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Ankylosing spondylitis (AS) is known to increase the risk of stroke. Among patients with AS, uveitis is the most common extra-articular manifestation. However, no previous investigations have discussed the association between uveitis and the risk for developing stroke in patients with AS. This retrospective cohort study aimed to explore the relationship between uveitis and the incidence of stroke in patients with AS by obtaining medical records from January 1, 2000, to December 31, 2015, from the National Health Insurance Research Database, according to the International Classification of Diseases, 9th Revision, Clinical Modification diagnosis codes. The primary outcome was the incidence of stroke. Pearson’s chi-square test and Fisher’s exact test were used to analyze variables. Kaplan–Meier survival curves and univariate and multivariate Cox proportional hazard regression models with and without Fine and Gray’s competing risk model were used to analyze data. Total 828 AS patients with uveitis and 3,312 AS patients without uveitis were identified. During the follow-up period, 137 patients in the uveitis group and 344 in the non-uveitis group developed stroke. Uveitis is a significant risk factor for stroke development in patients with AS (adjusted hazard ratio = 1.846, p < 0.001). Age, diabetes mellitus, hyperlipidemia, hypertension, congestive heart failure, chronic obstructive pulmonary disease, asthma, coronary artery disease, and atrial fibrillation were associated with a higher risk of stroke. After subgroup analysis, both anterior uveitis and posterior segment involvement were found to increase the risk of stroke in patients with AS. Uveitis is associated with an increased risk in both ischemic and hemorrhagic strokes in patients with AS. Therefore, when uveitis is identified, clinicians should pay more attention to the cerebrovascular risk in patients with AS, especially in those with underlying comorbidities.
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Introduction

Ankylosing spondylitis (AS) is a common autoimmune disease that classically affects the axial skeleton, as well as the hips, shoulders, and peripheral joints, causing severe chronic pain and spinal rigidity. The common extra-articular manifestations of AS include uveitis, psoriasis, and inflammatory bowel disease. Immune cells and innate cytokines are crucial for AS pathogenesis (1). Previously, several studies have reported an increased risk of stroke in patients with AS (2–4). Patients with AS have higher levels of several inflammatory biomarkers such as interleukin 6 (IL-6), C-reactive protein (CRP), and tumor necrosis factor alpha (TNF-α) (5–7). These biomarkers are also known to play an important role in stroke as the mediators of the immune system (8–10). Thus, the possible explanations of increased risk of stroke in patients with AS might be associated to the increase of these inflammation related parameters.

Uveitis is known to be the most common extraarticular clinical manifestation of AS. Up to 40% of patients with AS experience unilateral acute anterior uveitis during the disease process (11). Posterior segment inflammation has also been discussed in AS patients with the presentation of diffuse vitritis, papillitis, retinal vasculitis, pars plana exudates, and/or macular edema (12, 13). Previous studies have mentioned that some neurological disorders may cause inflammation of both the central nervous system and the eye, with the manifestation of uveitis (14, 15). Woolfenden et al. reported cases of primary angiitis of the central nervous system presenting as acute ischemic stroke following the onset of uveitis (16). In addition, uveitis is an intraocular inflammatory condition as well as an indicator of systemic inflammation. Previous investigations have showed the increased expression of circulating CRP, IL-6 and TNF-α in the uveitis (17–19). However, no previous articles have demonstrated an association between uveitis and stroke in patients with AS. Hence, according to above findings, this study aimed to investigate the risk of stroke development in AS patients with uveitis by using the National Health Insurance Research Database (NHIRD) of Taiwan.



Materials and methods


Research database

The data used in this study were obtained from the National Health Insurance Research Database (NHIRD) of Taiwan. Launched in March 1995, the National Health Insurance (NHI) program contains comprehensive medical records of more than 99% of Taiwan’s population of 23 million, including various forms of outpatient, inpatient, and emergency healthcare services (20). The NHIRD is derived from the NHI beneficiaries claims data and made available to the public in an electronic format for research purposes. Data related to basic parameters, such as sex, age, length of hospital stays, and discharge diagnosis, can be obtained from the NHIRD.



Study participants

The NHIRD was used to identify patients diagnosed with AS at least three times during outpatient visits or once during hospitalization according to the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) code. As shown in Figure 1, this longitudinal study included 21,846 patients diagnosed with AS in Taiwan from a total of 1,914,201 patients from January 1, 2000, to December 31, 2015. Among the enrolled patients, 2,140 were excluded. The exclusion criteria were as follows: patients younger than 20 years old (n = 13), AS diagnosed before inclusion date (n = 1,410), stroke diagnosed before the commencement of tracking (n = 411), patients without tracking (n = 298), and patients of unknown sex (n = 8). In total, 19,706 first-time diagnosed AS patients were enrolled in the study during the study period. The study cohort was constructed based on a diagnosis of uveitis among the identified patients with AS. After propensity score matching by sex, age, comorbidities, and inclusion date, the comparison cohort consisted of patients selected from the study population without a diagnosis of uveitis as the non-uveitis group, which was four-fold the number of the uveitis group. All patients were followed up until the incidence of stroke or the tracking endpoint (December 31, 2015).




Figure 1 | Flowchart of the study.



Table S1 presents the ICD-9-CM codes and interpretations applied for data extraction and analysis. The comorbidities identified in this cohort study included diabetes mellitus (DM), hyperlipidemia, hypertension (HTN), congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), asthma, coronary artery disease (CAD), and atrial fibrillation (Af). The Charlson comorbidity index revised (CCI_R) score was recorded with the exclusion of stroke, DM, HTN, CHF, COPD, asthma, and CAD, which were variables in this study. Baseline comorbidities were identified if the patients received medical codes and had at least three medical visits within one year prior to the inclusion date. Comorbidities for endpoints were identified if the patients received medical codes and had at least three medical visits within one year prior to the occurrence of stroke.



Statistical analysis

All statistical analyses were performed using the SPSS software (version 22.0; IBM Corp., Armonk, NY, USA). Continuous variables are expressed as mean ± SD. Normally distributed continuous data were compared between groups using Student’s t-test. Categorical variables were compared using Pearson’s χ2 test. The Kaplan-Meier method was used for the analysis of the cumulative risk of stroke, and the log-rank test was performed to compare the cumulative risk curve of stroke in each year. The Cox proportional hazards regression model was used to estimate the crude and adjusted hazard ratio (HR) for the occurrence of stroke. The assumptions of Cox regression were evaluated by using the Stata software (version 9.0; StataCorp LLC, College Station, TX, USA) with the Schoenfeld residuals test. The result of the global test was not statistically significant (P = 0.8712). Thus, we could assume the Cox regression. The Fine and Gray competing risk regression model was applied for the analysis of time‐to‐event outcomes in the current medical research with the presence of competing events (21). In this study, we used this model to determine the risk of stroke (competing with all-cause mortality) in AS patient with uveitis by presenting as a hazard ratio (HR) with a 95% confidence interval (CI). For conducting the Fine and Gray competing risk regression, we installed the R extension (STATS_COMPRISK.spe version 3.0) for SPSS and then ran the competing risk. Statistical significance was defined as P < 0.05.




Results


Characteristics of study patients

The demographic and baseline characteristics of the AS patients enrolled are presented in Table 1. From 2000 to 2015, 4,140 patients with AS were enrolled in total, consisting of 828 patients with uveitis (uveitis group) and 3,312 patients without uveitis (non-uveitis group). The mean age of the AS patients was 37.04 ± 19.21 years. Men and women accounted for 43.12%, and 56.88% of the study population, respectively. The prevalence of DM and HTN in the study population was 28.29% and 23.19%, respectively. Patients with asthma and COPD accounted for 20.58% and 17.90% of the patients, respectively. Fewer patients (< 7%) had hyperlipidemia, CHF, CAD, and Af. At baseline, all the matched listed variables, namely sex, age, comorbidities, and CCI_R score of the two study groups were not statistically significant. The distribution of comorbidities is shown in Figure 2.


Table 1 | Baseline characteristics of the enrolled patients.






Figure 2 | The prevalence of comorbidities between two groups at baseline.



At the study endpoint, 137 patients (16.55%) in uveitis group and 344 patients (10.39%) in non-uveitis group developed stroke (p < 0.001). The mean age of the uveitis and non-uveitis groups was 41.25 ± 19.79 and 41.55 ± 20.03 years, respectively (p = 0.622). The all-cause mortality, which represents the death rate from all causes of death, was 12.56% and 9.81% in the uveitis and non-uveitis groups, respectively (p = 0.008). The mean follow-up time was 9.58 ± 8.43 (range = 0.01–15.99) years for all patients, and no difference was noted between the uveitis and non-uveitis groups (9.46 ± 8.34 and 9.61 ± 8.44, p=0.502). The mean time of stroke occurrence was 4.24 ± 4.69 years and 4.69 ± 4.73 years (p < 0.001) in the uveitis group and non-uveitis group, respectively. The prevalence of the investigated comorbidities between the two groups at the endpoint is shown in Figure 3. The prevalence of the listed comorbidities was significantly higher in the uveitis group than in the non-uveitis group, with the exception of hyperlipidemia and CAD.




Figure 3 | The prevalence of comorbidities between two groups at endpoint.





Kaplan-Meier cumulative risk curve for stroke

Figure 4A reveals the Kaplan-Meier analysis of the cumulative risk of stroke in AS patients with or without uveitis. AS patients with uveitis had significantly higher cumulative risk of stroke than AS patients without uveitis (p < 0.001; log-rank test). In the subgroup analysis of hemorrhagic and ischemic strokes (Figures 4B, C), the uveitis group had a significantly higher risk of developing either type of stroke (p < 0.001) according to the log-rank test.




Figure 4 | Kaplan-Meier for cumulative risk of (A) stroke and subgroups with (B) ischemic stroke and (C) hemorrhagic stroke aged 20 and over stratified by uveitis with log-rank test.





Cox regression analysis for risk factors of stroke

Table 2 shows the risk factors for stroke by Cox proportional hazards regression with and without Fine and Gray’s competing risk model. In the competing risk analysis, the adjusted hazard ratio (aHR) for stroke was 1.846 in the uveitis group (p<0.001). Men were at a higher risk of stroke (aHR = 1.561, p < 0.001). The increased risk of stroke was noted in patients over 40 years old (aHR = 1.515 for the 40–59 age group; aHR = 1.885 for the ≥ 60 age group, all p < 0.001). Stroke risk was significantly higher in AS patients with DM, hyperlipidemia, HTN, CHF, COPD, asthma, CAD, and Af (all p<0.001).


Table 2 | Risk analysis of stoke by using Cox proportional hazards model with/without Fine & Gray’s competing risk model.





Factors of stroke stratified in subgroup analysis

The results of stroke risk stratification by the listed variables between AS patients with and without uveitis using Cox proportional hazards regression and Fine and Gray’s competing risk model are listed in Table 3. The overall incidence rate for stroke in the uveitis group and non-uveitis group was 1755.44 per 100,000 person-years and 1080.79 per 100,000 person-years, respectively (aHR = 1.846, p < 0.001). Regardless of whether the patients had any stratification variables (sex, age and comorbidities), the aHRs in the uveitis group were significantly higher than those in the non-uveitis group (all p < 0.001 for all stratification). The aHRs were 2.421 and 1.253 in men and women, respectively (p < 0.001). Risk of stroke in patients with uveitis increased regardless of sex (p for interaction = 0.863). Compared with patients without uveitis, patients with uveitis were associated with a higher risk of stroke in all age groups (aHR = 1.763 for the 20-39 age group; aHR = 1.873 for the 40-59 age group; aHR = 3.237 for the ≥ 60 years old, all p < 0.001; p for interaction = 0.365). With respect to comorbidities, the aHRs for stroke in the uveitis group without DM, hyperlipidemia, HTN, CHF, COPD, asthma, CAD, or Af were 1.548, 1.548, 1.502, 1.736, 1.805, 1.736, 1.736, and 1.838, respectively (all p < 0.001). The aHRs for stroke in the uveitis patients combined with DM, hyperlipidemia, HTN, CHF, COPD, asthma, CAD, and Af were 2.752, 2.696, 2.595, 1.870, 2.734, 3.008, 3.896, and 2.334, respectively (all p < 0.001).


Table 3 | Risk analysis of stroke after stratification by Cox proportional hazards model with/without Fine & Gray’s competing risk model.



To further evaluate the risk of stroke in the different segments of the affected ocular structure in patients with AS, uveitis was classified anatomically into anterior uveitis and posterior segment involvement (Table 4). The aHRs in the anterior uveitis and posterior segment involvement groups were 1.844 and 1.900, respectively. The aHR was higher in both subgroups, regardless of the segment involved (p for interaction = 0.862). Table 5 shows the results of stroke subgroup analysis. The risks were higher in the uveitis group for both hemorrhagic and ischemic stroke (aHR = 1.970 and 1.770, respectively; p < 0.001), but there was no significant difference between the two subgroups (p for interaction = 0.953).


Table 4 | Risks of stroke among different uveitis subgroups by using Cox proportional hazards model with/without Fine & Gray's competing risk model.




Table 5 | Risks of stroke subgroups by using Cox proportional hazards model with/without Fine & Gray’s competing risk model.






Discussion

The major finding of this cohort study was that AS patients with uveitis had a significantly increased risk of stroke occurrence than patients without uveitis, after adjustment for possible confounders and stratified analyses. Based on the Kaplan–Meier analysis, uveitis significantly increased the cumulative risk of stroke in AS patients, irrespective of the hemorrhage or ischemic subgroup. Male sex, age over 40, DM, hyperlipidemia, HTN, CHF, COPD, asthma, CAD, Af, and a higher CCI_R score were significant risk factors for stroke in patients with AS. In stratified analyses, uveitis was significantly associated with an increased risk of stroke, regardless of sex, age, and presence of comorbidities. In the uveitis subgroup analysis, a higher risk of stroke development was presented in both anterior uveitis and posterior segment involvement in patients with AS. The stroke subgroup analysis revealed that uveitis was related to an increased risk of both ischemic and hemorrhagic strokes in patients with AS.

The incidence of uveitis in patients with AS in our study was 4.2% (828/19706 = 4.2%). The occurrence of uveitis in patients with AS varies across studies, ranging from 0% to 40% (22–29). According to previous studies, AS is typically diagnosed in the second to fourth decade of life (30, 31). In our study, the mean age of the total AS patients was 37.04 ± 19.21 years with the majority consistently being 20–39 years old (47.24%). The percentage of AS patients with DM (28.29%) and HTN (23.19%) in our study was higher than those reported in previous studies (32, 33). One Turkish cross-sectional study reported the prevalence of DM and HTN in AS patients to be 13.64% and 20%, respectively (32). Another study in the US reported the percentage of DM among patients with AS to be 17.3% in Caucasians and 27.2% in African Americans (33). The differences in the percentage of comorbidities may have resulted from different races. Owing to matching, baseline characteristics were not statistically different between the uveitis and non-uveitis groups (Table 1 and Figure 2).

The variables related to the stroke development by Cox regression analysis are listed in Tables 2, 3. The risk factors identified in previous studies of stroke development were also noted in our study. Lee et al. found that patients with AS with DM and hyperlipidemia had a higher incidence of ischemic stroke (3). Nisha et al. reported the risk factors for cardiovascular and cerebrovascular death in AS patients to be male sex and age ≥ 65 years (34). A 4-year cohort study that enrolled 8,562 stroke-free people in Taiwan revealed that the incidence rate of first-ever stroke above the age of 35 was 330 per 105 person-years (35). Another population-based stroke survey in Kinmen revealed that the average annual incidence rate of first-ever stroke in people aged over 50 years was 527 per 105 population (36). Compared to previous studies (35, 36), a relatively higher incidence rate of stroke (1,755.44 per 105 person-years in the uveitis group compared with 1,080.79 per 105 person-years in the non-uveitis group) was noted in the present study. The increase of the incidence rate in our study demonstrated that uveitis might play an important role in the stroke development in AS patients.

An NHIRD study revealed that young AS patients (aged 18–45 years) were related to a 1.93-fold increased risk of ischemic stroke (2). Lee et al. reported an increased risk of ischemic stroke (HR=1.46) in patients with AS (3). A 5-year follow-up study in Taiwan reported that male patients with newly diagnosed AS and age greater than 40 years with were at an increased risk of developing cerebrovascular disease (37). Our study also showed that uveitis increased the risk of ischemic stroke (aHR= 1.770).

Although the precise pathogenesis between AS and ischemic stroke remains ambiguous, systemic inflammation may play a major role. Inflammatory alterations are already known to influence stroke susceptibility by leading to blood vessel endothelium dysfunction, coagulation activation, and the initiation or progression of atherosclerosis (38–40). Early features of atherosclerosis have been reported in patients with AS, such as impaired flow-mediated vasodilation and increased carotid intima-media thickness (41–44). The progression of carotid intima-media thickness has been reported as a predictor of stroke in the Multi-Ethnic Study of Atherosclerosis (45). The recruitment of inflammatory cells and the subsequent release of inflammatory cytokines and biomarkers, such as IL-6, TNF-alpha, and CRP, were proposed to be relevant in driving inflammation in AS (5–7). In the meanwhile, these inflammatory parameters were also reported to be elevated in stroke as the mediators of the immune system and the prognostic factors of stroke (8–10). In addition, previous researchers have found the increased expression of circulating CRP, IL-6, and TNF-α in the uveitis (17–19). In this study, we found that uveitis was an independent risk factor for stroke in patients with AS. We speculated that above studies might provide a possible explanation of our findings. However, the detailed mechanism needs further research to identify.

Besides, our results showed that uveitis increased the risk of stroke in AS patient with hypertension. After stroke subgroup analysis (Table 5), the p-value for the interaction between the two subgroups showed no statistical significance (p for interaction = 0.953); therefore, the risk exists despite different stroke categories. Berg et al. reported that AS patients with uveitis had an increased odds ratio for hypertension (46). Besides, hypertension is known to be the most common cause of hemorrhagic stroke (47). Long-standing hypertension causes prominent degeneration of the media and smooth muscles of the arteries, leading to subsequent vessel rupture (48). According to previous studies (46–48), hypertension might be one reason that uveitis remained as an independent risk of hemorrhagic stroke in patients with AS.

Our study has several advantages. First, we used data from the NHIRD, which is a validated, comprehensive, longitudinal, and nationwide population-based database with a coverage rate of 99.9% in Taiwan. Second, since 1995, we conducted a 16-year follow-up longitudinal analysis of sequential events based on the NHI system. Patients with AS and stroke diagnosed before the inclusion date were excluded to eliminate bias in our study. The large sample size and long study period provided a good statistical power. Third, matching was conducted between the study groups considering the variables including sex, age, and comorbidities to avoid confounding. The related comorbidities were also adjusted during the statistical analysis for further evaluation. Fourth, we obtained reliable, highly consistent, and convincing results by adjusting for possible confounders in this study using univariate and multivariate Cox proportional hazard regression model and Fine and Gray’s competing risk model. Finally, this study is the first nationwide longitudinal cohort study to indicate that uveitis might be an indepnedent risk factor for the incidence of stroke in patients with AS.

Nevertheless, this study has some limitations. First, given the retrospective cohort design, it is difficult to prove a causal relationship between uveitis and stroke development in patients with AS. Based on the current results, we could only elucidate a possible mechanism. Laboratory examinations such as the level of CRP, erythrocyte sedimentation rate, or other inflammatory cytokines are not recorded in the NHIRD database. Clinical images, such as magnetic resonance imaging findings used to classify AS disease activity and severity, which might correlate with uveitis, or stroke area assessments affecting blood vessels, are also not included in the database. Second, the participants in our study were predominantly Taiwanese; therefore, the effects of different races and ethnicities could not be assessed. Third, we used the ICD-9 coding (Outpatient visits≧ 3 or ≧1 inpatient) as the basis for a diagnosis of uveitis, which have used in several studies (49–51). After literature review, one Hawaii’s study reported that the positive predictive value (PPV) of ICD-9 codes for identifying individual uveitis codes ranged from 0% to 100% and the overall PPV was 61%. In addition, an algorithm that combine ICD codes and medications may help increase the accuracy of diagnosis. Given that the treatment strategy of uveitis is varied, the best method to confirm the diagnosis was the review of medical records. However, there was no report about the accuracy of ICD coding for uveitis in the NHIRD of Taiwan. The accuracy of ICD coding for uveitis diagnosis is one of our limitations. Fourth, another limitation is the inability to account for duration of uveitis exposure from the database. Finally, we used the 2000-2015 NHIRD of Taiwan to analyze the impact of uveitis on the risk of stroke among patients with AS. Considering that the treatment of immune diseases is advanced in recent years, the relationship might change between immune diseases and stroke. Thence, another limitation is that our results might need further verification by new database.



Conclusion

To summarize, uveitis is an independent risk factor for developing stroke among patients with AS irrespective of the listed clinical variables. When encountering uveitis in patients with AS, clinicians should keep in mind the cerebrovascular risk, especially in those with underlying comorbidities. Careful history taking and closely monitoring the neurological signs and symptoms are crucial in these patients for early detection of stroke, appropriate referral and prompt management for all clinicians. Further prospective studies are still needed to clarify the mechanisms between uveitis and stroke in patients with AS.
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