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Purpose

Ankylosing spondylitis (AS) is a risk factor for acute coronary syndrome (ACS). However, the influence of infectious insults, such as endophthalmitis, on the risk of ACS among AS patients has not been studied yet. In this study, we aimed to investigate the relationship between endophthalmitis in patients with AS and the incidence of ACS.



Methods

This retrospective cohort study extracted medical records from the Taiwan Longitudinal Health Insurance Database (LHID) from January 1, 2000, to December 31, 2015. The primary outcome was the incidence of ACS. Univariate and multivariate Cox regression analyses with and without Fine and Gray’s competing risk model and Kaplan–Meier survival curve were used for the analyses. Spearman’s rank correlation coefficient was performed for sensitivity analysis.



Results

We identified 530 AS patients with endophthalmitis and 2,120 AS patients without endophthalmitis for comparison. The incidence rate of endophthalmitis in our study population was 2.66%. The overall incidence rate of ACS was 1,595.96 per 100,000 person-years in AS patients with endophthalmitis and 953.96 per 100,000 person-years in AS patients without endophthalmitis (adjusted HR = 1.787; 95% CI: 1.594–2.104, p < 0.001). In comparison to those without comorbidities, higher adjusted HRs were found in AS patients with endophthalmitis and comorbidities such as diabetes mellitus, hyperlipidemia, hypertension, cerebrovascular accident, congestive heart failure, chronic obstructive pulmonary disease, asthma, and coronary artery disease. Besides, the age ≥ 60 years revealed a high risk for ACS in AS patients with endophthalmitis.



Conclusion

Endophthalmitis was found to be an independent risk factor for ACS in patients with AS. Further clinical studies are required to elucidate the underlying mechanisms and status of systemic inflammation during endophthalmitis.
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Introduction

Ankylosing spondylitis (AS), a chronic inflammatory disorder, is a subset of spondyloarthritis. AS patients typically experience symptoms such as inflammatory back pain, morning stiffness lasting for more than 30 minutes, dull and insidious back, and buttock pain, as well as the improvement in pain with exercise and its return when inactive (1). Human leukocyte antigen (HLA)-B27 was found to be strongly associated with AS, contributing to approximately 20% of AS heritability (2). The most common extra-articular manifestations of AS are uveitis, bowel disease, lung, heart, skin, bone, and kidney involvement (3). Previous studies have reported that AS patients have an increased risk of acute coronary syndrome (ACS) (4–6).

Clinically, ACS is one of cardiovascular diseases and includes unstable angina (UA) and acute myocardial infarction (AMI). The incidence rates (IRs) of ACS were 160 to 417 per 100,000 person-years (7–10), whereas the IRs of AMI were 100 to 251 per 100,000 person-years in different countries (7, 8, 10–12). In Taiwan, the age- and gender-adjusted IR of AMI was 50.7 per 100,000 person-years in 2015 (13). ACS is potentially life-threatening and causes major healthcare and economic burden (14). The complicated pathophysiology of ACS originated rupture or erosion of coronary atherosclerotic plaques and then formed acute thrombus with intracoronary stenosis or obstruction. In addition, several studies have reported that inflammation also plays an important role in the pathogenesis of ACS (15, 16).

Endophthalmitis, an intraocular inflammatory disorder, is a severe panuveitis that can lead to persistent vision impairment or visual loss. Previous studies have reported that HLA B27-associated panuveitis could mimic endophthalmitis (17, 18). Additionally, several case reports have shown that AS patients develop endophthalmitis as a complication of systemic infection (19, 20). Furthermore, previous case reports also demonstrated the relation between endophthalmitis and cardiovascular diseases, such as myocarditis and endocarditis (21–23). However, data regarding the prevalence of endophthalmitis in AS patients are scarce. In addition, it is unclear whether endophthalmitis could influence ACS risk among patients with AS. Therefore, the epidemiological study focuses on the endophthalmitis and ACS in AS patients is an important issue. The aim of this study was to investigate the association between endophthalmitis and the incidence of ACS in patients with AS using a million-level database in Taiwan.



Materials and Methods


Data Source

This retrospective population-based cohort study used reimbursement data from the Longitudinal Health Insurance Database (LHID), which randomly sampled 1 million beneficiaries from the original National Health Insurance Research Database (NHIRD) in Taiwan. The representativeness of LHIDs has been validated by the National Health Research Institutes (24). More than 99% of Taiwan’s population (including foreigners) were enrolled in the single-payer National Health Insurance program. The use of NHIRD is limited to research purposes only, and researchers must follow the related laws and regulations in Taiwan. In this study, we extracted fully anonymized medical records from the LHID of 1,914,201 registered beneficiaries from January 1, 2000, to December 31, 2015. All patient demographics (including gender, age, related comorbidities, and index date) were recorded for further analyses.



Ethical Considerations

This study was conducted in accordance with the tenets of the Declaration of Helsinki, and was approved by the Institutional Review Board of the Tri-Service General Hospital (TSGHIRB No.: B-110-56). The need for written informed consent from the study participants was waived owing to the fully anonymized data of the NHIRD.



Patient Selection

The study population was identified using the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes from the LHID from 2000 to 2015. Patients who had received diagnosis of AS (ICD-9-CM code 720.0) once during hospitalization or at least three times during their outpatient visits were included. The exclusion criteria of this study were age less than 20 years; AS diagnosed before January 1, 2000; ACS before tracking; patients without tracking; or patients with incomplete medical records, defined as those having incomplete insurance status or unrelated or incorrect given codes.

Among the identified AS patients, those who had medical codes of endophthalmitis (ICD-9-CM codes 360.0, 360.00-360.04, 360.1) were further extracted as the study cohort. A comparison cohort that was four-fold the number of the study cohort and matched by gender, age, comorbidities, and index date was selected from the remaining AS patients without endophthalmitis. All patients were followed from the index date until the incidence of ACS (ICD-9-CM code of AMI: 410, and ICD-9-CM code of unstable angina: 411.1, 411.8), the date of withdrawal from the insurance system, or the end of the study period (December 31, 2015).



Comorbidities

Patient comorbidities, including diabetes mellitus (DM), hyperlipidemia, hypertension (HTN), cerebrovascular accident (CVA), congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), asthma, coronary artery disease (CAD), cardiomegaly, and metabolic syndrome (MetS) were identified in this cohort study. Comorbidities at baseline were recorded if the patients received medical codes within 1 year before the index date with at least three medical visits. Comorbidities at the endpoint were recorded if patients received medical codes within 1 year before the incidence of ACS with at least three medical visits. The Charlson comorbidity index revised (CCI_R) score, which has been widely used to assess the presence of chronic diseases, was also recorded. The ICD-9-CM codes and definitions used in this study for data extraction and analysis are listed in Table S1.



Statistical Analyses

The characteristics of AS patients with/without endophthalmitis at baseline and at the end of this study were analyzed. Continuous variables are reported as means ± standard deviations, and categorical variables are reported as numbers and percentages. The independent student t-test was used to compare continuous variables between the two study groups. Pearson chi-square and Fisher exact tests were used to evaluate the differences in the categorical variables. The cumulative risk of ACS in AS patients with/without endophthalmitis in the study period of this cohort was illustrated using a Kaplan–Meier survival curve and compared using the log-rank test. Hazard ratios (HRs) of the association between ACS and endophthalmitis, gender, age, CCI_R score, and patient comorbidities were evaluated using the univariate and multivariate Cox regression analyses. The competing-risks data are inherent to medical research in which the occurrence of the event of interest is precluded by another event. For analyzing data with competing events, we chose the measure of a proportional hazards model for the sub-distribution of a competing risk. The Fine and Gray’s competing risk model was applied to investigate the influence of all-cause mortality as a competing risk factor (25). Furthermore, sensitivity analysis with Spearman’s rank correlation coefficient was conducted to evaluate the possible multicollinearity between variables. The analyses with group stratification based on related clinical variables were also conducted. The results were reported as crude and adjusted HRs, 95% confidence intervals, and p-values. Statistical significance was defined as p < 0.05. All statistical analyses were performed using SPSS software (version 22.0; SPSS Inc., Chicago, IL, USA).




Results

A total of 21,846 patients with AS were identified from the LHID of 1,914,201 registered beneficiaries between 2000 and 2015 in Taiwan. Several patients were excluded from the study for the following reasons: they were diagnosed with AS before the index date (n=1,410), ACS before tracking (n=176), without tracking (n=298), age less than 20 years (n=13), and gender unknown (n=8). Among the remaining 19,941 patients in the study population, 530 patients with endophthalmitis were selected as the study cohort. The incidence rate of endophthalmitis in our study population was 2.66%. We then retrieved a fourfold group (2,120 individuals) matched by gender, age, comorbidities, and index date from 19,411 patients without endophthalmitis as a comparison cohort (Figure 1).




Figure 1 | Flowchart of the patient selection in this cohort.



The baseline demographic characteristics of the enrolled patients are summarized in Table 1. All the listed variables, namely gender, age, DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, CAD, cardiomegaly, MetS, and CCI_R score were not significantly different between the two study groups. Table 2 shows the demographic characteristics of the enrolled patients at the study endpoint. A total of 83 (15.66%) and 200 (9.43%) patients developed ACS in AS patients with and without endophthalmitis, respectively (p < 0.001). Comparing AS patients without endophthalmitis, ACS, CCI_R score, and all-cause mortality were significantly higher in AS patients with endophthalmitis. The mean follow-up period in all patients was 9.85 ± 8.52 years, and no difference was noted between the groups (Table S2). The mean time for ACS development after enrollment was 2.98 ± 3.27 years in the AS with endophthalmitis group, and 3.75 ± 4.16 years in AS without endophthalmitis group (p < 0.001; Table S3).


Table 1 | The baseline demographic characteristics of the enrolled patients.




Table 2 | Demographic characteristics of the enrolled patients at the study endpoint.



The Kaplan–Meier survival curve of the cumulative risk of ACS in AS patients with/without endophthalmitis is shown in Figure 2. A significantly higher cumulative risk of ACS was noted in AS patients with endophthalmitis than in those without endophthalmitis (p < 0.001; log-rank test).




Figure 2 | Kaplan–Meier survival curve of the cumulative risk of ACS in AS patients with and without endophthalmitis.



Table 3 shows the risk analysis of ACS using univariate and multivariate Cox regression with and without Fine & Gray’s competing risk model. MetS has severe multicollinearity with DM, Hyperlipidemia, or HTN (Spearman’s rank correlation coefficient r = 0.901, 0.815, and 0.832, respectively; all p < 0.001). This indicated that MetS has high correlation coefficients with DM, Hyperlipidemia, or HTN. Therefore, we excluded MetS from the analysis of adjusted HR in Table 3 and 4. After adjusting for listed variables except MetS, patients with endophthalmitis; those aged 40–59 years and ≥ 60 years, those with DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, CAD, and those with a higher CCI_R score had a significantly higher risk of ACS (all p < 0.001). The statistical significance of all these risk factors persisted with or without the competing risks in the model.


Table 3 | Risk analysis of ACS by Cox regression with/without Fine & Gray’s competing risk model.




Table 4 | Risk analysis of ACS after stratification with variables listed in the table.



A subgroup analysis of ACS risk between AS patients with/without endophthalmitis stratified by the listed variables was further conducted using the Cox regression with/without Fine & Gray’s competing risk model. The results are presented in Table 4. The overall incidence rate of ACS was 1,595.96 per 100,000 person-years in AS patients with endophthalmitis, and 953.96 per 100,000 person-years in AS patients without endophthalmitis (adjusted HR with competing risk model = 1.787; 95% CI: 1.594–2.104, p < 0.001). Irrespective of the patients with or without any of the stratified variables (gender, age, DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, CAD, and cardiomegaly) and with/without competing risk in the model, the adjusted HRs were significantly elevated in AS patients with endophthalmitis than in AS patients without endophthalmitis (all p < 0.001 for all stratification). With respect to comorbidities, AS patients with endophthalmitis without DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, and CAD had the following adjusted HRs for developing ACS: 1.618, 1.652, 1.588, 1.682, 1.755, 1.730, 1.768, and 1.679, respectively (all p < 0.001). In comparison, AS patients with endophthalmitis combined with these comorbidities had higher adjusted HRs. The adjusted HRs of AS patients with endophthalmitis and comorbidities of DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, and CAD were 3.225, 3.148, 3.809, 4.425, 2.047, 2.468, 1.913, and 4.160, respectively (all p < 0.001). Among all the listed variables, the p for interaction showed a statistical significance between different age groups (p < 0.001).



Discussion

In this study, we found a significantly higher risk of ACS in AS patients with endophthalmitis than in those without endophthalmitis after adjusting for all possible confounding factors and performing stratification analysis. According to the Kaplan–Meier analysis, endophthalmitis significantly increased the cumulative risk of developing ACS in AS patients. Besides, being in the age group of 40–59 years and ≥ 60 years; having DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, and CAD; and having a higher CCI_R score were significant risk factors for the development of ACS in AS patients. In addition, comorbidities, including DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, and CAD were associated with higher adjusted HRs in AS patients with endophthalmitis. Furthermore, the age ≥ 60 years was an important risk factor of ACS in AS patients with endophthalmitis.

The incidence rate of endophthalmitis was 2.66% in AS patients in our study population, which was composed of AS patients without ACS, age ≥ 20 years, and had regular follow-up medical records. Previous studies have reported that the incidence rate of endophthalmitis ranges from 0% to 16.5%, which varies among studies due to the differences in factors such as the definition of endophthalmitis, underlying etiology (post-operation, post-trauma, or dissemination from a systemic or local infection), type of surgical procedure, status of underlying disease, and whether there was illicit IV drug use (26–32). To the best of our knowledge, this is the first study to report the incidence rate of endophthalmitis among patients with AS. However, the results of our study should be interpreted carefully when comparing other incidence studies. Further prospective cohort studies are required to thoroughly investigate the incidence of endophthalmitis among patients with AS.

In this study, we obtained the data of all -cause mortality to exclude the influence of case mortality by using the Fine & Gray’s competing risk model in the study. Interestingly, the mortality rate at the study endpoint increased in AS patient with endophthalmitis. In our previous study, we also found that the mortality rate increased in endophthalmitis comorbid with renal disease, septicemia, pneumonia, and tumors (33). Thus, a further study might be needed to investigate the influence of endophthalmitis on the mortality rates in AS patients.

Age is one of important risk factors of ACS (34). In Table 3, significantly higher adjusted HRs of ACS were noted in age groups of 40–59 years and ≥ 60 years comparing age group of 20–39 years among AS patients (adjusted HRs = 1.179 and 1.822, respectively). Besides, Table 4 shows that the adjusted HRs of ACS in AS patients with endophthalmitis were 1.453, 1.648, and 4.369 in 20–39 years, 40-59 years, and ≥ 60 years age groups, respectively. Furthermore, the p value for interaction has statistical significance between different age groups. This result indicated that the ≥ 60 years age group has higher risk of ACS than other age groups (age 20-39 and age 40-59) in AS patients with endophthalmitis. Overall, these findings might suggest that increased age could increase the risk of ACS in AS patients with endophthalmitis.

Although the etiopathogenesis of how infectious diseases increase ACS risk is unclear, many infectious etiologies have been found to have an association with ACS, including periodontitis (35), cholangitis (36), Helicobacter pylori (37), scrub typhus (38), syphilis (39), human immunodeficiency virus (40), herpes zoster (41), cytomegalovirus (42), hepatitis C virus (43), and coronavirus disease 2019 (44). However, none of the previous studies have investigated the relationship between endophthalmitis and ACS and the combined effect of AS and endophthalmitis on ACS risk. According to our results, the infectious insult caused by endophthalmitis was found to be an independent risk factor for ACS in AS patients. However, this result was established based on a prerequisite that correct ICD coding for ACS. Previous studies demonstrated that the positive predictive values (PPV) was 88% for the diagnosis of AMI and 47.6% for the diagnosis of CAD by using ICD coding in Taiwan’s NHIRD (45, 46). Other supporting factors [coronary intervention, stenting, antiplatelet prescription, and ATC code (C01, C07-C10)] could increase the rate of PPV by using ICD coding (45, 46). In this study, we used ICD-9-CM codes for identification of patients with ACS. Therefore, supporting factors could be used to increase the validity of the reported findings in further study.

The underlying mechanisms of atherosclerotic plaque formation and rupture are multifaceted, and involve both innate and adaptive immune responses. Lipoprotein-driven chronic inflammation of the vascular wall plays a key role in the pathophysiology of ACS (47). Many inflammatory markers, such as interleukin-1 (IL-1), IL-6, monocyte chemoattractant protein-1 (MCP-1), high-sensitivity C-reactive protein, and tumor necrosis factor (TNF)-α were identified as a surrogate of disease severity or a promising therapeutic target of ACS (48–51). In addition, the cytokine levels were found to be elevated during endophthalmitis, including the levels of granulocyte colony stimulating factor, growth-regulated oncogene, interferon gamma (IFN-γ), IL-1α, IL-1β, IL-1 receptor antagonist, IL-6, IL-8, IFN-γ-induced protein 10, MCP-1, MCP-3, macrophage inflammatory protein 1 alpha, IL-1β, transforming growth factor alpha, and TNF-α (52).

Endophthalmitis may increase the risk of ACS in AS patients through multiple mechanisms. Both infectious and non-infectious uveitis have been found to induce elevation of cytokine levels both systemically and locally (53–55). Circulating inflammatory cytokines may contribute to atherosclerosis, plaque rupture, erosion, and thrombosis by inflammatory cell recruitment, production of reactive oxygen species and proteolytic enzymes, and incitement of vascular wall damage and further inflammation (37, 47, 56). An infectious insult may, therefore, accelerate and exacerbate the condition of the cardiovascular disease, especially among susceptible individuals, such as in patients with an underlying chronic inflammatory disease. There is a scarcity of literature regarding the analyses of the systemic response to endophthalmitis. Further clinical studies are required to investigate the mechanisms by which these underlying responses contribute to an increased risk of ACS in patients with AS.

This study had several strengths. First, this study was conducted using a validated nationwide population-based million-level database in Taiwan with a 16-year follow-up period, which provides a good statistical power due to its large sample size and long follow-up period. Second, variables such as gender, age, and comorbidities were matched between the study groups. Additionally, patient comorbidities, including DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, CAD, and cardiomegaly were adjusted during the statistical analysis. Third, univariate and multivariate Cox regression analyses were performed and Fine and Gray’s competing risk model was used to adjust for possible confounding factors in this study.

However, this study has several limitations. The causal relationship between endophthalmitis in patients with AS and ACS development was difficult to extrapolate due to the study’s retrospective cohort design. Another limitation is that all study participants were from LHID, which is largely composed of the Taiwanese population; consequently, the influence of different countries and ethnicities was not considered in this study. In our previous study, we have used ICD coding as the basis for a diagnosis of endophthalmitis to evaluate the epidemiology and mortality-related prognostic factors in endophthalmitis (33). However, these ICD codes have not been validated in National Health Insurance Research Database (NHIRD) in Taiwan. Thus, the accuracy of ICD coding for a diagnosis of endophthalmitis is one of our limitations. In addition, the disease severity, clinical features, and underlying etiologies of both AS and endophthalmitis could not be obtained from this fully anonymized database. In present study, we considered endophthalmitis as infectious events regardless of the etiologies or subtypes. However, endophthalmitis can be divided into endogenous and exogenous subtype according to the etiologies. Therefore, one limitation is that the study did not analyze the influence of endogenous and exogenous endophthalmitis on the risk of ACS in AS patients. Moreover, the medications that were prescribed were not stratified in this study, which may have influenced the incidence of ACS and endophthalmitis (either protective or exacerbating). Finally, data from laboratory examinations and medical imaging, such as X-ray, magnetic resonance imaging, or fundus images, were lacking in the NHIRD database. All study participants were identified using the ICD-9-CM codes. Misdiagnosis or coding errors cannot be completely ruled out in the current study design.

In conclusion, endophthalmitis is associated with an increased risk of ACS in patients with AS, irrespective of the listed clinical variables. Owing to increased potential cardiovascular risk, physicians should keep an eye on AS patients with a history of endophthalmitis, especially for those with underlying comorbidities. Further clinical studies are required to elucidate the underlying mechanisms and status of systemic inflammation during endophthalmitis.
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2,486 93.81 497 93.77 1,989 93.82
164 6.19 33 6.23 131 6.18
2,624 99.02 525 99.06 2,099 99.01
26 0.98 5 0.94 21 0.99
2,560 96.60 512 96.60 2,048 96.60
90 3.40 18 3.40 72 3.40
0.93 +1.11 0.96 + 1.13 0.92 1.1

0.999

0.915
0.999

0.630

0.912

0.892

0.946

0.743

0.932

0.890

0.927

0.878

0.946

0.175

CAD, Coronary artery disease; CCI_R, Charlson comorbidity index revised; CHF, Congestive heart failure; COPD, Chronic obstructive pulmonary disease; CVA, Cerebrovascular accident;

DM, Diabetes Mellitus; HTN, Hypertension, MetS, Metabolic syndrome.





