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Objective: The present study aimed to determine whether residual dizziness (RD) after successful repositioning treatment in benign paroxysmal positional vertigo (BPPV) patients could be predicted by red blood cell distribution width (RDW).

Materials and methods: In this study, a total of 303 BBPV patients hospitalized at the neurology department were investigated. The enrolled patients were divided into two groups after successful repositioning treatment: non-RD group included patients who were completely cured, and RD group included patients with RD. We collected data on all subjects, including general information, blood routine examination, blood biochemical examination, and magnetic resonance imaging tests.

Results: The mean RDW values of patients in the RD group were significantly higher than that in the non-RD group (13.63 ± 1.8 vs. 12.5 ± 0.8; p < 0.001). In subsequent multivariate analysis, elevated RDW levels were a statistically significant risk factor associated with the occurrence of RD [odds ratio = 2.62, 95% confidence interval (CI) 1.88–3.64, p < 0.001]. The area under the ROC curve was 0.723 in terms of its predictive ability to distinguish patients with RD. A cut-off point of 12.95% of RDW predicted RD with a sensitivity of 75.6% and a specificity of 69.5%. Moreover, the AUC for the ability of the RDW to predict recurrence were 0.692 (95% CI = 0.561–0.831; p < 0.014).

Conclusions: Elevated RDW level was related to increased risk of RD among BPPV patients, requiring further efforts to clarify the actual underlying pathophysiology.
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Introduction

Up to 31%~61% of benign paroxysmal positional vertigo (BPPV) patients suffered from residual dizziness (RD) in the first few days or weeks after successful canalith repositioning procedures (CRPs) (1, 2). Characterized by dizziness, balance disorders, or unsteadiness, RD could seriously affect older adults' gait and balance and increase their risk of falling and consequent injuries (3).

The exact pathophysiology of RD remains controversial (4–7). Oxidative stress (OS) is known to play an important role in several inner ear diseases (8–10). Previous studies have shown that BPPV patients suffered from higher levels of OS than healthy groups (11). In addition, after complete recovery of BPPV symptoms, the index of the OS status decreased significantly (12). Therefore, it can be inferred that the reduction of OS in patients with BPPV after treatment is parallel to symptomatic relief. Whether there is a difference in OS status between RD and non-RD after treatment in BPPV patients has rarely been studied.

The red cell distribution width (RDW) is a biochemical parameter representing the variability in size of circulating red blood cells, which is considered as an informative clinical marker outside of anemia assessment in routine practice (13). Elevated RDW is associated with the occurrence, development, and prognosis of central nervous system diseases (14–16). OS and subsequent subclinical inflammation may be important pathophysiological mechanisms of this clinical phenomenon as increased RDW comprehensively represents a higher level of OS damage (17, 18). Recent experimental evidence has shown that the vestibular system is very sensitive to oxidative damage (12, 19). Therefore, it is compelling to speculate that the alteration of RDW level may be a predictive indicator of RD in BPPV patients. As far as we know, no study has focused on the relationship between RDW and RD.

In this study, we aimed to investigate whether RDW value was helpful in the prediction of RD after successful CRPs in patients with BPPV.



Materials and methods


Participants

Thorough history, neurological, and magnetic resonance imaging (MRI) examinations were performed on all BPPV patients at the neurology department of Zhuhai Hospital of Integrated Traditional Chinese and Western Medicine between December 2014 and December 2020. In this study, only patients with posterior semicircular canal lithiasis (PSC-BPPV) were included and treated with the Epley maneuver. For patients with severe cervical spondylosis or obesity, which could not be coordinated with Epley's maneuver, Semont maneuver was used for reduction.

All patients underwent a bedside neurological assessment, including examination of a mixed torsional and upward beating nystagmus during the Dix-Hallpike position, vestibulo-ocular reflex, and optokinetic and balance tests (20). During the evaluation period, the patients also underwent diagnostic location testing for BPPV assessment. On the second week following successful CRPs, the enrolled patients were subsequently divided into two groups (based on the results of the second Dix-Hallpike test): non-RD group included 509 patients without any dizziness, and RD group included 186 patients with persistent and non-positional atypical dizziness (absence of true positional vertigo and nystagmus). The characteristics of nystagmus in the enrolled patients were observed and recorded by Danish Vestibular nystagmus view analyzer VN415/VO425. In addition, the observation of nystagmus was performed with the patient wearing a blindfold and in a dark room to eliminate the effects of fixation suppression.

Participants also had to meet the following inclusion criteria: (1) no central diseases (including central vertigo), cranial traumas, or stroke; (2) no anemia, immunologic diseases erythrocytosis, cancer, infection, severe cardiovascular disease, and hepatic or renal impairment.

In total, 101 RD subjects (RD group) and 202 age- and sex-matched BPPV patients (non-RD group) were enrolled in the study (Figure 1). We followed the recurrence rate of the enrolled patients at 1, 3, and 6 months. We determined whether there was a recurrence by examining the patient's medical record and confirming the patient's symptoms over the phone.
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FIGURE 1
 Flow chart for patient enrollment of the retrospective cohort study.




Measures

All patients presented to the emergency room with fasting blood collection within 48 h of vertigo. Complete blood counts were determined using the ethylenediaminetetraacetic acid blood sample method on a Toshiba analyzer (Hitachi High Technologies Corporation, Tokyo, Japan). RDW-CV value was calculated as follows: RDW – CV = [red blood cell (RBC) volume standard deviation/average RBC volume] ×100 (13). The normal reference range for RDW in this study was between 11 and 14%. This study reported RDW-CV and denoted RDW.

Meanwhile, serum C-reactive protein (CRP), homocysteine (HCY), albumin (ALB), total bilirubin (TB) levels, alanine aminotransferase (ALT), fasting blood glucose (FBG), uric acid (UA), and creatinine (CRE) were measured by a Hitachi LST008 Analyzer (Hitachi High-Tech, Tokyo, Japan). The values of total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL), and low-density lipoprotein cholesterol (LDL) were measured with the same analyzer. In addition, fibrinogen (FIB) was measured using an automated coagulation analyzer (ACL-TOP-700, Wolfen, Spain).



Statistical analysis

Statistical Package for the Social Sciences (SPSS) for Windows (version 24.0. Chicago, IL) was used to describe the enumeration data by the number of cases (constituent ratio); the measurement data was described by the mean ± standard deviation (x ± s). Count data were analyzed by chi-square test or Fisher exact test; normally distributed measurement data were analyzed by variance analysis; non-normally distributed data of multiple independent samples were analyzed by Kruskal–Wallis test, and non-normally distributed data of two independent samples were analyzed by Mann–Whitney test. Pearson method was used for correlation analysis of normal distribution materials, and the Spearman method was used for correlation analysis of non-normal distribution materials. Variables with p < 0.05 in Table 1 were entered into a forward logistic regression model to identify risk factors for developing RD after BPPV. Results were shown as adjusted ORs (odds ratios) and corresponding 95% confidence intervals (CIs). Receiver operating characteristic (ROC) curve analysis was used to evaluate the ability of RDW to predict RD. The optimal diagnostic cutoff point for RDW was recorded when the Youden index was maximal, and the sensitivity and specificity were calculated separately. Statistical significance was set at p < 0.05.


TABLE 1 The clinical characteristics of the study samples.
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Ethical considerations

The data and samples analyzed in this study were obtained according to the standards and approval of the Ethics Committee of Zhuhai Hospital of Integrated Traditional Chinese and Western Medicine. Because this study was retrospective and all patient data were analyzed anonymously, the Ethics Committee waived the informed consent of the participants.




Results


General statistics

Comparative analysis of clinical characteristics of RD and non-RD patients is shown in Table 1. In terms of personal medical history, there were no differences between the two groups in alcohol consumption, smoking habit, and hypertension (p = 0.912, 0.236, and 0.226, respectively). No differences were observed with respect to BMI, blood pressure, RBC, HGB, PLT, ALT, TG, TC, LDL, HDL, or FIB (all p > 0.05). RD group had more diabetes and higher fasting blood glucose (FBG) than the non-RD group (p = 0.002 and p < 0.001, respectively). Regarding the duration of symptoms, the RD group had a longer time from onset to treatment (20.04 ± 22.33 vs. 21.00 ± 21.15, p =0.116). There was a significant difference in the recurrence between RD and non-RD groups (p < 0.001). Compared with the non-RD group, the number of CRPs was significantly higher (p < 0.001) in the RD group.



OS and inflammatory markers

Higher levels of OS and inflammatory markers in RD patients compared to non-RD patients (p < 0.001). Serum levels of UA, TB, ALB, and CRE in patients with RD were lower than those in the non-RD group (all p < 0.05), indicating a lower antioxidant status at hospital admission (11). In terms of non-specific inflammatory markers, RD patients had higher levels of N/L and CRP (p = 0.006 and 0.003, respectively).



Spearman's correlation analysis about OS and inflammatory markers

Figure 2 shows the results of Spearman's correlation between OS and inflammatory markers and RD in BPPV patients. RDW was positively correlated with CRP and negatively correlated with CRE (both p < 0.05). However, RDW had no correlation with ALB, TB, UA, or N/L (all p > 0.05).


[image: Figure 2]
FIGURE 2
 Correlation between serum RDW level and ALB, CR, TB, UA, CRP and N/L in RD patients.




The relationship between RDW value and the number of CRPs

The effects of RDW on the number of CRPs between the non-RD and RD group were determined. The results showed significant differences in serum RDW levels between the number of CRPs in both inter-group and intra-group comparisons (all p < 0.05). In all, our results showed the number of CRPs in both groups increased with RDW values (Table 2, Figure 3A).


TABLE 2 The relationship between RDW value and number of CRPs, and recurrence of BPPV in 6 months of follow-up.
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FIGURE 3
 The relationship between RDW value and number of CRPs, recurrence of BPPV in 6 months of follow-up.




The relationship between RDW value and recurrence of BPPV in 6 months of follow-up

By categorizing the time of recurrence, it can be concluded that the higher the baseline RDW, the earlier the recurrence onset (although not all p < 0.05; Table 2, Figure 3B).



Multivariate analysis

In the multivariate analysis (Table 3), elevated RDW levels was demonstrated as an independent risk factor which may predict prognosis for patients with RD (OR = 2.62; 95% CI, 1.88–3.64; p < 0.001).


TABLE 3 Risk factors for RD using multiple logistic regression.
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ROC analyses

According to the ROC curve analysis, the optimal cutoff value of the RDW that best distinguished the presence of RD was 12.95%. The area under the curve (AUCs) for the ability of the RDW to predict RD was 0.723 with 75.6% sensitivity and 69.5% specificity, respectively. The AUC for the ability of the RDW to predict recurrence was 0.692 (95% CI = 0.561–0.831; p < 0.014), and the optimal cutoff value was 13.45% (Figure 4)


[image: Figure 4]
FIGURE 4
 ROC curve to establish the sensitivity and specificity of RDW levels to predict the risk of RD and recurrence after BPPV.





Discussion

Our results suggested that (1) RDW was significantly higher in the RD group than in non-RD group, (2) RDW was independently associated with RD-causing 2.62-fold risk increase for every one unit increase in RDW value, (3) a cutoff value of 12.95 for RDW with a sensitivity of 75.6% and a specificity of 69.5% was obtained in the ROC analyses. To our knowledge, this was the first study to investigate the association of RD with RDW, and the first report on RDW as indicators to evaluate the OS status of RD.

Otolithic organ disorder (OOD) is considered the most studied and persuasive among the hypotheses of RD's occurrence and recurrence (21). Emerging literature has shown that patients with BPPV had higher levels of OS and subsequent elevated inflammatory responses, which may contribute to the development of OOD (22, 23). Other studies concluded that OS caused damage to vestibular hair cells and neurons in the inner ear, impairing vestibular function (19). Sequentially, we hypothesized that patients with BPPV were more prone to RD after recovery of CRPs if accompanied by higher OS.


RDW and OS

Cumulative evidence indicated that serum levels of oxidants increased with RDW (18, 24). In this study, the RDW in RD patients was significantly higher than that in non-RD subjects, indicating that RD incidence in BPPV patients may be caused by higher OS. The antioxidant and oxidant systems were imbalanced. Theoretically, low serum antioxidant concentrations may be inversely associated with RDW. Some scholars have found that UA, TB, ALB, and CR can comprehensively reflect the antioxidant status of patients with BPPV (11). Our study found that these four indicators were lower in the RD group than in non-RD group, suggesting that RD patients have lower antioxidant capacity. Moreover, RDW values were inversely correlated with the levels of these four markers (although not all findings were statistically significant), which also indicated that RD patients had weaker antioxidant capacity.

The imbalance between antioxidant and oxidant causes oxidative damage, which can lead to OOD. OS occurs under conditions of increased reactive oxygen species or depletion of antioxidants. Scholars investigated the relationship between antioxidants (serum selenium) and RDW and found that patients with higher RDW had lower serum selenium levels (25). Activation of OS and reduction or depletion of endogenous antioxidant activity promote the increase of RDW.

As we all know, OS plays an important role in several inner ear diseases and normal aging (26). Many studies have shown that the incidence of RD was higher with increasing age, which also proves from another perspective that the etiology of RD may be the result of long-term OS accumulation (27, 28). It is well known that RDW levels increase with age (29), which proves that RDW is an indicator of OS in terms of physiological degradation. In our study, higher OS was a risk factor for the development of RD, suggesting an important role of OS in the pathogenesis. The reasons behind this interesting result deserve further investigation.



RDW and OS-related inflammation

Researchers have found that serum levels of inflammation increased with RDW (25). OS can decrease the lifespan of erythrocytes, while subsequent inflammation is strongly associated with inhibited erythropoiesis, both of which may increase RDW level (24). Scholars investigated the relationship between inflammation markers and RDW and found that patients with higher RDW had higher levels of N/L and IL-6 (25, 30). Similarly, in our study, we found higher levels of RDW, N/L, and CRP in the RD group, which were statistically different from the non-RD group. We excluded infectious diseases and compared WBCs between the two groups to make sure the data were accurate. Given this premise, RDW was positively correlated with CRP in this study, suggesting that RD patients suffered a more severe inflammatory response.

The inflammation cascade reactions may be involved in the pathogenesis of the otolith organ (31). The inner ear has a blood-labyrinth barrier, is connected to the cervical lymph nodes, and produces cytokines through the spiral ligament to participate in the inflammatory response (32). Based on the above mechanisms, the link between inflammation and RD will become more apparent as the disease progresses.

Taken together, our study showed that patients with RD had upregulated inflammation, and the OS-related inflammation was a possible mechanism in the pathogenesis of RD.



RDW and microcirculation

Oxidative stress is a critical factor that causes microcirculation disturbance (33). OS induces erythrocyte adhesion to the vascular endothelium and reduces erythrocyte deformability (34). Moreover, the elevated RDW promotes platelet activation and aggregation, which serves as a marker of the procoagulant status of RBCs (35). The two interact with each other and play a role in the elevation of vessel resistance, which would deform worse and impair blood flow through microcirculation. Increased baseline RDW has been shown to be associated with poor collateral flow in large artery atherosclerosis stroke patients (36). The labyrinthine artery, as the only artery supplying the vestibular system, has less collateral circulation. Therefore, it is reasonable to believe that when RDW increases, its microcirculation becomes poorer and OS is more severe.

The present study revealed that FIB levels were elevated in RD group, indicating higher procoagulant status and worse microcirculation. This is in agreement with a previous study focused on microcirculation, which found that elevated RDW led to slow coronary flow (37). Apart from continuous degradation of the vestibule caused by OS, the deterioration of microcirculation caused by OS may be another reason for the high incidence of RD in older adults. Deng et al. found that Danhong injection significantly improved RD through antioxidant activity and microcirculation improvement (38). However, their results were speculative theories that were supported mostly by pathophysiologic reasoning.



RDW value and the recurrence rate of BPPV and number of CRPs

OS is related to OOD, and it could also be related to its recurrence rate and not only with RD. In this study, the recurrence rate of BPPV was higher in the RD group as compared to the non-RD group, suggesting an association between RDW and recurrence (Table 1). As shown in Figure 3, it can be concluded that the higher the baseline RDW, the earlier the recurrence onset (although not all p < 0.05; Table 2, Figure 3B). Moreover, the AUC for the ability of the RDW to predict recurrence was 0.692. In terms of the number of CRPs, our results showed that RDW values in the two groups increased with CRPs (all p < 0.05; Table 2, Figure 3A). The number of CRPs was proportional to the RDW value. The reasons behind the interesting results deserve further investigation.

As mentioned above, the results of this study showed a higher RDW in the RD group, indicating a higher level of OS in RD patients. In addition, we corroborated the lower antioxidant levels of RD patients by their serum levels of UA, TB, ALB, and CR. In conclusion, our study shows that BPPV patients with a higher OS are more prone to develop RD, which may help to evaluate the prognosis of BPPV patients.



Limitation

Our study has the following limitations. First, the one-time measurement of the RDW value was prone to lead to analytical errors. Second, this was a retrospective study, and the sample was relatively small, which may bias the findings. Third, several OS markers (such as MDA and SOD) and vestibular function test (VEMP and SVV) were not adequately evaluated.




Conclusions

To sum up, our result suggested that RDW could be considered as potential biomarkers of RD. As it is a rapid, inexpensive, and easily available laboratory marker, it can be used in clinical practice for prediction of RD. Also, we put forward a hypothesis that OS plays a role in RD, which needs further investigations.
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