

  jcm-12-05412




jcm-12-05412







J. Clin. Med. 2023, 12(16), 5412; doi:10.3390/jcm12165412




Article



Osteophyte Bridge Formation Correlates with Vascular Calcification and Cardiovascular Disease in Diffuse Idiopathic Skeletal Hyperostosis



Ryosuke Hirota 1,*, Atsushi Teramoto 1, Mitsunori Yoshimoto 1, Hiroyuki Takashima 2, Naomi Yasuda 3, Arihiko Tsukamoto 1, Noriyuki Iesato 1, Makoto Emori 1, Kousuke Iba 1, Nobuyoshi Kawaharada 3 and Toshihiko Yamashita 1





1



Department of Orthopaedic Surgery, School of Medicine, Sapporo Medical University, Sapporo 060-8556, Japan






2



Faculty of Health Sciences, Hokkaido University, Sapporo 060-0808, Japan






3



Department of Cardiovascular Surgery, School of Medicine, Sapporo Medical University, Sapporo 060-8556, Japan









*



Correspondence: hirota.ryo@sapmed.ac.jp; Tel.: +81-11-611-2111







Citation: Hirota, R.; Teramoto, A.; Yoshimoto, M.; Takashima, H.; Yasuda, N.; Tsukamoto, A.; Iesato, N.; Emori, M.; Iba, K.; Kawaharada, N.; et al. Osteophyte Bridge Formation Correlates with Vascular Calcification and Cardiovascular Disease in Diffuse Idiopathic Skeletal Hyperostosis. J. Clin. Med. 2023, 12, 5412. https://doi.org/10.3390/jcm12165412



Academic Editor: Salvatore D’Angelo



Received: 21 April 2023 / Revised: 8 August 2023 / Accepted: 18 August 2023 / Published: 20 August 2023



Abstract

:

Diffuse idiopathic skeletal hyperostosis (DISH) is a noninflammatory spondyloarthropathy characterized by ectopic calcification of spinal cord tissue. Its etiology is possibly polygenic. However, its pathogenesis and systemic effects remain unclear. Recent studies have reported a high prevalence of DISH in heart failure patients. The authors investigated how the incidence and severity of DISH are associated with vascular calcification and the occurrence of cardiovascular events. In this retrospective chart review study, 500 patients with cardiovascular disease who underwent surgery (cardiovascular events group) and 500 patients with non-cardiovascular disease who underwent computed tomography scans (non-cardiovascular events group) were randomly selected to investigate the degree of ossification of the anterior longitudinal ligament and the incidence of DISH. We found that the incidence of DISH was higher in patients with cardiovascular events and that patients with DISH had more calcification of the coronary arteries and aorta. Next, we examined the relationship between the degree of coronary and aortic calcification, the incidence of DISH, and the degree of ossification of the anterior longitudinal ligament in the non-cardiovascular event group. The prevalence of DISH in the cardiovascular and non-cardiovascular groups was 31.4% and 16.5%, respectively (p = 0.007). Aortic calcification and a predominant degree of vascular calcification with a certain level of ossification of the anterior longitudinal ligament suggest some correlation between DISH and cardiovascular events. This study is important in understanding the pathophysiology and pathogenesis of DISH.
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1. Introduction


Diffuse idiopathic skeletal hyperostosis (DISH) is a disease that occurs mainly in the spine and is characterized by calcification and ossification of the enthesis, which is the attachment site of tendons, ligaments, and joint capsules. In 1950, Forestier et al. [1] first reported senile ankylosing hyperostosis of the spine in older adults, and in 1975, Resnick et al. [2] renamed it DISH because similar changes occur in peripheral joints other than the spine. Resnick et al. [2] defined the diagnostic criteria for DISH as (A) continuous gentle calcification or ossification, described as flowing, on the anterolateral surface of four or more vertebrae, (B) relatively well-maintained disk height and absence of significant degeneration such as vacuum phenomena or osteosclerosis of the endplates, and (C) absence of bony ankylosis of the intervertebral joints, erosion of the sacroiliac joints, osteosclerosis, or bony fusion [3].



DISH occurs more often in men than women, affecting about 1.5 times the number of men than women [4]. The reported risk factors for DISH include old age, male sex, obesity, diabetes mellitus, and hyperuricemia [5,6,7]. It is known to cause ossification of ligaments, especially at the middle and lower thoracic levels [8]. Drawing an analogy to ankylosing spondylitis (AS), an inflammatory spine calcification condition, it is possible that inflammation may play a role in DISH [9]. As DISH is often found to be comorbid with metabolic disorders, it is possible that DISH is at least partly driven by a shared biochemical pathway with metabolic disorders such as hyperlipidemia and hyperglycemia [10]. The pathogenesis of DISH is likely polygenic and dependent on the interaction of multiple gene variants, epigenetics, and environmental factors. DISH is likely influenced by many polymorphisms influencing inheritance, pathology, and expression in various genes [11]. However, the pathogenic mechanism of ossification in relation to these diseases and conditions has not been clarified. The high prevalence of aortic stenosis in patients with DISH has been reported to be an independent risk factor for the occurrence of cardiovascular events, and a statistically significant association was found between DISH and aortic sclerosis based on age and sex [12].



The Framingham risk score is used to assess the 10-year risk of developing cardiovascular disease [13]. In a study without cardiovascular disease, patients with DISH had a significantly higher prevalence of metabolic syndrome and a significantly higher Framingham risk score when compared to the controls [14]. In a cross-sectional study, the prevalence of DISH was reported to be as high as approximately 30% in patients undergoing coronary artery bypass surgery, heart valve replacement, or those with chronic heart failure [15]. Karina et al. reported a higher rate of myocardial infarction and congestive heart failure in the DISH group than in the non-DISH group at the 10-year follow-up [16].



Based on these findings, we hypothesized that there is a strong relationship between the prevalence of DISH and vascular calcification and the occurrence of cardiovascular events. Recently, a continuous quantitative measure of DISH severity has been developed [8,17]. The purpose of this study was to investigate the prevalence and severity of DISH in patients with cardiovascular disease who underwent surgery and to evaluate the magnitude of vascular calcification in patients with DISH to determine the relationship between DISH, vascular calcification, and cardiovascular disease.




2. Materials and Methods


This retrospective chart review study involving human participants was conducted in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. This study was approved by the Human Investigation Committee (IRB) of Sapporo Medical University (Approval No. 322-305). Since this was a retrospective study, informed consent was not required for submission; however, the opt-out choice for this study was posted on the hospital’s website, and we did not receive any inquiries.



First, we randomly selected 500 patients who underwent surgery at the Department of Cardiovascular Surgery, Sapporo Medical University Hospital from 2015 to 2020 (c) and 500 patients who were transported to the hospital’s Advanced Emergency Center for reasons other than cardiovascular disease (non-cardiovascular group) (Figure 1). In each group, all patients treated during the above-mentioned period were assigned a hypothetical consecutive number, and a random number was generated by a computer, from which 500 patients were randomly selected. We included patients who had undergone full spine and pelvis computed tomography (CT). In both groups, the prevalence of DISH was diagnosed by a single spine surgeon evaluating CT images using the definition proposed by Resnick et al. [3]. We used this assessment to determine whether DISH was more common in the cardiovascular group. Using a continuous measure of DISH severity (flow score) developed by Kuperus et al., CT images were used to quantify the degree of osteophyte bridge formation across all visible vertebrae at each vertebral level of the spine [8]. From the C3/4 intervertebral level to the L4/5 intervertebral level, each level included on the CT scans was assessed segment by segment (i.e., 2 vertebral bodies with their intervertebral disc). The presence and completeness of a bone bridge could be scored in the sagittal and coronal planes as 0 = no bridge, 1 = osteophytes with ≥2 mm distance between 2 bony structures, 2 = osteophytes with <2 mm distance between 2 bony structures or connected in a maximum of 2 sagittal/coronal CT slices, or 3 = completely fused bone bridge (slice thickness 1 mm).



Each score was summed at the cervical (C3/4-C7/Th1 level), thoracic (Th1/2-Th12/L1 level), and lumbar levels (L1/2-L4/5 level) and quantified with a score for the total spine.



Next, patients in the non-cardiovascular group were assigned to one of the two groups, according to the presence or absence of DISH (Figure 1). SYNAPSE VINCENT (version 6.1 Fujifilm, Tokyo, Japan) 3D image analysis software was used to analyze the CT images for the degree of vascular calcification for all patients. Vascular calcification was assessed by using the coronary artery calcification score (CACS) [18] and the aortic calcification index (ACI) [19] by analyzing CT images. We evaluated aortic calcification by dividing the aortic arch from its origin to the aortic bifurcation into 10 equal sections and adding the ACI of the 10 axial images. Furthermore, in the non-cardiovascular group, cases were divided into five groups based on the aforementioned DISH scores, and vascular calcification was analyzed in each group. By conducting this assessment, the correlation between the presence of DISH and vascular calcification was investigated. Assessment of the presence and extent of DISH was performed by a single orthopedic surgeon, and assessment of vascular calcification was performed by a single radiologist. All data collection was done in a blinded fashion, after which the correlation between ligament ossification and vascular calcification was analyzed.



Laboratory data on admission, including glycated hemoglobin (HbA1c [%]), total cholesterol (mg/dL), and uric acid (mg/dL), were estimated.



Statistical analysis was performed using the Student’s t-test and the chi-square test for comparison between the two groups, and odds ratios (OR) and 95% confidence intervals (CI) were calculated to identify the correlation between the presence of cardiovascular disease and the presence of DISH. Statistical significance was set at p < 0.05. All analyses were performed using the SPSS software (version 23; SPSS, Chicago, IL, USA).




3. Results


3.1. Evaluation of DISH in the Presence or Absence of Cardiovascular Cases: Patient Background


A total of 316 patients (231 men, 85 women, mean age 70.6 years) in the cardiovascular group and 322 patients (240 men, 82 women, mean age 70.9 years) in the non-cardiovascular group had CT imaging of the whole spine and sacroiliac joints necessary to evaluate the presence of DISH. Furthermore, CT was performed to evaluate vascular calcification of the coronary arteries and aorta, respectively.



The cardiovascular group had a significantly higher percentage of men; however, no differences were observed in mean age, height, or weight (Table 1).



In addition, aortic diseases such as aortic dissection and aneurysms were the most common specific diseases in the cardiovascular group, followed by ischemic heart disease, valvular disease, and peripheral vascular disease. There was no significant difference in age per disease (Figure 2).




3.2. Percentage of DISH in the Presence or Absence of Cardiovascular Disease


A significantly higher percentage of patients in the cardiovascular group had DISH: 31.4% in the cardiovascular group and 16.5% in the non-cardiovascular group (p = 0.007). The prevalence of DISH among men was 36.8% in the cardiovascular group and 20.0% in the non-cardiovascular group, and the prevalence among women was 22.4% in the cardiovascular group and 6.1% in the non-cardiovascular group, with a significantly higher percentage of DISH in the cardiovascular group among both sexes (Figure 3).




3.3. DISH Severity in the Presence or Absence of Cardiovascular Events


Comparing DISH scores between the cardiovascular and non-cardiovascular groups, there was no significant difference between the two groups at the cervical level, but the cardiovascular group had significantly higher scores at the thoracic level (5.1 ± 1.6 vs. 2.9 ± 1.1, p = 0.015), lumbar level (2.1 ± 1.4 vs. 1.5 ± 0.9, p = 0.034), and total spine level (8.9 ± 3.3 vs. 5.8 ± 2.6, p = 0.017) (Table 2).




3.4. Association of Vascular Calcification with the Presence or Absence of DISH


Of the 322 patients in the non-cardiovascular group, 53 were in the DISH group, and 269 were in the non-DISH group. There were no significant differences in mean age, height, or weight; however, the percentage of men was significantly higher in the DISH group (Table 3).



When evaluating the degree of vascular calcification, we found that the DISH group had a CACS of 580.3 ± 104.5 and an ACI of 8712.5 ± 1655.4, whereas the non-DISH group had a CACS of 166.4 ± 28.3 and an ACI of 3445.0 ± 620.1. These results were similar in both men and women, although they were particularly strong in men (Figure 4).




3.5. Vascular Calcification by DISH Score


The DISH score was divided by four points and classified into five groups according to the severity of ossification of the anterior longitudinal ligament. In each group, coronary artery calcification and aortic calcification were evaluated (Figure 5). The higher the DISH score, the stronger the ossification of the anterior longitudinal ligament in both the coronary arteries and the aorta, especially in the coronary arteries, where the ossification of the anterior longitudinal ligament became significantly more severe when the DISH score was 12 or higher. For the aorta, ossification of the anterior longitudinal ligament became significantly more severe when the DISH score was 16 or higher.





4. Discussion


DISH remains a poorly characterized, diagnosed, and understood disease. Genetic and environmental risk factors for the development of the condition are not well understood, and the long-term impact of DISH on health outcomes has not been systematically analyzed. In this study, the prevalence of DISH was 31.6% (36.8% in men and 22.4% in women) in the cardiovascular group that required surgical treatment. Calcification of the coronary arteries and aorta tended to be stronger in DISH cases, indicating a significant correlation between the two conditions. A possible mechanism for the association between the two conditions is the existence of common risk factors. Diabetes, obesity, and aging are known to be risk factors for DISH as well as atherosclerosis [20,21]. Obesity and type 2 diabetes are frequently associated with hyperinsulinemia, which is also seen in patients with DISH [6]. Since insulin induces blood stem cells to differentiate into chondrocytes, hyperinsulinemia may induce cartilage formation and growth, followed by ligament ossification [5].



Patients with DISH often experience joint pain, reduced flexibility, and decreased pulmonary function [22,23], which are significantly associated with neck and shoulder pain and the use of nonsteroidal anti-inflammatory drugs (NSAIDs) [24]. Overdoses of NSAIDs and other analgesics may influence the occurrence of cardiovascular events.



In addition, growth hormone stimulates osteoblast differentiation and promotes local production of insulin-like growth factor 1, which may promote bone formation and be involved in ossification. Furthermore, it is known that adipokines such as leptin, a bioactive protein secreted from adipocytes, are associated with increased bone metabolism [22,25], and that obese rats with increased leptin receptor genes show progressive ossification of the spinal ligaments [26]. On the other hand, there is a possibility that the persistent inflammatory state that occurs in patients with DISH is itself a cause of atherosclerosis. Mader et al. [27], Weiss et al. [28], and others used echocardiography and magnetic resonance imaging to show that inflammation of the enthesis precedes the ossification process in patients with DISH. Inflammatory conditions have been shown to promote atherosclerosis [29,30,31,32], which may lead to vascular calcification and future cardiovascular events. This may be due to the complex pathway of intercellular signaling between the vascular endothelium and bone cells involving numerous mediators such as VEGF, primary fibroblast growth factor, TGF-β, and PDGF. This vascular endothelial mediation mechanism enables the targeting of osteoclast and osteoblast precursors to specific locations. These processes are also regulated by mediators and bone regulators, including cytokines, estrogen, and parathyroid hormone (PTH). Angiogenesis is an important factor in metabolic syndrome, visceral obesity, dyslipidemia, diabetes, and atherosclerosis; the association of metabolic disorders with DISH may support the role of angiogenesis [33].



Additionally, coronary artery calcification is considered a strong risk factor for cardiovascular disease. Recently, patients with DISH were found to have a significantly higher risk of coronary artery calcification, even after adjusting for age, sex, and risk factors for atherosclerosis [34]. Furthermore, it has been reported that the prevalence of DISH is higher than expected in patients with thoracic aortic aneurysms when compared to that in patients without aortic aneurysms [35]. These reports support our hypothesis that DISH itself may exacerbate the risk of cardiovascular disease.



The cervical and mid-to-lower thoracic vertebrae are the predominant sites of DISH, which results in anterolateral ossification of the anterior longitudinal ligament [1]. However, extra-spinal lesions also cause calcification or ossification of the enthesis [36]. On the trunk, bone proliferation tends to occur around the hip joints, such as the iliac crest, sciatic tuberosity, pubis, outer edge of the acetabulum, and femoral greater and lesser trochanters. In the peripheral joints, the plantar fascia, Achilles tendon attachment, and fifth metatarsal are the most common sites of calcification. The frequency of heterotopic ossification is reported to be high [37,38,39].



Recent studies have identified global excess bone formation as an important mechanism for the formation of DISH [24]. A genetic association analysis identified 10 loci associated with DISH, including several genes involved in bone remodeling [24]. Of the 10 genes, global excess bone formation is thought to be an important mechanism in the formation of DISH, GDF5 is an osteogenic protein that is associated with coronary artery disease [40], CHRDL2 is involved in diastolic blood pressure [41], and Ror2 is involved in systolic blood pressure, since many of the genetic variants associated with DISH pathogenesis are involved in circulation and metabolic dynamics such as hypertension, diabetes, and coronary artery disease, as well as bone formation [42]. This suggests that DISH and vascular calcification share genetic characteristics and the mechanisms leading to vascular calcification, and cardiovascular disease may also have contributed to DISH.



Although the majority of patients with DISH are asymptomatic, they are prone to fracture with relatively minor trauma [37], and the frequency of neurological symptoms in patients with DISH is higher than that of normal spinal trauma [37,39,43]. Early fusion surgery is recommended [44]; however, as many patients are older and have reduced reserve capacity, highly invasive surgery is risky. This is a known problem in the field of orthopedic surgery.



Our study contributes to the literature by supporting the association of DISH as an independent risk factor for cardiovascular diseases using CACS. The results of this study strongly support a genetic component of DISH, which is characterized by excessive bone formation and calcification. Based on the results of this study, the evaluation of DISH should not merely be from the perspective of a bony metabolic disease but should include a vascular evaluation with early intervention for any positive results to avoid related fatal cardiovascular events.



This study has some limitations, including the retrospective study design, DISH diagnosis performed by a single physician, potential cardiac disease in the non-cardiovascular group that could not be completely ruled out, and the fact that this is a cross-sectional study. Through this study, it is unknown if DISH preceded the calcification of coronary arteries or vice versa. The presence of similar risk factors for both diseases presents several confounding variables, which means that this study cannot provide evidence for an independent relationship between DISH and coronary artery calcification. The strengths of the study are that it is the first to confirm the interaction between DISH, vascular calcification, and the occurrence of cardiovascular events quantitatively. The reasons for the onset of DISH and its relationship with other medical diseases are still unclear, and further molecular biological studies and longitudinal clinical studies are required in the future to elucidate the mechanisms of DISH.




5. Conclusions


In conclusion, this study demonstrates a correlation between DISH and cardiovascular events. This is clinically significant, as it suggests that vascular evaluation and appropriate early intervention for DISH may prevent patients from experiencing fatal cardiovascular events.







Author Contributions


Conceptualization, R.H. and A.T. (Atsushi Teramoto); operation, M.Y., N.Y. and N.K.; image analysis, R.H., H.T. and A.T. (Arihiko Tsukamoto); formal analysis, R.H., N.I., M.E. and K.I.; writing—review and editing, R.H., N.K. and T.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki, and approved by the Human Investigation Committee (IRB) of Sapporo Medical University (Approval No. 322-305).




Informed Consent Statement


Patient consent was waived since this was a retrospective study. However, the opt-out choice for this study was posted on the hospital’s website, and we did not receive any inquiries. The waiver of informed consent was reviewed and approved by the Institutional Review Board of the representative institution (No. 3-1-1).




Data Availability Statement


The datasets generated during the current study are not publicly available but are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Forestier, J.; Rotes-Querol, J. Senile ankylosing hyperostosis of the spine. Ann. Rheum. Dis. 1950, 9, 321–330. [Google Scholar] [CrossRef] [PubMed]

	



Resnick, D.; Shaul, S.R.; Robins, J.M. Diffuse idiopathic skeletal hyperostosis (DISH): Forestier’s disease with extraspinal manifestations. Radiology 1975, 115, 513–524. [Google Scholar] [CrossRef] [PubMed]

	



Resnick, D.; Shapiro, R.F.; Wiesner, K.B.; Niwayama, G.; Utsinger, P.D.; Shaul, S.R. Diffuse idiopathic skeletal hyperostosis (DISH) [ankylosing hyperostosis of Forestier and Rotes-Querol]. Semin. Arthritis Rheum. 1978, 7, 153–187. [Google Scholar] [CrossRef]

	



Weinfeld, R.M.; Olson, P.N.; Maki, D.D.; Griffiths, H.J. The prevalence of diffuse idiopathic skeletal hyperostosis (DISH) in two large American Midwest metropolitan hospital populations. Skelet. Radiol. 1997, 26, 222–225. [Google Scholar] [CrossRef] [PubMed]

	



Akune, T.; Ogata, N.; Seichi, A.; Ohnishi, I.; Nakamura, K.; Kawaguchi, H. Insulin secretory response is positively associated with the extent of ossification of the posterior longitudinal ligament of the spine. J. Bone Joint Surg. Am. 2001, 83, 1537–1544. [Google Scholar] [CrossRef]

	



Denko, C.W.; Boja, B.; Moskowitz, R.W. Growth promoting peptides in osteoarthritis and diffuse idiopathic skeletal hyperostosis--insulin, insulin-like growth factor-I, growth hormone. J. Rheumatol. 1994, 21, 1725–1730. [Google Scholar]

	



Pariente-Rodrigo, E.; Sgaramella, G.A.; Olmos-Martínez, J.M.; Pini-Valdivieso, S.F.; Landeras-Alvaro, R.; Hernández-Hernández, J.L. Relationship between diffuse idiopathic skeletal hyperostosis, abdominal aortic calcification and associated metabolic disorders: Data from the Camargo Cohort. Relación entre hiperostosis esquelética idiopática difusa, calcificación de la aorta abdominal y las alteraciones metabólicas asociadas: Datos de la Cohorte Camargo. Med. Clin. (Barc.) 2017, 149, 196–202. [Google Scholar]

	



Kuperus, J.S.; Buckens, C.F.; Šprem, J.; Oner, F.C.; de Jong, P.A.; Verlaan, J.J. The natural course of diffuse idiopathic skeletal hyperostosis in the thoracic spine of adult males. J. Rheumatol. 2018, 45, 1116–1123. [Google Scholar] [CrossRef]

	



Mader, R.; Pappone, N.; Baraliakos, X.; Eshed, I.; Sarzi-Puttini, P.; Atzeni, F.; Bieber, A.; Novofastovski, I.; Kiefer, D.; Verlaan, J.J.; et al. Diffuse idiopathic skeletal hyperostosis (DISH) and a possible inflammatory Component. Curr. Rheumatol. Rep. 2021, 23, 6. [Google Scholar] [CrossRef]

	



Pillai, S.; Littlejohn, G. Metabolic factors in diffuse idiopathic skeletal hyperostosis-a review of clinical data. Open Rheumatol. J. 2014, 8, 116–128. [Google Scholar] [CrossRef]

	



Parreira, B. Genetic Variants Associated with Ectopic Calcifications. Ph.D. Thesis, University of Algarve, Faro, Portugal, 2018. [Google Scholar]

	



Orden, A.O.; David, J.M.; Díaz, R.P.; Nardi, N.N.; Ejarque, A.C.; Yöchler, A.B. Association of diffuse idiopathic skeletal hyperostosis and aortic valve sclerosis. Medicina (B Aires) 2014, 74, 205–209. [Google Scholar] [PubMed]

	



D’Agostino, R.B., Sr.; Vasan, R.S.; Pencina, M.J.; Wolf, P.A.; Cobain, M.; Massaro, J.M.; Kannel, W.B. General cardiovascular risk profile for use in primary care: The Framingham Heart Study. Circulation 2008, 117, 743–753. [Google Scholar] [CrossRef] [PubMed]

	



Mader, R.; Novofestovski, I.; Adawi, M.; Lavi, I. Metabolic syndrome and cardiovascular risk in patients with diffuse idiopathic skeletal hyperostosis. Semin. Arthritis Rheum. 2009, 38, 361–365. [Google Scholar] [CrossRef] [PubMed]

	



Zincarelli, C.; Iervolino, S.; Di Minno, M.N.; Miniero, E.; Rengo, C.; Di Gioia, L.; Vitale, D.; Nicolino, A.; Furgi, G.; Pappone, N. Diffuse idiopathic skeletal hyperostosis prevalence in subjects with severe atherosclerotic cardiovascular diseases. Arthritis Care Res. 2012, 64, 1765–1769. [Google Scholar] [CrossRef] [PubMed]

	



Glick, K.; Novofastovski, I.; Schwartz, N.; Mader, R. Cardiovascular disease in diffuse idiopathic skeletal hyperostosis (DISH): From theory to reality-a 10-year follow-up study. Arthritis Res. Ther. 2020, 22, 190. [Google Scholar] [CrossRef] [PubMed]

	



Hermann, K.G.; Bollow, M. Rethinking diffuse idiopathic skeletal hyperostosis. Rheumatology 2014, 53, 1917–1919. [Google Scholar] [CrossRef]

	



Agatston, A.S.; Janowitz, W.R.; Hildner, F.J.; Zusmer, N.R.; Viamonte, M., Jr.; Detrano, R. Quantification of coronary artery calcium using ultrafast computed tomography. J. Am. Coll. Cardiol. 1990, 15, 827–832. [Google Scholar] [CrossRef]

	



Tatami, Y.; Yasuda, Y.; Suzuki, S.; Ishii, H.; Sawai, A.; Shibata, Y.; Ota, T.; Shibata, K.; Niwa, M.; Morimoto, R.; et al. Impact of abdominal aortic calcification on long-term cardiovascular outcomes in patients with chronic kidney disease. Atherosclerosis 2015, 243, 349–355. [Google Scholar] [CrossRef]

	



Kagotani, R.; Yoshida, M.; Muraki, S.; Oka, H.; Hashizume, H.; Yamada, H.; Enyo, Y.; Nagata, K.; Ishimoto, Y.; Teraguchi, M.; et al. Prevalence of diffuse idiopathic skeletal hyperostosis (DISH) of the whole spine and its association with lumbar spondylosis and knee osteoarthritis: The ROAD study. J. Bone Miner. Metab. 2015, 33, 221–229. [Google Scholar] [CrossRef]

	



Kiss, C.; Szilágyi, M.; Paksy, A.; Poór, G. Risk factors for diffuse idiopathic skeletal hyperostosis: A case-control study. Rheumatology 2002, 41, 27–30. [Google Scholar] [CrossRef]

	



Yamaguchi, N.; Kukita, T.; Li, Y.J.; Martinez Argueta, J.G.; Saito, T.; Hanazawa, S.; Yamashita, Y. Adiponectin inhibits osteoclast formation stimulated by lipopolysaccharide from Actinobacillus actinomycetemcomitans. FEMS Immunol. Med. Microbiol. 2007, 49, 28–34. [Google Scholar] [CrossRef] [PubMed]

	



Mader, R.; Verlaan, J.J.; Buskila, D. Diffuse idiopathic skeletal hyperostosis: Clinical features and pathogenic mechanisms. Nat. Rev. Rheumatol. 2013, 9, 741–750. [Google Scholar] [CrossRef] [PubMed]

	



Anurag, S.; Graham Ruby, J.; Veras, M.A.; Telis, N.; Melamud, E. Genetics implicates overactive osteogenesis in the development of diffuse idiopathic skeletal hyperostosis. Nat. Commun. 2023, 14, 2644. [Google Scholar]

	



Oshima, K.; Nampei, A.; Matsuda, M.; Iwaki, M.; Fukuhara, A.; Hashimoto, J.; Yoshikawa, H.; Shimomura, I. Adiponectin increases bone mass by suppressing osteoclast and activating osteoblast. Biochem. Biophys. Res. Commun. 2005, 331, 520–526. [Google Scholar] [CrossRef]

	



Tahara, M.; Aiba, A.; Yamazaki, M.; Ikeda, Y.; Goto, S.; Moriya, H.; Okawa, A. The extent of ossification of posterior longitudinal ligament of the spine associated with nucleotide pyrophosphatase gene and leptin receptor gene polymorphisms. Spine 2005, 30, 877–881. [Google Scholar] [CrossRef] [PubMed]

	



Mader, R.; Novofastovski, I.; Iervolino, S.; Pavlov, A.; Chervinsky, L.; Schwartz, N.; Pappone, N. Ultrasonography of peripheral entheses in the diagnosis and understanding of diffuse idiopathic skeletal hyperostosis (DISH). Rheumatol. Int. 2015, 35, 493–497. [Google Scholar] [CrossRef]

	



Weiss, B.G.; Bachmann, L.M.; Pfirrmann, C.W.; Kissling, R.O.; Zubler, V. Whole Body Magnetic Resonance Imaging Features in Diffuse Idiopathic Skeletal Hyperostosis in Conjunction with Clinical Variables to Whole Body MRI and Clinical Variables in Ankylosing Spondylitis. J. Rheumatol. 2016, 43, 335–342. [Google Scholar] [CrossRef]

	



Di Minno, M.N.; Iervolino, S.; Lupoli, R.; Lupoli, R.; Russolillo, A.; Coppola, A.; Peluso, R.; Scarpa, R.; Di Minno, G. Cardiovascular risk in rheumatic patients: The link between inflammation and atherothrombosis. Semin. Thromb. Hemost. 2012, 38, 497–505. [Google Scholar] [CrossRef]

	



Agca, R.; Heslinga, S.C.; van Halm, V.P.; Nurmohamed, M.T. Atherosclerotic cardiovascular disease in patients with chronic inflammatory joint disorders. Heart 2016, 102, 790–795. [Google Scholar] [CrossRef]

	



Castañeda, S.; Nurmohamed, M.T.; González-Gay, M.A. Cardiovascular disease in inflammatory rheumatic diseases. Best Pract. Res. Clin. Rheumatol. 2016, 30, 851–869. [Google Scholar] [CrossRef]

	



Giannelou, M.; Mavragani, C.P. Cardiovascular disease in systemic lupus erythematosus: A comprehensive update. J. Autoimmun. 2017, 82, 1–12. [Google Scholar] [CrossRef]

	



Mikołaj, D.; Łukasz, K. Diffuse idiopathic skeletal hyperostosis of cervical spine with dysphagia—Molecular and clinical aspects. Int. J. Mol. Sci. 2021, 22, 4255. [Google Scholar]

	



Oudkerk, S.F.; Mohamed Hoesein, F.A.A.; PThM Mali, W.; Öner, F.C.; Verlaan, J.J.; de Jong, P.A.; Kinney, G.L.; Hokanson, J.; Lynch, D.; Silverman, E.K.; et al. Subjects with diffuse idiopathic skeletal hyperostosis have an increased burden of coronary artery disease: An evaluation in the COPDGene cohort. Atherosclerosis 2019, 287, 24–29. [Google Scholar] [CrossRef] [PubMed]

	



Uehara, M.; Takahashi, J.; Ikegami, S.; Kuraishi, S.; Fukui, D.; Imamura, H.; Okada, K.; Kato, H. Thoracic aortic aneurysm is an independent factor associated with diffuse idiopathic skeletal hyperostosis. Bone Joint J. 2018, 100-B, 617–621. [Google Scholar] [CrossRef] [PubMed]

	



Belanger, T.A.; Rowe, D.E. Diffuse idiopathic skeletal hyperostosis: Musculoskeletal manifestations. J. Am. Acad. Orthop. Surg. 2001, 9, 258–267. [Google Scholar] [CrossRef] [PubMed]

	



Caron, T.; Bransford, R.; Nguyen, Q.; Agel, J.; Chapman, J.; Bellabarba, C. Spine fractures in patients with ankylosing spinal disorders. Spine 2010, 35, E458–E464. [Google Scholar] [CrossRef]

	



Diederichs, G.; Engelken, F.; Marshall, L.M.; Peters, K.; Black, D.M.; Issever, A.S.; Barrett-Connor, E.; Orwoll, E.; Hamm, B.; Link, T.M.; et al. Diffuse idiopathic skeletal hyperostosis (DISH): Relation to vertebral fractures and bone density. Osteoporos. Int. 2011, 22, 1789–1797. [Google Scholar] [CrossRef]

	



Westerveld, L.A.; Verlaan, J.J.; Oner, F.C. Spinal fractures in patients with ankylosing spinal disorders: A systematic review of the literature on treatment, neurological status and complications. Eur. Spine J. 2009, 18, 145–156. [Google Scholar] [CrossRef]

	



Storm, E.E.; Kingsley, D.M. GDF5 coordinates bone and joint formation during digit development. Dev. Biol. 1999, 209, 11–27. [Google Scholar] [CrossRef]

	



Nakayama, N.; Han, C.Y.; Cam, L.; Lee, J.I.; Pretorius, J.; Fisher, S.; Rosenfeld, R.; Scully, S.; Nishinakamura, R.; Duryea, D.; et al. A novel chordin-like BMP inhibitor, CHL2, expressed preferentially in chondrocytes of developing cartilage and osteoarthritic joint cartilage. Development 2014, 131, 229–240. [Google Scholar] [CrossRef]

	



Liu, Y.; Ross, J.F.; Bodine, P.V.N.; Billiard, J. Homodimerization of Ror2 tyrosine kinase receptor induces 14-3-3(beta) phosphorylation and promotes osteoblast differentiation and bone formation. Mol. Endocrinol. 2017, 21, 3050–3061. [Google Scholar] [CrossRef] [PubMed]

	



Liu, P.; Yao, Y.; Liu, M.Y.; Fan, W.L.; Chao, R.; Wang, Z.G.; Liu, Y.C.; Zhou, J.H.; Zhao, J.H. Spinal trauma in mainland China from 2001 to 2007: An epidemiological study based on a nationwide database. Spine 2012, 37, 1310–1315. [Google Scholar] [CrossRef] [PubMed]

	



Burkus, J.K.; Denis, F. Hyperextension injuries of the thoracic spine in diffuse idiopathic skeletal hyperostosis. Report of four cases. J. Bone Joint Surg. Am. 1994, 76, 237–243. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 12 05412 g001] 





Figure 1. Flowchart of the study. After randomly selecting 500 patients in both the cardiovascular event group and the non-event group, we included patients who had undergone full spine and pelvic CT. We then evaluated the presence of DISH in the cardiovascular and non-cardiovascular groups. Next, we classified the non-cardiovascular group into two groups, DISH and non-DISH, and evaluated the degree of vascular calcification in each group. CT, computed tomography; DISH, diffuse idiopathic skeletal hyperostosis. 
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Figure 2. (A) Proportion of each disease recorded in cardiovascular surgery. (B) Average age of the patients with each of the cardiovascular diseases observed in our sample. The y-axis shows the average age of each disease group. 
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Figure 3. The prevalence of DISH amongst the whole study population (A), and amongst male (B) and female patients (C). The y-axis shows the prevalence of DISH. DISH, diffuse idiopathic skeletal hyperostosis. 
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Figure 4. Presence of diffuse idiopathic skeletal hyperostosis and vascular calcification. The coronary artery calcification score (A) and aortic calcification index (B) for the non-cardiovascular group. The coronary artery calcification score (C) and aortic calcification index (D) calculated for each sex. DISH, diffuse idiopathic skeletal hyperostosis. 
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Figure 5. Vascular calcification evaluation by DISH score. Relationship between DISH score and the coronary artery calcification score (A) and DISH score and the aortic calcification index (B) in the non-cardiovascular group. 
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Table 1. Demographic characteristics of the patients included in the study.
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	Cardiovascular

Event Group

N = 316
	Non-Cardiovascular

Event Group

N = 322
	p





	Age
	70.6 ± 14.2
	70.9 ± 12.8
	0.793



	Sex (male %)
	73.1
	68.3
	0.030



	Height (cm)
	162.1 ± 9.5
	161.4 ± 8.1
	0.655



	Body weight (kg)
	58.1 ± 12.9
	60.7 ± 12.3
	0.522



	HbA1c (%)
	6.0 ± 1.1
	5.8 ± 1.0
	0.381



	Total cholesterol (mg/dL)
	196.6 ± 21.1
	198.4 ± 23.5
	0.792



	Uric acid (mg/dL)
	5.9 ± 1.1
	5.6 ± 1.3
	0.263







HbA1c, glycated hemoglobin.













 





Table 2. Comparison of DISH scores by level of spine between cardiovascular and non-cardiovascular event groups.
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	Cardiovascular

Event Group

N = 316
	Non-Cardiovascular

Event Group

N = 322
	p





	Cervical level
	1.7 ± 1.4
	1.4 ± 1.3
	0.367



	Thoracic level
	5.1 ± 1.6
	2.9 ± 1.1
	0.015



	Lumbar level
	2.1 ± 1.4
	1.5 ± 0.9
	0.034



	Total level
	8.9 ± 3.3
	5.8 ± 2.6
	0.017







DISH scores were significantly higher in the cardiovascular event group at the thoracic (p = 0.015) and lumbar (p = 0.034) spine levels. DISH scores for all vertebrae were also significantly higher (p = 0.017) in the cardiovascular event group.
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	DISH (+)

N = 53
	DISH (−)

N = 269
	p





	Age
	71.2 ± 13.5
	70.1 ± 11.4
	0.352



	Sex (male %)
	81.1
	60.2
	0.039



	Height (cm)
	163.7 ± 12.3
	160.9 ± 10.7
	0.517



	Weight (kg)
	61.8 ± 10.4
	59.6 ± 9.9
	0.649



	HbA1c (%)
	6.1 ± 1.1
	5.7 ± 0.9
	0.582



	Total cholesterol (mg/dL)
	201.5 ± 24.5
	197.3 ± 22.6
	0.411



	Uric acid (mg/dL)
	5.6 ± 1.2
	5.7 ± 1.0
	0.862







DISH, diffuse idiopathic skeletal hyperostosis; HbA1c, glycated hemoglobin.
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