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Background

Ankylosing spondylitis (AS) is a chronic inflammatory disease. Excess cardiovascular risks were well recognized in patients with AS and were attributed to prolonged systemic inflammation. Uveitis is one of the most common extra-articular symptoms of AS and is also considered an indicator of systemic inflammation. This study aimed to investigate whether uveitis was a risk factor for developing acute myocardial infarction (AMI) in patients with AS using the National Health Insurance Research Database (NHIRD).



Methods

Data were collected from the NHIRD over a fifteen-year period. Variables were analyzed using the Pearson chi-square test and Fisher’s exact test. Risk factors for the occurrence of AMI were examined by calculating hazard ratio. Kaplan-Meier analysis was performed to compare the cumulative incidence of AMI in the uveitis and non-uveitis cohorts.



Results

A total of 5905 patients with AS were enrolled, including 1181 patients with uveitis (20%) and 4724 patients without uveitis (80%). The Kaplan–Meier method with the log-rank test showed that the uveitis group had a significantly higher cumulative hazard for patients with AMI than the non-uveitis group (p < 0.001). The adjusted hazard ratio (aHR) of AMI was higher in the uveitis group than in the non-uveitis group (aHR = 1.653, p < 0.001). Stratified analysis revealed that patients with uveitis had an increased risk of developing AMI regardless of their sex (male/female aHR = 1.688/1.608, p < 0.001). Patients with uveitis in all age groups were independently associated with an increased risk of developing AMI compared to those without uveitis (20–39 years/40–59 years/≥ 60 years, aHR = 1.550, 1.579, 3.240, p < 0.001). Patients with uveitis had a higher probability of developing AMI regardless of comorbidities. Uveitis patients with comorbidities had a higher risk of developing AMI compared to uveitis patients without comorbidities.



Conclusion

Uveitis is a significant risk factor for developing AMI in patients with AS. Physicians should be aware of the potential cardiovascular risk in AS patients with uveitis, especially simultaneously with other traditional risk factors of AMI. Further prospective studies are needed to elucidate the underlying mechanism between uveitis and AMI in patients with AS.
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Introduction

Ankylosis spondylitis (AS) is a chronic inflammatory disease that predominantly affects the spine, with a peak onset between the ages of 20 years and 40 years (1). More than 85% of these patients have a specific human leukocyte antigen, known as the HLA-B27 antigen (2). Patients may also experience extra-articular manifestations, such as uveitis, psoriasis, and inflammatory bowel disease. Vascular involvement manifests as aortitis, perioartitis, and aortic valve regurgitation (3). Coronary artery involvement is extremely rare in AS, which is serious and life-threatening when acute myocardial infarction (AMI) occurs (4). As for many systemic inflammatory diseases, AS with excess cardiovascular mortality and morbidity has been well recognized in previous studies (5, 6). The underlying mechanism of AMI may be attributed to the systemic inflammation associated with AS. Prolonged inflammation-induced vascular endothelial injury may result in atherosclerosis and thrombosis, leading to AMI (7).

Uveitis is one of the most common extra-articular symptoms of AS. The prevalence of uveitis in AS is approximately 20–30% (8). Currently, uveitis is believed to be not only an intraocular inflammation but also an indicator of systemic inflammation. Previous studies have demonstrated that the levels of pro-inflammatory cytokines increase in tears, aqueous humor, and serum in active disease (9–11). Uveitis might reflect the severity of systemic inflammation in AS, since inflammation may cause more cytokine cascades toward coronary vascular endothelial injuries, uveitis might be a risk factor for the development of AMI in AS. However, no study has proved this hypothesis.

As AMI is associated with life-threatening consequences (especially in young adults), it is important to know how AS and AMI are associated, including the risk factors of AMI in AS. However, most studies on this subject are case reports or case series, and the lack of a large sample size to investigate the association. Therefore, we used the National Health Insurance Research Database (NHIRD), which contains a comprehensive longitudinal medical record from 23 million people in Taiwan. This approach resulted in a large number and varying features of patients with AS compared to previous studies. This study aimed to investigate the factors that determine the incidence of AMI in AS. In addition, the study elucidated whether uveitis could be a risk factor for the development of AMI in AS. Our ultimate goal is to raise the awareness of physicians about AMI in AS patients with uveitis and provide information to all physicians for multidisciplinary care.



Material and Methods


Research Database

Beginning in 1995, the National Health Insurance (NHI) program was launched in Taiwan. More than 23 million Taiwanese and non-Taiwanese residents (approximately 99.9% of the total population) were included. The National Health Insurance Research Database (NHIRD) contains comprehensive medical records, including outpatients, inpatients, diagnoses, prescriptions, and procedures, which are registered by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. The ICD-9-CM codes used in this study are listed in Table S1. These data eliminate personal identification and are available in an electronic format for clinicians to conduct statistical analysis.



Study Participants

We conducted a retrospective cohort study between January 2000 and December 2015. All included patients had at least one inpatient claim or outpatient visits more than three times with a diagnosis of AS according to the ICD-9-CM code (n = 21,846, ICD-9-CM code 720.0). Patients younger than 20 years old, with unknown sex, or without tracking were excluded. Patients diagnosed with AS and AMI before the index date were also excluded to ensure that patients had a new onset of AS and new onset of AMI after AS diagnosis. The index date was defined as the date of the first AS diagnosis. The study population was divided into the uveitis group (n = 1181, study cohort) and non-uveitic group (n = 18815). The group of non-uveitic patients matched four-fold with the uveitic group for sex, age, comorbidities, and index date as the comparison cohort (n = 4724). The uveitis group was divided into the anterior uveitis and posterior segment involvement groups. The populations in both groups did not overlap with each other. The uveitic subgroups and comorbidities extracted by ICD-9-CM codes are listed in Table S1. We replaced the Charlson comorbidity index (CCI) with the CCI_R (CCI excluding AMI, 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]) because the removed diseases were also variables in this study. Patients were followed until AMI occurred (n = 138 in the uveitic group; n = 415 in the non-uveitic group) or until the end of the study period. Figure 1 shows a flow chart of the patient selection process.




Figure 1 | Flowchart of patient selection from the National Health Insurance Research Database in Taiwan.





Ethical Consideration

The study protocol was reviewed and approved by the institutional review board of the Tri-Service General Hospital (TSGH IRB No. B-110-35). Because the identities of all patients in the NHIRD were encrypted before data were released, the requirement for signed informed consent of the included patients was waived.



Statistical Analysis

The Pearson chi-square test and Fisher’s exact test were used to evaluate differences in categorical variables such as sex, age group, and comorbidities. The threshold for statistical significance was set at p < 0.05. A Cox proportional hazard model was used to estimate the hazard ratio (HR) for the occurrence of AMI based on each variable in the univariate and multivariate analyses. Considering competing risk, Cox regression with Fine and Gray’s competing risk model was also employed for analysis. Kaplan–Meier analysis was performed to estimate the cumulative incidence of AMI in these two cohorts. All statistical analyses were performed using SPSS software (Version 22.0; SPSS Inc., Chicago, IL, USA).




Results

Table 1 shows the demographic and clinical characteristics of the enrolled patients with AS at baseline. A total of 5905 patients were enrolled, including 1181 (20%) patients with uveitis (uveitis group) and 4724 (80%) patients without uveitis (non-uveitis group). The non-uveitis group was matched four-fold with the uveitis group with age, sex, comorbidities, and index date. The mean age of the total AS patient was 37.72 ± 18.90 years, with the majority of patients (59.10%) younger than 40 years of age. Men accounted for 55.12% of the study population. For comparison of comorbidities at baseline, the prevalence of diabetes and hypertension was 25.15% and 20.51%, respectively. Those with chronic obstructive pulmonary disease and asthma accounted for 16.27% and 19.14% of the total AS cohort, respectively. Fewer patients (< 7%) had hyperlipidemia, cerebrovascular accident, congestive heart failure, coronary artery disease, cardiomegaly, and metabolic syndrome. At the end of follow-up, the percentages of AMI in the uveitis and non-uveitis groups were 11.69% and 8.78%, respectively (p < 0.001). All-cause mortality, which stands for death caused by any event, was 8.55% and 7.79% in the uveitis and non-uveitis groups, respectively (p = 0.332). The mortality caused by AMI in the uveitis group and non-uveitis group was 0.93% and 0.83%, respectively (p=0.723). The mean follow-up time is 9.91 ± 8.56 (range 0.01–15.99) years for all patients. The average time of AMI occurrence after patients included in the study was 2.90 ± 3.17 (range 0.03–15.82) years in the uveitis group and 3.64 ± 4.20 years (range 0.03–15.88) years in the non-uveitis group (p<0.001).


Table 1 | Patients’ clinical characteristics at baseline.



The cumulative risk of developing AMI in patients with AS was calculated using the Kaplan–Meier method (Figure 2). The results showed that the uveitis group had a significantly higher hazard than the non-uveitis group (log-rank test, p < 0.001). The results of the risk factors for AMI using COX regression with and without Fine and Gray’s competing risk model are shown in Table 2. The adjusted HR (aHR) with competing risk analysis for AMI was 1.653 times greater in the uveitis group than in the non-uveitis group (95% CI 1.480–1.918). Although men were more likely to develop AMI, the result was not statistically significant after adjusting for confounders (aHR 1.179, p = 0.238). AS patients aged over 40 years showed a higher risk of developing AMI (aHR 1.11 in the 40–59 age group, p = 0.036; aHR 1.718 in the ≥ 60 age group, all p < 0.001). The hazard was significantly higher with age. Adjusted HRs showed that AS patients with DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, CAD, and metabolic syndrome had a significantly higher risk of developing AMI, except for AS patients with cardiomegaly.




Figure 2 | Kaplan-Meier analysis of the cumulative risk of AMI, stratified by uveitis with log-rank test. AMI, acute myocardial infarction.




Table 2 | Factors for AMI evaluated by Cox regression with/without Fine & Gray’s competing risk model.



In the stratified analysis comparing patients with and without uveitis (Table 3), the overall incidence of AMI was 1306.54 per 100,000 person-years in the uveitis group and 885.53 per 100,000 person-years in the non-uveitis group. Patients with uveitis have an increased risk of developing AMI regardless of their sex. The aHR was 1.688 in men and 1.608 in women (p < 0.001). Patients with uveitis in all age groups were independently associated with an increased risk of developing AMI than patients without uveitis, with an aHR of 1.550 in the 20–39 age group, 1.579 in the 40–59 age group, and 3.240 in the ≥ 60 age group (all p < 0.001). The aHR increased with age. For comorbidities, the uveitis group without DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, CAD, cardiomegaly, and metabolic syndrome had an increased risk of developing AMI with aHRs of 1.550, 1.581, 1.439, 1.603, 1.659, 1.627, 1.597, 1.577, 1.650, and 1.615, respectively (all p < 0.001). The aHR was higher in the uveitis group with comorbidities than in the uveitis group without comorbidities. The uveitis group with DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, CAD, and metabolic syndrome had increased aHR of developing AMI with aHRs of 3.287, 3.102, 4.166, 3.296, 3.261, 3.358, 3.286, 5.187, and 1.932, respectively (all p < 0.001).


Table 3 | Factors for AMI stratified by variables listed in the table evaluated by Cox regression with/without Fine & Gray’s competing risk model.



The uveitis group (n = 1181) was further divided into the anterior uveitis group (36.6%, n = 432) and posterior segment involvement group (63.4%, n = 749) compared to the non-uveitis group (n = 4724) (Table 4). The overall incidence of AMI was 885.53 per 100,000 person-years in the non-uveitis group, 1,211.31 per 100,000 person-years in the anterior uveitis group, and 1,371.76 person-years in the posterior segment involvement group. The aHR was 1.624 in the anterior uveitis group and 1.673 in the posterior segment involvement group. Uveitis patients with posterior segment involvement had a slightly increased aHR for developing AMI than patients with only anterior uveitis.


Table 4 | Factors for AMI among different uveitis subgroup evaluated by Cox regression with/without Fine & Gray’s competing risk model.





Discussion

In this population-based cohort study, we enrolled 5905 patients with newly diagnosed AS. Of these patients, 1181 had uveitis and 4724 did not have uveitis. In the mean follow-up of 9.91 years, we found that patients with uveitis had a significantly higher risk (aHR = 1.653) for developing AMI than patients without uveitis. Kaplan–Meier analysis also revealed that the cumulative risk of developing AMI was significantly increased in the uveitis group. In the stratified analysis, the incidence of AMI in the uveitis group was 1306.54 per 100,000 person-years and 1.47-fold higher than that in the non-uveitis group. Uveitis was associated with an increased risk of developing AMI in both sexes, all age groups, patients with and without comorbid DM, hyperlipidemia, HTN, CVA, CHF, COPD, asthma, CAD, and metabolic syndrome. Uveitis patients with comorbidities had a higher adjusted hazard of developing AMI compared to uveitis patients without comorbidities.

The prevalence of AS has geographical differences. AS is more common in Europe and Asia than in Latin America (12). Previous studies have shown that the prevalence of AS per 10000 is highest in Turkey (49.0), lower in Taiwan (33.7), India (7.0), and lowest in Mexico (2.6) (13–16). The male-to-female ratio in AS also varies across countries, ranging between 1.2 and 7.0 (13, 17); however, these results consistently showed a male predominance. In the present study, the male-to-female ratio was 1.23, which is similar to the results previous study in Asia (18). Previous studies have shown that AS is usually diagnosed in the second or fourth decade of life (19, 20). In our study, more than half of the participants (59.10%) was consistently between 20–40 years of age. In our report, 5.9% of patients with AS had uveitis (1181/19996 = 5.90%). The prevalence of uveitis in AS varies in different studies, ranging from 0% to 30% (8, 21–23) and was even lower (0%) in a Philippines hospital-based study (24).

For comorbidities, the percentages of hypertension and chronic obstructive pulmonary disease were similar to those reported in previous studies (25, 26). The percentage of patients with diabetes and asthma was slightly higher than those reported in previous studies. The percentage of diabetes in a study carried out in the US was reported to be 17.3% in whites and 27.2% in African Americans (27). Asthma patients accounted for 7.3% of a German cohort (28). Our study population comprised AS patients with uveitis and AS patients without uveitis matched by AS patients with uveitis. The difference in the percentage of comorbidities might be attributed to race and the study population. Because of matching, the difference in baseline characteristics between the uveitis and non-uveitis groups was not statistically significant (Table 1). Therefore, the higher cumulative risk of developing AMI in the uveitis group demonstrated by the Kaplan–Meier curve (Figure 2) is less likely to be attributed to the differences in sex, age, and baseline systemic disease.

Table 2 shows the variables associated with the development of AMI by Cox regression. As expected, patients with traditional risk factors had a higher risk of developing AMI, a result that is similar to those of previous studies (29, 30). Bremander et al. reported elevated morbidity ratios for hypertension and diabetes in AS patient with ischemic heart disease (29) Chou et al. found that AS patients with hypertension, diabetes, hyperlipidemia and stroke had an aHR of 7.74 for acute coronary syndrome compared to those without these comorbidities (30).

Our report also identified uveitis as an independent risk factor for AMI in patients with AS (Table 3). The reason why uveitis might be a risk factor for developing AMI in patients with AS is not clear. Uveitis may be an indicator of disease activity and systemic inflammation in AS (9, 31, 32). Patients with acute anterior uveitis have higher disease activity and inflammatory cytokines in the serum (9, 33). Since inflammation plays an important role in myocardial infarction (7), uveitis may be associated with cardiovascular disease. A cross-sectional study reported that AS patients with a history of uveitis were more predisposed to atherosclerosis (34). Another study also reported that children with a longer duration of uveitis had an increased frequency of deteriorated vascular function and carotid artery intima-media thickness (35).

Previous studies have reported that uveitis in spondyloarthritis is associated with HLA-B27, possibly acting through the IL-23/IL-17 axis (36–38). The activation of Th17 cells with Th17-related proinflammatory cytokine induction (IFN-γ, TNF-α, IL-1β, IL-6, IL-23) could result in spondyloarthritis with associated uveitis (39). Several studies have reported an association between Th-17-related proinflammatory cytokines and atherosclerosis. A thin fibrous cap in the lesion, which is indicative of unstable plaques prone to rupture and increased atherosclerosis correlate with increased Th17 cells, IL-23-producing vascular muscle, and macrophages in apoE/IL18 double-KO mice (40). Circulating Th17-related cytokines (IL-17, IL-6, IL-23) increased at the onset of acute coronary syndrome (41). The blockade of IL-17A in mice resulted in a significant reduction in atherosclerosis (42, 43). Thus, the IL-23/IL-17 axis is a possible common pathway of origin in uveitis and AMI.

We further divided uveitic patients into the anterior uveitic and posterior segment involvement groups (Table 4). Our study showed that the posterior segment involvement group accounted for the majority (63.4%) of the uveitis cohort. Most studies focused on the association between anterior uveitis and AS. Few studies have discussed the manifestation of posterior segment involvement in patients with AS uveitis. The percentage of posterior segment involvement in HLA-B27 associated uveitis was reported to be 17.4–63%, varying from one study to another (44–47). This difference might be attributed to race, study design, and study year. Our study also showed that the posterior segment involvement group had slightly increased aHR of developing AMI than the anterior uveitis group; however, we did not perform statistical analysis to compare the two groups. Due to the lack of further statistical information, the interpretation of higher aHR in the posterior segment involvement group should be done carefully.

Our study has several strengths. First, the National Health Administration in Taiwan checks charts to ensure patient diagnosis with appropriate treatment. Treatment followed a standardized protocol. The diagnoses were verified. Second, we used a comprehensive, longitudinal, nationwide database spanning 15 years. The NHI system was introduced in Taiwan in 1995, so we could conduct a longitudinal analysis of sequential events. AS or AMI before the index date could be excluded to eliminate bias in the cross-sectional study. Third, the coverage rate in Taiwan was approximately 99%. A large sample provides high statistical power. Finally, the major strength was that the findings after adjusting for confounders were highly consistent, suggesting reliable and convincing results.

However, this study had some limitations. First, the study was based on a retrospective statistical analysis from a database. The NHIRD database does not provide laboratory data, such as the erythrocyte sedimentation rate or C-reactive protein, as advocatory evidence. There were no clinical images such as MRI findings for classification of disease activity and severity of AS patients, which might also show a correlation with uveitis. Second, some traditional factors for AMI, such as diet, smoking, and physical activity, were not in the database. Third, AS-uveitis complex is most frequently observed as anterior uveitis and responds well to topical corticosteroids, whereas posterior uveitis is usually refractory to topical treatments and frequently requires treatments with systemic corticosteroids and anti-TNF agents to reduce recurrences. Cardiovascular events are complications of corticosteroids. In this study, we did not assess the influence of uveitis treatments in developing AMI. Fourth, the rates of all extra-articular manifestation in AS patients might influence the development of AMI, but the database did not provide the information of all extra-articular manifestation. Fifth, the included patients in our study are homogenous ethnic population with specific genetic and disease features as indicated by the prevalence of co-morbidities, type of uveitis and probably age at diagnosis. Hence, the results of our study must be confirmed in other ethnic populations. Sixth, this study had a retrospective design. We could only elucidate a possible mechanism based on this association. The causality needs further prospective studies with detailed information to confirm our conclusion.



Conclusion

Uveitis is a risk factor for developing AMI in patients with AS. Doctors should be aware of the potential cardiovascular risk in patients with AS uveitis, especially simultaneously with other traditional risk factors for AMI. Closely monitoring the cardiovascular system in these patients is important for all physicians to detect AMI earlier and manage it promptly. Further prospective studies are needed to elucidate the underlying mechanism between uveitis and AMI in patients with AS.
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MetS, metabolic syndrome; CCI_R, Charlson comorbidity index excluding acute myocardial infarction, diabetes melitus, hyperiipidemia, hypertension, cerebrovascular accident,
congestive heart failure, chronic obstructive pulmonary disease, asthma, coronary artery disease, cardiomegaly and metabolic syndrome.





