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Abstract
BACKGROUND
Ankylosing spondylitis (AS) is a chronic progressive inflammatory disease that mainly affects the spine and sacroiliac joints. To the best of our knowledge, AS with acute myocardial infarction (AMI) has rarely been reported. Here, we report an unusual case of AS with AMI in a young patient.

CASE SUMMARY
A 37-year-old man was admitted to the Department of Rheumatology and Immunology of our hospital on March 14, 2020, for low back pain. Further evaluation with clinical examinations, laboratory tests, and imaging resulted in a diagnosis of AS. Treatment with a non-steroidal anti-inflammatory drug and a tumor necrosis factor inhibitor partially improved his symptoms. However, his back pain persisted. After 6 wk of treatment, he was admitted to the emergency room of another hospital in this city for sudden-onset severe chest pain consistent with a diagnosis of AMI. Angiography revealed severe narrowing of the coronary arteries. Surgical placement of two coronary stents completely relieved his back pain.

CONCLUSION
AS can cause cardiovascular diseases, including AMI. It is important to consider the cardiovascular risks in the management of AS.
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Core Tip: We described a case of a young man with ankylosing spondylitis (AS) who presented with acute myocardial infarction (AMI). In addition to treatment with a non-steroidal anti-inflammatory drug and a tumor necrosis factor inhibitor, stent placement completely relieved his back pain. This study highlights the possibility for AS to present with cardiovascular manifestations, including life-threatening AMI. Hence, it is important to consider the AS-related cardiovascular risk in the diagnosis and treatment of patients with back pain.


INTRODUCTION
Ankylosing spondylitis (AS) is a chronic progressive inflammatory disease that mainly affects the sacroiliac and axial joints of the spine. In addition to back pain, it may present with constitutional symptoms, such as fever, weight loss, and anemia. AS has also been associated with a myriad of extra-articular manifestations, such as uveitis, inflammatory bowel disease, IgA nephropathy, and psoriasis. However, cardiovascular diseases, especially acute myocardial infarction (AMI), have rarely been reported in patients with AS. Currently, there are only two reports of AMI with AS in China. Here, we report a rare case of AMI in a young patient with AS.

CASE PRESENTATION
Chief complaints
A 37-year-old man presented with a 6-mo history of low back pain and a 2-mo history of neck and knee pain.

History of present illness
Six months prior to the consultation, the patient experienced low back pain without obvious causes mainly occurring at night. It was accompanied by morning stiffness and relieved by exercise. Two months ago, he started to experience neck and knee pain with no associated swelling, oral ulcers, and heel pain. Six weeks later, he presented with sudden-onset severe chest pain.

History of past illness
This patient had no history of chronic diseases, such as hypertension, hyperuricemia, hyperlipidemia, and coronary heart disease.

Personal and family history
The patient was a non-smoker and had no family history of AS.

Physical examination
He had tenderness in the cervical spine and knees. The finger-to-floor distance was 45 cm; scoliosis distance was greater than 5 cm on both sides; thoracic expansion was 3 cm; occiput-to-wall distance was 0 cm; tragus-to-wall distance was 8 cm; and Schober’s test revealed a 5 cm increase in distance upon lumbar flexion. The four-character test was positive for both lower limbs. 

Laboratory examinations
The patient’s ESR and CRP level were 40 mm/h and 36 mg/L, respectively. The test result for HLA-B27 was positive. Rheumatoid factor, anti-keratin antibody, anti-perinuclear factor, and anti-cyclic citrulline acid antibody test results were all negative. Routine blood tests, blood sugar, and blood lipids were unremarkable. Liver and kidney function were normal.

Imaging examinations
Plain hip and pelvic radiography revealed blurring of the right sacroiliac joint space. computed tomography (CT) and magnetic resonance imaging of the sacroiliac joint showed findings consistent with right sacroiliac arthritis (grade III). Electrocardiogram (ECG) tracings revealed no abnormalities (Figure 1). Color Doppler cardiac ultrasound and chest CT showed unremarkable findings.

FINAL DIAGNOSIS
The patient was diagnosed with AS based on the 1984 New York diagnostic criteria for AS.

TREATMENT
The patient was administered twice-daily oral doses of celecoxib (NSAID) 0.2 g and thalidomide (disease-modifying antirheumatic drug) 50 mg once a night with a once-weekly dose of tumor necrosis factor inhibitor (TNFi) 50 mg ih. Upon discharge after one week, his neck and knee pain were significantly resolved, although his back pain persisted. He was advised to continue using the prescribed treatment regimen. A follow-up at one month revealed a reduction in ESR and CRP to 25 mm/h and 7 mg/L, respectively. During this time, his neck and knee pain were completely resolved. However, he still had back pain with associated acid reflux and sternal discomfort. He was referred to the gastroenterology department for further evaluation. 
Gastroscopy indicated esophagitis and superficial gastritis with erosion. Treatment with proton pump inhibitor for acid suppression, stomach protection, and gastric motility therapy did not alleviate his symptoms. After six weeks of treatment, the patient suddenly developed severe and persistent chest pain on April 29, 2020, which prompted a consult at the emergency department of another hospital. He was immediately subjected to an emergency laboratory test which results are troponin 11.663 μmol/L, CK279U/L, CK-MB28U/L, ECG (Figure 2): Low T wave on V4-6 limb leads. He was considered as acute non-ST-segment elevation myocardial infarction.
Because of the possibility of AMI, an immediate coronary angiography was performed. Coronary angiography (Figure 3) showed diffuse lesions on the entire right coronary artery (maximal stenosis: 95%), middle segment of the circumflex branch (maximal stenosis: 80%), and entire anterior descending branch (maximal stenosis: 80%). These findings were consistent with a diagnosis of AMI based on China’s 2001 diagnostic criteria for AMI. Surgical placement of three coronary stents completely relieved his back pain.

OUTCOME AND FOLLOW-UP
The patient continued to visit our clinic regularly for follow-up visits. There were no recurrences of back pain reported. However, the patient experienced skin rashes after taking thalidomide, likely due to drug allergy. Hence, this drug was discontinued in the regimen. For AS, he is currently taking a TNFi. For his post-AMI state, he was prescribed aspirin, clopidogrel, statins, and other secondary prevention drugs for coronary heart disease. His conditions were considered stable.

DISCUSSION
We retrieved a few retrospective and prospective studies on AS combined with AMI from PubMed, MESTR, and other databases[1]. Among patients diagnosed with AS, the prevalence of AMI is 0.48%-4.4%. The average age of onset is 46.1 years. There are currently no statistics on sex. In China, there have been no large-scale retrospective or prospective studies. Currently, there are only two reported cases. There were seven male patients in total with an average age of 44-59 years at the time of AMI. Among them, two patients reported by Li Z were twin brothers aged 51 years. 
Our case differs from the two domestic reports in that our patient was only 37 years old when he had AMI and he had no known comorbid cardiovascular disease. To the best of our knowledge, our patient was the youngest reported case of AMI with AS in the country.
Generally, patients with AMI presented with chest pain, precordial pain, chest tightness, diaphoresis, and other symptoms of angina a few hours or months before onset. Because angina pectoris is also not common[2], it is more likely to be missed by non-specialist doctors. In our cases, the patient presented with AMI after six weeks of treatment. 
To strengthen the understanding of cardiovascular involvement in AS patients, we conducted a literature search in this area. A prospective national cohort study[3] in Sweden revealed that the risk for acute coronary syndrome in patients with AS is 1.99 higher than that of the general population. Another review[4] showed that compared with the general population, the risk for cardiovascular disease (CVD) is increased in all types of arthritis, including rheumatoid arthritis (RA), psoriatic arthritis (PsA), gout, and osteoarthritis. Moreover, the study also revealed that the risk for CVD in patients with AS is three times higher than that of the general population[4]. Moreover, there are evidences that patients with chronic inflammatory diseases might have an altered outcome after an CVD event[5,6]. Patients with AS tend to have a higher comorbidity burden for first AMI at admission. The mortality increased after a first AMI during days 31-365 among patients with AS compared with the general population[7]. Therefore, it is particularly important to understand the CVD risk factors in patients with AS. In the management and follow-up of AS patients, screening for CVD-related risk factors could facilitate early interventions to avoid serious CVD events.
Known risk factors for CVD include hyperlipidemia, hypertension, diabetes, etc. Patients with AS were more likely to have these risk factors than the general population[8]. A recent study[9] reported that the incidence of AS combined with hyperlipidemia (20.7%) was significantly higher compared to the incidence of hyperlipidemia alone in the general population (16.7%). Moreover, a study[10] found that hypertension was more common in patients with AS than in the control group. It was estimated that for every 5 years of having AS, the incidence of hypertension increases by 1.129 times[11], implying that hypertension may be related to the disease activity. Moreover, this may be due to the underlying inflammation and limited physical activity in patients with AS[12]. The ASAS-COMOSPA study[13] showed that among patients with spondyloarthritis (SpA), such as AS without a history of hypertension, 14.7% had systolic hypertension.

Age
A positive correlation has been shown between age and CVD risk. However, Huang et al[14] found that young patients with newly diagnosed AS had an increased risk of ischemic cardiomyopathy. They compared randomly selected patients with AS (n = 4794), aged 18 to 45 years to sex- and age-matched patients without AS (n = 23970). The results showed that the probability of AMI in the AS group was 1.47 times higher than that in the non-AS group. A 5-year follow-up study[15] in Taiwan found that age was an important factor in the development of CVD in patients with AS such that young male patients dominate in AS. The specific reasons and mechanisms are still unclear. Further studies must be done to elucidate these processes. Nevertheless, it is important to consider the possibility of CVD in young patients with AS. Routine monitoring and evaluation throughout the course of the disease are particularly crucial to prevent life-threatening CVD events.

Subclinical atherosclerosis
Atherosclerosis is a chronic progressive inflammatory vascular disease that serves as the pathological basis of CVD. Compared with healthy controls, the incidence of subclinical atherosclerosis in AS patients without CVD was higher[16], which may be related to the endothelial dysfunction associated with AS. A prospective study in Turkey[17] showed that the epicardial adipose tissue thickness (EATT) of the AS group and the control group were 5.74 ± 1.22 mm and 4.91 ± 1.21 mm (P < 0.001), respectively. Furthermore, the pulse velocity (PWV) of the AS group and the control group were 9.90 ± 0.98 m/s and 6.46 ± 0.83 m/s (P = 0.009), respectively. Compared with the control group, patients with AS had significantly higher EATT and PWV. Because EATT and PWV are signs of atherosclerosis and CVD, the measurement of these parameters can be used to identify subclinical atherosclerotic vascular changes in AS patients. Another study found that carotid artery intima-media thickness (cIMT) and flow-mediated dilation (FMD) can be used as markers for subclinical atherosclerosis by measuring arterial stiffness in AS patients[18].

Non-steroidal anti-inflammatory drugs
NSAIDs are considered the first-line long-term drug therapy for AS. Although COX-2 selective inhibitors have relatively high gastrointestinal safety, these are not safe for patients with cardiovascular and cerebrovascular diseases because of the associated risk for thrombotic events. In a prospective study[19] of 628 AS patients without hypertension, 52 patients on continuous NSAIDs presented with hypertension. Continuous NSAIDs use was associated with a 12% increased risk for hypertension compared with non-continuous or no use of NSAIDs[19]. Therefore, for patients with AS who need long-term anti-inflammatory and analgesic therapy, it is important to consider the gastrointestinal and CVD risks in selecting the appropriate NSAIDs for each patient. Nevertheless, some studies suggest that the harmful effects of NSAIDs may be outweighed by the anti-inflammatory benefits in patients with arthritis, such as RA, AS, and PsA[20].

Thalidomide
Some scholars think Thalidomide is associated with venous and arterial thrombotic events[21]. The related mechanisms have been explored such as serum levels of the anticoagulant pathway cofactor thrombomodulin transiently dropped during the first month of thalidomide therapy, with gradual recovery over the following two months[22]. Patients with multiple myeloma treated with thalidomide had high levels of von Willebrand factor antigen and of procoagulant factor VIII which were associated with an increased risk of thrombotic events in the general population[23]. However, AMI caused by thalidomide generally has no obvious evidence of atherosclerosis through coronary angiography, which may be related to coronary artery spasm[24]. This patient has obvious evidence of coronary atherosclerosis, so whether it is related to thalidomide is currently uncertain, but the rare cardiovascular events of thalidomide should be considered when choosing DMARDs, and formulate appropriate treatment for the patient Program.

Tumor necrosis factor inhibitor
TNF-α plays a key role in the pathogenesis of AS. Botelho[25] reported that TNF-α influences the development of atherosclerosis. Although its exact mechanism remains unclear, TNF-α has been shown to promote atherosclerosis by increasing the low-density lipoprotein (LDL) transendothelial cell endocytosis. TNFi is currently the most widely used biologic drug for the treatment of AS. Studies have reported that TNFi can significantly reduce total cholesterol and LDL, which could delay the process of atherosclerosis and prevent CVDs[26]. A 12-mo follow-up study[27] that determined various markers for atherosclerosis (i.e., FMD, cIMT, and PWV) on 17 patients with AS who were treated with etanercept revealed significant improvements on FMD and PWV (P = 0.065) with no observed thickening on cIMT. Therefore, TNFi can improve and stabilize the vascular pathologies of patients with AS.
We have reported a case of AMI in a relatively young patient with AS. Because of the increased risk for CVD in patients with AS, screening and management for CVD-related risk factors may greatly benefit young patients in preventing life-threatening CVD events.

CONCLUSION
In summary, the increased risk for CVD in patients with AS is partially due to traditional risk factors, such as hypertension, dyslipidemia, diabetes, and obesity. The underlying chronic systemic inflammation due to AS is the main factor that accelerates the development of atherosclerosis. Although NSAIDs are considered the first-line treatment for AS, long-term NSAIDs use breaks the physiologic barrier against platelet aggregation, causing thrombosis and serious CVD events. Therefore, early identification and intervention of cardiovascular risk factors in patients with SpA are very important. In the 2016 update, the European Union Against Rheumatism recommended CVD risk assessment at least every 5 years in patients with RA[28]. However, this may be applied in patients with other types of arthritis, including AS. In addition, patients should be given health education and lifestyle guidance (e.g., physical exercise, adequate sun exposure, weight control, and smoking cessation), while trying to limit the use of potential cardiotoxic drugs, such as NSAIDs.
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Figure Legends
[image: C:\Users\huawei\AppData\Local\Temp\WeChat Files\cd122cf081ae5f6e7aa4fd9730f9ffc.jpg]Figure 1 Electrocardiography. Electrocardiogram tracings shows sinus rhythm with no arrhythmias. 
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Figure 2 Electrocardiography. Electrocardiogram tracings shows T wave is low on V4-6 limb lead.
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[bookmark: _Hlk87295481]Figure 3 Surgical records of percutaneous coronary intervention. A: Diffuse lesions in the near middle of left circumflex coronary artery (LCX). The most severe degree of stenosis is 80%; B: One 2.75 mm × 2 3 mm stent was placed in LCX; C: Diffuse lesions occurred throughout right coronary artery (RCA). The most severe degree of stenosis is 95%; D: Two 3.0 mm × 30 mm stents were placed in RCA; E: Multiple diseased plaques throughout left anterior descending coronary artery.
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