we observed a substantial incidence of
recurrent cardiovascular events in patients with r-axSpA
with a prior history of cardiovascular events, with an
incidence rate of 32 per 1,000 person-years. TNFi expo-
sure was associated with a lower risk of recurrent car-
diovascular events. This study provides comprehensive
data on recurrent cardiovascular events in patients with
r-axSpA, providing crucial information for physicians
treating patients with r-axSpA and a history of cardiovas-
cular events.

Abbreviations
r-axSpA Radiographic axial spondyloarthritis
TNFi Tumor necrosis factor inhibitors

bDMARDs  biological disease-modifying anti-rheumatic drugs
HIRA Health Insurance Review and Assessment Service
ICD-10 International Classification of Diseases, Tenth Revision
RID Rare intractable disease

NHI National Health Insurance

M Myocardial infarction

IL-17i Interleukin-17 A inhibitors

IRB Institutional Review Board

NSAIDs Non-steroidal anti-inflammatory drugs



Kwon et al. Arthritis Research & Therapy (2024) 26:174

CKD Chronic kidney disease

COX-2 Cyclooxygenase-2

IPTW Inverse probability of treatment weighting
HR Hazard ratio

cl Confidence interval

IBD Inflammatory bowel disease

Acknowledgements
None.

Author contributions

OCK contributed to study conception and design, interpretation of data, and
draft manuscript preparation. HSL contributed to acquisition, analysis and
interpretation of data. SYJ contributed to analysis and interpretation of data.
M-CP contributed to study conception and design, interpretation of data,
supervision and revision of the manuscript for important intellectual content.
M-CP is the guarantor and accepts full responsibility for the work and the
conduct of the study, had access to the data, and controlled the decision to
publish. All authors reviewed the results and approved the final version of the
manuscript.

Funding
This study was funded by Yuhan Corporation as part of their 2023 Investigator
Initiated Translation Research Program”.

Data availability
The data underlying this article are available in the article.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board (IRB) of Gangnam
Severance Hospital (IRB No: 3-2023-0271). The requirement for informed
consent was waived owing to the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 27 May 2024 / Accepted: 23 September 2024
Published online: 04 October 2024

References

1. Kaasenbrood L, Boekholdt SM, van der Graaf Y, Ray KK, Peters RJ, Kastelein
JJ, et al. Distribution of estimated 10-Year risk of recurrent vascular events
and residual risk in a secondary Prevention Population. Circulation.
2016;134:1419-29.

2. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M, et al. 2021
ESC guidelines on cardiovascular disease prevention in clinical practice. Eur
Heart J. 2021;42:3227-337.

3. Lettino M, Leonardi S, De Maria E, Halvorsen S. Antiplatelet and antithrom-
botic treatment for secondary prevention in ischaemic heart disease. Eur J
Prev Cardiol. 2017;24:61-70.

4. Virani SS, Smith SC Jr, Stone NJ, Grundy SM. Secondary Prevention for
Atherosclerotic Cardiovascular Disease: comparing recent US and European
Guidelines on Dyslipidemia. Circulation. 2020;141:1121-3.

5. Nelson K, FusterV, Ridker PM. Low-dose colchicine for secondary Prevention
of Coronary Artery Disease: JACC Review topic of the Week. J Am Coll Cardiol.
2023,82:648-60.

6. Piepoli MF, Villani GQ. Lifestyle modification in secondary prevention. Eur J
Prev Cardiol. 2017;24:101-7.

7. Mathieu S, Soubrier M. Cardiovascular events in ankylosing spondylitis: a
2018 meta-analysis. Ann Rheum Dis. 2019;78:e57.

8. Exarchou S, Lie E, Lindstrom U, Askling J, Forsblad-d'Elia H, Turesson C, et al.
Mortality in ankylosing spondylitis: results from a nationwide population-
based study. Ann Rheum Dis. 2016;75:1466-72.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

Page 7 of 8

Nurmohamed MT, Heslinga M, Kitas GD. Cardiovascular comorbidity in
rheumatic diseases. Nat Rev Rheumatol. 2015;11:693-704.

Weissberg PL, Bennett MR. Atherosclerosis—an inflammatory disease. N Engl J
Med. 1999;340:1928-9.

Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N
EnglJ Med. 2005;352:1685-95.

Chan SCW, Teo CK, Li PH, Lau KK, Lau CS, Chung HY. Cardiovascular risk in
patients with spondyloarthritis and association with anti-TNF drugs. Ther Adv
Musculoskelet Dis. 2021;13:1759720x211032444.

Kwon OC, Park MC. Effect of tumor necrosis factor inhibitors on risk of car-
diovascular disease in patients with axial spondyloarthritis. Arthritis Res Ther.
2022;24:141.

Zhao SS, Robertson S, Reich T, Harrison NL, Moots RJ, Goodson NJ. Prevalence
and impact of comorbidities in axial spondyloarthritis: systematic review and
meta-analysis. Rheumatology (Oxford). 2020;59:iv47-57.

Kim JA, Yoon S, Kim LY, Kim DS. Towards actualizing the Value Potential of
Korea Health Insurance Review and Assessment (HIRA) data as a resource

for Health Research: strengths, limitations, applications, and strategies for
optimal use of HIRA data. J Korean Med Sci. 2017,32:718-28.

Kwon OC, Lee HS, Yang J, Park MC. Comparative risk of incident and recurrent
acute anterior uveitis across different biological agents in patients with anky-
losing spondylitis. Rheumatology (Oxford). 2024. https://doi.org/10.1093/
rheumatology/keae003.

Kim MK, Han K, Koh ES, Kim HS, Kwon HS, Park YM, et al. Variability in

total cholesterol is Associated with the risk of end-stage renal disease:

a Nationwide Population-based study. Arterioscler Thromb Vasc Biol.
2017;37:1963-70.

Kang YM, Cho YK, Lee SE, Park JY, Lee W, Kim YJ, et al. Cardiovascular diseases
and Life Expectancy in adults with type 2 diabetes: a Korean National Sample
Cohort Study. J Clin Endocrinol Metab. 2017;102:3443-51.

Kwon OC, Han K, Chun J, Kim R, Hong SW, Kim JH, et al. Effects of immune-
mediated inflammatory diseases on cardiovascular diseases in patients

with type 2 diabetes: a nationwide population-based study. Sci Rep.
2022;12:11548.

Giorda CB, Avogaro A, Maggini M, Lombardo F, Mannucci E, Turco S, et al.
Recurrence of cardiovascular events in patients with type 2 diabetes: epide-
miology and risk factors. Diabetes Care. 2008;31:2154-9.

Mathieu S, Pereira B, Soubrier M. Cardiovascular events in ankylosing spondy-
litis: an updated meta-analysis. Semin Arthritis Rheum. 2015;44:551-5.
Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, Di Angelantonio E, et al.
Diabetes mellitus, fasting blood glucose concentration, and risk of vascular
disease: a collaborative meta-analysis of 102 prospective studies. Lancet.
2010;375:2215-22.

Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis: epidemiol-
ogy, pathophysiology, and management. JAMA. 2002;287:2570-81.

Schett G, MclInnes IB, Neurath MF. Reframing Immune-mediated inflam-
matory diseases through signature cytokine hubs. N Engl J Med.
2021;385:628-39.

Dheyriat L, Ward D, Beaugerie L, Jess T, Kirchgesner J. Risk of recurrent Acute
arterial events Associated with thiopurines and Anti-tumor Necrosis factor

in Inflammatory Bowel diseases. Clin Gastroenterol Hepatol 2023;21:164-72.
ell.

Thanigaimani S, Phie J, Krishna SM, Moxon J, Golledge J. Effect of disease
modifying anti-rheumatic drugs on major cardiovascular events: a meta-
analysis of randomized controlled trials. Sci Rep. 2021;11:6627.

Libby P. Inflammation in atherosclerosis. Nature. 2002;420:868-74.

McKellar GE, McCarey DW, Sattar N, McInnes IB. Role for TNF in atherosclero-
sis? Lessons from autoimmune disease. Nat Rev Cardiol. 2009:6:410-7.

Yuan S, Carter P, Bruzelius M, Vithayathil M, Kar S, Mason AM, et al. Effects of
tumour necrosis factor on cardiovascular disease and cancer: a two-sample
mendelian randomization study. EBioMedicine. 2020;59:102956.

Vaddi K, Nicolini FA, Mehta P, Mehta JL. Increased secretion of tumor necrosis
factor-alpha and interferon-gamma by mononuclear leukocytes in patients
with ischemic heart disease. Relevance in superoxide anion generation.
Circulation. 1994;90:694-9.

Kukielka GL, Smith CW, Manning AM, Youker KA, Michael LH, Entman ML.
Induction of interleukin-6 synthesis in the myocardium. Potential role in
postreperfusion inflammatory injury. Circulation. 1995,92:1866-75.
Herskowitz A, Choi S, Ansari AA, Wesselingh S. Cytokine mRNA expression in
postischemic/reperfused myocardium. Am J Pathol. 1995;146:419-28.


https://doi.org/10.1093/rheumatology/keae003
https://doi.org/10.1093/rheumatology/keae003

Kwon et al. Arthritis Research & Therapy (2024) 26:174

33.

34.

Ridker PM, Rifai N, Pfeffer M, Sacks F, Lepage S, Braunwald E. Elevation of
tumor necrosis factor-alpha and increased risk of recurrent coronary events
after myocardial infarction. Circulation. 2000;101:2149-53.

Agoritsas T, Merglen A, Shah ND, O'Donnell M, Guyatt GH. Adjusted analyses
in studies addressing therapy and harm: users'guides to the Medical Litera-
ture. JAMA. 2017;317:748-59.

Page 8 of 8

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Incidence rate of recurrent cardiovascular events in patients with radiographic axial spondyloarthritis and the effect of tumor necrosis factor inhibitors
	﻿Abstract
	﻿Background
	﻿Patients and methods
	﻿Data source
	﻿Study cohort
	﻿Exposure
	﻿Covariates and outcome
	﻿Statistical analyses

	﻿Results
	﻿Patient characteristics
	﻿Incidence rate of recurrent cardiovascular events
	﻿After IPTW
	﻿Risk of recurrent cardiovascular events according to TNFi exposure

	﻿Discussion
	﻿Conclusions
	﻿References


