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Persistent postural perceptual dizziness (PPPD) is a common chronic vestibular disorder

characterized by persistent vestibular symptoms, including postural instability and

non-spinning vertigo, which is aggravated by motion, upright posture and moving or

complex visual stimuli. In our review of 198 cases seen over a 5 year period, we have

confirmed a number of common precipitating conditions for PPPD, including anxiety

disorders and vestibular migraine. Vestibular abnormalities, including a unilateral loss of

vestibular hypofunction and isolated otolith abnormalities, were found on investigation in

just under half the cases. The use of cognitive behavioral therapy (CBT) as a treatment

for PPPD resulted in impressive reductions in anxiety and measures of dizziness over

follow up periods of up to 6 months.

Keywords: persistent postural perceptual dizziness (PPPD), cognitive behavioral therapy (CBT), dizziness,

treatment, investigations

INTRODUCTION

PPPD is a form of chronic functional neurological disorder which displays many features of a
sensory misperception or mismatch syndrome. The condition was added to the Barany Society
Classification of Vestibular disorders in 2017 (1), but many of the clinical features have almost
certainly been described under different diagnostic entities since the 19th century (1). Previously
used diagnostic terms such as agoraphobia, space and motion discomfort, psychogenic dizziness,
phobic postural vertigo, visual vertigo and chronic subjective dizziness share many of their clinical
features with PPPD.

The diagnosis of PPPD is based on the presence of one or more symptoms of dizziness,
unsteadiness, or non-spinning vertigo that has been present on most days for 3 months or more,
with exacerbation by upright posture, active or passive movement, and exposure to moving or
complex visual stimuli. Dizziness refers to a sensation of disturbed or impaired spatial orientation
(2), rather than its more common use as a non-specific umbrella term that includes many different
sensations such as faintness and vertigo. The diagnostic criteria also specify that PPPD is usually
triggered by another vestibular disorder, medical illness or psychological distress, and also causes
significant distress or functional impairment.

In this paper, we describe the breakdown of co-morbidities, investigation results and response
to treatment with CBT.
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MATERIALS AND METHODS

A retrospective review of 198 cases personally assessed and
examined by 2 clinicians (JW and LC) over a period of
5 years was examined to document precipitating conditions,
co-morbidities and investigation results. All cases fulfilled
the Barany Diagnostic Criteria for PPPD (1). A number
of neuro-otological investigations were performed including
audiometry, caloric testing, video head impulse testing, and
rotational chair testing. Otolith function was also assessed
with tests of subjective visual horizontal (static bias) and
cervical and ocular vestibular evoked myogenic potentials
(cVEMP and oVEMP). Tests of central pathways were also
conducted (smooth pursuit, vestibulo-ocular reflex suppression
and saccadic analysis).

Patients were counseled regarding the diagnosis, precipitating
conditions, and nature of the abnormal sensory processing
which frequently resulted in an abnormal dependence on visual
over vestibular cues for postural stability. The interplay of
psychological factors, particularly anxiety, was also discussed,
while also emphasizing the physiological basis for many of
the symptoms.

A subgroup of 150 cases was assessed and treated
with a specialized form of cognitive behavioral therapy
(CBT) by a neuropsychologist (KM) and the results of this
treatment are reported. Patients were offered up to 6 sessions
of CBT (mean 4.8).

When counseling patients about the use of CBT in the
treatment of PPPD, it is important to explain that the symptoms
are part of a maladaptive process of abnormal sensory processing
and postural control, in response to stress or another medical
or vestibular disorder, which has become habitual and that these
unhelpful strategies can be changed over time. The relationship
that patients have with PPPD symptoms is often antagonistic or
fearful and may involve self-limiting beliefs regarding recovery.
An important aspect of the treatment is to encourage patients to
see the symptoms as non-threatening.

Patients were asked to list specific avoidance behaviors
because of their PPPD symptoms which helped to guide the
behavioral component of the work. Such factors as fear of
falling, social embarrassment, avoidance, and safety behaviors
were addressed through explanation of high-risk postural
control and other responses that had become maladaptive and
which were contributing to the vicious cycle of symptoms.
Gait was observed and, if possible, video-recorded with the
patient’s permission and compared to footage of their gait with
low-risk alterations. In-session behavioral experiments and
activities were used to demonstrate and explain features such
as distractibility and reversibility. Mindfulness or relaxation
techniques were used as tools for reducing symptoms,
particularly at times when subjects were undertaking graded
exposure tasks.

Dizziness symptoms (DSI) (3), dizziness handicap (DHI)
(4), avoidance and safety behaviors (3) and anxiety (DASS-
21) (5) scores were calculated before and immediately after
treatment, as well as some preliminary data for 6 month
follow up.

RESULTS

Of the 198 cases originally selected to examine precipitating
conditions, co-morbidities and investigations results, 136 (69%)
were female. The age range was 16 to 87 years, with the average
age being 47.6 years. Of the subgroup managed with CBT, the
mean age was 46. The median symptom duration was 1.5 years,
ranging from 3 months to 35 years with an average of 3.5 years,
placing this group in the middle range of other published studies
regarding illness duration.

The breakdown of the precipitating conditions is shown
in Figure 1. Of note, the most common associated vestibular
condition was vestibular migraine, being present in 25% of cases.
Psychological distress in the form of anxiety and post-traumatic
stress disorder (PTSD)was present in 42% of cases. Inmany other
cases anxiety also developed as a complication of PPPD.

Neuro-otological investigations were performed in 126
patients (Figure 2). The majority of patients had normal results
(51%), though there were also many patients with vestibular
abnormalities, including a significant number with isolated
unilateral otolith abnormalities based on static bias, cVEMP and
oVEMP results. Central pathway abnormalities, mostly mild,
were found in 6 patients only, and these results did not change
the underlying diagnosis of the precipitating condition.

Of the 186 patients who were referred for CBT, 8 patients
dropped out after the first CBT session and 28 patients did
not complete the treatment program. Many in the latter group
had other significant psychological or psychiatric comorbidities.
Of the study group, 100 patients had at least tried medication
including selective serotonin reuptake inhibitors, serotonin and
norepinephrine reuptake inhibitors, tricyclic antidepressants
and/or vestibular rehabilitation.

Table 1 shows analysis of the pre- to post- treatment
reduction in PPPD symptoms, disability, avoidance and safety
behaviors, and anxiety. The pre-treatment means place the
group in the moderate range of handicap with respect to the
Dizziness Handicap Inventory and the moderate range of anxiety
on the DASS-21.

Large effect sizes and significant differences were seen across
all four measures, comparable to those reported by other studies
using brief CBT (3). The large effect size for anxiety is an
improvement on other studies that have used fewer treatment
sessions (3).

Given the single group pre-post design, we also used
individual based change (IBC) statistics to identify specific
individuals who showed statistically reliable change, as suggested
by Estrada et al. (6). If the pattern of individual changes is
normally distributed, the proportion of individuals that show
reliable change is a direct function of the shift of the normal
distribution from a mean of no change. However, this is not the
case when data are not normally distributed (e.g., skewed) or if
there are outliers. In addition, the proportion of individuals who
show statistically reliable individual change, even from a normal
distribution, is more clinically interpretable than Cohen’s d or t-
values that assume homogeneity of change. The reliable change
index (RCI) of Jacobson and Traux (7) does not assume equality
of pre- and post-test variances and was used for that reason.
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FIGURE 1 | Breakdown of PPPD co-morbidities. PTSD, post-traumatic stress disorder; V. Migraine, vestibular migraine; BPPV, benign paroxysmal positional vertigo.

Statistically reliable change is different to clinically meaningful
change, however it is interesting to estimate the proportion
of patients who became reliably better (not excluding placebo
effects), as well as those who became reliably worse.

Figure 3 shows a scatterplot of the change in individual pre-
and post-CBT scores in which the red dots are statistically
reliable change, the blue dots are statistically non-reliable change,
and the diagonal line represents no change. The percentage
of pre-post CBT reliable changes are: DSI- 42%, DHI 45.33%,
ASB 40.67% and Anxiety 27.33%. Change frequencies (pre-CBT
minus post-CBT) are presented for each outcome measure in the
accompanying histogram. As demonstrated, across each of the
four outcome measures almost everyone improved to a greater
or lesser degree.

Preliminary six-month follow-up data from 49 cases
demonstrates significant additional average improvement
between post-treatment and 6-month follow-up (Table 2). Given
the low sample and effect size/s, it is noted that none of these
changes were statistically reliable.

DISCUSSION

Although the majority of cases of PPPD develop as a result
of previously noted precipitating conditions, occasional cases
appeared to begin without any obvious trigger. Caution should
be exercised in cases of slowly progressive onset without a clear
onset precipitating condition as other neurological conditions,
particularly neurodegenerative disorders, may be confused. False
sensations of “rocking”, “swaying” or “bouncing” and visual
motion sensitivity can also be seen in the condition of mal
de debarquement which is typically triggered by prolonged
vehicular motion. However, in this condition, the symptoms
characteristically reduce during passive motion, in contrast to the
passive motion aggravation that occurs in PPPD (8).

The most common associated vestibular disorder was
vestibular migraine, an observation which may be at least
partially explained by the presence of abnormal sensory
processing and visual motion sensitivity in both vestibular
migraine (9, 10) and PPPD (11).

There was also a high incidence of anxiety and PTSD in our
study. Psychological comorbidities, including anxiety, depression
and obsessive personality traits have been described as cardinal
features in the setting of the related condition of phobic postural
vertigo, and it has been postulated that there is an anxiety-related
conscious awareness of discrepancies between anticipated and
actual movements that occurs transiently in the course of normal
voluntary motion, a form of efferent-afferent mismatch (12). The
association of anxiety may also be explained by physiological
factors. In a study of patients with anxiety disorders, an
association between higher space and motion discomfort and
increased reliance on somatosensory information for postural
control was documented (13). Likewise, in studies of visual
vertigo, an abnormally large reliance on visual cues for spatial
disorientation was found (14, 15). A review of neuroimaging
studies has also supported the hypothesis of visual dependence
and anxiety-related mechanisms on locomotor control and
spatial orientation (16).

It is also interesting to note that another condition, visual
snow, consisting of persistent visual disturbance described as
constant flickering dots or static, has also been postulated to be
a syndrome of impaired sensory processing which may share a
similar pathophysiology with PPPD and other conditions such as
migraine and tinnitus (17, 18). PPPD and visual snow also share
high rates of psychiatric dysfunction including anxiety (1, 19). A
high incidence of balance disorders has been reported in a large
study of visual snow (20), and dizziness has also been noted in up
to 30% of cases (O.White personal communication).

Vestibular investigations are not needed tomake the diagnosis
of PPPD but are useful in some cases to exclude or diagnose

Frontiers in Neurology | www.frontiersin.org 3 December 2021 | Volume 12 | Article 795516

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Waterston et al. PPPD Precipitating Conditions and Treatment

FIGURE 2 | Investigation results. BPPV, benign paroxysmal positional vertigo.

TABLE 1 | Means, SDs, Cohen’s d effect sizes and paired t-tests on outcome

measures at pre- and post-treatment (n = 150).

Outcome Mean SD Effect 95% confidence t-value

measure Size interval

DSI

Pre-treatment 29.94 12.98 1.29 27.84–32.03 −18.02***

Post-treatment 15.23 9.63 13.68–16.79

DHI

Pre-treatment 50.03 20.80 1.33 46.65–53.40 −19.32***

Post-treatment 23.92 18.82 20.86–26.98

ASB

Pre-treatment 20.57 12.09 1.5 18.64–22.54 −15.64***

Post-treatment 7.72 7.41 6.52–8.92

Anxiety

Pre-treatment 12.76 9.15 0.87 11.26–14.27 −10.72***

Post-treatment 6.1 6.09 5.08–7.09

***p = 0.0005. DSI, Dizziness Symptom Inventory; DHI, Dizziness Handicap Inventory;

ASB, Avoidance and Safety Behaviors; Anxiety, DASS-21 Anxiety scale.

other underlying vestibular disorders. The cross-section of
investigation results is not surprising. Many patients with
primary anxiety or vestibular migraine would be expected to have
normal results. Peripheral vestibular abnormalities are also well
described associations. One surprising finding was the significant
finding of cases with isolated otolith abnormalities. While some
caution needs to be exercised in interpreting these abnormalities,
it is interesting to note the association, given the importance of
otolith function in postural control.

Prior to presentation and diagnosis, many patients had
already undertaken trials of vestibular rehabilitation therapy
with some but limited benefit. While many had noted a modest
initial symptom improvement with this treatment, other forms

of therapy were usually necessary to produce substantial
symptomatic improvement. Nevertheless, patients were
encouraged to continue their vestibular exercise therapy while
undergoing other treatments to improve balance and mobility,
and to reduce motion-induced dizziness. Antidepressant medical
therapy including selective serotonin reuptake inhibitors,
serotonin and norepinephrine reuptake inhibitors and tricyclic
antidepressants were considered along with CBT. The choice of
initial treatment between CBT and medical therapy was made
after discussion with the patient and was often influenced by
other factors including geographical access and availability.
Many patients required a combination of medication and CBT.

The large effect size for reduction in anxiety symptoms
after CBT is greater than that seen in studies using fewer
sessions of CBT or monotherapies (3) and similar to others
with combined treatments of medication/CBT or vestibular
rehabilitation (21). The smaller 6-month follow up sample
revealed further improvements across all parameters. Other
studies have demonstrated a stabilization of anxiety, but
not further improvement (3). One likely hypothesis is that
continued use of medication and/or vestibular rehabilitation
and/or CBT tools over a 6 month period builds on gains
during treatment with consolidation of a more positive
and adaptive cycle. Alternatively, it may be that offering
more CBT sessions is better at addressing anxiety in the
longer term.

The overall aim of CBT was to encourage subjects to re-focus
on meaningful and productive activities. This frequently meant
acceptance of a certain degree of dizziness and anxiety. In our
experience, and in published studies, the most common outcome
is reduction of PPPD symptoms rather than elimination. The
overall goal was therefore explained as a functional recovery
in the face of persistent but diminishing symptoms and
impairment. Some spectacular results were often achieved,
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FIGURE 3 | Pre- and post-CBT results and change frequencies for each

outcome measure. (Red dots are statistically reliable change, blue dots are

non-reliable change and diagonal line represents no change).

even in patients who had been experiencing symptoms for
many years.

One potential weakness of this study was the lack of a control
group. However, we concluded that the improvements noted
were not solely related to placebo effects. In the previously
mentioned study of CBT (3), there was a control group, but the
placebo effect was much smaller than the effect seen in our study.
Many of our patients were also resistant to previous treatments,
making it less likely that the improvements were related to
placebo alone.

TABLE 2 | Means, SDs, Cohen’s d effect sizes and paired t-tests on outcome

measures at post-treatment and 6 month follow-up (n = 49).

Outcome Mean SD Effect 95% confidence t-value

measure Size interval

DSI

Post-treatment 14.16 8.87 0.52 11.62–16.71 −2.86**

Follow up 9.86 7.56 7.68–12.03

DHI

Post-treatment 23.47 18.38 0.54 18.19–28.75 −2.96**

Follow up 14.78 13.69 10.84–18.71

ASB

Post-treatment 7.89 6.38 0.37 5.71–10.08 −1.84*

Follow up 5.31 7.61 3.47–7.14

Anxiety

Post-treatment 6.36 5.74 0.69 4.72–8.02 −3.26**

Follow up 2.98 3.96 1.84–4.12

*p < 0.05 **p < 0.005. DSI, Dizziness Symptom Inventory; DHI, Dizziness Handicap

Inventory; ASB, Avoidance and Safety Behaviors; Anxiety, DASS-21 Anxiety scale.

The diagnosis of PPPD was generally well accepted by the
great majority of patients, after explanation of the possible
physiological basis for the development of symptoms and the
contribution of psychological factors. In contrast, previously
used diagnostic labels, such as psychogenic dizziness and
phobic postural vertigo, are often more difficult for patients to
accept as the symptoms are often perceived to have a primary
psychological basis. In our experience, the acceptance and
understanding of the diagnosis offers the greatest opportunity
for recovery with appropriate therapy, particularly with the use
of CBT. Recently, we have also found that CBT was able to be
performed successfully using video telehealth, after this mode of
treatment became necessary during the Covid-19 pandemic.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

JW and LC diagnosed, investigated and treated the patient
group. JW wrote the initial draft of the paper. JG performed
the oto-neurology investigations and analysed these results. KM
performed the cognitive behavioral therapy and undertook the
initial analysis of the results of this treatment. GS undertook
further analysis of the results and provided the statistical models
for this work. All authors contributed to the article and approved
the submitted version.

FUNDING

This article is being funded by the Visual Snow Initiative.

Frontiers in Neurology | www.frontiersin.org 5 December 2021 | Volume 12 | Article 795516

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Waterston et al. PPPD Precipitating Conditions and Treatment

REFERENCES

1. Staab JP, Eckhardt-Henn A, Horii A, Jacob R, Strupp M, Brandt

T, et al. Diagnostic criteria for persistent postural-perceptual dizziness

(PPPD): Consensus document of the committee for the Classification of

Vestibular Disorders of the Barany Society. J Vestib Res. (2017) 27:191–

208. doi: 10.3233/VES-170622

2. Bisdorff A, Von Brevern M, Lempert T, Newman-Toker DE. Classification

of vestibular symptoms: towards an international classification of vestibular

disorders. J Vestib Res. (2009) 19:1–13. doi: 10.3233/VES-2009-0343

3. Edelman S, Mahoney AE, Cremer PD. Cognitive behavior therapy for chronic

subjective dizziness: a randomized, controlled trial. Am J Otolaryngol. (2012)

33:395–401. doi: 10.1016/j.amjoto.2011.10.009

4. Jacobsen GP, Newman CW. The development of the dizziness

handicap inventory. Arch Otolaryngol Head Neck Surg. (1990)

116:424–7. doi: 10.1001/archotol.1990.01870040046011

5. Lovibond SH, Lovibond PF. The Depression, Anxiety and Stress Scales 21

(DASS-21). Sydney: School of Psychology, University of New South Wales.

(1995). doi: 10.1037/t01004-000

6. Estrada E, Ferrer E, Pardo A. Statistics for evaluating pre-post change: relation

between change in the distribution center and change in the individual scores.

Front Psychol. (2018) 9:2696. doi: 10.3389/fpsyg.2018.02696

7. Jacobson NS, Truax P. Clinical significance: a statistical approach to defining

meaningful change in psychotherapy research. J Consult Clin Psychol. (1991)

59:12–9. doi: 10.1037/0022-006X.59.1.12

8. Cha YH, Baloh RW, Cho C, Magnusson M, Song JJ, Strupp M, et al. Mal

de debarquement syndrome diagnostic criteria: Consensus document of the

Classification Committee of the Barany Society. J Vestib Res. (2020) 30:285–

93. doi: 10.3233/VES-200714

9. Lim YH, Kim JS, Lee HW, Kim SH. Postural Instability Induced by Visual

Motion Stimuli in Patients With Vestibular Migraine. Front Neurol. (2018)

9:433. doi: 10.3389/fneur.2018.00433

10. Bednarczuk NF, Bonsu A, Ortega MC, Fluri AS, Chan J, Rust H, et

al. Abnormal visuo-vestibular interactions in vestibular migraine: a cross

sectional study. Brain. (2019) 142:606–16. doi: 10.1093/brain/awy355

11. Riccelli R, Passamonti L, Toschi N, Nigro S, Chiarella G, Petrolo C, et al.

Altered insular and occipital responses to simulated vertical self-motion in

patients with persistent postural-perceptual dizziness. Front Neurol. (2017)

8:529. doi: 10.3389/fneur.2017.00529

12. Brandt T. Phobic postural vertigo. Neurology. (1996) 46:1515–

9. doi: 10.1212/WNL.46.6.1515

13. Jacob RG, Redfern MS, Furman JM. Space and motion discomfort and

abnormal balance control in patients with anxiety disorders. J Neurol

Neurosurg Psychiatry. (2009) 80:74–8. doi: 10.1136/jnnp.2007.136432

14. Cousins S, Cutfield NJ, Kaski D, Palla A, Seemungal BM, Golding JF, et al.

Visual dependency and dizziness after vestibular neuritis. PLoS ONE. (2014)

9:e105426. doi: 10.1371/journal.pone.0105426

15. Cousins S, Kaski D, Cutfield N, Arshad Q, Ahmad H, Gresty MA, et al.

Predictors of clinical recovery from vestibular neuritis: a prospective study.

Ann Clin Transl Neurol. (2017) 4:340–6. doi: 10.1002/acn3.386

16. Indovina I, Passamonti L, Mucci V, Chiarella G, Lacquaniti F, Staab JP.

Brain correlates of persistent postural-perceptual dizziness: a review of

neuroimaging studies. J Clin Med. (2021) 10:4274. doi: 10.3390/jcm10184274

17. White OB, Clough M, McKendrick AM, Fielding J. Visual

snow: visual misperception. J Neuroophthalmol. (2018) 38:514–

21. doi: 10.1097/WNO.0000000000000702

18. Klein A, Schankin CJ. Visual snow syndrome, the spectrum of perceptual

disorders, and migraine as a common risk factor: a narrative review.

Headache. (2021) 16:1306–13. doi: 10.1111/head.14213

19. Solly EJ, Clough M, Foletta P, White OB, Fielding J. The psychiatric

symptomology of visual snow syndrome. Front Neurol. (2021)

12:703006. doi: 10.3389/fneur.2021.703006

20. Lauschke JL, Plant GT, Fraser CL. Visual snow: a thalamocortical

dysrhythmia of the visual pathway? J Clin Neurosci. (2016) 28:123–

7. doi: 10.1016/j.jocn.2015.12.001

21. Yu YC, Xue H, Zhang YX, Zhou J. Cognitive behavior

therapy as augmentation for sertraline in treating patients with

persistent postural-perceptual dizziness. Biomed Res Int. (2018)

2018:8518631. doi: 10.1155/2018/8518631

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Waterston, Chen, Mahony, Gencarelli and Stuart. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 6 December 2021 | Volume 12 | Article 795516

https://doi.org/10.3233/VES-170622
https://doi.org/10.3233/VES-2009-0343
https://doi.org/10.1016/j.amjoto.2011.10.009
https://doi.org/10.1001/archotol.1990.01870040046011
https://doi.org/10.1037/t01004-000
https://doi.org/10.3389/fpsyg.2018.02696
https://doi.org/10.1037/0022-006X.59.1.12
https://doi.org/10.3233/VES-200714
https://doi.org/10.3389/fneur.2018.00433
https://doi.org/10.1093/brain/awy355
https://doi.org/10.3389/fneur.2017.00529
https://doi.org/10.1212/WNL.46.6.1515
https://doi.org/10.1136/jnnp.2007.136432
https://doi.org/10.1371/journal.pone.0105426
https://doi.org/10.1002/acn3.386
https://doi.org/10.3390/jcm10184274
https://doi.org/10.1097/WNO.0000000000000702
https://doi.org/10.1111/head.14213
https://doi.org/10.3389/fneur.2021.703006
https://doi.org/10.1016/j.jocn.2015.12.001
https://doi.org/10.1155/2018/8518631
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Persistent Postural-Perceptual Dizziness: Precipitating Conditions, Co-morbidities and Treatment With Cognitive Behavioral Therapy
	Introduction
	Materials and Methods
	Results
	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	References


