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Association between ossification 
of the longitudinal ligament of the 
cervical spine and arteriosclerosis in 
the carotid artery
Yasushi oshima1*, toru Doi1, So Kato1, Yuki taniguchi1, Yoshitaka Matsubayashi1, 
Koji nakajima1, fumihiko oguchi1, Hiroyuki oka2, naoto Hayashi3 & Sakae tanaka1

Although several risk factors have been reported for cervical ossification of the longitudinal ligament 
(opLL), most evaluations made in the past were based on plain X-ray, not on computed tomography 
(ct) scan. in this study, we aimed to clarify novel risk factors for cervical opLL in asymptomatic subjects 
undergoing CT scan as their routine medical checkups. A total of 1789 Japanese asymptomatic subjects 
who underwent ct scan for the whole body as their routine medical checkups were retrospectively 
reviewed. the medical checkup also included laboratory examinations, bone mineral status, and 
ultrasound of the carotid artery. As a result, cervical OPLL was seen in 120 subjects (6.7%). As we 
compared the demographic and clinical data between subjects with and without opLL, opLL group 
showed older age, higher proportion of male sex, higher BMi, higher incidence of hypertension, 
higher levels of blood HbA1c and triglyceride, and higher incidence of plaques in the carotid artery. A 
multivariate logistic regression analysis revealed that age (Odds ratio (OR):1.03), male sex (OR: 1.91), 
and the presence of plaque in the carotid artery (OR: 1.71) were risk factors for OPLL. To the best of our 
knowledge, this is the first report to reveal an association between OPLL and arteriosclerotic lesions.

Ossification of the posterior longitudinal ligament (OPLL) is a disorder characterized by progressive ectopic 
OPLL. Although the precise mechanisms of OPLL remain uncertain, it is considered a multifactorial disease with 
both environmental and genetic factors; in addition, several risk factors have been reported, including age, male 
sex, ethnicity, presence of diabetes mellitus, obesity, diet, sleeping time, and mechanical stimulation1–9.

Most OPLL patients are diagnosed by X-ray or computed tomography (CT) scanning when they present 
with radiculopathy or myelopathy. When symptoms are severe with evidence of compression to the nerve root 
or spinal cord, surgical intervention is often required. However, past epidemiological studies revealed that the 
incidence of OPLL may be higher in the general population because some patients do not present with clinical 
symptoms regardless of the presence of OPLL4,10.

Most epidemiological studies of OPLL have used X-rays for diagnosis; importantly, CT scans can provide 
more accurate diagnoses of OPLL than X-rays. There has been one study comparing the incidence of OPLL 
among various ethnic groups by using CT scans11; however, there have been no previous reports regarding risk 
factors of OPLL based on diagnosis through CT scans.

In this study, we aimed to investigate novel risk factors for cervical OPLL in asymptomatic subjects under-
going their routine medical checkups, which included laboratory examinations, bone mineral status evaluation, 
carotid artery ultrasound, and whole-body CT scans. To the best of our knowledge, this is the first study to assess 
the association between OPLL and arteriosclerosis.
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Results
participant characteristics. Of the 1789 subjects enrolled, 1116 (62%) were men; the subjects’ mean age 
was 58.5 years (standard deviation = 11.2 years) and mean BMI was 23.7 kg/m2 (standard deviation = 3.5 kg/m2). 
The demographic data are shown in Table 1. Cervical OPLL was observed in 120 subjects (6.7%). The mean OPLL 
thickness was 3.7 mm (range, 2.0–8.4 mm), and the mean occupying ratio of OPLL to the spinal canal was 29.4% 
(range, 12%–62%). The OPLL types were as follow: continuous type in 16 subjects, segmental type in 91 subjects, 
mixed type in 7 subjects, and localized type in 6 subjects.

comparison between subjects with and without opLL. Comparison of demographic and clinical 
data between subjects with and without OPLL showed that subjects in the OPLL group were older (63.3 vs. 
58.2 years, p < 0.001), more likely to be men (80% vs. 61%, p < 0.001), and had higher BMI (24.8 vs. 23.6 kg/m2, 
p < 0.001) and higher incidence of hypertension (28% vs. 16%, p = 0.001) as well as higher levels of blood HbA1c 
(6.0% vs. 5.8%, p = 0.001), TG (132.6 vs. 116.7 mg/dL, p = 0.03), and UA (6.0 vs. 5.6 mg/dL, p = 0.001). Carotid 
artery ultrasound showed higher maximum IMT (0.88 vs. 0.84 cm, p = 0.02) and higher incidence of plaques 
(45% vs. 23%, p < 0.001) in subjects with OPLL. There were no significant differences in the other parameters. 
Dichotomization of continuous variables (BMI, HbA1c, TG, UA, and IMT) revealed significant differences in 
HbA1c and TG between subjects with and without OPLL (Table 2).

Risk factors for cervical opLL. Finally, multivariate logistic regression analysis revealed that older age, 
male sex, and the presence of plaque in the carotid artery were risk factors for OPLL (Table 3).

Discussion
We identified several risk factors including older age, male sex, higher BMI, histories of diabetes mellitus and 
hyperlipidemia, and the presence of plaques in the carotid artery. In particular, older age, male sex, and plaque in 
the carotid artery remained significant risk factors after adjustment in multivariate analysis. As far as we know, 
this is the first report to reveal an association between OPLL and arteriosclerotic lesions.

OPLL was previously considered specific to the Asian population, particularly Japanese individuals, with an 
incidence of 1.9%–4.3% in the general population in Japan10. The incidences of OPLL in outpatient clinics were 
0.4%–3.0% in Asian countries other than Japan and 0.1–1.7% in Europe and the United States10; however, there 
have been no studies regarding the incidence of OPLL in the general population. Therefore, the incidence of 
OPLL is considered to be higher in Japan, as well as in other Asian countries, compared with that in Western 
countries. Thus, ethnicity is considered to be related to the onset of OPLL.

The mechanism underlying the onset of OPLL remains uncertain, although it is presumably related to 
cytokine activity. For example, insulin-like growth factor I, which is reportedly involved in osteogenesis, was 
shown to be dominantly expressed in ligament cells derived from ossified spinal ligaments12. Bone morphogenetic 
protein-2 and transforming growth factor-β are also reportedly related to the pathogenesis of OPLL13. Similarly, 
inflammatory cytokines, IL-6 and TNF-α, have been associated with the process of yellow ligament ossification14. 
Moreover, involvement of the Wnt/β-catenin signaling pathway has been suggested in patients with OPLL15. 
Recently, a genome-wide association study of OPLL patients identified RSPO2, which encodes R-spondin 2, as 
a susceptibility gene for OPLL; notably, R-spondin 2 is a secreted agonist of canonical Wnt–β-catenin signaling 

Total No of subjects 1789

Age 58.5 ± 11.2

Male Sex - no. (%) 1116 (62%)

BMI (kg/m2) 23.7 ± 3.5

Hypertension - no. (%) 303 (17%)

Current smoking - no. (%) 337 (19%)

HbA1c (cNGSP) 5.8 ± 0.7

TG (mg/dL) 117.8 ± 80.3

Total cholesterol (mg/dL) 200.5 ± 33.0

HDL cholesterol (mg/dL) 64.4 ± 17.3

LDL cholesterol (mg/dL) 121.7 ± 30.0

UA (mg/dL) 5.6 ± 1.4

Ca (mg/dL) 9.0 ± 0.3

P (mg/dL) 3.5 ± 0.4

Ultrasound of carotid artery

IMT (cm) 0.84 ± 0.19

Presence of plaque - no. (%) 439 (25%)

Bone quantitative ultrasound

BUA (dB/MHz) 109.9 ± 16.1

SOS (m/s) 1564.9 ± 48.5

Table 1. Demographic data of subjects. BMI, body mass index; TG, triglyceride; HDL cholesterol, high-density 
lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; UA, uric acid; IMT, intima-media 
thickness; BUA, broadband ultrasonic attenuation; SOS, speed of sound.
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and is reduced in early stages of chondrocyte differentiation16. In addition, Kawaguchi et al. reported that serum 
high-sensitivity C-reactive protein was elevated in OPLL patients, compared with that in individuals without 
OPLL; this indicated that local inflammation was associated with the progression of OPLL17. In a related manner, 
the level of serum C-reactive protein was high in patients with heterotopic ossification who underwent total hip 
arthroplasty18. Taken together, these prior findings support the involvement of inflammatory cytokines in the 
pathogenesis of OPLL, although the precise mechanisms remain uncertain.

In this study, arteriosclerosis was observed in the carotid artery more frequently in subjects with OPLL; this 
condition is reportedly a high-risk factor for stroke and is associated with atherosclerotic lesions in the coronary 
artery19,20 It is well known that inflammatory cytokines play important roles in the pathogenesis of arteriosclero-
sis21. For example, TNF-α and IL-6 were significantly associated with the prevalences of clinical and subclinical 
disease, as well as the incidence of cardiovascular events22. Aging, which was identified as an independent risk 
factor for OPLL in the present study, has also been associated with increased levels of circulating inflammatory 
cytokines, including IL-6 and TNF-α23. Given that inflammatory cytokines are associated with ossification of the 
paraspinal ligaments, as well as with aging and arteriosclerosis, we speculate that this is a common factor that 
led to the associations of aging and plaques in the carotid artery with risk of OPLL in the present study. Further 
comparative studies that include patients with massive OPLL are necessary to confirm this hypothesis.

The incidence of OPLL in Japan was 6.7% in this study, which was comparable with the incidence reported 
in a previous study of subjects undergoing CT scans for cancer screening11. Because our study also utilized data 
from medical screenings for cancer, the incidence of OPLL may be different from that in the general population. 
Nevertheless, we consider it to be reasonable that the incidence in our study was higher than that in previous 
reports involving diagnosis by plain X-rays, as CT scans can detect smaller areas of OPLL than X-rays. Thus, the 
majority of subjects with OPLL in our study was not considered to have pathologic disease and is not expected 
to present with severe myelopathy in the future. Indeed, the average occupying ratio of OPLL to the spinal canal 
was 29% in this study. On the basis of a nationwide survey in Japan, the maximum spinal canal stenosis rates were 
38% and 27% in patients with and without myelopathy, respectively10. Matsunaga et al. prospectively investigated 
450 patients with cervical OPLL over a mean follow-up period of 17.6 years (10–30 years); 323 of these patients 
did not exhibit myelopathy. Kaplan–Meier analysis showed that the myelopathy-free survival rate was 71% at 
30 years24. Hence, we speculate that most subjects with OPLL in the present study may differ from myelopathic 
patients with massive OPLL and will not develop myelopathy. However, we acknowledge that the pathogenesis of 
ligament ossification is similar regardless of the extent of OPLL and that myelopathic symptoms result from the 
dynamic factor of the neck spine, as well as the extent of OPLL. Nevertheless, further studies involving myelop-
athic patients are needed to confirm the possibility of an interaction between OPLL and arteriosclerosis.

There were several limitations in this study. First, subject selection might have been biased because we 
recruited subjects undergoing voluntary medical checkups. From medical interviews, we confirmed that subjects 

OPLL non OPLL p-value

Total No of subjects 120 1669

Age -yr 63.3 ± 10.4 58.2 ± 11.2 <0.001

Male Sex - no. (%) 96 (80%) 1020 (61%) <0.001

BMI > 25 (kg/m2) - no. (%) 53 (44%) 513 (30%) 0.002

Hypertension - no. (%) 34 (28%) 269 (16%) 0.001

HbA1c > 6.5% - no. (%) 24 (20%) 185 (11%) 0.003

TG > 150 mg/dL- no. (%) 35 (29%) 348 (21%) 0.03

UA > 7.0 mg/dL - no. (%) 25 (21%) 278 (17%) 0.239

IMT > 1.1 cm - no. (%) 20 (17%) 224 (13%) 0.33

Presence of plaque - no. (%) 54 (45%) 385 (23%) <0.001

Table 2. Comparison between subjects with and without OPLL. OPLL, ossification of the posterior longitudinal 
ligament; BMI, body mass index; HbA1c, glycated hemoglobin; TG, triglyceride; UA, uric acid; IMT, intima-
media thickness.

OR 95%CI p value

Age 1.03 1.01 — 1.05 0.00

Male Sex 1.91 1.18 — 3.09 0.01

BMI (>25) 1.34 0.90 — 2.00 0.15

Hypertension 1.54 1.00 2.37 0.05

HbA1c (>6.5) 1.23 0.75 — 2.02 0.41

TG (>150) 1.37 0.88 — 2.13 0.16

Presence of plaque 1.71 1.13 — 2.58 0.01

Table 3. Multivariate logistic regression analysis as risk factors for OPLL. OPLL, ossification of the posterior 
longitudinal ligament; BMI, body mass index; HbA1c, glycated hemoglobin; TG, triglyceride; OR, odds ratio; 
CI, confidence interval.
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were generally asymptomatic and did not have severe spinal disorders. Therefore, the incidence of OPLL may not 
be generalizable to the broader population. Second, patients with large areas of OPLL were not included in this 
study. As stated earlier in this section, smaller areas of OPLL rarely progress into large areas that require surgical 
intervention. Thus, most cases of OPLL in this study might differ from cases of OPLL that result in severe myelop-
athy. Third, we did not have detailed information on carotid plaques, such as the size and echo intensity. Because 
carotid plaques are pathologically classified into several types, such as necrotic core, intraplaque hemorrhage, 
fibrous components, and calcification, OPLL may be associated with calcification in carotid plaque, not with ath-
erosclerosis. Finally, there may be other confounding factors that could not be adjusted, although we performed 
multivariate regression analysis. Further studies are needed to address these issues.

In conclusion, age, male sex, and the presence of plaques in the carotid artery were identified as risk factors 
for OPLL. This is the first report to reveal an association between OPLL and arteriosclerotic lesions, although the 
subjects enrolled in this study might be biased.

Materials and Methods
This retrospective study was approved by the Institutional Review Board at the authors’ institution (No. 2674–
2). The study was performed in accordance with approved guidelines and in compliance with the principles of 
the Declaration of Helsinki. All participants provided written informed consent before undergoing any study 
procedure.

A total of 1789 asymptomatic subjects who underwent whole-body CT scans during routine medical checkups 
from January 2011 to December 2011 were prospectively enrolled and included in this study. Medical checkups 
also included laboratory examinations, bone mineral status evaluation, and carotid artery ultrasound. We com-
pared the results of all assessments between subjects with and without OPLL. Furthermore, multivariate logistic 
regression analysis was performed to identify the risk of OPLL.

All CT volumes were scanned by using a GE Light Speed Scanner (GE Healthcare Japan, Tokyo, Japan; 120 kV, 
80 mA, 512 × 512 matrix), for the whole body ranging from the head to the proximal femur. Axial CT images 
were observed in the bone window with automatic adjustment. OPLL was defined as ossification of the posterior 
longitudinal ligament with >2 mm thickness in the axial view of the cervical spine11,25 The occupying ratio was 
also measured, comprising the maximum anterior-to-posterior ratio of the OPLL to the spinal canal in the axial 
slice.

Bone mineral status was examined by quantitative ultrasound using the A-1000 EXP II (GE Healthcare Japan, 
Tokyo, Japan), which has been broadly utilized for the assessment of bone mineral density at medical checkups. 
The parameters included broadband ultrasound attenuation, which measures the frequency dependence of ultra-
sound attenuation, and speed of sound, which reflects the transmission velocity of ultrasound passing through 
soft tissue.

Regarding ultrasound examination of the carotid artery, the maximum intima-media thickness (IMT) in the 
common carotid artery was defined as the maximum measurable IMT in scanned common carotid artery areas19. 
The presence of plaque was judged by trained readers using the presence or absence of two of the following three 
criteria: abnormal wall thickness (carotid IMT > 1.1 mm), abnormal shape (protrusion into the lumen and loss 
of alignment with adjacent arterial wall boundary), and abnormal wall texture (brighter echoes than adjacent 
boundaries)26. The Aplio 300 (Canon Medical Systems Corporation, Tochigi, Japan) was used for all ultrasound 
examinations.

Statistical analysis. Continuous variables were compared using Student’s t-test, and categorical variables 
were compared using the chi-squared test. Continuous variables in laboratory examinations of blood samples 
were categorized in terms of normal upper limit and the need for treatment (glycated hemoglobin [HbA1c], 
triglyceride [TG], and uric acid [UA]). Body mass index (BMI) was categorized with a cutoff value of 25.0 kg/
m2, as the average in this study was 23.7 kg/m2, and a BMI of 30.0 kg/m2 is too high for the Japanese population, 
although a BMI of 30.0 is often used as a cutoff value for obesity. Hypertension was defined as a systolic blood 
pressure of 140 mm Hg or more, and/or a diastolic blood pressure of 90 mm Hg or more. Multivariate logistic 
regression analysis was used to compute odds ratios and 95% confidence intervals to identify risk factors associ-
ated with OPLL. IBM SPSS Statistics software version 22.0 (IBM Corporation, Armonk, NY, USA) was used for 
all analyzes. All p values were two sided, and p values < 0.05 were considered statistically significant.

Received: 4 November 2019; Accepted: 11 February 2020;
Published: xx xx xxxx

References
 1. Stapleton, C. J., Pham, M. H., Attenello, F. J. & Hsieh, P. C. Ossification of the posterior longitudinal ligament: genetics and 

pathophysiology. Neurosurg. Focus. 30, E6, https://doi.org/10.3171/2010.12.FOCUS10271 (2011).
 2. Yan, L. et al. The Pathogenesis of ossification of the posterior longitudinal ligament. Aging Dis. 8, 570–582, https://doi.org/10.14336/

AD.2017.0201 (2017).
 3. Terayama, K. Genetic studies on ossification of the posterior longitudinal ligament of the spine. Spine 14, 1184–1191 (1989).
 4. Yoshimura, N. et al. Prevalence and progression of radiographic ossification of the posterior longitudinal ligament and associated 

factors in the Japanese population: a 3-year follow-up of the ROAD study. Osteoporos. Int. 25, 1089–1098, https://doi.org/10.1007/
s00198-013-2489-0 (2014).

 5. Shin, J., Choi, J. Y., Kim, Y. W., Chang, J. S. & Yoon, S. Quantification of risk factors for cervical ossification of the posterior 
longitudinal ligament in Korean populations: A nationwide population-based case-control study. Spine (Phila Pa 1976), https://doi.
org/10.1097/BRS.0000000000003027 (2019).

 6. Washio, M. et al. Sleeping habit and other life styles in the prime of life and risk for ossification of the posterior longitudinal ligament 
of the spine (OPLL): a case-control study in Japan. J. Epidemiol. 14, 168–173, https://doi.org/10.2188/jea.14.168 (2004).

https://doi.org/10.1038/s41598-020-60248-3
https://doi.org/10.3171/2010.12.FOCUS10271
https://doi.org/10.14336/AD.2017.0201
https://doi.org/10.14336/AD.2017.0201
https://doi.org/10.1007/s00198-013-2489-0
https://doi.org/10.1007/s00198-013-2489-0
https://doi.org/10.1097/BRS.0000000000003027
https://doi.org/10.1097/BRS.0000000000003027
https://doi.org/10.2188/jea.14.168


5Scientific RepoRtS |         (2020) 10:3369  | https://doi.org/10.1038/s41598-020-60248-3

www.nature.com/scientificreportswww.nature.com/scientificreports/

 7. Chaput, C. D., Siddiqui, M. & Rahm, M. D. Obesity and calcification of the ligaments of the spine: a comprehensive CT analysis of 
the entire spine in a random trauma population. Spine J, https://doi.org/10.1016/j.spinee.2019.03.003 (2019).

 8. Moon, B. J. et al. Prevalence, incidence, comorbidity, and mortality rates of ossification of posterior longitudinal ligament in the 
cervical spine: A nested case-control cohort study. World Neurosurg. 117, e323–e328, https://doi.org/10.1016/j.wneu.2018.06.023 
(2018).

 9. Iwasaki, K. et al. Uni-axial cyclic stretch induces Cbfa1 expression in spinal ligament cells derived from patients with ossification of 
the posterior longitudinal ligament. Calcif. Tissue Int. 74, 448–457, https://doi.org/10.1007/s00223-002-0021-1 (2004).

 10. Matsunaga, S. & Sakou, T. Ossification of the posterior longitudinal ligament of the cervical spine: etiology and natural history. Spine 
37, E309–314, https://doi.org/10.1097/BRS.0b013e318241ad33 (2012).

 11. Fujimori, T. et al. Prevalence, concomitance, and distribution of ossification of the spinal ligaments: Results of whole spine CT scans 
in 1500 Japanese patients. Spine 41, 1668–1676, https://doi.org/10.1097/BRS.0000000000001643 (2016).

 12. Goto, K. et al. Involvement of insulin-like growth factor I in development of ossification of the posterior longitudinal ligament of the 
spine. Calcif. Tissue Int. 62, 158–165 (1998).

 13. Kawa-Uchi, T. et al. Messenger RNA expression of the genes encoding receptors for bone morphogenetic protein (BMP) and 
transforming growth factor-beta (TGF-beta) in the cells from the posterior longitudinal ligament in cervical spine. Endocr. 5, 
307–314, https://doi.org/10.1007/BF02739064 (1996).

 14. Ren, L. et al. The roles of inflammatory cytokines in the pathogenesis of ossification of ligamentum flavum. Am. J. Transl. Res. 5, 
582–585 (2013).

 15. Shi, L. et al. Ossification of the posterior ligament is mediated by osterix via inhibition of the beta-catenin signaling pathway. Exp. 
Cell Res. 349, 53–59, https://doi.org/10.1016/j.yexcr.2016.09.019 (2016).

 16. Nakajima, M., Kou, I. & Ohashi, H. Genetic Study Group of the Investigation Committee on the Ossification of Spinal, L. & Ikegawa, 
S. Identification and functional characterization of RSPO2 as a susceptibility gene for ossification of the posterior longitudinal 
ligament of the spine. Am. J. Hum. Genet. 99, 202–207, https://doi.org/10.1016/j.ajhg.2016.05.018 (2016).

 17. Kawaguchi, Y. et al. Serum biomarkers in patients with ossification of the posterior longitudinal ligament (OPLL): Inflammation in 
OPLL. PLoS One 12, e0174881, https://doi.org/10.1371/journal.pone.0174881 (2017).

 18. Sell, S. & Schleh, T. C-reactive protein as an early indicator of the formation of heterotopic ossifications after total hip replacement. 
Arch. Orthop. Trauma. Surg. 119, 205–207 (1999).

 19. Kokubo, Y. et al. Impact of intima-media thickness progression in the common carotid arteries on the risk of incident cardiovascular 
disease in the Suita study. J Am Heart Assoc 7, https://doi.org/10.1161/JAHA.117.007720 (2018).

 20. Polak, J. F. et al. The value of carotid artery plaque and intima-media thickness for incident cardiovascular disease: the multi-ethnic 
study of atherosclerosis. J. Am. Heart Assoc. 2, e000087, https://doi.org/10.1161/JAHA.113.000087 (2013).

 21. Hansson, G. K. Inflammation, atherosclerosis, and coronary artery disease. N. Engl. J. Med. 352, 1685–1695, https://doi.org/10.1056/
NEJMra043430 (2005).

 22. Cesari, M. et al. Inflammatory markers and cardiovascular disease (The Health, Aging and Body Composition [Health ABC] Study). 
Am. J. Cardiol. 92, 522–528, https://doi.org/10.1016/s0002-9149(03)00718-5 (2003).

 23. Krabbe, K. S., Pedersen, M. & Bruunsgaard, H. Inflammatory mediators in the elderly. Exp. Gerontol. 39, 687–699, https://doi.
org/10.1016/j.exger.2004.01.009 (2004).

 24. Matsunaga, S. et al. Pathogenesis of myelopathy in patients with ossification of the posterior longitudinal ligament. J. Neurosurg. 96, 
168–172 (2002).

 25. Tsuyama, N. Ossification of the posterior longitudinal ligament of the spine. Clin Orthop Relat Res, 71–84 (1984).
 26. Nambi, V. et al. Common carotid artery intima-media thickness is as good as carotid intima-media thickness of all carotid artery 

segments in improving prediction of coronary heart disease risk in the Atherosclerosis Risk in Communities (ARIC) study. Eur. 
Heart J. 33, 183–190, https://doi.org/10.1093/eurheartj/ehr192 (2012).

Acknowledgements
The manuscript submitted does not contain information about medical device(s)/drug(s). No funds were received 
in support of this work. No benefits in any form have been or will be received from a commercial party related 
directly or indirectly to the subject of this manuscript. The study approval was given by the institutional review 
board of the Clinical Research Support Center of the University of Tokyo Hospital.

Author contributions
Y.O. and N.H. conceived the study. F.O., K.N., and T.D. collected the data. H.O. analyzed the data. Y.T. and Y.M. 
discussed the results. Y.O. wrote the initial draft. S.K. and S.T. revised the manuscript.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.O.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-60248-3
https://doi.org/10.1016/j.spinee.2019.03.003
https://doi.org/10.1016/j.wneu.2018.06.023
https://doi.org/10.1007/s00223-002-0021-1
https://doi.org/10.1097/BRS.0b013e318241ad33
https://doi.org/10.1097/BRS.0000000000001643
https://doi.org/10.1007/BF02739064
https://doi.org/10.1016/j.yexcr.2016.09.019
https://doi.org/10.1016/j.ajhg.2016.05.018
https://doi.org/10.1371/journal.pone.0174881
https://doi.org/10.1161/JAHA.117.007720
https://doi.org/10.1161/JAHA.113.000087
https://doi.org/10.1056/NEJMra043430
https://doi.org/10.1056/NEJMra043430
https://doi.org/10.1016/s0002-9149(03)00718-5
https://doi.org/10.1016/j.exger.2004.01.009
https://doi.org/10.1016/j.exger.2004.01.009
https://doi.org/10.1093/eurheartj/ehr192
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association between ossification of the longitudinal ligament of the cervical spine and arteriosclerosis in the carotid art ...
	Results
	Participant characteristics. 
	Comparison between subjects with and without OPLL. 
	Risk factors for cervical OPLL. 

	Discussion
	Materials and Methods
	Statistical analysis. 

	Acknowledgements
	Table 1 Demographic data of subjects.
	Table 2 Comparison between subjects with and without OPLL.
	Table 3 Multivariate logistic regression analysis as risk factors for OPLL.




