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Objective

To evaluate the effect of conservative therapy in improving function and symptom for patients with Persistent Postural-Perceptual Dizziness (PPPD) in order to provide evidence for clinical practice.





Methods

Randomized controlled trials (RCTs) assessing the effect of conservative therapy for PPPD were searched in 5 databases (CNKI, Wanfang, SinoMed, PubMed and EMBASE) up to 8th March 2025. Risk of bias of included studies were assessed using Cochrane Risk-of-Bias (RoB) tool version 2. Meta-analysis was conducted where applicable.





Results

Twenty-two studies (1,764 patients) were included in this review. For selective serotonin reuptake inhibitors (SSRIs) and vestibular rehabilitation therapy (VRT), the pooled estimates presented consistent results that the combined therapy had significant improvements on Dizziness Handicap Inventory (DHI) and Hamilton Anxiety Scale (HAMA) compared with single therapy. However, the certainty of the effect of cognitive behavioral therapy (CBT) and transcranial direct current stimulation (tDCS) were unclear due to limited number of studies and small sample size. The major concern of risk of bias of included studies laid to selection of reported results and randomization process. Certainty of all outcomes were judged to be moderate to very low by using the GRADE (Grading of Recommendations Assessment, Development and Evaluation).





Conclusion

Conservative therapies, particularly SSRIs combined with VRT or CBT, could improve functional status and symptom severity in PPPD patients with favorable safety profiles. Based on current evidence, we recommend to prioritize SSRI plus structured VRT as treatment option for patients with PPPD.





Systematic review registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42024544565.
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1 Introduction

First proposed by Staab and Ruckenstein in 2015, Persistent Postural-Perceptual Dizziness (PPPD) was later categorized in chronic vestibular syndromes according to the International Classification of Diseases (11th Revision) and characterized by persistent non-rotatory dizziness, postural instability, and hypersensitivity to motion or complex visual stimuli (1). PPPD affects a large number of patients, accounting for 10% of outpatient dizziness cases, especially among women aged 40–60 years. Apart from its unclear pathophysiology, diagnosis and treatment of PPPD is often challenging due to the significant presence of anxiety, depression, or autonomic dysfunction in PPPD patients, negative findings in laboratory or imaging examinations (2). Currently, the first line treatment for PPPD is selective serotonin reuptake inhibitors (SSRIs), including sertraline, escitalopram, and fluoxetine (3). However, the use of SSRIs is problematic due to its common side effects (nausea, vomiting, sleep disorders, and sexual dysfunction, etc.), slow-acting and possibility to exacerbate patient anxiety during the initial stages of treatment, as well as serotonin syndrome related to long-term use of SSRI (4). Other conservative therapies, including vestibular rehabilitation therapy (VRT), cognitive behavioral therapy (CBT), multimodal approaches (e.g. lifestyle modifications and patient education) and etc. can also improve PPPD symptoms to some extent (5). However, existing studies report inconsistent effect of above mentioned therapies and no systematic review conducted. Therefore, this study aims to synthesize evidence from RCTs to assess the effect and safety of conservative interventions for PPPD.




2 Methods

This systematic review was conducted in accordance with the Cochrane Handbook for Systematic Reviews of Interventions and reported following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension statement for NMA (PRISMA-NMA) (Supplementary File 1). The study protocol was prospectively registered in PROSPERO (CRD42024544565).



2.1 Search strategy

Five electronic databases, including CNKI, Wanfang, SinoMed, PubMed, and EMBASE, were searched from inception to 8th March 2025. Chinese keywords included 持续性姿势-知觉性头晕’ , ‘持续性姿势-感知性头晕’ , ‘慢性主观性头晕’ , ‘慢性前庭综合征’, ‘随机对照试验’, ‘随机’, ‘对照实验’ and ‘临床试验. English keywords included ‘PPPD’, ‘Persistent Postural-Perceptual Dizziness’, ‘Functional dizziness’, ‘Chronic subjective dizziness’, ‘randomized controlled trial’, ‘randomized’, ‘controlled trial’ and ‘clinical trial’. Both free words and subject headings were applied in search strategy for each database when necessary (Supplementary File 2).




2.2 Inclusion criteria

Studies were included if they met all of the following criteria: 1) Study design: Randomized controlled trials (RCTs) published in Chinese or English; 2) Population: Patients meeting diagnostic criteria of PPPD or chronic subjective dizziness (CSD); 3) Interventions: Conservative therapies, including but not limited to SSRIs, VRT, physiotherapy, acupuncture, etc.; and 4) Outcomes: any indicators assessing severity of PPPD symptoms, anxiety and quality of life, including Dizziness Handicap Inventory (DHI), Hamilton Anxiety Scale (HAMA), Hamilton Depression Scale (HAMD), Hospital Anxiety and Depression Scale (HADS) and etc.




2.3 Exclusion criteria

Studies were excluded if they met any of the following criteria: 1) duplicated publications of one study; 2) full-texts were not available or no analyzable outcome data; and 3) herbal medicine used alone or in combination with others in either groups, or comparison between different types of acupuncture, or different treatment frequencies or protocol of the same type of acupuncture.




2.4 Study selection and data extraction

Two researchers independently screened titles, abstracts, and full texts of all retrieved literature using EndNote X9. Discrepancies were settled by a senior reviewer. Data extracted included author information, characteristic of study population, sample size, study design, details of interventions, outcome measures, and adverse events.




2.5 Assessment of risk of bias and certainty of evidence

The Cochrane Risk of Bias Tool version 2 (RoB 2) was employed to assess methodological rigor of included studies through five domains: 1) randomization process; 2) deviations from intended interventions; 3) missing outcome data; 4) measurement of the outcome; and 5) selection of the reported result. Each study was categorized into three risk levels (low risk, high risk, or unclear risk) for every domain through standardized evaluation criteria. Two investigators independently conducted the risk of bias assessments followed by cross-checking, with discrepancies solved by a senior researcher.

GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach was conducted to evaluate the certainty of evidence.




2.6 Statistical analysis

Included studies were categorized based on their types of interventions. For continuous variables, the mean difference (MD) was used to measure treatment effect with 95% CIs. For dichotomous variables, treatment effects were presented as a risk ratio (RR) with 95% CIs. Meta-analyses were undertaken to synthesize outcome data where appropriate. Whether a fixed or a random effect model was adopted was determined by the results of the χ2 test and I2 test for heterogeneity. An I2 value of 50% or more indicated a substantial level of heterogeneity. A p value of less than 0.05 (two-sided testing) was considered as statistical significance. RevMan software version 5.4.1 was used to conduct statistical analysis.





3 Results



3.1 Search results

The initial database search yielded 1,161 records, comprising 256 papers in Chinese and 848 in English. After removing 167 duplicate records, 994 papers were kept and screened by title and abstract. Then 863 papers were excluded for not meeting the inclusion criteria, and 131 were left for full-text review. Finally, 22 studies of RCT were included for analysis. The study selection process is illustrated in Figure 1.

[image: PRISMA 2020 flow diagram for systematic reviews. Identification: 1161 records found from databases like CNKI, CBM, WANFANG, PubMed, and Embase. Duplicates (167) removed, leaving 994. Screening: Excluded 863 records by title and summary, including unrelated topics (687), different population (9), and non-randomized trials (167). After this, 131 records remained. Full-text screening excluded 109 for unclear outcomes, non-English/Chinese publication, and other criteria. Final inclusion: 22 records.]
Figure 1 | Study selection flow chart.




3.2 Study characteristics

There were 22 studies (n = 1,764 patients) included in this review. Among these, 12 studies with 1,052 patients (6–17) assessed the effect of SSRIs (including citalopram, sertraline, duloxetine, fluoxetine, and escitalopram), 3 studies with 185 patients (18–20) assessed the effect of non-SSRI medication, 5 studies with 463 patients (8, 21–24) investigated the effect of VRT, 1 study with 23 patients (25) examined the effect transcranial direct current stimulation (tDCS) and 1 study with 41 patients (26) evaluated the effect of CBT. All included trials employed parallel-group designs with comparable baseline data between groups (Table 1).


Table 1 | Characteristics of included studies for PPPD.
	Author
Year
Country
	Diagnosis
	Study design
	Experimental group
	Control group
	period
	Follow-up
	Outcome measures
	Adverse event


	Sample size (m/f)
	Mean age
	Intervention
	Sample size (m/f)
	Mean age
	Intervention



	Hou
2021
China (21)
	PPPD
	RCT
	43 (19/24)
	53.3 ± 4.6
	VRT+escitalopram,
escitalopram initiated from 5mg daily and increased to 20 mg daily by 2 weeks,
VRT same as control
	43 (20/23)
	52.8 ± 4.3
	VRT,
once daily, 20~25min/time
	4-week
	N/R
	DHI,
HAMA,
HAMD,
	N/R


	Meng
2021
China (22)
	PPPD
	RCT
	71 (31/40)
	32.92 ± 5.59
	SRT+NCC,
SRT not specified;
NCC same as the control.
	71 (32/39)
	32.85 ± 5.23
	RRT+NCC,
RRT not specified;
NCC initiated from 1 capsule daily, increased to 1 capsule, twice daily when necessary.
	1month
	N/R
	DHI
	N/R


	Zhang
2022
China (6)
	PPPD
	RCT
	45 (20/25)
	66.40 ± 5.45
	sertraline+VRT,
VRT 3 times daily, 20min/time;
Sertraline same as the control.
	45 (24/21)
	66.50 ± 5.50
	sertraline
25 mg/time, once daily from day 1 to 3, can be increased ≤ 100mg/day in 7-day when necessary.
	6-week
	N/R
	SAS,SDS
	N/R


	Cao
2020
China (7)
	PPPD
	RCT
	30 (14/16)
	46.97 ± 12.72
	duloxetine +biofeedback-CBT+VRT,
duloxetine initiated from 30mg/day, and increased to 60mg/d when necessary.
biofeedback-CBT+VRT same as the control.
	30 (12/18)
	47.27 ± 13.26
	escitalopram+ biofeedback-CBT+VRT,
escitalopram initiated from 5mg/day, increased to 10mg/day in 6-week; biofeedback-CBT twice weekly, 0.5h/session;
VRT 3 times/day, 10min/session
	6-week
	N/R
	DHI,
HADS
	N/R


	Li
2021
China (8)
	PPPD
	RCT
	30 (12/18)
	55.21 ± 4.23
	sertraline+
acupuncture,
acupuncture & Lingnan fire needle at GV20, once/day;
sertraline same as the control.
	30 (13/17)
	56.13 ± 3.25
	sertraline, 50mg/time, once daily
	4-week
	N/R
	DHI,
HAMA,
HAMD
	N/R


	Li
2022
China (27)
	PPPD
	RCT
	40 (22/18)
	53.37 ± 8.92
	VRT+acupuncture(thumb-tack needle),
acupuncture at ear acupoints (shenmen, heart, sympathetic, liver, kidney, subcortical, anterior pendulum),bilateral GV26, PC6,HT7, LR3, ST36, SP6, once/week;
VRT same as the control.
	40 (19/21)
	55.37 ± 8.08
	VRT 4 times/day
	4-week
	N/R
	SSS, HAMA
	N/R


	Lin
2020
China (9)
	PPPD
	RCT
	30 (9/21)
	49.59 ± 15.13
	fluoxetine+TES,
TES 30min/time, once daily, 10-day for 1 course, 3-course in total; fluoxetine same as the control.
	30 (10/20)
	48.14 ± 16.42
	fluoxetine 20mg/time, once daily
	30-day
	N/R
	DHI
HADS
	N/R


	Mo
2019
China (10)
	PPPD
	RCT
	70 (34/36)
	40.15 ± 2.61
	escitalopram
1–2 tablets/day for 30 consecutive days.
	70 (25/35)
	40.22 ± 2.56
	VRT not specified
	30-day
	N/R
	DHI,
HAMA
HAMD
	N/R


	Yuan
2020
China (18)
	PPPD
	RCT
	33 (16/17)
	41.23 ± 5.63
	deanxit+AGT,
AGT: 100 mg/time, 3 times/day;
deanxit same as the control
	30 (12/18)
	37.72 ± 7.15
	deanxit
10.5mg/day
	2-week
	N/R
	DHI
	N/R


	Zhao
2020
China (11)
	PPPD
	RCT
	29 (–)
	N/R
	sertraline+VDT,
VDT not specified,
20min/day;
sertraline same as the control
	27
	N/R
	sertraline,
25mg/day
	6-month
	6-month
	DHI
HADS
	4 cases


	Zhao
2021
China (12)
	PPPD
	RCT
	29 (8/21)
	51.41 ± 2.26
	Citalopram+ acupuncture,
acupuncture at EX-HN3, GV23, EX-HN5, GV20, EX-HN1, GB20, GB12, BL10, EX-B2 C3-5, GB39, HT7, SP6, LI4, LR3, 30mins/time, 3 times/week;
escitalopram same as the control.
	29 (5/24)
	49.05 ± 4.74
	escitalopram
1 tablet/time, once daily
	8-week
	N/R
	DHI
HAMA
HAMD
	N/R


	Chen
2018
China (13)
	PPPD
	RCT
	75 (38/37)
	47 ± 11
	Citalopram+ VRT+psychotherapy,
VRT not specified, twice/day, 10-15mins/time;
psychotherapy twice/week, 20mins/time;
citalopram same as the control.
	75 (39/36)
	47 ± 10
	citalopram
20mg/day
	2-month
	N/R
	DHI
HAMA
HAMD
	N/R


	Zhou
2019
China (14)
	PPPD
	RCT
	32 (13/19)
	46.88 ± 9.36
	citalopram+ biofeedback-CBT
biofeedback 3 times/week, 30mins/time. CBT twice/week, 40mins/time. citalopram same as the control.
	32 (15/17)
	47.95 ± 10.84
	citalopram,
1st week 5mg/day, 2nd week increase to ≤ 20mg once daily.
	8-week
	N/R
	DHI
	N/R


	Xu
2023
China (19)
	PPPD
	RCT
	30 (22/8)
	56 (51.2-66.5)
	betahistine+VRT,
VRT not specified; betahistine same as the control.
	30 (19/11)
	58 (47-65)
	betahistine
6mg/time, 3 times/day
	8-week
	N/R
	DHI
VSI
	N/R


	Edelman2012
Australia (26)
	PPPD
	RCT
	20
	N/R
	CBT
Once/week
	21
	N/R
	wait-list control
	3-week
	6-month
	DHI
DSI
SBI
	N/R


	Im
2020
Korea (25)
	PPPD
	RCT
	12 (4/8)
	47.8 ± 13.0
	tDCS 20 mins/time, 15 times for 3 weeks
	11 (4/7)
	51.7 ± 13.1
	sham tDCS 20mins/time, 15 times for 3 weeks
	3-week
	3-month
	DHI
ABC
HDRS
HARS
	N/R


	Teh
2024
Malaysia (23)
	PPPD
	RCT
	30 (8/22)
	44.77 (10.04)
	home-based VRT, at least 10 mins/day
	29 (10/19)
	48.41 (7.33)
	hospital-based VRT, at least 3 times/day
	12-week
	N/R
	DHI
EQ5D
	N/R


	Qi
2018
China (15)
	PPPD
	RCT
	60 (28/32)
	46.4 ± 6.3
	Citalopram+ VRT+CBT,
VRT 10mins/time, 3 times/day;
CBT 40mins/time, 2 times/week;
citalopram same as the control.
	60 (27/33)
	46.9 ± 7.1
	citalopram
10mg, once daily
	60-day
	N/R
	Anxiety score
	N/R


	Yang
2018
China (24)
	PPPD
	RCT
	48 (20/28)
	41.68 ± 5.79
	VRT+citalopram +CBT,
citalopram once daily, 10mg/day in the 1st week, ≤20mg/day in the 2nd week;
CBT once/week;
VRT same as the control.
	48 (22/26)
	40.75 ± 8.23
	VRT not specified once daily
	8-week
	N/R
	DHI
HAMA
HAMD
	N/R


	Cao
2024
China (16)
	PPPD
	RCT
	37 (14/23)
	56.47 ± 10.28
	duloxetine+VRT,
duloxetine 30 mg/day in the 1st week, 60 mg/day from the 2nd week;
VRT not specified
	37 (12/25)
	56.19 ± 10.46
	duloxetine same as experimental group
	8-week
	N/R
	DHI
HADS
PSQI
BBS
MoCA
	N/R


	Liu
2024
China (17)
	PPPD
	RCT
	60 (25/35)
	57.30 ± 4.32
	duloxetine+VRT,
duloxetine 40mg/day in the 1st week, 60mg/day from the 2nd week;
VRT not specified.
	60 (23/37)
	58.66 ± 4.51
	duloxetine same as experimental group
	8-week
	N/R
	DHI
HAMA
HAMD
VSI
	N/R


	Liu
2024
China (20)
	PPPD
	RCT
	31 (18/13)
	44.38 ± 9.23
	betahistine mesylate+VRT,
betahistine mesylate 6mg/time, 3 times/day;
VRT not specified.
	31 (17/14)
	44.13 ± 10.82
	betamethasone mesylate same as experimental group
	2-month
	N/R
	VSI
BBS
	6 cases





VRT, Vestibular rehabilitation training; SRT, specific rehabilitation training; RRT, routine rehabilitation training; NCC, notonginseng & cinnarizine capsule; CBT, cognitive behavioral therapy; TES, transcutaneous electrical stimulation; AGT, acetagastrodin tablets; VDT, visual desensitization therapy; tDCS, Transcranial Direct Current Stimulation; DHI, Dizziness Handicap Inventory; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale; HADS, Hospital Anxiety and Depression Scale; VSI, Vestibular Symptom Index; DSI, indicates Dizziness Symptoms Inventory; SBI, Safety Behaviours Inventory; ABC, Activities-specific Balance Confidence; HDRS, Hamilton Depression Rating Scale; HARS, Hamilton Anxiety Rating Scale; EQ5D, EuroQOL Group quality of life questionnaire; PSQI, Pittsburgh Sleep Quality Index; BBS, Berg Balance Scale; MoCA, Montreal Cognitive Assessment; SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; SSS, Somatization Self-rating Scale.



VRT, Vestibular rehabilitation training; SRT, specific rehabilitation training; RRT, routine rehabilitation training; NCC, notonginseng & cinnarizine capsule; CBT, cognitive behavioral therapy; TES, transcutaneous electrical stimulation; AGT, acetagastrodin tablets; VDT, visual desensitization therapy; tDCS, Transcranial Direct Current Stimulation; DHI, Dizziness Handicap Inventory; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale; HADS, Hospital Anxiety and Depression Scale; VSI, Vestibular Symptom Index; DSI, indicates Dizziness Symptoms Inventory; SBI, Safety Behaviours Inventory; ABC, Activities-specific Balance Confidence; HDRS, Hamilton Depression Rating Scale; HARS, Hamilton Anxiety Rating Scale; EQ5D, EuroQOL Group quality of life questionnaire; PSQI, Pittsburgh Sleep Quality Index; BBS, Berg Balance Scale; MoCA, Montreal Cognitive Assessment. SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; SSS, Somatization Self-rating Scale.




3.3 Risk of bias assessment

Cochrane RoB 2 was adopted to assess the risk of bias of the 22 included studies. For the randomization process, 1 study (11) was judged as high risk due to using visit sequence for participant allocation, while 9 studies (9, 13, 15, 16, 19, 21, 23, 25, 27) employing random number tables or computer-generated sequences with adequate allocation concealment were rated as low risk. The remaining studies only mentioned “randomization” without specifying methods, which were rated as some concerns. All studies demonstrated low risk for deviations from intended interventions as no protocol violations were reported. Regarding missing outcome data, 1 study (18) was rated as high risk due to incomplete post-treatment data in the control group without intention-to-treat (ITT) analysis, while the remaining studies were classified as low risk with complete data and loss to follow-up rates ≤10%. All studies employed standardized assessment scales (e.g. DHI, HAMA, etc.) with established reliability and validity, warranting a low risk of bias rating. For outcome reporting, 3 studies (23, 25, 26) demonstrated low risk of bias as their reported results were consistent with registered protocol, while the remaining studies were deemed some concerns due to lack of pre-registered protocols. Detailed results of risk of bias assessment are presented in Figure 2 and Figure 3; Supplementary File 3.

[image: Risk of bias summary chart displaying various studies along different criteria: randomization process, deviations from intended interventions, missing outcome data, measurement of outcome, selection of reported result, and overall risk. Green circles with plus signs indicate low risk, yellow circles with question marks indicate unclear risk, and red circles with minus signs indicate high risk.]
Figure 2 | The risk of bias assessment for individual study.

[image: Bar chart showing risk of bias as percentages for various categories. Each bar has sections for low risk in green, some concerns in yellow, and high risk in red. Overall Bias shows significant yellow and red. Selection of the reported result and Randomization process have yellow and red. Other categories like Measurement of the outcome and Missing outcome data are mostly green.]
Figure 3 | The risk of bias summary.

Four outcome measures were included in the GRADE assessment for SSRI. For DHI score, 8 RCT were included and the evidence was rated as low (downgraded due to serious risk of bias and inconsistency). For HAMA and HAMD scores, the evidences were rated as low, respectively, (downgraded due to serious risk of bias and inconsistency). For HADS, the evidences was assessed as very low (downgraded for serious risk of bias, inconsistency and imprecision). Three outcome measures were included in the GRADE assessment for VRT. For DHI and HAMD scores, the evidences were rated as moderate, respectively (downgraded due to serious risk of bias). For HAMA score, the evidence was rated as low (downgraded due to serious risk of bias and inconsistency). (Supplementary File 4 – GRADE).




3.4 Result of comparisons of the effect of different conservative interventions for PPPD



3.4.1 Selective serotonin reuptake inhibitors

Due to high heterogeneity of interventions using SSRI across included studies, we divided these studies into three types: SSRI directly compared with other conservative therapies, SSRI plus other conservative therapies compared with SSRI alone, and one type of SSRIs compared with another type of SSRIs combined with other conservative therapies or not.

One study (10) compared citalopram directly with vestibular rehabilitation training (VRT) for persistent posture-perceptual dizziness. The citalopram group demonstrated a greater improvement on DHI scores at 30 days from baseline (mean change 24.38 ± 8.08), compared with VRT group (16.53 ± 9.92), the between-group difference (MD 7.85, 95%CI4.12, 11.58; p<0.05) was significant. The difference of HAMA scores was also significant between the two groups (MD 1.7, 95%CI0.33, 3.07; p<0.05). For HAMD scores, citalopram (5.5 ± 2.33) showed significantly greater improvement compared with VRT (2.66 ± 2.39), with a between-group difference (MD 2.84, 95%CI1.50,4.18; p<0.05). (Table 2).


Table 2 | Outcome measures of included studies.
	Author
Year
	Sample size
	Outcome measurement, mean ± SD
	Experiment group
	Control group
	Difference of changes


	Baseline
	After treatment
	Changes
	Baseline
	After treatment
	Changes
	MD
	P-value



	Hou
2021 (21)
	43/43
	DHI
	63.67 ± 6.1
	34.77 ± 3.95
	28.9 ± 5.79
	62.94 ± 5.9
	46.42 ± 4.22
	16.52 ± 5.72
	12.38 ± 6.3
	P<0.05


	HAMA
	18.63 ± 2.41
	8.14 ± 2.08
	10.49 ± 2.47
	18.78 ± 3.16
	14.45 ± 2.67
	4.33 ± 3.22
	6.16 ± 3.18
	P<0.05


	HAMD
	20.82 ± 3.23
	9.51 ± 1.54
	11.31 ± 2.97
	20.75 ± 3.16
	15.8 ± 2.78
	4.95 ± 3.27
	6.36 ± 3.43
	P<0.05


	Meng
2021 (22)
	71/71
	DHI
	53.25 ± 7.43
	26.08 ± 4.12
	27.17 ± 6.91
	54.78 ± 6.45
	50.01 ± 3.62
	4.77 ± 6
	22.4 ± 7.11
	P<0.05


	VSI
	37.82 ± 3.42
	12.89 ± 3.64
	24.93 ± 3.87
	36.92 ± 3.72
	19.01 ± 2.34
	17.91 ± 3.51
	7.02 ± 4.06
	P<0.05


	Zhang
2022 (6)
	45/45
	SAS
	56.79 ± 4.41
	44.3 ± 4.13
	12.49 ± 4.68
	56.1 ± 4.39
	51.15 ± 4.19
	4.95 ± 4.7
	7.54 ± 5.14
	P<0.05


	SDS
	55.79 ± 4.21
	38.3 ± 4.11
	17.49 ± 4.56
	55.1 ± 4.19
	49.15 ± 4.2
	5.95 ± 4.6
	11.54 ± 5.01
	P<0.05


	Cao
2020 (7)
	30/30
	DHI
	53.33 ± 20.57
	19.33 ± 10.24
	34 ± 18.96
	53.53 ± 21.22
	30.97 ± 15.13
	22.56 ± 20.55
	11.44 ± 21.68
	P<0.05


	HADS
	15.47 ± 6.73
	4.43 ± 3.27
	11.04 ± 6.2
	15.8 ± 7.3
	8.13 ± 6.42
	7.67 ± 7.55
	3.37 ± 7.61
	P<0.05


	Li
2021 (8)
	30/30
	DHI
	58.18 ± 15.02
	39.01 ± 6.18
	19.17 ± 13.77
	59.89 ± 15
	46.15 ± 4.25
	13.74 ± 13.86
	5.43 ± 15.13
	P<0.05


	Li
2022 (27)
	40/40
	SSS
	40.62 ± 8.79
	15.16 ± 2.23
	25.46 ± 8.16
	40.31 ± 9.14
	22.08 ± 4.31
	18.23 ± 8.4
	7.23 ± 9.07
	P<0.05


	HAMA
	18.96 ± 2.09
	12.34 ± 2.17
	6.62 ± 2.33
	19.47 ± 2.28
	16.35 ± 2.12
	3.12 ± 2.41
	3.5 ± 2.6
	P<0.05


	Lin
2020 (9)
	29/29
	DHI
	58.2 ± 3
	27.72 ± 2.84
	30.48 ± 3.2
	57.75 ± 2.79
	36.89 ± 3.03
	20.86 ± 3.19
	9.62 ± 3.5
	P<0.05


	HADS
	14.62 ± 2.29
	4.24 ± 1.35
	10.38 ± 2.14
	15.31 ± 2.58
	6.03 ± 1.74
	9.28 ± 2.47
	1.1 ± 2.54
	P<0.05


	Mo
2019 (10)
	70/70
	DHI
	54.62 ± 8.51
	30.24 ± 5.52
	24.38 ± 8.08
	55.05 ± 9.65
	38.52 ± 8.36
	16.53 ± 9.92
	7.85 ± 9.98
	P<0.05


	HAMA
	16.62 ± 2.11
	13.54 ± 2.19
	3.08 ± 2.36
	16.59 ± 2.25
	15.21 ± 2.27
	1.38 ± 2.48
	1.7 ± 2.65
	P<0.05


	HAMD
	18.85 ± 2.13
	13.35 ± 2.12
	5.5 ± 2.33
	19.03 ± 2.22
	16.37 ± 2.15
	2.66 ± 2.39
	2.84 ± 2.59
	P<0.05


	Yuan
2020 (18)
	33/30
	DHI
	32.18 ± 6.92
	25.52 ± 9.86
	6.66 ± 9.51
	38.16 ± 11.17
	32.36 ± 8.98
	5.8 ± 11.19
	0.86 ± 11.43
	P>0.05


	Zhao
2020 (11)
	29/27
	DHI
	43.93 ± 9.22
	0.34 ± 0.77
	43.59 ± 8.94
	43.11 ± 8.86
	3.33 ± 1.24
	39.78 ± 8.44
	3.81 ± 9.53
	P<0.05


	HADS
	20.14 ± 4.09
	0.38 ± 0.38
	19.76 ± 3.95
	8.89 ± 3.48
	1.74 ± 0.74
	7.15 ± 3.25
	12.61 ± 3.99
	P<0.05


	Zhao
2021 (12)
	29/29
	DHI
	65.73 ± 9.73
	30.43 ± 9.67
	35.3 ± 10.63
	65.74 ± 9.52
	44.98 ± 9.62
	20.76 ± 10.48
	14.54 ± 11.56
	P<0.05


	HAMA
	20.27 ± 3.13
	7.22 ± 3.37
	13.05 ± 3.57
	20.14 ± 3.37
	13.53 ± 3.37
	6.61 ± 3.69
	6.44 ± 3.98
	P<0.05


	HAMD
	21.93 ± 3.35
	9.48 ± 3.71
	12.45 ± 3.88
	21.75 ± 3.29
	14.56 ± 3.27
	7.19 ± 3.59
	5.26 ± 4.1
	P<0.05


	Chen
2018 (13)
	75/75
	DHI
	54.3 ± 4.5
	22.6 ± 4.1
	31.7 ± 4.72
	54.2 ± 4.4
	28.3 ± 4.2
	25.9 ± 4.71
	5.8 ± 5.17
	P<0.05


	HAMA
	17.5 ± 2.6
	10.4 ± 1.9
	7.1 ± 2.53
	17.4 ± 2.7
	12.3 ± 1.8
	5.1 ± 2.58
	2 ± 2.8
	P<0.05


	HAMD
	18.4 ± 2.3
	11.1 ± 2.2
	7.3 ± 2.37
	18.3 ± 2.2
	13.6 ± 1.9
	4.7 ± 2.26
	2.6 ± 2.54
	P<0.05


	Zhou
2019 (14)
	32/32
	DHI
	64.93 ± 7.38
	29.05 ± 4.2
	35.88 ± 6.88
	65.19 ± 8.12
	40.14 ± 5.68
	25.05 ± 7.83
	10.83 ± 8.09
	P<0.05


	Xu
2023 (19)
	30/30
	DHI
	71.92 ± 8.72
	12.67 ± 5.46
	59.25 ± 8.23
	71.8 ± 6.86
	18.83 ± 5.72
	52.97 ± 6.96
	6.28 ± 8.39
	P<0.05


	VSI
	7.2 ± 0.98
	1.33 ± 0.56
	5.87 ± 0.91
	7.17 ± 0.64
	1.92 ± 0.5
	5.25 ± 0.64
	0.62 ± 0.88
	P<0.05


	Edelman, S
2012 (26)
	20/21
	DHI
	53.8 ± 20.38
	26.8 ± 18.7
	27 ± 21.45
	34.76 ± 20.73
	16.48 ± 14.41
	18.28 ± 19.96
	8.72 ± 22.72
	P<0.05


	DSI
	26.5 ± 12.21
	14.2 ± 8.49
	12.3 ± 11.76
	19.01 ± 10.92
	10.48 ± 10.48
	8.53 ± 11.73
	3.77 ± 12.86
	P<0.05


	SBI
	31.15 ± 14.45
	12.2 ± 8.92
	18.95 ± 13.61
	18.86 ± 12.38
	6.19 ± 5.13
	12.67 ± 11.35
	6.28 ± 13.8
	P<0.05


	Im, J. J.
2022 (25)
	12/11
	DHI
	34.3 ± 15.9
	25.1 ± 13.6
	9.2 ± 16.27
	35.3 ± 14.2
	19.1 ± 14.3
	16.2 ± 15.61
	‘-7 ± 17.47
	P=0.79


	ABC
	77.3 ± 21
	75.34 ± 24.7
	1.96 ± 25.22
	77.6 ± 17.5
	85 ± 15.7
	‘-7.4 ± 17.97
	9.36 ± 24.42
	P=0.45


	HDRS
	5.4 ± 3.2
	5.3 ± 3.59
	0.1 ± 3.73
	5.8 ± 5.6
	9.73 ± 6.8
	‘-3.93 ± 6.87
	4.03 ± 6.37
	P=0.60


	HARS
	6.6 ± 3.2
	6.09 ± 4.23
	0.51 ± 4.16
	7.6 ± 6.4
	8.91 ± 7.65
	‘-1.31 ± 7.77
	1.82 ± 7.2
	P=0.47


	Teh, C. S
2024 (23)
	30/29
	DHI
	48.2 ± 22.5
	25.3 ± 18.9
	22.9 ± 2.87
	52.9 ± 22.7
	37.9 ± 24.3
	15 ± 25.78
	7.9 ± 26.76
	P=0.0003


	EQ5D
	70.8 ± 18.9
	81.2 ± 12.4
	‘-10.4 ± 17.99
	66.4 ± 16.9
	11.4 ± 7.2
	55 ± 15.5
	‘-65.4 ± 18.76
	P=0.16


	Qi
2018 (15)
	60/60
	Anxiety score
	7.88 ± 1.73
	2.11 ± 0.56
	5.77 ± 1.59
	7.93 ± 1.11
	3.78 ± 0.67
	4.15 ± 1.04
	1.62 ± 1.51
	P<0.05


	Yang,
2018 (24)
	48/48
	DHI
	63.52 ± 10.97
	28.46 ± 12.03
	35.06 ± 12.63
	68.35 ± 10.79
	42.19 ± 12.06
	26.16 ± 12.56
	8.9 ± 13.8
	P<0.05


	HAMA
	19.87 ± 4.01
	7.98 ± 3.99
	11.89 ± 4.38
	19.77 ± 3.78
	13.21 ± 4.07
	6.56 ± 4.31
	5.33 ± 4.76
	P<0.05


	HAMD
	20.87 ± 4.22
	8.77 ± 2.41
	12.1 ± 3.93
	20.95 ± 3.99
	15.21 ± 3.63
	5.74 ± 4.18
	6.36 ± 4.45
	P<0.05


	Cao
2024 (16)
	37/37
	DHI
	54.59 ± 5.98
	11.52 ± 3.54
	43.05 ± 5.6
	54.43 ± 5.67
	23.34 ± 4.16
	31.09 ± 5.53
	11.96 ± 6.1
	P<0.05


	HADS
	17.80 ± 2.95
	6.64 ± 1.28
	11.16 ± 2.71
	17.68 ± 3.03
	11.57 ± 1.90
	6.11 ± 2.86
	5.05 ± 3.05
	P<0.05


	PSQI
	14.14 ± 1.43
	7.05 ± 1.12
	7.09 ± 1.42
	13.97 ± 1.38
	10.78 ± 1.25
	3.19 ± 1.44
	3.9 ± 1.57
	P<0.05


	BBS
	29.32 ± 3.89
	47.90 ± 5.78
	‘-18.58 ± 5.53
	29.41 ± 3.94
	38.27 ± 4.61
	‘-8.86 ± 4.72
	‘-9.72 ± 5.65
	P<0.05


	MoCA
	18.94 ± 3.12
	28.69 ± 1.67
	‘-9.75 ± 2.89
	19.25 ± 3.07
	24.88 ± 2.15
	‘-5.63 ± 2.96
	‘-4.12 ± 3.21
	P<0.05


	Liu
2024 (17)
	60/60
	DHI
	72.02 ± 5.19
	12.03 ± 3.24
	59.99 ± 4.9
	72.26 ± 5.66
	19.75 ± 4.55
	54.31 ± 5.67
	5.68 ± 5.82
	P<0.05


	HAMA
	14.31 ± 3.27
	4.58 ± 1.80
	9.73 ± 3.04
	14.28 ± 3.46
	7.32 ± 1.95
	6.96 ± 3.22
	2.77 ± 3.43
	P<0.05


	HAMD
	13.22 ± 3.09
	3.24 ± 1.16
	9.98 ± 2.83
	13.37 ± 3.14
	6.55 ± 1.20
	6.82 ± 2.88
	3.16 ± 3.13
	P<0.05


	VSI
	7.15 ± 0.59
	1.23 ± 0.23
	5.92 ± 0.54
	7.17 ± 0.46
	2.35 ± 0.31
	4.82 ± 0.44
	1.1 ± 0.54
	P<0.05


	Liu
2024 (20)
	31/31
	VSI
	45.15 ± 5.29
	23.54 ± 3.12
	21.61 ± 4.95
	46.25 ± 5.24
	29.64 ± 3.76
	16.61 ± 5.08
	5 ± 5.5
	P<0.05


	BBS
	18.28 ± 2.29
	46.28 ± 4.29
	‘-28 ± 4.97
	18.59 ± 2.27
	41.39 ± 4.58
	‘-22.8 ± 4.42
	‘-5.2 ± 4.49
	P<0.05







Ten studies compared SSRI plus other conservative therapies with the same SSRI used alone. Among these, 3 studies (6, 8, 11) with 206 patients were on sertraline, 4 studies (12–15) with 392 patients on citalopram, 1 study (9) with 58 patients on fluoxetine, and 2 studies (16, 17) with 194 patients on duloxetine. Due to the comparable underlying mechanism and interventions design, these studies were analyzed and reported together by SSRI type and outcome measurements:

(1) Dizziness Handicap Inventory (DHI)

Eight studies (8, 9, 11–14, 16, 17) reported DHI scores as outcome measure. Three studies on citalopram (12–14) all found that citalopram plus conservative therapy group (VRT and psychological therapy, acupuncture and biofeedback-CBT, respectively) had greater reductions on DHI scores compared with citalopram alone group (all p<0.05). The pooled estimate of the mean difference of DHI score between two groups in the 3 studies was 9.90 (95%CI 4.78,15.02; p=0.0002), which was in favor of citalopram plus conservative therapy group and consistent with individual study.

Two studies on sertraline (8, 11) reported that the change of DHI score after treatment was comparable in sertraline plus conservative therapy group (acupuncture and visual desensitization therapy, respectively) and sertraline alone group (p>0.05), however, the pooled estimate of the mean difference of DHI score between two groups in the 2 studies was 4.29 (95%CI 0.48,8.11; p=0.03), which was not consistent with individual study.

Two studies on duloxetine (16, 17) also reported significantly greater improvements on DHI score in duloxetine plus VRT group compared with duloxetine alone group (p<0.05). The pooled estimate of the mean difference of DHI score between two groups in the 2 studies was 8.76 (95%CI 2.61,14.91; p=0.005), which was in favor of duloxetine plus VRT group.

One study compared fluoxetine plus transcranial electrical stimulation (TES) with fluoxetine alone (9) and it showed the improvement of DHI score after treatment was greater in fluoxetine plus TES group (p<0.05) (Table 2).

The overall pooled estimate of the mean difference of DHI score between two groups across 8 studies was 8.42 (95%CI 6.18,10.66; p<0.001), which was in favor of SSRI (citalopram/sertraline/duloxetine/fluoxetine) plus conservative therapy groups. Due to substantial heterogeneity among interventions, a random-effects model was employed (Figure 4).

[image: Forest plot displaying the mean differences in studies comparing the effects of various antidepressants: Citalopram, Sertraline, Fluoxetine, and Duloxetine. Each study is represented with point estimates and confidence intervals. Subtotals and overall effects are shown, with heterogeneity statistics provided. Results generally favor the experimental groups.]
Figure 4 | Meta-analysis of effect of SSRI plus conservative therapies versus SSRI alone on DHI scores for PPPD patients.

The sensitivity analyses were conducted by moving one type of SSRI at a time, and the result showed that the direction of the overall pooled result was not change (pooled mean difference of DHI ranged from 7.78 to 9.23, all p<0.05), which indicated the certainty of the pooled result of DHI (Supplementary File 5 - Sensitivity analyses of DHI for SSRI).

(2) HAMA scores

Three studies (12, 13, 17) with 328 patients reported HAMA scores, among which two compared citalopram plus conservative therapies (VRT plus psychological therapy or acupuncture, respectively) with citalopram alone, and one compared duloxetine plus VTR with duloxetine alone. The pooled estimate of the mean difference of HAMA score between two groups in the 3 studies was 3.57 (95%CI 1.48,5.65; p=0.0008), which was in favor of SSRI plus conservative therapy group and consistent with individual study. Due to substantial heterogeneity (I2 = 89%), a random-effects model was employed (Figure 5).

[image: Forest plot showing the comparison between experimental and control groups for Citalopram and Duloxetine. Citalopram studies (Chen 2018 and Zhao 2021) have mean differences of 2.00 and 6.44, with a subtotal mean difference of 4.14. Duloxetine (Liu 2024) shows a mean difference of 2.77. Overall, the total mean difference is 3.57. Heterogeneity values and test results for effect are included. The plot uses black diamonds and green squares to represent data points and confidence intervals.]
Figure 5 | Meta-analysis of SSRI combined with conservative therapies versus SSRI alone on HAMA scores for PPPD patients.

The sensitivity analyses were conducted by moving one type of SSRI at a time. When the duloxetine group (17) was removed, the pooled mean difference of HAMA was 4.14 (95%CI -0.21,8.49; p=0.06), which indicated the uncertainty of the result of HAMA. (Supplementary Figure 1).

(3) HAMD scores

Above mentioned 3 studies (12, 13, 17) also reported HAMD scores. Given moderate heterogeneity (I²=69%), a random-effects model was applied. The pooled estimate of the mean difference of HAMD score between two groups in the 3 studies was 3.38 (95%CI 2.20,4.55; p<0.0001), which was in favor of SSRI plus conservative therapy group and consistent with individual study (Figure 6).

[image: Forest plot showing mean differences between experimental and control groups for three studies: Chen 2018, Liu 2024, and Zhao 2021. Each study's mean, standard deviation, total participants, and weight are listed. Mean differences with 95% confidence intervals are 2.60, 3.16, and 5.26 respectively. Overall mean difference is 3.38 [2.20, 4.55]. The plot favors the experimental group, with a combined effect Z-score of 5.62 and significant heterogeneity indicated by I-squared at 69%.]
Figure 6 | Meta-analysis of SSRI combined with conservative therapies versus SSRI alone on HAMD scores for PPPD patients.

(4) HADS scores

Three studies (9, 11, 16) with 188 patients evaluated HADS scores, among which one compared fluoxetine plus TES versus fluoxetine alone, one compared sertraline plus VDT versus sertraline alone, one compared duloxetine plus VRT versus duloxetine alone. Due to substantial heterogeneity across interventions (I²=98%), a random-effects model was used. The pooled estimate of the mean difference of HADS score between two groups in the 3 studies was 6.21 (95% CI 0.37,12.04; p=0.04), which was in favor of SSRI plus conservative therapy group (Figure 7).

[image: Forest plot showing the mean differences between experimental and control groups in three studies: Cao 2024, Lin 2020, and Zhao 2020. Values include means, standard deviations, and weights for each study. The combined mean difference is 6.21 with a 95% confidence interval of 0.37 to 12.04. Heterogeneity statistics are provided, and a diamond represents the overall effect, favoring the experimental group.]
Figure 7 | Meta-analysis of SSRI combined with conservative therapies versus SSRI alone on HADS scores for PPPD patients.

One study (7) compared duloxetine with escitalopram with conservative therapies (biofeedback-CBT plus VRT) in both groups at the same time for PPPD patients, showing that the duloxetine group had a greater improvement on DHI score after 6-week treatment from baseline (mean change 34 ± 18.96), compared with escitalopram group (mean change 22.56 ± 20.55), with a between-group difference of 11.44(95%CI0.23, 22.65; p<0.05). The for HADS scores, the duloxetine group also demonstrated a great change on HADS score (mean change 11.04 ± 6.2) compared with escitalopram group (mean change 7.67 ± 7.55), with no significant between-group difference of 3.37 (95%CI (-0.57,7.31); P>0.05). Due to substantial heterogeneity across interventions, this study was not included in the meta-analysis. Another study (15) compared citalopram plus conservative therapies (VRT plus CBT, respectively) with citalopram alone, showing the combined therapy had a greater improvement on anxiety score after 6-week treatment from baseline, compared with escitalopram group, with a between-group difference of 1.62 (95%CI 1.1,2.2; p<0.05). (Table 2).




3.4.2 Other medications

Two Chinese studies (19, 20) compared betahistine tablets plus VRT with betahistine alone for PPPD patients. Both studies reported on Vestibular Symptom Index (VSI). The pooled estimate of the mean difference of VSI score between two groups in the 2 studies was 2.63 (95% CI -1.65,6.91; p=0.23), which was not significant (Figure 8).

[image: Forest plot illustrating the mean difference between experimental and control groups from two studies by Jinfeng Xu 2023 and Xiaodong Liu 2024. The mean differences are 0.62 and 5.00, respectively. The overall mean difference is 2.63 with a 95 percent confidence interval of -1.65 to 6.91. Heterogeneity statistics show Tau-squared equals 8.76 and Chi-squared equals 11.53 with one degree of freedom. The I-squared value is 91 percent, suggesting substantial heterogeneity. The plot shows green squares for individual studies and a black diamond for the overall effect, with a non-significant Z-test for overall effect.]
Figure 8 | Meta-analysis of betahistine plus conservative interventions versus betahistine alone on VSI scores for PPPD patients.

One Chinese study (18) compared deanxit combined with acetazolamide tablets versus deanxit alone for PPPD. It showed that the combined treatment had a greater improvement on DHI compared with deanxit alone at 2 weeks from baseline, with a between-group difference of 0.86 (95%CI -4.91,6.63; p>0.05).




3.4.3 Vestibular rehabilitation training

Five studies (21–24, 27) with 434 patients were included in this category. Three studies (21, 24, 27) with 262 patients compared VRT plus other conservative therapies with VRT alone for PPPD. One study (22) with 142 patients compared specialized VRT with routine VRT on the basis of medication in both groups. Another study (23) with 59 patients compared home-based VRT with hospital-based VRT for PPPD management (Table 1).

(1) DHI scores

Four studies (21–24) with 383 patients reported DHI scores as outcome measure. Two studies (21, 24) comparing VRT plus SSRI (with CBT added in one study) with VRT were included in the meta-analysis. Due to heterogeneity observed in intervention design (e.g. dose of drugs) and duration (e.g. 4 or 8 weeks), a random-effects model was used and the pooled estimate of the mean difference of DHI score between two groups in the 2 studies was 11.37 (95% CI 8.27,14.47; p<0.0001), which was in favor of the combined treatment group and consistent with individual study (Figure 9).

[image: Forest plot showing mean differences between experimental and control groups from two studies: Hou 2021 and Yang 2018. Hou 2021 shows a mean difference of 12.38, CI [9.95, 14.81] and Yang 2018 shows 8.90, CI [3.86, 13.94]. The combined overall effect is 11.37, CI [8.27, 14.47]. Tests indicate heterogeneity with Tau² = 1.98, Chi² = 1.49, df = 1 (P = 0.22), and I² = 33%. Overall effect Z = 7.19 (P < 0.00001), indicating a significant favor towards the experimental group.]
Figure 9 | Meta-analysis of VRT plus SSRI versus VRT alone on DHI scores for PPPD patients.

In addition, one study (22) showed that after one month of treatment, specialized VRT led to a greater reduction on DHI compared with routine VRT, with a between-group difference of 22.4 (95%CI20.1,24.7; p<0.05) both on the basis of medication in both groups. The other study (23) showed that both home-based VRT and hospital-based VRT made significantly greater improvement on DHI at 12 weeks from baseline, however, the between-group difference (7.9 95%CI-6.1,21.9; p=0.16) was not significant in this study (Table 2).

(2) HAMA scores

Three studies (21, 24, 27) with 262 patients reported HAMA scores, all comparing VRT plus SSIR and/or other conservative therapy with VRT alone. Due to significant heterogeneity among interventions (I²=82%), a random-effects model was employed. The pooled estimate of the mean difference of HAMA score between two groups in the 3 studies was 4.75 (95% CI 4.03,5.46; p<0.0001), which was in favor of the combined treatment group and consistent with individual study (Figure 10).
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Figure 10 | Meta-analysis of VRT plus SSIR and/or other conservative therapy with VRT alone on HAMA scores for PPPD patients.

(3) HAMD scores

Two studies (21, 24) with 182 patients reported HAMD scores. The pooled estimate of the mean difference of HAMD score between two groups in the 2 studies was 6.36 (95% CI 5.34, 7.38; p<0.0001), which was in favor of the combined treatment group (Figure 11).

[image: Forest plot showing the mean differences in two studies, Hou 2021 and Yang 2018, comparing experimental and control groups. Both showed a mean difference of 6.36 with confidence intervals. The overall effect size is significant with Z = 12.17 and P < 0.00001, indicating minimal heterogeneity. The plot illustrates favor towards the experimental group.]
Figure 11 | Meta-analysis of VRT plus SSIR and/or other conservative therapy with VRT alone on HAMD scores for PPPD patients.

In addition, one study (22) reported VSI, showing that the experiment group had significant improvement on VSI compared with control group. Another study (23) showed that improvement on EQ-5D in the experiment group were not significantly great than that in the control group (Table 2).




3.4.4 Transcranial direct current stimulation

Only one study (25) compared tDCS with sham tDCS for patients with PPPD. It reported that both groups made improvement on outcome measure of DHI, Activities-specific Balance Confidence (ABC), Hamilton Depression Rating Scale (HDRS), and Hamilton Anxiety Rating Scale (HARS) scores, however, the between-group differences on these outcomes were not significant (all p>0.05) (Table 2).




3.4.5 Cognitive behavioral therapy

One study (26) compared CBT with wait-list control for patients with chronic subjective dizziness. It reported that both groups made improvement on outcome measure of Dizziness Symptoms Inventory (DSI), DHI, Safety Behaviors Inventory (SBI) after 3-week treatment, and the between-group differences on these outcomes were significant for all. (Table 2).






4 Discussion

This systematic review and meta-analysis synthesized evidence from 22 RCTs (1,764 patients) to evaluate the effect of conservative therapies in promoting functional recovery and symptom alleviation for PPPD. For SSRI and VRT, the pooled estimates presented consistent results that the combined therapy had significant improvements on DHI and HAMA compared with single therapy. However, the certainty of the effect of CBT and tDCS were unclear due to limited number of studies and small sample size. The major concern of risk of bias of included studies laid to selection of reported results and randomization process.

SSRIs have been widely validated as first-line medications for PPPD. It modulate the serotonin (5-HT) system, which could influence postural control through brainstem-cerebellar-vestibular pathways (28). This review found that SSRI drugs (e.g., sertraline, citalopram) combined with VRT or CBT demonstrated significantly improvement on dizziness symptom using DHI scores and anxiety/depressive symptoms using HAMA/HAMD/HADS compared with single therapy. The eight studies included in the meta-analysis of DHI showed that the improvement of DHI score in both experimental and control groups were higher than the MCID of 11 points (29), however, the pooled between-group difference of DHI (MD 8.42, 95% CI 6.18, 10.66; p<0.001) did not exceed the MCID (Figure 4), and same trends were observed in sensitivity analysis by removing one type of SSRI at a time. The observed between-group difference in HAMA scores (Figure 5, MD 3.57, 95% CI 1.48, 5.65; p=0.0008) exceeded the established MCID of 2.5 points (30), as well as the change of HAMA score in both experimental and control groups in the three studies for meta-analysis. For HADS scores, although its pooled result of between-group difference (Figure 7, MD 6.21, 95%CI 0.37,12.04; p=0.04) exceeded its MCID of approximately 5.7 points (31), only one out of three individual studies in the meta-analysis generated similar result. Considering the heterogeneity across intervention design of included studies (i.e. type of SSRI and combined therapies), the pooled result may exaggerate the actual treatment effect of individual type of intervention. In terms of HAMD, as its MCID is highly context-dependent and often reported as a percentage reduction (e.g., 50% from baseline) rather than a fixed value, it is hard to make a direct comparison. The pooled between-group difference of HAMD in this study was statistically significant in favor of experimental group and consistent with other outcome measures, however, due to the heterogeneity across the three included studies, the result needs to be interpreted with caution. Majority of the studies on SSRI were rated as some concerns in risk of bias assessment due to unclear description of selection of the reported results and randomization process, and one study rated as high risk for problematic randomization. And the certainty of evidence for each outcome of SSRI was rate as low to very low in GRADE assessment. Therefore, above mentioned pooled results on DHI, HAMA, HAMD, etc. can be overestimated due to imbalanced characteristics of patients in the two treatment groups and missing outcomes.

In review found that VRT combined with SSRI demonstrated consistent therapeutic efficacy across studies on DHI, HAMA and HAMD compared with VRT alone. The pooled between-group difference of DHI score was higher than its MCID of 11 points (Figure 9), and the pooled between-group difference of HAMA score exceeded its MCID of 2.5 points (Figure 10). The three studies included in meta-analyses of DHI, HAMA and HAMD, respectively, were all rate some concerns in risk of bias assessment due to unclear description of selection of the reported results, and the certainty of evidence for each outcome of VRT was rated as moderate to low in GRADE assessment. Therefore, the pooled result of these outcome measures should be explained with caution.

Among emerging interventions, CBT demonstrated potential for improving DHI and DSI scores, though current evidence derived from single-center trials with limited sample sizes. CBT primarily works by modifying catastrophic interpretations of dizziness symptoms and gradually reducing avoidance behaviors through exposure therapy (32). However, PPPD patients frequently exhibit alexithymia, which may compromise emotional identification and expression during CBT. Future studies should develop adapted CBT protocols better tailored to PPPD patients’ specific needs to enhance feasibility. Regarding neuromodulation techniques, transcranial direct current stimulation (tDCS) showed no significant efficacy in preliminary studies (25), potentially due to suboptimal target selection (e.g., primary motor cortex versus dorsolateral prefrontal cortex) or parameter settings (current intensity/treatment duration). These findings underscore the need for refined selection of target population and protocol optimization with standardize stimulation parameters (e.g., current density, electrode size, number of sessions, duration, etc.) in non-invasive neuromodulation approaches.

One study reviewing the pharmacological intervention (SSRI and SNRI) for PPPD found no evidence from eligible placebo-controlled randomized trials. And it excluded studies that did not use the Bárány Society criteria to diagnose PPPD and studies that followed up participants for less than three months (4). Therefore, it is not possible to make any direct comparison on key outcomes between this study and our review. One review (33) showed that combining additional CBT with conventional therapy(including VRT, SSRI, SNRI) significantly improved outcomes for PPPD patients (n=416) compared with conventional therapy alone, especially in DHI scores (MD −8.17, 95% CI −10.26, −6.09; p < 0.00001), and HAMA scores (MD −2.76, 95% CI−3.57, −1.94; p < 0.00001). These findings are similar to what we found in this review for SSRI and VRT interventions, which may be a result of using CBT as complementary treatment for these two types of interventions included in our review. Therefore, the effect of combined intervention of SSRI and CBT/VRT is very promising for patient with PPPD and consistent across reviews. However, due to the substantial heterogeneity in interventions design across SSRI, VRT and CBT studies included in the two reviews, the effect size of such combined interventions is inconclusive.

One review (34) on non-pharmacological interventions for patients with PPPD or functional dizziness (n=1362) found that SMDs for DHI of most of trials were between 0.04 and 1.05, which were much lower than that found in this review for VRT, CBT and tDCS. The major reason was likely due to the difference in design of comparison groups for non-pharmacological interventions in the two reviews. Another review specifically on (35) vestibular physical therapy (VPT), similar to VRT in this review, also reported a pooled mean difference of DHI scores (1.60, 95% CI 0.75, 2.45), which is much lower than that found in this study. This may be largely attributable to the unstandardized regimen of vestibular therapy.

Regarding safety outcomes, although no significant between-group differences were observed in the incidence of adverse events across all included studies, only two out of 22 included studies reported such data. This may lead to underrating of the side effect of interventions included in this review. Consequently, patient’s compliance that is closely associated with side effect could be underestimated and overall benefit of the interventions overestimated.

This study has several limitations. Firstly, substantial heterogeneity in intervention regimens among included studies may compromise the robustness of meta-analysis results; Secondly, some studies lacked blinding procedures or detailed randomization descriptions, introducing potential performance bias; Thirdly, most trials did not include long-term follow-up, precluding assessment of treatment durability; Fourthly, the possible incomplete reporting of adverse events may lead to overestimation of overall treatment effect of all types of interventions. Finally, small sample sizes in non-SSRI pharmacotherapy and other interventions (e.g. tDCS, CBT) limit further analysis and the generalizability of findings.




5 Conclusion

Conservative therapies, particularly SSRIs combined with VRT or CBT, could improve functional status and symptom severity in PPPD patients with favorable safety profiles. Based on current evidence, we recommend to prioritize SSRI plus structured VRT as treatment option for patient with PPPD. Future multicenter RCTs with larger sample size and standardized outcome measures are needed to further verify the effect of those conservative therapies, especially for CBT and tDCS, to inform clinical decision-making.
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