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Carotid imaging changes 
and serum IL‑1β, sICAM‑1, 
and sVAP‑1 levels in benign 
paroxysmal positional vertigo
Xiaoxu Chen1,2,7, Huimin Feng1,3,7, Hongjin Liu1,4, Xianrong Xu1, Jianchang Wang5 & 
Zhanguo Jin1,6* 

Benign paroxysmal positional vertigo (BPPV) is the most common cause of vertigo. This study was 
performed to evaluate serum levels of inflammatory factors and changes in B‑mode carotid ultrasound 
findings in patients with BPPV. The study population consisted of 90 BPPV patients and 90 age‑ 
and sex‑matched controls. ELISA was used to compare the levels of inflammatory factors, such as 
interleukin‑1β (IL‑1β), tumor necrosis factor‑alpha (TNF‑α), soluble intercellular adhesion molecule‑1 
(sICAM‑1), prostaglandin‑E2 (PG‑E2), and soluble vascular adhesion protein‑1 (sVAP‑1), between 
BPPV patients and controls. In addition, the results of ultrasonographic imaging to determine carotid 
intima‑media thickness (C‑IMT), carotid atheromatous plaque, and vertebral artery stenosis were also 
compared between the BPPV and control groups. Serum levels of IL‑1β, sICAM‑1, and sVAP‑1 were 
significantly higher in BPPV patients than controls (P < 0.001, P < 0.05, and P < 0.001, respectively). 
C‑IMT and vertebral artery stenosis were significantly different in BPPV patients compared to controls 
(both P < 0.05). There were no significant relations between other parameters and BPPV. IL‑1β, 
sICAM‑1, and sVAP‑1 are potentially associated with the pathogenesis of BPPV, and C‑ITM and carotid 
vertebral stenosis may be useful reference imaging findings for the diagnosis of BPPV.

Benign paroxysmal positional vertigo (BPPV) is a disorder of the inner ear characterized by brief spinning 
sensations with changes in head  position1. Although head trauma and otological disorders occasionally cause 
BPPV, most cases are idiopathic. Hall et al.2 described the pathogenesis of BPPV as involving cast-off otolithic 
debris with endolymph flow entering the semicircular canal and subsequently inducing classified nystagmus with 
respect to gravity. This definition of BPPV is widely accepted, but the underlying molecular mechanism remains 
to be elucidated. The inner ear has a blood–labyrinthine barrier and connects to the cervical lymph nodes, and 
participates in the inflammatory response by producing cytokines in the spiral ligament (SL)3. Recent studies 
regarding the pathogenesis of BPPV have suggested roles of inflammation and relevant inflammatory factors 
or  biomarkers4,5. Satoh et al.6 performed antigen challenge by injection of keyhole limpet hemocyanin (KLH) 
into the cochlea of systemically sensitized mice and detected the expression of cytokines and the accumulation 
of inflammatory cells in the cochlea on immunohistochemical analysis. Inner ear diseases are mediated by 
inflammation, which disrupts inner ear function and leads to the release of inflammatory factors that can be 
detected in the peripheral  circulation4. These inflammatory factors can be used as biomarkers and provide useful 
information in the study of BPPV.

Güçlütürk et al.4 reported that interleukin-1β (IL-1β) and oxidative stress were responsible for the pathogen-
esis of BPPV. IL-1β is a pleiotropic proinflammatory cytokine that is involved in autoimmune inner ear disease 
(AIED)7–9. Ichimiya et al.10 reported that cultured SL fibrocytes secreted chemokines and other mediators after 
stimulation with tumor necrosis factor-alpha (TNF-α) or IL-1β, and soluble intercellular adhesion molecule 
(sICAM-1) secretion was elevated after stimulation with TNF-α but was not detected after stimulation with 
IL-1β. Using a murine model of cochlear immunity, Satoh et al.6 reported that the expression of TNF-α amplified 
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the inflammatory response and interacted with IL-1β to cause cochlear disease. One study showed that TNF-α 
was produced in cells of the stria vascularis and the  SL11. Elevated serum IL-1β level stimulated the secretion of 
prostaglandin-E2 (PG-E2)12. An animal study showed that PG-E2 agonists increased the production of vascular 
endothelial growth factor (VEGF), and VEGF and its receptor were present in the  cochlea13. sICAM-1 has been 
suggested to be connected with the component expressed on the surface of activated cells, such as endothelial 
and smooth muscle  cells14. One study showed that high glucose and inflammatory cytokines stimulated the 
production of soluble vascular adhesion protein-1 (sVAP-1) in diabetic  patients15. sVAP-1, which functions as 
a semicarbazide-sensitive amine oxidase (SSAO), is a soluble adhesion molecule on activity cells surface which 
involved in vascular endothelial cells and smooth muscle  cells16. At present, there is a great deal of interest in 
the roles of inflammatory factors in BPPV.

B-mode carotid ultrasound is routinely performed to determine carotid intima-media thickness (C-IMT), 
carotid atheromatous plaque, and vertebral artery stenosis in outpatients with vertigo. C-IMT can be used as an 
indicator for evaluation of coronary microvascular dysfunction to determine the risk of cardiovascular  disease17, 
and reflects accelerated atherosclerosis in chronic inflammatory  disease18. Vertebral artery stenosis has been 
suggested to be one of the root causes of transient ischemic attacks (TIAs) and ischemic  stroke19. Carotid ather-
omatous plaque is a chronic inflammatory disease of the arteries, and always coexists with increased C-IMT20.

Based on these considerations, we hypothesized that the pathogenesis of BPPV was related to inflammation-
induced inner ear damage. This study was performed to investigate the inflammatory factors and carotid imaging 
changes associated with the pathogenesis of BPPV.

Materials and methods
This study was conducted between October 2016 and October 2017 at Aerospace Balance Medical Center, Beijing, 
China. The clinical protocol was approved by the Ethics Committee of Chinese PLA Air Force Medical Center, 
Beijing, China, and all procedures were performed in accordance with relevant guidelines and regulations. After 
receiving a careful explanation of the aims and procedures of the investigation, written informed consent was 
obtained from all participants recruited to the study, and informed consent was obtained from a parent and/or 
legal guardian of subjects who are under 18.

Patients and clinical study. A total of 180 participants aged 13–87 years were included in the study. The 
study group consisted of 90 patients diagnosed with idiopathic BPPV based on the clinical practice guidelines 
for BPPV (2017) of the American Academy of Otolaryngology-Head and Neck Surgery  Foundation21. Positional 
nystagmus associated with head position change was determined by the SRM-IV BPPV Diagnosis and Treat-
ment System (Siruimei Medical Technology GmbH, Beijing, China). The inclusion criterion for the study group 
was positional nystagmus recorded by SRM-IV: simulation of traditional Dix-Hallpike and Roll-test, with mul-
tiple characteristic features of latency time, displacement, reversibility, transiency, crescendo and decrescendo 
pattern, interchangeability and  fatigability22. The exclusion criteria were nystagmus secondary to other diseases 
of the inner ear, including Ménière’s disease, vestibular neuritis, sudden sensorial deafness, semicircular canal 
paralysis, etc., nystagmus secondary to other physical factors that may damage the otolith organs, including a 
history of surgery, head and/or neck trauma, etc., and taking immunosuppressants and anti-inflammatory drugs 
within the previous 3 months. Patients with hearing loss, otological surgery, neurological diseases, pregnancy, 
lactation, hypothyroidism, and other inflammatory and infectious conditions were excluded. The control group 
consisted of 90 age- and sex-matched subjects without any cochleovestibular disorders selected at random from 
Physical Examination Center, Beijing, China. Both groups consisted of 28 males and 62 females.

Clinical data, including age, height, weight, ongoing health problems, medication history (hypertension, 
diabetes, and migraine), and the use of drugs were collected. Ultrasonographic analyses of C-IMT, carotid ather-
omatous plaque, and vertebral artery stenosis were performed using a color Doppler instrument (ADVIA Centaur 
IU-22; Philips Healthcare GmbH, Best, Netherlands). C-IMT was evaluated by a professional sonographer, and 
was classified as follows: Normal, ≤ 0.1 cm; Mild, 0.1 – 0.13 cm; and Severe ≥ 0.13 cm.

Evaluation of serum inflammatory factor levels. Non-fasting blood samples (5 ml) were collected 
from all subjects with anticoagulant tubes. Collected specimens were centrifuged at 3000×g for 5 min, after which 
serum was removed to 2-ml centrifuge tubes and frozen at − 80 °C until the time of the assay. Plasma levels of 
IL-1β, TNF-α, ICAM-1, PG-E2, and sVAP-1 were measured using a human-IL-1β enzyme-linked immunosorb-
ent assay (ELISA) kit (ImmunoWay, Plano, TX), human-TNF-α ELISA kit (ImmunoWay), human-sICAM-1 
ELISA kit (Invitrogen, Carlsbad, CA), human-PG-E2 ELISA kit (ImmunoWay), and human-sVAP-1 ELISA kit 
(ImmunoWay) according to the respective manufacturer’s instructions. The optical density at 450 nm  (OD450) 
of each well of the ELISA microplates was measured using a microplate reader (iMark; Bio-Rad, Hercules, CA).

Statistical analysis. SPSS 19.0 (SPSS Inc., Chicago, IL) was used for statistical analysis. All enumeration 
data are presented as the mean ± standard deviation (SD), while measurement data are shown as percentages. 
The unpaired samples t test was used for within-group analysis of normally distributed enumeration data. The 
χ2 test was used for analysis of measurement data. Non-parametric analyses were carried out using Wilcoxon’s 
signed rank test. In all analyses, P < 0.05 was taken to indicate statistical significance.

Results
The study population consisted of 90 BPPV patients and 90 age- and sex-matched control subjects. Both 
groups consisted of 28 males and 62 females. The patients in the BPPV group were aged 13–87 years (mean 
55.22 ± 14.67 years). In the BPPV group, 67 (74.4%) patients showed involvement of the posterior semicircular 
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canal, 27 (30%) showed involvement of the horizontal semicircular canal, three (3.3%) showed involvement of 
the anterior semicircular canal, and seven (7.8%) showed multiple semicircular canal involvement. According to 
the BPPV classification, the BPPV group consisted of 61 cases (67.8%) of cupulolithiasis and 29 cases (33.2%) of 
canalithiasis. The current episode of BPPV was not the first episode in 55 cases (61.1%). Table 1 shows the clini-
cal features and carotid imaging examination indexes of the two groups. There were no significant differences 
in age, sex, BMI, hypertension, diabetes, or carotid atheromatous plaque between BPPV patients and controls 
(all P > 0.05), but both C-IMT and vertebral artery stenosis were significantly different between the two groups 
(both P < 0.05). Serum levels of inflammatory factors in the two groups are summarized in Table 2. There was 
no significant difference in TNF-α and PG-E2 levels between the two groups (P > 0.05). However, serum levels 
of IL-1β, sICAM-1, and sVAP-1 were significantly higher in BPPV patients than controls (P < 0.001, P < 0.05, 
and P < 0.001, respectively).

Discussion
The results of the present study indicated that serum levels of IL-1β, sICAM-1, and sVAP-1 were significantly 
higher in BPPV patients than in controls. In addition, C-MIT and carotid vertebral stenosis as determined by 
imaging analysis were significantly different between BPPV patients and controls. These observations suggest that 
serum IL-1β, sICAM-1, and sVAP-1 levels may be useful as markers of BPPV, and C-MIT and carotid vertebral 
stenosis may be useful reference factors for BPPV. In addition, inflammation was shown to play a crucial role 
in the pathogenesis of BPPV.

Güçlütürk et al.4 suggested that IL-1β could dominate the inflammatory response in the inner ear. IL-1β is a 
proinflammatory cytokine that induces multiple inflammatory responses, including lymphocyte amplification, 
fibroblast growth, adhesion molecule accumulation, and the production of other inflammatory  cytokines23,24. 
Indeed, some studies regarding the pathological mechanisms of inner ear disorders indicated the involvement 
of IL-1β as an inflammatory regulator in some inner ear diseases, including noise-induced hearing  loss25,26, 
autoimmune inner ear disease (AIED)7–9, and cytomegalovirus (CMV)-induced hearing  loss27. Cisplatin oto-
toxicity test indicated that increased IL-6, IL-1β, and TNF-α levels damaged hair cells of the inner  ear28. IL-1β 
induces the expression of matrix metalloproteinase-9 (MMP-9), which cleaves IL-1 receptor type II (IL-1RII) 

Table 1.  Comparison of clinical parameters between the BPPV and control groups. Normal, ≤ 0.1 cm; mild, 
0.1–0.13 cm; and severe ≥ 0.13 cm. BMI body mass index, BPPV benign paroxysmal positional vertigo, C-IMT 
carotid intima-media thickness, NS not significant.

Clinical parameters

BPPV(n = 90) Non-BPPV (n = 90)

P valueM = 28/F = 62 M = 28/F = 62

Age, years 55.22 ± 14.67 55.17 ± 14.25 NS

BMI, kg/m2 23.83 ± 8.28 22.95 ± 5.21 NS

Hypertension, n (%) 23 (25.6) 18 (20.0) NS

Diabetes, n (%) 12 (13.3) 7 (7.8) NS

C-IMT, n (%)

Normal 45 (50) 55 (61.1)

Mild 37 (41.1) 32 (35.6) < 0.001

Severe 8 (8.9) 3 (0.03)

Vertebral artery stenosis, n (%)

Yes 22 (24.4) 9 (10.0)

No 68 (75.6) 81 (90) 0.010

Atheromatous plaque, n (%)

Yes 26 (28.9) 20 (22.2)

No 64 (71.1) 70 (77.8) NS

Table 2.  Inflammatory factors. BPPV benign paroxysmal positional vertigo, IL-1β Interleukin-1β, PG-E2 
prostaglandin-E2, sICAM-1 soluble intercellular adhesion molecule-1, sVAP-1 soluble vascular adhesion 
protein-1, TNF-α tumor necrosis factor-alpha.

Inflammatory factors (pg/ml)

BPPV (n = 90) Non-BPPV (n = 90)

P valueM = 28/F = 62 M = 28/F = 62

IL-1β 40.08 ± 8.64 21.19 ± 5.67 < 0.001

TNF-α 48.29 ± 12.64 45.78 ± 11.58 0.168

PG-E2 60.67 ± 11.58 57.64 ± 20.66 0.226

sICAM-1 274.08 ± 102.29 243.59 ± 100.06 0.045

sVAP-1 116.42 ± 22.98 86.13 ± 22.40 < 0.001
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and enhances IL-1β-induced  signaling8. MMP-9 is a member of the family of zinc-dependent metalloproteinases 
involved in degradation of the extracellular matrix, and functions downstream of the IL-1β-induced signaling 
 pathway29. Particularly, MMP-9 was shown to be overexpressed in patients with  AIED30. In the plasma, IL-1β 
may contribute to secretion of other proinflammatory mediators, which induce inflammatory reperfusion and 
worsen inflammation and oxidative stress through blood recirculation.

ICAM-1 is an immunoglobulin superfamily member expressed by leukocytes and endothelial cells. The 
soluble form of ICAM-1, sICAM-1, is present in plasma and plays an important role in inflammatory responses. 
Adhesion molecule contributing leukocytes to adhere and migrate as well as soluble adhesion molecule caus-
ing endothelium activation, which result in local inflammatory response, endothelial cell damage and plasma 
 leakage31,32. sICAM-1 interacts with integrins on the surface of leukocytes, promoting the adhesion of leukocytes 
to vessel endothelial cells and migration to surrounding inflammatory tissues through the intercellular space. 
A continuous inflammatory reaction results in increases in leukocyte and platelet binding, leading to vessel 
endothelial cell damage and  dysfunction33. The roles and functions of sICAM-1 in inflammatory diseases have 
been elucidated, but no previous studies have proposed its involvement in inner ear disease. sICAM-1 has been 
shown to mediate the passage of cells across the blood–brain barrier, which allows peripheral cytokines to enter 
the central nervous system (CNS)34. This study suggested that sICAM-1 enters the inner ear tissue across the 
blood–labyrinthine barrier and induces an inflammatory response, and elevated plasma sVCAM-1 level results 
in vasoconstriction and leads to ischemia of the inner ear. Our results suggested a potential role of sICAM-1 in 
the etiopathogenesis of BPPV.

sVAP-1 has been shown to directly or indirectly result in alterations in the levels of the main factors involved 
in the pathogenesis of a number of human diseases, including atherosclerosis, obesity, diabetes, stoke, ophthalmo-
logical diseases, inflammatory bowel disease, and liver  disease35. VAP-1 is a membrane-bound adhesion molecule 
that is involved in inflammation through induction of the migration of leukocytes into inflamed  issue36,37. sVAP-1 
is the soluble form that is present in the  circulation14, and acts as SSAO, which induces vascular endothelium 
injury via the generation of vascular damage factors, direct oxidative damage, amyloid deposition, and elevated 
blood  pressure38. An animal study showed that VAP-1 inhibitor reduced ICAM-1  levels39. Thus, there is a func-
tional relation between VAP-1 and ICAM-1. Although there have been no previous reports regarding the role 
of sVAP-1 expression in the inner ear, our study suggested that it may participate either directly or indirectly 
in the pathophysiological mechanism of BPPV by causing vascular dysfunction in the inner ear. The results of 
the present study suggested that inflammation plays a pivotal role in the pathogenesis of BPPV, in which the 
interactions of sVAP-1, sICAM-1, and IL-1β play important roles.

However, our results indicated no significant relations of TNF-α and PG-E2 and with the pathogenesis of 
BPPV, in contrast to the literature, which may have been due to the timing of blood sample collection during the 
course of the disease. Although we did not perform further verification, previous studies indicated that IL-1β, 
TNF-α, and PG-E2 played synergistic or complementary roles in contributing to the inflammatory  reaction11,12. 
The possible signaling pathways involving sVAP-1, sICAM-1, and IL-1β are illustrated in Fig. 1.

BPPV, benign paroxysmal positional vertigo; IL-1β, interleukin-1β; sICAM-1, soluble intercellular adhesion 
molecule-1; sVAP-1, soluble vascular adhesion protein-1.

The results of the present study suggested that C-IMT and vertebral artery stenosis may affect the microcir-
culation of the otolithic organs. Ultrasonographic measurement of C-IMT is a noninvasive imaging technique to 
evaluate subclinical vascular  disease40. Although many studies have shown that C-IMT has important diagnostic 
significance for cardiovascular  diseases17,40,41, there have been no previous reports of a correlation between 
C-IMT and circulation of the inner ear. Vertebral artery stenosis leads to decreased blood flow in the anterior 
inferior cerebellar artery territory, which is involved in the circulation of the vestibular organs, resulting in inner 
ear  dysfunction42. Our observations showed that C-IMT and vertebral artery stenosis can be used as reference 
factors for the diagnosis of BPPV, but further studies are required to verify the correlation between C-IMT and 
vertebral artery stenosis in BPPV.

Conclusion
This study suggested that IL-1β, sICAM-1, and sVAP-1 may play roles in the pathogenesis of BPPV, and that 
C-MIT and carotid vertebral stenosis can be used as reference factors for the diagnosis of BPPV. Whether these 
factors have cause and effect relationships in BPPV remains unclear, so further studies are needed to evaluate 
and verify these findings.

Figure 1.  Possible mechanisms triggering the inflammatory response in the inner ear.



5

Vol.:(0123456789)

Scientific Reports |        (2020) 10:21494  | https://doi.org/10.1038/s41598-020-78516-7

www.nature.com/scientificreports/

Data availability
The data supporting the findings of this study are available from the corresponding author upon reasonable 
request.

Received: 6 May 2020; Accepted: 22 November 2020

References
 1. Kim, J. S. & Zee, D. S. Clinical practice. Benign paroxysmal positional vertigo. New Engl. J. Med. 370, 1138–1147 (2014).
 2. Hall, S. F., Ruby, R. R. & Mcclure, J. A. The mechanics of benign paroxysmal vertigo. J. Otolaryngol. 8, 151–158 (1979).
 3. Satoh, H., Firestein, G. S., Billings, P. B., Harris, J. P. & Keithley, E. M. Tumor necrosis factor-alpha, an inhibitör, and etanercept, 

an inhibitör of cochlear inflammation. Laryngoscope 112, 1627–1634 (2002).
 4. Güçlütürk, M. T., Ünal, Z. N., İsmi, O., Çimen, M. B. Y. & Ünal, M. The role of oxidative stress and inflammatory mediators in 

benign paroxysmal positional vertigo. J. Int. Adv. Otol. 12, 101–105 (2016).
 5. Tekeşin, A. Tunç A Inflammatory biomarkers in benign paroxysmal positional vertigo: a Turkey case-control study. Ldeggyogy Sz. 

71, 411–416 (2018).
 6. Satoh, H., Firestein, G. S., Billings, P. B., Harris, J. P. & Keithley, E. M Tumor necrosis factor-alpha, an initiator, and etanercept, an 

inhibitör of cochlear inflammation. The Laryngoscope 112, 1627–1634 (2002).
 7. Rauch, S. D. IL-1β inhibition in autoimmune inner ear disease: can you hear me now?. J. Clin. Invest. 124, 3685–3687 (2014).
 8. Eisner, L., Vambutas, A. & Pathak, S. The balance of tissue inhibitor of metalloproteinase-1 and matrix metalloproteinase-9 in the 

autoimmune inner ear disease patients. J. Interferon Cytokine Res. 37, 354–361 (2017).
 9. Zhao, R., Zhou, H. & Su, S. B. A critical role for interleukin-1beta in the progression of autoimmune diseases. Int. Immunophar-

macol. 17, 658–669 (2013).
 10. Ichimiya, I., Yoshida, K., Hirano, T., Suzuki, M. & Mogi, G. Significance of spiral ligament fibrocytes with cochlear inflammation. 

Int. J. Pediatr. Otorhinolaryngol. 56, 45–51 (2000).
 11. Dinh, C. T., Goncalves, S., Bas, E., Van De Water, T. R. & Zine, A. Molecular regulation of auditory hair cell death and approaches 

to protect sensory receptor cells and/or stimulate repair following acoustic trauma. Front. Cell Neurosci. 9, 96 (2015).
 12. Zhao, H. et al. Prostaglandin (PG) E2 exhibits antifibrotic activity in vocal fold fibroblasts. Laryngoscope 121, 1261–1265 (2011).
 13. Hori, R., Nakagawa, T., Yamamoto, N., Hamaguchi, K. & Ito, J. Role of prostaglandin E receptor subtypes EP2 and EP4 in autocrine 

and paracrine functions of vascular endothelial growth factor in the inner ear. BMC Neurosci. 35, 2–9 (2010).
 14. Marfella, R. et al. Circulating adhesion molecules in humans: role of hyperglycemia and hyperinsulinemia. Circulation 101, 

2247–2251 (2000).
 15. Kuo, C. H. et al. Serum vascular adhesion protein-1 is up-regulated in hyperglycemia and is associated with incident diabetes 

negatively. Int. J. Obes. 43, 512–522 (2018).
 16. Boomama, F., Hut, H., Bagghoe, U., van der Houwen, A. & van den Meiracker, A. Semicarbazide-sensitive amine oxidase (SSAO): 

from cell to circulation. Med. Sci. Monit. 11, RA122–RA126 (2005).
 17. Sucato, V. et al. The association between coronary microvascular dysfunction and carotid intima media thickness in patients with 

cardiac syndrome X. Int. J. Cardiol. 214, 383–386 (2016).
 18. Keles, N. et al. Retrobulbar blood flow and carotid intima-media thickness alteration may relate to subclinic atherosclerosis in 

patients with chronic inflammatory diseases. Ren. Fail. 37, 1164–1170 (2015).
 19. Markus, H. S., van der Worp, H. B. & Rothwell, P. M. Posterior circulation ischaemic stroke and transient ischaemic attack: diag-

nosis, investigation, and secondary prevention. Lancet Neural. 12, 989–998 (2013).
 20. Słomka, T., Drelich-Zbroja, A., Jarząbek, M. & Szczerbo-Trojanowska, M. Intima–media complex thickness and carotid athero-

sclerotic plaque formation in Lublin’s population in the context of selected comorbidities. J. Ultrason. 18, 133–139 (2018).
 21. Bhattacharyya, N. et al. Clinical practice guideline: benign paroxysmal positional vertigo (update). Otolayngol. Head Neck Surg. 

156, S1–S47 (2017).
 22. Korres, S. G. & Balatsouras, D. G. Diagnostic, pathophysiologic, and therapeutic aspects of benign paroxysmal positional vertigo. 

Otolaryngol. Head Neck Surg. 131, 438–444 (2004).
 23. Dinarello, C. A. The IL-1 family and inflammatory diseases. Clin. Exp. Rheumatol. 20, S1–S13 (2002).
 24. Onozaki, K., Matsushima, K., Aggarwal, B. B. & Oppenheim, J. J. Human interleukin 1 is a cytocidal factor for several tumor cell 

lines. J. Immunol. 135, 3962–3968 (1985).
 25. Paciello, F. et al. Pioglitazone represents an effective therapeutic target in preventing oxidative/inflammatory cochlear damage 

induced by noise exposure. Front. Pharmacol. 9, 1103 (2018).
 26. Fuentes-Santamaria, V. et al. The role of glia in the peripheral and central auditory system following noise overexposure: contribu-

tion of TNF-α and IL-1β to the pathogenesis of hearing loss. Front. Neuroanat. 11, 19 (2017).
 27. Shi, X. et al. Inflammasome activation in mouse inner ear in response to MCMV induced hearing loss. J. Otol. 10, 143–149 (2015).
 28. Altun, Z. et al. Protective effect of acetyl-l-carnitine against cisplatin ototoxicity: role of apoptosis-related genes and pro-inflam-

matory cytokines. Cell Prolif. 47, 72–80 (2014).
 29. Eberhardt, W., Huwiler, A., Beck, K. F., Walpen, S. & Pfeilschifter, J. Amplification of IL-1β-induced matrix metalloproteinase-9 

expression by superoxide in rat glomerular mesangial cells is mediated by increased activities of NF-kB and activating protein-1 
and involves activation of the mitogen-activated protein kinase pathways. J. Immunol. 165, 4115–4122 (2000).

 30. Pathak, S., Goldofsky, E., Vivas, E. X., Bonagura, V. R. & Vambutas, A. IL-1β is overexpressed and aberrantly regulated in corti-
costeroid nonresponders with autoimmune inner ear disease. J. Immunol. 186, 1870–1879 (2011).

 31. Van Gorp, E. C. et al. Review: infectious diseases and coagulation disorders. J. Inf. Dis. 180, 176–186 (1999).
 32. Koraka, P. et al. Elevation of soluble VCAM-1 plasma levels in children with acute dengue virus infection of varying severity. J. 

Med. Virol. 72, 445–450 (2004).
 33. Ozturk, B. et al. Evaluation of the association of serum levels of hyaluronic acid, sICAM-1, sVCAM-1, and VEGF-A with mortality 

and prognosis in patients with Crimean-Congo hemorrhagic fever. J. Virol. 47, 115–119 (2010).
 34. Schwarz, M. J. et al. Decreased levels of soluble intercellular adhesion Molecule-1 (sICAM-1) in unmedicated and medicated 

schizophrenic patients. Biol. Psychiatry 47, 29–33 (2000).
 35. Pannecoeck, R. et al. Vascular adhesion protein-1: role in human pathology and application as a biomarker. J. Homepage 52, 

284–300 (2015).
 36. Merinen, M. et al. Vascular adhesion protein-1 is involved inboth acute and chronic inflammation in the mouse. Am. J. Patrol. 

166, 793–800 (2005).
 37. Salmi, M., Kalimo, K. & Jalkanen, S. Induction and function of vascular adhesion protein-1 at sites of inflammation. J. Exp. Med. 

178, 2255–2260 (1993).
 38. Jalkanen, S. & Salmi, M. VAP-1 and CD73, endothelial cell surface enzymes in leukocyte extravasation. Arterioscler. Thromb. Vasc. 

Biol. 28, 18–26 (2008).



6

Vol:.(1234567890)

Scientific Reports |        (2020) 10:21494  | https://doi.org/10.1038/s41598-020-78516-7

www.nature.com/scientificreports/

 39. Matsuda, T. et al. Vascular adhesion protein-1 blockade suppresses ocular inflammation after retinal laser photocoagulation in 
Mice. Invest. Ophthalmol. Vis. Sci. 58, 3254–3261 (2017).

 40. Stein, J. H. et al. Use of carotid ultrasound to identify subclinical vascular disease and evaluate cardiovascular disease risk: a con-
sensus statement from the American Society of Echocardiography Carotid Intima-Media Thickness Task Force. Endorsed by the 
Society for Vascular Medicine. J. Am. Soc. Echocardiogr. 21, 93–111 (2008).

 41. Lorenz, M. W., Markus, H. S., Bots, M. L., Rosvall, M. & Sitzer, M. Prediction of clinical cardiovascular events with carotid intima-
media thickness: a systematic review and meta-analysis. Circulation 115, 459–467 (2007).

 42. Fukuda, R. et al. Acute hearing loss caused by decreasing anterior inferior cerebellar arterial perfusion in a patient with vertebral 
artery stenosis. J. Stroke Cerebrovasc. Dis. 26, 459–467 (2017).

Author contributions
Z.J. was mainly responsible for the original design, data collection and draft verification of the research; H.L., 
X.X. and J.W. was mainly responsible for the diagnosis of BPPV patients and the collection of relevant clini-
cal data; X.C. has mainly summarized raw data and conducted the whole process of the experiment; H.F. was 
mainly responsible for the final data analysis, the paper drafts, and cooperated with X.C. in the whole process 
of the experiment.

Funding
This work was supported by a grant from The Key Programs of the Chinese Logistics Research Project (No. 
BKJ19J020), Physiological Index and Cognitive Level of Spatial Orientation Function (No. 2019ZTC02), Ves-
tibular Function Training and Evaluation (No. KJ20191A050325) and Evaluation of Auditory Function (No. 
14QNP067).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Z.J.

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 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted 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 licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2020

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Carotid imaging changes and serum IL-1β, sICAM-1, and sVAP-1 levels in benign paroxysmal positional vertigo
	Materials and methods
	Patients and clinical study. 
	Evaluation of serum inflammatory factor levels. 
	Statistical analysis. 

	Results
	Discussion
	Conclusion
	References


