Table S1. Keywords of three search aspects
	Search Aspects
	Keywords

	(a)Middle aged and older adults
	Aged OR "Aged, 80 and over" OR "middle aged" OR "older adult*" OR elderly OR geriatric* OR senior* OR "older person*" OR "older people" OR "older population*" OR "aging population*" OR "ageing population*" OR "older individual*" OR "older patient*" OR "older participant*" OR "middle age" OR "middle-age" OR "middle-aged"

	(b)Meditative and mind-body interventions
	"Mindfulness" OR "Meditation" OR "Mind-Body Therapies" OR Yoga OR "Tai Ji" OR "Biofeedback, Psychology" OR meditation OR meditative OR meditat* OR mindfulness OR mindful* OR "guided meditation" OR "mindfulness meditation" OR MBSR OR MBCT OR "body scan*" OR "breath awareness" OR "breathing awareness" OR "breathing exercise*" OR breathwork OR "mindful walking" OR "mindfulness-based" OR "mindfulness training" OR relaxation OR "relaxation training" OR "relaxation therapy" OR "guided relaxation" OR "meditative relaxation" OR "compassion meditation" OR "loving-kindness" OR "nature-based mindfulness" OR "mind-body" OR "mind body" OR "mind-body exercise*" OR "mind body exercise*" OR yoga OR "tai chi" OR "tai-chi" OR taichi OR "tai ji" OR taiji OR qigong OR "qi gong" OR Baduanjin OR "Ba Duan Jin" OR "Eight-section Brocades" OR "guided imagery" OR "guided visualization" OR "guided visualisation" OR "biofeedback-assisted" OR "biofeedback assisted" OR "heart rate variability biofeedback" OR "HRV biofeedback"

	(c)Virtual reality
	"Virtual Reality" OR "virtual reality" OR VR OR "immersive virtual reality" OR "immersive VR" OR "non-immersive virtual reality" OR "nonimmersive virtual reality" OR "virtual environment*" OR "head-mounted display*" OR "head mounted display*" OR HMD OR CAVE OR "360-degree video" OR "360° video" OR "360 video" OR "three-dimensional virtual environment*" OR "3D virtual environment*"
















Table S2. Search strategy for PubMed
	Search number
	Query

	#1
	"Aged"[MeSH Terms] OR "aged, 80 and over"[MeSH Terms] OR "Middle Aged"[MeSH Terms]

	#2
	"older adult*"[Title/Abstract] OR "elderly"[Title/Abstract] OR "geriatric*"[Title/Abstract] OR "senior*"[Title/Abstract] OR "older person*"[Title/Abstract] OR "older people"[Title/Abstract] OR "older population*"[Title/Abstract] OR "aging population*"[Title/Abstract] OR "ageing population*"[Title/Abstract] OR "older individual*"[Title/Abstract] OR "older patient*"[Title/Abstract] OR "older participant*"[Title/Abstract] OR "middle age"[Title/Abstract] OR "middle-age"[Title/Abstract] OR "middle-aged"[Title/Abstract]

	#3
	#1 OR #2

	#4
	"Mindfulness"[MeSH Terms] OR "Meditation"[MeSH Terms] OR "Mind-Body Therapies"[MeSH Terms] OR "Yoga"[MeSH Terms] OR "Tai Ji"[MeSH Terms] OR "biofeedback, psychology"[MeSH Terms]

	#5
	"meditation"[Title/Abstract] OR "meditative"[Title/Abstract] OR "meditat*"[Title/Abstract] OR "mindfulness"[Title/Abstract] OR "mindful*"[Title/Abstract] OR "guided meditation"[Title/Abstract] OR "mindfulness meditation"[Title/Abstract] OR "MBSR"[Title/Abstract] OR "MBCT"[Title/Abstract] OR "body scan*"[Title/Abstract] OR "breath awareness"[Title/Abstract] OR "breathing awareness"[Title/Abstract] OR "breathing exercise*"[Title/Abstract] OR "breathwork"[Title/Abstract] OR "mindful walking"[Title/Abstract] OR "mindfulness-based"[Title/Abstract] OR "mindfulness training"[Title/Abstract] OR "relaxation"[Title/Abstract] OR "relaxation training"[Title/Abstract] OR "relaxation therapy"[Title/Abstract] OR "guided relaxation"[Title/Abstract] OR "meditative relaxation"[Title/Abstract] OR "compassion meditation"[Title/Abstract] OR "loving-kindness"[Title/Abstract] OR "nature-based mindfulness"[Title/Abstract] OR "mind-body"[Title/Abstract] OR "mind body"[Title/Abstract] OR "mind-body exercise*"[Title/Abstract] OR "mind body exercise*"[Title/Abstract] OR "yoga"[Title/Abstract] OR "tai chi"[Title/Abstract] OR "tai-chi"[Title/Abstract] OR "taichi"[Title/Abstract] OR "tai ji"[Title/Abstract] OR "taiji"[Title/Abstract] OR "qigong"[Title/Abstract] OR "qi gong"[Title/Abstract] OR "Baduanjin"[Title/Abstract] OR "Ba Duan Jin"[Title/Abstract] OR "Eight-section Brocades"[Title/Abstract] OR "guided imagery"[Title/Abstract] OR "guided visualization"[Title/Abstract] OR "guided visualisation"[Title/Abstract] OR "biofeedback-assisted"[Title/Abstract] OR "biofeedback assisted"[Title/Abstract] OR "heart rate variability biofeedback"[Title/Abstract] OR "HRV biofeedback"[Title/Abstract]

	#6
	#4 OR #5

	#7
	"Virtual Reality"[MeSH Terms]

	#8
	"virtual reality"[Title/Abstract] OR "VR"[Title/Abstract] OR "immersive virtual reality"[Title/Abstract] OR "immersive VR"[Title/Abstract] OR "non-immersive virtual reality"[Title/Abstract] OR "nonimmersive virtual reality"[Title/Abstract] OR "virtual environment*"[Title/Abstract] OR "head-mounted display*"[Title/Abstract] OR "head mounted display*"[Title/Abstract] OR "HMD"[Title/Abstract] OR "CAVE"[Title/Abstract] OR "360-degree video"[Title/Abstract] OR "360 video"[Title/Abstract] OR "360° video"[Title/Abstract] OR "three dimensional virtual environment*"[Title/Abstract] OR "3d virtual environment*"[Title/Abstract]

	#9
	#7 OR #8

	#10
	#3 AND #6 AND #9

	Records retrieved
	336






















Table S3. Search strategy for MEDLINE via Web of Science interface
	Search number
	Query

	#1
	TS=(Aged OR "Aged, 80 and over" OR "middle aged" OR "older adult*" OR elderly OR geriatric* OR senior* OR "older person*" OR "older people" OR "older population*" OR "aging population*" OR "ageing population*" OR "older individual*" OR "older patient*" OR "older participant*" OR "middle age" OR "middle-age" OR "middle-aged")

	#2
	TS=(meditation OR meditative OR meditat* OR mindfulness OR mindful* OR "guided meditation" OR "mindfulness meditation" OR MBSR OR MBCT OR "body scan*" OR "breath awareness" OR "breathing awareness" OR "breathing exercise*" OR breathwork OR "mindful walking" OR "mindfulness-based" OR "mindfulness training" OR relaxation OR "relaxation training" OR "relaxation therapy" OR "guided relaxation" OR "meditative relaxation" OR "compassion meditation" OR "loving-kindness" OR "nature-based mindfulness" OR "mind-body" OR "mind body" OR "mind-body exercise*" OR "mind body exercise*" OR yoga OR "tai chi" OR "tai-chi" OR taichi OR "tai ji" OR taiji OR qigong OR "qi gong" OR Baduanjin OR "Ba Duan Jin" OR "Eight-section Brocades" OR "guided imagery" OR "guided visualization" OR "guided visualisation" OR "biofeedback-assisted" OR "biofeedback assisted" OR "heart rate variability biofeedback" OR "HRV biofeedback")

	#3
	TS=("virtual reality" OR VR OR "immersive virtual reality" OR "immersive VR" OR "non-immersive virtual reality" OR "nonimmersive virtual reality" OR "virtual environment*" OR "head-mounted display*" OR "head mounted display*" OR HMD OR CAVE OR "360-degree video" OR "360° video" OR "360 video" OR "three-dimensional virtual environment*" OR "3D virtual environment*")

	#4
	#1 AND #2 AND #3

	Records retrieved
	329












Table S4. Search strategy for Embase
	Search number
	Query

	#1
	'aged'/exp OR 'middle aged'/exp

	#2
	'aged, 80':ab,ti AND over:ab,ti OR 'older adult*':ab,ti OR elderly:ab,ti OR geriatric*:ab,ti OR senior*:ab,ti OR 'older person*':ab,ti OR 'older people':ab,ti OR 'older population*':ab,ti OR 'aging population*':ab,ti OR 'ageing population*':ab,ti OR 'older individual*':ab,ti OR 'older patient*':ab,ti OR 'older participant*':ab,ti OR 'middle age':ab,ti OR 'middle-age':ab,ti OR 'middle-aged':ab,ti

	#3
	#1 OR #2

	#4
	'mindfulness'/exp OR 'meditation'/exp OR 'yoga'/exp OR 'tai chi'/exp OR 'biofeedback'/exp

	#5
	meditation:ab,ti OR meditative:ab,ti OR meditat*:ab,ti OR mindfulness:ab,ti OR mindful*:ab,ti OR 'guided meditation':ab,ti OR 'mindfulness meditation':ab,ti OR mbsr:ab,ti OR mbct:ab,ti OR 'body scan*':ab,ti OR 'breath awareness':ab,ti OR 'breathing awareness':ab,ti OR 'breathing exercise*':ab,ti OR breathwork:ab,ti OR 'mindful walking':ab,ti OR 'mindfulness-based':ab,ti OR 'mindfulness training':ab,ti OR relaxation:ab,ti OR 'relaxation training':ab,ti OR 'relaxation therapy':ab,ti OR 'guided relaxation':ab,ti OR 'meditative relaxation':ab,ti OR 'compassion meditation':ab,ti OR 'loving-kindness':ab,ti OR 'nature-based mindfulness':ab,ti OR 'mind-body':ab,ti OR 'mind body':ab,ti OR 'mind-body exercise*':ab,ti OR 'mind body exercise*':ab,ti OR yoga:ab,ti OR 'tai chi':ab,ti OR 'tai-chi':ab,ti OR taichi:ab,ti OR 'tai ji':ab,ti OR taiji:ab,ti OR qigong:ab,ti OR 'qi gong':ab,ti OR baduanjin:ab,ti OR 'ba duan jin':ab,ti OR 'eight-section brocades':ab,ti OR 'guided imagery':ab,ti OR 'guided visualization':ab,ti OR 'guided visualisation':ab,ti OR 'biofeedback-assisted':ab,ti OR 'biofeedback assisted':ab,ti OR 'heart rate variability biofeedback':ab,ti OR 'hrv biofeedback':ab,ti

	#6
	#4 OR #5

	#7
	'virtual reality'/exp

	#8
	'virtual reality':ab,ti OR vr:ab,ti OR 'immersive virtual reality':ab,ti OR 'immersive vr':ab,ti OR 'non-immersive virtual reality':ab,ti OR 'nonimmersive virtual reality':ab,ti OR 'virtual environment*':ab,ti OR 'head-mounted display*':ab,ti OR 'head mounted display*':ab,ti OR hmd:ab,ti OR cave:ab,ti OR '360-degree video':ab,ti OR '360° video':ab,ti OR '360 video':ab,ti OR 'three-dimensional virtual environment*':ab,ti OR '3d virtual environment*':ab,ti

	#9
	#7 OR #8

	#10
	#3 AND #6 AND #9

	Records retrieved
	648




Table S5. Search strategy for Web of Science
	Search number
	Query

	#1
	TS=(Aged OR "Aged, 80 and over" OR "middle aged" OR "older adult*" OR elderly OR geriatric* OR senior* OR "older person*" OR "older people" OR "older population*" OR "aging population*" OR "ageing population*" OR "older individual*" OR "older patient*" OR "older participant*" OR "middle age" OR "middle-age" OR "middle-aged")

	#2
	TS=(meditation OR meditative OR meditat* OR mindfulness OR mindful* OR "guided meditation" OR "mindfulness meditation" OR MBSR OR MBCT OR "body scan*" OR "breath awareness" OR "breathing awareness" OR "breathing exercise*" OR breathwork OR "mindful walking" OR "mindfulness-based" OR "mindfulness training" OR relaxation OR "relaxation training" OR "relaxation therapy" OR "guided relaxation" OR "meditative relaxation" OR "compassion meditation" OR "loving-kindness" OR "nature-based mindfulness" OR "mind-body" OR "mind body" OR "mind-body exercise*" OR "mind body exercise*" OR yoga OR "tai chi" OR "tai-chi" OR taichi OR "tai ji" OR taiji OR qigong OR "qi gong" OR Baduanjin OR "Ba Duan Jin" OR "Eight-section Brocades" OR "guided imagery" OR "guided visualization" OR "guided visualisation" OR "biofeedback-assisted" OR "biofeedback assisted" OR "heart rate variability biofeedback" OR "HRV biofeedback")

	#3
	TS=("virtual reality" OR VR OR "immersive virtual reality" OR "immersive VR" OR "non-immersive virtual reality" OR "nonimmersive virtual reality" OR "virtual environment*" OR "head-mounted display*" OR "head mounted display*" OR HMD OR CAVE OR "360-degree video" OR "360° video" OR "360 video" OR "three-dimensional virtual environment*" OR "3D virtual environment*")

	#4
	#1 AND #2 AND #3

	Records retrieved
	371

















Table S6. Search strategy for Scopus
	Search number
	Query

	#1
	Aged OR "Aged, 80 and over" OR "middle aged" OR "older adult*" OR elderly OR geriatric* OR senior* OR "older person*" OR "older people" OR "older population*" OR "aging population*" OR "ageing population*" OR "older individual*" OR "older patient*" OR "older participant*" OR "middle age" OR "middle-age" OR "middle-aged"

	#2
	meditation OR meditative OR meditat* OR mindfulness OR mindful* OR "guided meditation" OR "mindfulness meditation" OR MBSR OR MBCT OR "body scan*" OR "breath awareness" OR "breathing awareness" OR "breathing exercise*" OR breathwork OR "mindful walking" OR "mindfulness-based" OR "mindfulness training" OR relaxation OR "relaxation training" OR "relaxation therapy" OR "guided relaxation" OR "meditative relaxation" OR "compassion meditation" OR "loving-kindness" OR "nature-based mindfulness" OR "mind-body" OR "mind body" OR "mind-body exercise*" OR "mind body exercise*" OR yoga OR "tai chi" OR "tai-chi" OR taichi OR "tai ji" OR taiji OR qigong OR "qi gong" OR Baduanjin OR "Ba Duan Jin" OR "Eight-section Brocades" OR "guided imagery" OR "guided visualization" OR "guided visualisation" OR "biofeedback-assisted" OR "biofeedback assisted" OR "heart rate variability biofeedback" OR "HRV biofeedback"

	#3
	"virtual reality" OR VR OR "immersive virtual reality" OR "immersive VR" OR "non-immersive virtual reality" OR "nonimmersive virtual reality" OR "virtual environment*" OR "head-mounted display*" OR "head mounted display*" OR HMD OR CAVE OR "360-degree video" OR "360° video" OR "360 video" OR "three-dimensional virtual environment*" OR "3D virtual environment*"

	#4
	#1 AND #2 AND #3

	Records retrieved
	543

















Table S7. Search strategy for Cochrane Library
	Search number
	Query

	#1
	MeSH descriptor: [Aged] explode all trees

	#2
	MeSH descriptor: [Middle Aged] explode all trees

	#3
	(Aged OR Elderly OR Aging OR Seniors OR Senescence OR "biological aging" OR "aging biological" OR "aged, 80 and over" OR "oldest old" OR Elders OR Elder OR Elder* OR Geriatric OR Older OR "Older Adult" OR "Older Adults" OR "Older People" OR "Older Persons" OR "Older Individuals" OR Old OR "Old Population" OR "Old Age" OR "Old Adult" OR "Old Adults" OR "Aging Population" OR "Aging Adults" OR "middle age" OR "middle-age" OR "middle-aged"):ti,ab,kw

	#4
	#1 OR #2 OR #3

	#5
	MeSH descriptor: [Mindfulness] explode all trees

	#6
	MeSH descriptor: [Meditation] explode all trees

	#7
	MeSH descriptor: [Mind-Body Therapies] explode all trees

	#8
	MeSH descriptor: [Yoga] explode all trees

	#9
	MeSH descriptor: [Tai Ji] explode all trees

	#10
	MeSH descriptor: [Biofeedback, Psychology] explode all trees

	#11
	(meditation OR meditative OR meditat* OR mindfulness OR mindful* OR "guided meditation" OR "mindfulness meditation" OR MBSR OR MBCT OR (body NEXT scan*) OR "breath awareness" OR "breathing awareness" OR (breathing NEXT exercise*) OR breathwork OR "mindful walking" OR "mindfulness-based" OR "mindfulness training" OR relaxation OR "relaxation training" OR "relaxation therapy" OR "guided relaxation" OR "meditative relaxation" OR "compassion meditation" OR "loving-kindness" OR "nature-based mindfulness" OR "mind-body" OR "mind body" OR (mind-body NEXT exercise*) OR (mind NEXT body NEXT exercise*) OR yoga OR "tai chi" OR "tai-chi" OR taichi OR "tai ji" OR taiji OR qigong OR "qi gong" OR Baduanjin OR "Ba Duan Jin" OR "Eight-section Brocades" OR "guided imagery" OR "guided visualization" OR "guided visualisation" OR "biofeedback-assisted" OR "biofeedback assisted" OR "heart rate variability biofeedback" OR "HRV biofeedback"):ti,ab,kw

	#12
	#5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11

	#13
	MeSH descriptor: [Virtual Reality] explode all trees

	#14
	("virtual reality" OR VR OR "immersive virtual reality" OR "immersive VR" OR "non-immersive virtual reality" OR "nonimmersive virtual reality" OR (virtual NEXT environment*) OR (head-mounted NEXT display*) OR (head NEXT mounted NEXT display*) OR HMD OR CAVE OR "360-degree video" OR "360° video" OR "360 video" OR (three-dimensional NEXT virtual NEXT environment*) OR (3D NEXT virtual NEXT environment*)):ti,ab,kw

	#15
	#13 OR #14

	#16
	#4 AND #12 AND #15

	Records retrieved
	357


Table S8. Search strategy for APA PsycINFO via EBSCOhost
	Search number
	Query

	#1
	XB=(Aged OR "Aged, 80 and over" OR "middle aged" OR "older adult*" OR elderly OR geriatric* OR senior* OR "older person*" OR "older people" OR "older population*" OR "aging population*" OR "ageing population*" OR "older individual*" OR "older patient*" OR "older participant*" OR "middle age" OR "middle-age" OR "middle-aged")

	#2
	XB=(meditation OR meditative OR meditat* OR mindfulness OR mindful* OR "guided meditation" OR "mindfulness meditation" OR MBSR OR MBCT OR "body scan*" OR "breath awareness" OR "breathing awareness" OR "breathing exercise*" OR breathwork OR "mindful walking" OR "mindfulness-based" OR "mindfulness training" OR relaxation OR "relaxation training" OR "relaxation therapy" OR "guided relaxation" OR "meditative relaxation" OR "compassion meditation" OR "loving-kindness" OR "nature-based mindfulness" OR "mind-body" OR "mind body" OR "mind-body exercise*" OR "mind body exercise*" OR yoga OR "tai chi" OR "tai-chi" OR taichi OR "tai ji" OR taiji OR qigong OR "qi gong" OR Baduanjin OR "Ba Duan Jin" OR "Eight-section Brocades" OR "guided imagery" OR "guided visualization" OR "guided visualisation" OR "biofeedback-assisted" OR "biofeedback assisted" OR "heart rate variability biofeedback" OR "HRV biofeedback")

	#3
	XB=("virtual reality" OR VR OR "immersive virtual reality" OR "immersive VR" OR "non-immersive virtual reality" OR "nonimmersive virtual reality" OR "virtual environment*" OR "head-mounted display*" OR "head mounted display*" OR HMD OR CAVE OR "360-degree video" OR "360° video" OR "360 video" OR "three-dimensional virtual environment*" OR "3D virtual environment*")

	#4
	#1 AND #2 AND #3

	Records retrieved
	43

















Table S9. Search strategy for CINAHL via EBSCOhost
	Search number
	Query

	#1
	XB=(Aged OR "Aged, 80 and over" OR "middle aged" OR "older adult*" OR elderly OR geriatric* OR senior* OR "older person*" OR "older people" OR "older population*" OR "aging population*" OR "ageing population*" OR "older individual*" OR "older patient*" OR "older participant*" OR "middle age" OR "middle-age" OR "middle-aged")

	#2
	XB=(meditation OR meditative OR meditat* OR mindfulness OR mindful* OR "guided meditation" OR "mindfulness meditation" OR MBSR OR MBCT OR "body scan*" OR "breath awareness" OR "breathing awareness" OR "breathing exercise*" OR breathwork OR "mindful walking" OR "mindfulness-based" OR "mindfulness training" OR relaxation OR "relaxation training" OR "relaxation therapy" OR "guided relaxation" OR "meditative relaxation" OR "compassion meditation" OR "loving-kindness" OR "nature-based mindfulness" OR "mind-body" OR "mind body" OR "mind-body exercise*" OR "mind body exercise*" OR yoga OR "tai chi" OR "tai-chi" OR taichi OR "tai ji" OR taiji OR qigong OR "qi gong" OR Baduanjin OR "Ba Duan Jin" OR "Eight-section Brocades" OR "guided imagery" OR "guided visualization" OR "guided visualisation" OR "biofeedback-assisted" OR "biofeedback assisted" OR "heart rate variability biofeedback" OR "HRV biofeedback")

	#3
	XB=("virtual reality" OR VR OR "immersive virtual reality" OR "immersive VR" OR "non-immersive virtual reality" OR "nonimmersive virtual reality" OR "virtual environment*" OR "head-mounted display*" OR "head mounted display*" OR HMD OR CAVE OR "360-degree video" OR "360° video" OR "360 video" OR "three-dimensional virtual environment*" OR "3D virtual environment*")

	#4
	#1 AND #2 AND #3

	Records retrieved
	34
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Supplementary search procedures
The initial review search identified 15 additional records through supplementary searching; these records were incorporated into the original screening set and are shown separately in Figure 1. The procedures below describe the supplementary searches conducted during revision.
In addition to the eight bibliographic databases, supplementary searches were conducted in Google Scholar, ClinicalTrials.gov, the WHO International Clinical Trials Registry Platform (ICTRP), ProQuest Dissertations & Theses Global, and through backward citation checking. These supplementary searches were used to identify potentially eligible published, unpublished, or ongoing studies that might not have been captured by the database searches.
Google Scholar. Google Scholar was searched on August 31, 2026, using the query: "virtual reality" (mindfulness OR meditation OR MBSR OR MBCT OR relaxation OR breathing OR "guided imagery" OR biofeedback OR yoga OR "tai chi" OR qigong OR "mind-body"). Results were sorted by relevance, and screening was limited to the first 200 relevance-ranked records. Twenty-four potentially relevant records were identified. Eleven had already been identified through the main searches, leaving 13 records for full-text assessment. All 13 were excluded: ineligible population (n=10), ineligible study design (n=1), ineligible outcomes (n=1), and ineligible comparator (n=1). No additional eligible study was identified.
ClinicalTrials.gov. ClinicalTrials.gov was searched on September 2, 2026 using Intervention: virtual reality and Other terms: mindfulness OR meditation OR relaxation OR guided imagery OR biofeedback, restricted to Interventional Studies and the age categories Adult (18–64 years) and Older Adult (65+ years). The search returned 586 records. After title screening, 522 records were excluded. A further 46 records were excluded after assessment of the registry information because of ineligible population (n=10), outcomes (n=1), intervention (n=18), comparator (n=1), or study design (n=16). Of the remaining 18 records, 10 corresponded to studies already identified in the review and 8 additional potentially relevant registry records underwent further assessment. Of these, one was withdrawn, five were ongoing/not yet recruiting/enrolling by invitation, one had unknown status, and one was completed but had no available publication or usable results. No additional trial with usable outcome data was identified for synthesis.
WHO ICTRP. The WHO ICTRP was searched on September 3, 2026 using the query: "virtual reality" AND (mindfulness OR meditation OR relaxation OR breathing OR "guided imagery" OR biofeedback OR yoga OR "tai chi" OR qigong OR "mind body"). The search returned 456 records representing 450 unique trials. Of these, 234 were excluded by title, 56 for ineligible population, 15 for ineligible study design, 72 for ineligible intervention, and 22 for ineligible outcomes, leaving 51 potentially relevant registered trials. Twenty-two had already been identified, leaving 29 additional potentially relevant trials. Among the 29 additional potentially relevant registry records, 7 were recruiting and 22 were not yet recruiting. Two records contained linked results or publication information; assessment of these linked materials showed that one involved an ineligible intervention and the other was unrelated to the review topic. No additional completed dataset eligible for synthesis was identified.
ProQuest Dissertations & Theses Global. ProQuest Dissertations & Theses Global was searched from inception to September 4, 2026 using the query: "virtual reality" AND (mindfulness OR meditation OR relaxation OR breathing OR "guided imagery" OR biofeedback OR yoga OR "tai chi" OR qigong OR "mind-body"). During screening, 124 records were excluded by title and 13 after abstract assessment because of ineligible population (n=4), intervention (n=1), or comparator (n=8). One full-text dissertation/thesis was assessed and excluded because of an ineligible population. No additional eligible study was identified.
Backward citation checking. The reference lists of the final included reports and other relevant newly identified reports were checked for additional eligible studies. No additional eligible study was identified through backward citation checking.
















Table S10. Result-level RoB 2 assessments
A. Results included in the quantitative syntheses
	Study
	Outcome
	Scale
	Assessment time
	D1
	D2
	D3
	D4
	D5
	Overall

	Seethaler et al.
	Anxiety
	STAI-X1
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Seethaler et al.
	Positive affect
	PANAS
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Seethaler et al.
	Negative affect
	PANAS
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Seethaler et al.
	Well-being
	VAS
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Seethaler et al.
	Stress
	VAS
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Sadowski et al.
	Stress
	PSS-10
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Sadowski et al.
	Negative affect
	SPANE
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Sadowski et al.
	Positive affect
	SPANE
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Sadowski et al.
	Well-being
	FS
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Sadowski et al.
	Mindfulness
	FFMQ-SF
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Prabhu et al.
	Pain
	VAS
	Immediately after the preoperative VR/relaxation session
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Prabhu et al.
	Anxiety
	STAI-6
	Immediately after the preoperative VR/relaxation session
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Szczepańska-Gieracha et al.
	Depression 
	GDS-30
	At the end of the 4-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Szczepańska-Gieracha et al.
	Anxiety
	HADS-A
	At the end of the 4-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Szczepańska-Gieracha et al.
	Stress
	PSQ
	At the end of the 4-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Cieślik et al.
	Depression
	GDS-30
	At the end of the 4-week intervention
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk
	Some concerns

	Cieślik et al.
	Anxiety
	HADS-A
	At the end of the 4-week intervention
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk
	Some concerns

	Kwon et al.
	Stress
	PSS-4
	At the end of the 3-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Kwon et al.
	Anxiety
	PROMIS-A
	At the end of the 3-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Kwon et al.
	Depression
	PROMIS-D
	At the end of the 3-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Kwon et al.
	Positive affect
	CES-D positive affect subscale
	At the end of the 3-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Kwon et al.
	Mindfulness
	MAAS
	At the end of the 3-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Li et al.
	Anxiety
	STAI-SAI
	At discharge (T3), after completion of the repeated VR-guided imagery intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Burrows et al.
	Mindfulness
	FFMQ-SF
	At the end of the 2-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Burrows et al.
	Depression
	PROMIS-D
	At the end of the 2-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Modrego-Alarcón et al.
	Depression
	DASS-21
	At the end of the 6-week intervention
	Low risk
	Low risk
	High risk
	Some concerns
	Some concerns
	High risk

	Modrego-Alarcón et al.
	Anxiety
	DASS-21
	At the end of the 6-week intervention
	Low risk
	Low risk
	High risk
	Some concerns
	Some concerns
	High risk

	Modrego-Alarcón et al.
	Stress
	DASS-21
	At the end of the 6-week intervention
	Low risk
	Low risk
	High risk
	Some concerns
	Some concerns
	High risk

	Modrego-Alarcón et al.
	Positive affect
	PANAS
	At the end of the 6-week intervention
	Low risk
	Low risk
	High risk
	Some concerns
	Some concerns
	High risk

	Modrego-Alarcón et al.
	Negative affect
	PANAS
	At the end of the 6-week intervention
	Low risk
	Low risk
	High risk
	Some concerns
	Some concerns
	High risk

	Modrego-Alarcón et al.
	Mindfulness
	FFMQ
	At the end of the 6-week intervention
	Low risk
	Low risk
	High risk
	Some concerns
	Some concerns
	High risk

	Rodrigues et al.
	Pain
	ESRS
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Rodrigues et al.
	Depression
	ESRS
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Rodrigues et al.
	Anxiety
	ESRS
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Rodrigues et al.
	Well-being
	ESRS
	Immediately after the intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Cinalioglu et al. 
	Stress
	PSS-4
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Low risk
	Some concerns

	Cinalioglu et al.
	Depression
	PHQ-9
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Low risk
	Some concerns

	Cinalioglu et al.
	Anxiety
	GAD-7
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Low risk
	Some concerns

	Cinalioglu et al.
	Mindfulness
	FFMQ-SF
	At the end of the 4-week intervention
	Low risk
	Low risk
	Some concerns
	Some concerns
	Low risk
	Some concerns

	Navarro-Haro et al.
	Anxiety
	GAD-7
	At the end of the 6-week intervention
	Some concerns
	High risk
	High risk
	Some concerns
	Some concerns
	High risk

	Navarro-Haro et al.
	Depression
	HADS-D
	At the end of the 6-week intervention
	Some concerns
	High risk
	High risk
	Some concerns
	Some concerns
	High risk

	Doncker et al.
	Anxiety
	STAI-SAI
	Day 1, 15 min after first VRH/control session
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Doncker et al.
	Pain
	VAS
	Day 1, 15 min after first VRH/control session
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Menekseoglu et al.
	Pain
	VAS
	At the end of the 3-week intervention
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Menekseoglu et al.
	Anxiety
	HADS-A
	At the end of the 3-week intervention
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Menekseoglu et al.
	Depression
	HADS-D
	At the end of the 3-week intervention
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Doan et al.
	Pain
	NRS
	At the end of the 2-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Low risk
	Some concerns

	Doan et al.
	Anxiety
	GAD-2
	At the end of the 2-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Low risk
	Some concerns

	Doan et al.
	Depression
	PHQ-2
	At the end of the 2-week intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Low risk
	Some concerns

	Kim et al.
	Pain
	NRS
	Immediately after the first VR session (VR1), approximately 30 min after PTBD
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns



B. Results included in the narrative synthesis
	Study
	Outcome
	Scale
	Assessment time
	D1
	D2
	D3
	D4
	D5
	Overall

	Torres García et al.
	Anxiety
	HADS-A
	Immediately after Visit 4 
(3 months after Visit 3)
	Low risk
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Torres García et al.
	Depression
	HADS-D
	Immediately after Visit 4 
(3 months after Visit 3)
	Some concerns
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Gromala et al.
	Pain
	NRS
	Immediately after the single 12-minute intervention
	Some concerns
	Low risk
	Some concerns
	Some concerns
	Some concerns
	Some concerns

	Krishnamoorthy et al.
	Anxiety
	STAI
	Immediately after the preoperative session
	Low risk
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns

	Krishnamoorthy et al.
	Anxiety
	STAI
	Immediately after the postoperative session on postoperative day 3
	Low risk
	Some concerns
	High risk
	Some concerns
	Some concerns
	High risk

	Krishnamoorthy et al.
	Pain
	VAS
	Immediately after the preoperative session
	Low risk
	Low risk
	Some concerns
	Some concerns
	High risk
	High risk

	Rousseaux et al.
	Anxiety
	VAS
	Across T0–T3 (pre- and postoperative assessments)
	Some concerns
	Some concerns
	High risk
	Some concerns
	Some concerns
	High risk

	Rousseaux et al.
	Pain
	VAS
	Across T0–T3 (pre- and postoperative assessments)
	Some concerns
	Some concerns
	High risk
	Some concerns
	Some concerns
	High risk

	Bai et al.
	Depression
	CES-D
	At the end of the 6-week intervention
	Low risk
	Low risk
	Low risk
	Some concerns
	Some concerns
	Some concerns


Note: The target effect for all assessments was the effect of assignment to intervention, regardless of adherence to the assigned intervention. D1, bias arising from the randomization process; D2, bias due to deviations from intended interventions; D3, bias due to missing outcome data; D4, bias in measurement of the outcome; D5, bias in selection of the reported result. RoB 2 judgments are outcome- and time-point-specific. “Low risk,” “Some concerns,” and “High risk” correspond to the standard RoB 2 overall judgment categories. CES-D, Center for Epidemiologic Studies Depression Scale; DASS-21, Depression Anxiety Stress Scales-21; ESRS, Edmonton Symptom Rating Scale; FFMQ, Five Facet Mindfulness Questionnaire; FFMQ-SF, Five Facet Mindfulness Questionnaire-Short Form; FS, Flourishing Scale; GAD-2/GAD-7, Generalized Anxiety Disorder-2/-7; GDS-30, 30-item Geriatric Depression Scale; HADS-A/HADS-D, Hospital Anxiety and Depression Scale anxiety/depression subscales; MAAS, Mindful Attention Awareness Scale; NRS, Numerical Rating Scale; PANAS, Positive and Negative Affect Schedule; PHQ-2/PHQ-9, Patient Health Questionnaire-2/-9; PROMIS-A/PROMIS-D, Patient-Reported Outcomes Measurement Information System anxiety/depression measures; PSS-4/PSS-10, Perceived Stress Scale-4/-10; PSQ, Perceived Stress Questionnaire; SPANE, Scale of Positive and Negative Experience; STAI, State-Trait Anxiety Inventory; STAI-6, six-item State-Trait Anxiety Inventory; STAI-SAI, State Anxiety Inventory (state form of the State-Trait Anxiety Inventory); STAI-X1, State-Trait Anxiety Inventory Form X-1; VAS, visual analogue scale.







Table S11. Reported adherence, safety, acceptability, usability, and supervision/technical assistance of VR interventions
	Study
	Adherence/completion
	VR-related adverse events/discomfort
	Acceptability
	Usability/technical issues and supervision/assistance

	Seethaler et al.
	21/22 allocated participants received VR; all 21 recipients completed the intervention. One participant withdrew before receiving VR because of headache.
	Actively assessed (FMS; n=21). Motion-sickness ratings were minimal (mean 0.25 ± 0.91), with 20/21 (95.2%) ratings ≤1; the authors also reported no other VR-related adverse events.
	Median satisfaction was 18/20 (IQR 4); 19/21 (90.5%) could envision VR being integrated into future clinical care.
	A brief Meta Quest 2 orientation was provided; the second author was present throughout the procedure. Specific technical problems were not reported.

	Sadowski et al.
	12/14 (85.7%) completed the VR program (≥6/8 sessions); one non-completer had scheduling difficulties and one discontinued because of headset discomfort. All 12 completers attended 8/8 sessions.
	Actively assessed (SSQ; n=12 at T1-T3). Total symptoms were generally minimal; nausea and disorientation were negligible-to-minimal, while oculomotor discomfort ranged from minimal to significant.
	11/12 (91.7%) enjoyed the overall VR experience. Among respondents, 11/11 (100%) would use the program in the future and 11/11 (100%) would recommend it.
	Blurred images were reported by 4/12 (33.3%), headset heaviness by 2/12 (16.7%), and video-quality concerns by 3/12 (25.0%). The research team assisted with headset use and troubleshooting as needed.

	Prabhu et al.
	9/9 VR participants completed the preoperative and postoperative intervention procedures; one postoperative VR session was delayed by 45 min because of anesthesia-related drowsiness.
	Not systematically assessed after the intervention. The SSQ was used for pre-enrollment cybersickness screening, but no dedicated post-intervention adverse-event/cybersickness assessment or corresponding VR safety results were reported.
	Across the VR and 2D intervention groups, 18/18 (100%) participants were likely or highly likely to recommend the intervention.
	VR SUS was 66.3 ± 4.0. Participants recommended simplifying the biofeedback setup. A researcher coached breathing, fitted the HMD, and provided a 5-min practice period before the intervention.

	Szczepańska-Gieracha et al.
	11/13 VR participants were retained for final analysis; two were excluded after allocation (religious beliefs, n=1; unrelated accident, n=1). Session-level adherence was not separately reported.
	Not systematically assessed/reported.
	Acceptability/feasibility was not directly assessed; the authors described the VR therapy as well tolerated.
	Not reported.

	Cieślik et al.
	30/30 (100%) VR participants completed the study; session-level attendance was not separately reported.
	Not systematically assessed/reported.
	Not reported.
	Not reported.

	Kwon et al.
	15/16 (93.8%) completed all VR sessions and the post-intervention assessment; one participant withdrew after the first session because of severe dizziness/motion sickness.
	Actively assessed (n=15 completers). Cybersickness scores across the four VR modules ranged from 16.73 to 19.13/64 and were interpreted as minor. One of 16 allocated participants withdrew because of severe dizziness; facial pressure and eye strain were also reported qualitatively, but their frequencies were not reported.
	Among 15 completers, mean usefulness was 22.6/25; attitude toward VR ranged from 23.80 to 24.27/25 across modules.
	Mean ease-of-use score was 21.1/25 (n=15). Difficulties with controls/menu navigation and focus adjustment were reported qualitatively (frequencies not reported); VR-use instructions and fitting assistance were provided.

	Li et al.
	45/53 (84.9%) completed the VR intervention. Eight discontinued: five were discharged before completing the intervention cycle and three refused to use the VR glasses.
	Explicit zero-event statement; no dedicated cybersickness instrument was described. The authors reported that no additional adverse events or unintended effects occurred during the intervention.
	No formal acceptability measure was reported; the authors described overall acceptance as high.
	Participants received VR-use training; staff assistance and ward visits were provided to support VR use/adherence. No specific technical failures were reported.

	Burrows et al.
	VRM-specific session adherence was not explicitly reported. Six participants were allocated to VRM+PARx; one later withdrew because of an unrelated medical complication, leaving 5/6 for final analysis.
	The authors stated that no adverse events were reported during the intervention; however, no dedicated adverse-event/cybersickness assessment was described.
	100% of treatment-group respondents found VRM enjoyable and easy to follow, the environments relaxing, and VRM a pleasant distraction from hemodialysis; the respondent denominator was not separately stated.
	Not reported.

	Modrego-Alarcón et al.a
	Attendance was high, but group-specific attendance values were internally inconsistent in the source (see note a).
	Not systematically assessed. No serious adverse events were reported, but the authors explicitly stated that collection of potential adverse effects/cybersickness was not systematized and relied mainly on spontaneous comments to the on-site psychologist.
	For MBP+VR, satisfaction was 8.83 ± 1.75/10, recommendability 9.58 ± 0.79/10, and perceived VR usefulness 7.25 ± 2.90/10.
	A trained psychologist remained on site throughout the VR sessions to address technical issues, participant needs, or potential adverse effects. Specific technical failures were not reported.

	Rodrigues et al.
	22/22 (100%) completed the single therapeutic VR session; no intervention discontinuations occurred.
	Cybersickness was not assessed. The authors explicitly stated that no participants reported discomfort and that participants tolerated VR.
	Technology acceptance was not formally assessed; tolerance of VR was reported qualitatively.
	An occupational therapist positioned participants and placed the VR glasses; specific technical problems were not reported.

	Cinalioglu et al.
	The report states that eight participants initiated the VR intervention and all eight completed all eight sessions; participant counts are internally inconsistent across other sections of the thesis.
	Actively monitored (SSQ administered, but scores not reported). The source explicitly states that no side effects or serious adverse events occurred during the VR sessions.
	Program enjoyment was reported, but no quantitative acceptability result was provided.
	The source states that no technical interruptions or major technical difficulties occurred; facilitator support was available in person or via Zoom.

	Navarro-Haro et al.
	19/19 (100%) met the study-defined completion criterion (attendance at ≥50% of mindfulness sessions). This criterion does not establish complete attendance at every VR-supported session.
	Not systematically assessed/reported.
	Not directly assessed/reported.
	A psychologist research assistant provided VR-use instructions and assistance; specific technical problems were not reported.

	Doncker et al.
	All 30 VRH participants contributed data on Day 1; 20 and 16 remained available on Days 2 and 3, respectively. Across both trial groups, 11/60 left early (recovery from aplasia, n=6; refusal to continue, n=5); group-specific exit counts were not reported.
	Actively assessed after each VRH session. Any side effect was reported by 2/30 (6.7%) on Day 1, 1/20 (5.0%) on Day 2, and 2/16 (12.5%) on Day 3. Nausea occurred in 4/30 (13.3%), 4/20 (20.0%), and 2/16 (12.5%), respectively; headache and dizziness each occurred in 1/16 (6.3%) on Day 3. One Day-1 session was stopped early because of vomiting and fever. Events were characterized as minor.
	Mean satisfaction was 7.5 ± 2.7/10 (n=30) on Day 1, 7.9 ± 2.5/10 (n=20) on Day 2, and 7.4 ± 2.7/10 (n=16) on Day 3.
	VRH was delivered at the bedside. The authors noted that equipment and staff training are required; specific technical failures were not reported.

	Menekseoglu et al.b
	Participant-flow counts were internally inconsistent in the source (see note b). Session-level attendance across the 15 VRH sessions was not reported.
	Safety events were reported, but the assessment procedure was not described. Three VRH participants experienced transient dizziness lasting <5 min after the first session; no other adverse effects were reported. Because allocation/withdrawal counts are inconsistent, a definitive exposed-participant denominator cannot be established from the report.
	A separate acceptability measure was not reported.
	SUS was 72.4 ± 8.1 (median 73; range 55-90), interpreted by the authors as good usability. VRH was administered under clinical supervision; the accompanying physiotherapy was supervised by the same physiotherapist.

	Doan et al.
	24 participants were randomized to VR-GI; 21 completed the study (one discontinued because of difficulty using the VR headset and two were lost to follow-up). Among completers, mean adherence was 66.4%, equivalent to 9.3/14 planned daily sessions.
	Actively elicited. Five of 21 completers (23.8%) reported non-serious adverse events, including dizziness, nausea, or headache. Participants also described headset heaviness/discomfort, movement-triggered neck pain, nose pressure, or headache; frequencies for these qualitative complaints were not reported.
	Among VR-GI completers (n=21), ease of integrating VR into daily routine was 8.38 ± 1.91/10, ease of equipment use 8.76 ± 2.41/10, equipment comfort 4.71 ± 3.23/10, willingness to continue 7.00 ± 3.51/10, and willingness to recommend 7.05 ± 3.07/10. Enjoyment was 6.29 ± 2.53 and 7.25 ± 2.65/10 for the two VR experiences.
	One participant discontinued because of difficulty using the headset. Virtual onboarding and basic training were provided, with video calls, reminders, and support from research coordinators during the at-home intervention.

	Kim et al.
	23 participants were randomized to guided-breathing VR (VRBG); one was excluded because of septic shock during PTBD, leaving 22 for analysis. Exact completion of both planned VR sessions was not reported; the authors noted more refusals/delays for the first session than the second, without exact counts.
	Actively assessed. In VRBG, dizziness occurred in 1/22 (4.6%); nausea, headache, and eye strain were 0/22, and no Grade 3/4 events occurred. In the VR-without-guided-breathing comparator, nausea occurred in 2/23 (8.7%), dizziness in 1/23 (4.3%), and eye strain in 1/23 (4.3%); all Grade 3/4 counts were zero. Reported symptoms were mild/self-limiting.
	VRBG mean satisfaction was 4.05/5 and willingness to reuse 3.45/5; 15/22 (68.2%) rated satisfaction 4-5 and 11/22 (50.0%) rated willingness to reuse 4-5. Comparator means were 3.81/5 and 3.76/5, respectively; between-group differences were not significant.
	Some participants had difficulty engaging immediately after PTBD, and unfamiliarity with VR was noted as a possible influence. Specific technical failures or staff-assistance requirements were not reported.

	Torres García et al.
	71/71 (100%) participants in the VR group completed all four intervention sessions.
	Monitored, but outcome data were not reported. The VR platform recorded nausea and physical discomfort among session variables, but corresponding VR-related adverse-event results were not provided; a dedicated cybersickness instrument was not described.
	No quantitative acceptability measure was reported; VR was described as generally pleasant and well received.
	Therapist guidance was provided throughout the VR intervention; specific technical problems were not reported.

	Gromala et al.
	Seven VR participants were included in the final analysis; formal adherence/session-completion data were not reported.
	Not systematically assessed/reported.
	Not reported.
	A movable-arm, non-gripping DeepStream viewer was used to minimize head pressure/discomfort; specific technical problems were not reported.

	Krishnamoorthy et al.
	19/19 completed the preoperative VR session. Postoperative questionnaire data were available for 10/19, and complete paired postoperative STAI data were available for 8/19.
	Actively assessed using the participant-experience questionnaire (including nausea/vomiting, dizziness, claustrophobia, skin irritation, and headache), but exact VR-group frequencies were not reported in the available article.
	No dedicated acceptability score was reported. As participant-experience proxies, median immersion and absorption were both 90/100 (n=18). Five patients declined VR before randomization because of preferences concerning the VR religious content.
	Specific technical-assistance requirements were not reported.

	Rousseaux et al.
	In both the VR and VRH arms, 25/25 participants were analyzed preoperatively and 15/25 postoperatively. These figures reflect availability for postoperative assessment rather than documented session-level adherence.
	Not systematically assessed/reported.
	Not formally assessed. Dislike of hypnosis/VR/VRH was listed among reasons for postoperative missing data, but group-specific counts were not reported.
	Not reported.

	Bai et al.
	8/8 VR participants were included in the post-intervention analysis; session-level attendance was not separately reported.
	Actively monitored (no dedicated cybersickness instrument described). Participants were instructed to pause/stop for dizziness, nausea, or discomfort, staff were available, and adverse symptoms were recorded; the authors explicitly reported no VR-related adverse symptoms.
	Not directly assessed/reported.
	Participants received orientation/familiarization before the first session, with staff monitoring/support available as needed; specific technical problems were not reported.


Note: Information refers to the experimental VR intervention group unless otherwise specified; when both trial arms used VR, group-specific information is presented where relevant. “Not systematically assessed/reported” indicates that the source did not describe a dedicated assessment and/or did not provide corresponding outcome data and must not be interpreted as evidence of zero events. Zero-event wording is used only when the original authors explicitly reported that no adverse events or symptoms occurred. Percentages are accompanied by numerators/denominators whenever these could be established from the source. When VR-specific session adherence was unavailable, retention or follow-up information is reported and identified as such. For Doncker et al., symptom-specific counts and the reported overall “any side effect” counts were not fully concordant in the source report and are reproduced as reported. 2D, two-dimensional; FMS, Fast Motion Sickness Scale; HMD, head-mounted display; IQR, interquartile range; MBP, mindfulness-based programme; PTBD, percutaneous transhepatic biliary drainage; SD, standard deviation; SSQ, Simulator Sickness Questionnaire; STAI, State-Trait Anxiety Inventory; SUS, System Usability Scale; VR, virtual reality; VRBG, virtual reality with guided breathing; VR-GI, virtual reality guided imagery; VRH, virtual reality hypnosis; VRM, virtual reality mindfulness.
a Modrego-Alarcón et al.: the Results text reports MBP+VR attendance of 5.71/6 sessions (SD 0.49), whereas Table 3 displays 5.58/6 (SD 0.79) under the MBP+VR column; neither value was silently preferred.
b Menekseoglu et al.: the Abstract/Methods state 30 participants per arm, whereas the Results state 31 per arm randomized with one dropout per arm and 30 per arm analyzed; another Methods passage reports two VRH and one control withdrawal. These inconsistencies are reported transparently.

Table S12. Subgroup meta-analysis for stress
	Subgroups
	k
	Hedges’ g (95% CI)
	I2 (%)
	τ²
	P for heterogeneity
	P for subgroup difference

	Overall
	6
	−0.47 (−1.32, 0.39)
	76.17
	0.512
	< 0.001
	—

	Intervention type
VR mindfulness
Others
	
3
3
	
−0.17 (−1.64, 1.29)
−0.77 (−3.30, 1.77)
	
48.92
86.27
	
0.173
0.920
	
0.141
< 0.001
	0.391


	Comparator type
Active
Nonactive
	
3
3
	
−0.01 (−1.62, 1.61)
−0.94 (−2.87, 0.98)
	
64.66
69.83
	
0.267
0.420
	
0.062
0.036
	0.107


	Population group 
Clinical
Nonclinical
	
2
4
	
−0.35 (−9.54, 8.84)
−0.53 (−1.91, 0.84)
	
86.21
76.55
	
0.903
0.576
	
0.007
0.005
	0.830

	Time-matched
Yes
No
	
2
4
	
0.35 (0.15, 0.56)
−0.91 (−1.92, 0.11)
	
0.00
55.79
	
0.00
0.224
	
0.949
0.079
	0.002


Note: For intervention-type subgroup analyses, VR mindfulness included Sadowski et al., Modrego-Alarcón et al., and Cinalioglu et al.; “Others” included Seethaler et al., Szczepańska-Gieracha et al., and Kwon et al. No multiplicity correction was applied to subgroup interaction tests. All subgroup analyses were exploratory, and nominal P values <0.05 should be interpreted as hypothesis-generating rather than as confirmatory evidence of effect modification.

Table S13. Subgroup meta-analysis for mindfulness
	Subgroups
	k
	Hedges’ g (95% CI)
	I2 (%)
	τ²
	P for heterogeneity
	P for subgroup difference

	Overall
	5
	0.55 (−0.12, 1.21)
	10.37
	0.023
	0.220
	—

	Comparator type
Active
Nonactive
	
2
3
	
0.23 (−1.46, 1.92)
0.84 (−0.78, 2.46)
	
0.00
32.75
	
0.000
0.115
	
0.646
0.187
	0.169


	Time-matched
Yes
No
	
1
4
	
0.09 (−0.75, 0.92)
0.67 (−0.18, 1.51)
	
—
5.55
	
—
0.012
	
—
0.235
	0.225


Note: No multiplicity correction was applied to subgroup interaction tests. All subgroup analyses were exploratory, and nominal P values <0.05 should be interpreted as hypothesis-generating rather than as confirmatory evidence of effect modification.

Table S14. Summary of primary and sensitivity analyses for pooled outcomes
A. Primary and sensitivity analyses
	Outcome
	Analysis
	k
	Hedges’ g (95% CI)
	P for effect
	τ²
	I2 (%)
	P for heterogeneity

	Anxiety
	Primary REML+Knapp–Hartung analysis
	13
	−0.39 (−0.64, −0.15)
	0.004
	0.062
	38.30
	0.074

	Anxiety
	Conventional normal-approximation inference
	13
	−0.39 (−0.62, −0.17)
	< 0.001
	0.062
	38.30
	0.074

	Anxiety
	Fixed-effect model
	13
	−0.42 (−0.59, −0.25)
	< 0.001
	—
	38.99 
	0.074

	Anxiety
	Excluding high-risk results
	11
	−0.48 (−0.72, −0.23)
	0.001
	0.045
	32.00
	0.166

	Anxiety
	Age ≥60 years
	8
	−0.58 (−0.90, −0.27)
	0.003
	0.048
	32.64
	0.180

	Anxiety
	Excluding academic theses/dissertations
	11
	−0.40 (−0.69, −0.12)
	0.010
	0.076
	44.66
	0.045

	Anxiety
	Program-end assessments only
	9
	−0.40 (−0.75, −0.04)
	0.033
	0.109
	51.62
	0.031

	Depression
	Primary REML+Knapp–Hartung analysis
	10
	−0.33 (−0.66, −0.002)
	0.049
	0.088
	41.38
	0.077

	Depression
	Conventional normal-approximation inference
	10
	−0.33 (−0.63, −0.04)
	0.026
	0.088
	41.38
	0.077

	Depression
	Fixed-effect model
	10
	−0.31 (−0.53, −0.10)
	0.005
	—
	42.08
	0.077

	Depression
	Excluding high-risk results
	8
	−0.42 (−0.80, −0.04)
	0.034
	0.093
	43.59
	0.085

	Depression
	Age ≥60 years
	4
	−0.68 (−1.21, −0.16)
	0.026
	< 0.001
	0.00 
	0.445

	Depression
	Excluding academic theses/dissertations
	8
	−0.34 (−0.78, 0.10)
	0.108
	0.138
	53.50
	0.030

	Stress
	Primary REML+Knapp–Hartung analysis
	6
	−0.47 (−1.32, 0.39)
	0.222
	0.512
	76.17
	< 0.001

	Stress
	Conventional normal-approximation inference
	6
	−0.47 (−1.12, 0.19)
	0.165
	0.512
	76.17
	< 0.001

	Stress
	Fixed-effect model
	6
	−0.40 (−0.72, −0.09)
	0.013
	—
	76.90 
	< 0.001

	Stress
	Excluding high-risk results
	5
	−0.63 (−1.61, 0.36)
	0.151
	0.487
	75.65
	0.001

	Stress
	Age ≥60 years
	5
	−0.63 (−1.61, 0.36)
	0.151
	0.487
	75.65
	0.001

	Stress
	Excluding academic theses/dissertations
	4
	−0.27 (−1.48, 0.94)
	0.527
	0.420
	73.13
	0.011

	Stress
	Excluding VAS result
	5
	−0.65 (−1.63, 0.34)
	0.142
	0.452
	71.66
	0.007

	Mindfulness
	Primary REML+Knapp–Hartung analysis
	5
	0.55 (−0.12, 1.21)
	0.084
	0.023
	10.37
	0.220

	Mindfulness
	Conventional normal-approximation inference
	5
	0.55 (0.14, 0.95)
	0.009
	0.023
	10.37
	0.220

	Mindfulness
	Fixed-effect model
	5
	0.54 (0.16, 0.93)
	0.006
	—
	30.24
	0.220

	Mindfulness
	Excluding high-risk results
	4
	0.67 (−0.18, 1.51)
	0.086
	0.012
	5.55 
	0.235

	Mindfulness
	Age ≥60 years
	3
	0.55 (−0.31, 1.42)
	0.111
	< 0.001
	0.00 
	0.468

	Mindfulness
	Excluding academic theses/dissertations
	3
	0.57 (−1.47, 2.61)
	0.354
	0.287
	54.48
	0.116

	Mindfulness
	Excluding MAAS result
	4
	0.40 (−0.49, 1.29)
	0.245
	< 0.001
	0.00
	0.222

	Positive affect
	Primary REML+Knapp–Hartung analysis
	4
	0.33 (−0.17, 0.83)
	0.129
	< 0.001
	0.00 
	0.531

	Positive affect
	Conventional normal-approximation inference
	4
	0.33 (−0.03, 0.69)
	0.075
	< 0.001
	0.00 
	0.531

	Positive affect
	Fixed-effect model
	4
	0.33 (−0.03, 0.69)
	0.075
	—
	0.00 
	0.531

	Positive affect
	Excluding high-risk results
	3
	0.37 (−0.51, 1.25)
	0.210
	0.013
	9.40 
	0.366

	Positive affect
	Age ≥60 years
	3
	0.37 (−0.51, 1.25)
	0.210
	0.013
	9.40 
	0.366

	Positive affect
	Excluding academic theses/dissertations
	3
	0.19 (−0.29, 0.67)
	0.233
	< 0.001
	0.00 
	0.762

	Negative affect
	Primary REML+Knapp–Hartung analysis
	3
	−0.29 (−1.46, 0.88)
	0.401 
	0.064
	30.57
	0.223

	Negative affect
	Conventional normal-approximation inference
	3
	−0.29 (−0.80, 0.23)
	0.273
	0.064
	30.57
	0.223

	Negative affect
	Fixed-effect model
	3
	−0.27 (−0.70, 0.15)
	0.204
	—
	33.34
	0.223

	Negative affect
	Excluding high-risk results
	2
	−0.44 (−5.38, 4.50)
	0.459
	0.171
	55.88
	0.132

	Negative affect
	Age ≥60 years
	2
	−0.44 (−5.38, 4.50)
	0.459
	0.171
	55.88
	0.132

	Well-being
	Primary REML+Knapp–Hartung analysis
	3
	0.47 (−0.07, 1.00)
	0.064
	< 0.001
	0.00 
	0.661

	Well-being
	Conventional normal-approximation inference
	3
	0.47 (0.09, 0.84)
	0.015
	< 0.001
	0.00 
	0.661

	Well-being
	Fixed-effect model
	3
	0.47 (0.09, 0.84)
	0.015
	—
	0.00
	0.661

	Well-being
	Age ≥60 years
	2
	0.34 (−1.10, 1.78)
	0.203
	< 0.001
	0.00 
	0.648

	Pain
	Primary REML+Knapp–Hartung analysis
	6
	−0.22 (−0.70, 0.27)
	0.302
	0.076
	44.30
	0.084

	Pain
	Conventional normal-approximation inference
	6
	−0.22 (−0.55, 0.12)
	0.208
	0.076
	44.30
	0.084

	Pain
	Fixed-effect model
	6
	−0.20 (−0.44, 0.04)
	0.109
	—
	48.46
	0.084

	Pain
	Age ≥60 years
	3
	−0.33 (−1.77, 1.10)
	0.422
	0.164
	60.44
	0.096



B. Leave-one-out analyses
	Outcome
	Range of pooled Hedges’ g
	Direction unchanged
	Statistical significance

	Anxiety
	−0.43 to −0.31
	Yes
	Significant in all analyses

	Depression
	−0.42 to −0.21
	Yes
	Varied across analyses

	Stress
	−0.65 to −0.23
	Yes
	Non-significant in all analyses

	Mindfulness
	0.40 to 0.67
	Yes
	Non-significant in all analyses

	Positive affect
	0.19 to 0.47
	Yes
	Non-significant in all analyses

	Negative affect
	−0.44 to −0.05
	Yes
	Non-significant in all analyses

	Well-being
	0.34 to 0.59
	Yes
	Non-significant in all analyses

	Pain
	−0.30 to −0.08
	Yes
	Non-significant in all analyses


Note: Primary random-effects analyses used restricted maximum-likelihood (REML) estimation of between-study variance (τ²) with Knapp–Hartung-adjusted confidence intervals and tests. Conventional normal-approximation random-effects analyses and fixed-effect models were conducted as sensitivity analyses. Negative Hedges’ g values favor VR-based interventions for anxiety, depressive symptoms, stress, negative affect, and pain, whereas positive values favor VR-based interventions for mindfulness, positive affect, and well-being. Age-restricted sensitivity analyses included studies in which the reported overall mean or median age was ≥60 years; when only group-specific age summaries were available, both groups were required to have a mean or median age ≥60 years; studies explicitly recruiting participants aged ≥60 years were also included. Because the ≥60-year restriction was based primarily on study-level age summaries, this analysis was used to assess applicability to older-adult study samples and does not imply that every participant in the included studies was aged ≥60 years. Leave-one-out analyses used the same REML random-effects framework and inferential approach as the primary analyses. τ² is not applicable to fixed-effect models. k, number of study results; CI, confidence interval; MAAS, Mindful Attention Awareness Scale; REML, restricted maximum likelihood; VAS, visual analogue scale.
















Table S15. Structured narrative synthesis of eligible study results not included in the meta-analysis
	Study
	Clinical context, comparison, and analyzed n
	Outcome (scale)
	Assessment time
	Available quantitative finding and direction
	Uncertainty and RoB 2
	Reason not pooled

	Torres García et al.
	Breast cancer before first chemotherapy dose; VR mindfulness vs psychoeducational intervention; n=133 (VR 71, control 62).
	Anxiety (HADS-A)
	Immediately after Visit 4 (3 months after Visit 3)
	Direction favored VR. Post-Visit 4 median HADS-A was 6 (range 5–7) in the VR group vs 12 (10–13) in the control group (reported P <0.0001).
	No CI or SE for a directly comparable endpoint effect. Overall RoB 2: Some concerns.
	Endpoint data were reported as medians and ranges rather than means and SDs. A distribution-based conversion was considered, but deriving both the mean and SD from these summaries would require assumptions about the underlying distributions, and the resulting standardized effect would depend directly on the approximated SD. The corresponding author confirmed that the original database was no longer accessible, and review of the doctoral thesis did not yield group-specific endpoint means/SDs. Available means/SDs referred only to percentage-change measures, which did not match the endpoint estimand used in the meta-analysis.

	Torres García et al.
	Breast cancer before first chemotherapy dose; VR mindfulness vs psychoeducational intervention; n=133 (VR 71, control 62).
	Depression (HADS-D)
	Immediately after Visit 4 (3 months after Visit 3)
	Direction favored VR. Post-Visit 4 median HADS-D was 8 (range 6–11) in the VR group vs 13 (11–14) in the control group (reported P <0.0001).
	No CI or SE for a directly comparable endpoint effect. Overall RoB 2: Some concerns.
	Endpoint data were reported as medians and ranges rather than means and SDs. A distribution-based conversion was considered, but deriving both the mean and SD from these summaries would require assumptions about the underlying distributions, and the resulting standardized effect would depend directly on the approximated SD. Author contact and examination of the doctoral thesis did not yield group-specific endpoint means/SDs; available means/SDs referred only to percentage-change measures, which did not match the endpoint estimand used in the meta-analysis.

	Gromala et al.
	Adults with chronic pain; Virtual Meditative Walk (VR + biofeedback + MBSR audio) vs non-VR MBSR audio. Twenty participants were initially enrolled; 13 were included in the pain analysis after 7 declined to complete the pain assessment forms (VR 7, control 6).
	Pain (NRS)
	Immediately after the single 12-minute intervention
	Direction favored VR. The time-by-condition interaction indicated a larger pain reduction with VR, F(1,11)=8.16, P <0.05, r=0.54. The authors also reported an average 2.6-point NRS pain reduction in the VR group relative to the control group.
	Very small proof-of-concept sample, with 13/20 initially enrolled participants analyzed for pain; no group-specific endpoint mean/SD or CI for a directly comparable between-group effect. Overall RoB 2: Some concerns.
	Group-specific pre- and post-intervention means and SDs were not reported. The available interaction statistic and figure did not provide the numerical group-specific endpoint summaries needed to derive a directly comparable endpoint Hedges’ g and SE.

	Krishnamoorthy et al.
	Cardiac surgery; VR-guided mindfulness vs 15-minute music therapy; preoperative n=36 (VR 19, music 17).
	Anxiety (STAI)
	Immediately after the preoperative session
	Reported post-session medians were 23 (IQR 20–35) with VR and 23 (21–24) with music. Median pre-to-post change was −15.0 (IQR −20.0 to −6.5) with VR vs −17.0 (−24.0 to −10.0) with music (between-change P=0.70).
	Pilot sample; no CI or SE for a directly comparable endpoint effect. Overall RoB 2: Some concerns.
	Group-specific endpoint means and SDs were unavailable; results were reported as medians/IQRs. A distribution-based conversion was considered but would provide an approximation rather than directly reported endpoint data and would not reproduce the endpoint-based effect estimand used in the primary meta-analysis.

	Krishnamoorthy et al.
	Cardiac surgery; VR-guided mindfulness vs 15-minute music therapy; complete postoperative paired STAI data n=19 (VR 8, music 11).
	Anxiety (STAI)
	Immediately after the postoperative session on postoperative day 3
	Post-session median STAI was 24 (IQR 22–30) with VR and 23 (20–27) with music. Median pre-to-post change was −5.0 (−8.3 to 0.0) with VR vs −8.0 (−13.5 to −2.0) with music (between-change P=0.30).
	Postoperative data were sparse and incomplete; no CI or SE for a directly comparable endpoint effect. Overall RoB 2: High risk.
	Endpoint means and SDs were unavailable; results were reported as medians/IQRs. Substantial postoperative missing data further limited a defensible conversion-based estimate for the endpoint effect used in the primary synthesis.

	Krishnamoorthy et al.
	Cardiac surgery; VR-guided mindfulness vs 15-minute music therapy; preoperative n=36 (VR 19, music 17).
	Pain (VAS)
	Immediately after the preoperative session
	Baseline median pain was 0.00 (IQR 0.00–0.00) in both groups. Post-session median pain was 0.50 (0.00–1.50) with VR vs 0.00 (0.00–0.00) with music (between-group P=0.20), indicating a pronounced floor effect. The postoperative pain result was not explicitly reported.
	Very low baseline pain limits interpretation; no CI or SE for a directly comparable between-group effect. Overall RoB 2: High risk.
	Only medians/IQRs were available, and the postoperative pain result was not explicitly reported. The floor effect and absence of group-specific endpoint means/SDs precluded derivation of a directly comparable endpoint Hedges’ g and SE.

	Rousseaux et al.
	Cardiac surgery; four-arm trial. Eligible comparison for this review: VR hypnosis (VRH) vs standard care; preoperative n=50 (VRH 25, control 25), postoperative n=37 (VRH 15, control 22).
	Anxiety (VAS)
	Repeated-measures assessment across T0–T3 (pre- and postoperative assessments)
	Direction for the eligible VRH-vs-control comparison could not be quantified from the reported numerical data. Anxiety decreased from T0 to later assessments across groups; apart from a baseline difference between VRH and hypnosis, the source reported no additional between-group differences.
	No pairwise endpoint estimate, CI, SE, or group-specific endpoint means/SDs for the eligible VRH-vs-control comparison; substantial postoperative missing data. Overall RoB 2: High risk.
	Results were reported as four-arm repeated-measures analyses and figures without group-specific numerical endpoint means and SDs for the eligible VRH-vs-control pairwise comparison; therefore, a directly comparable endpoint Hedges’ g and SE could not be derived.

	Rousseaux et al.
	Cardiac surgery; four-arm trial. Eligible comparison for this review: VR hypnosis (VRH) vs standard care; preoperative n=50 (VRH 25, control 25), postoperative n=37 (VRH 15, control 22).
	Pain (VAS)
	Repeated-measures assessment across T0–T3 (pre- and postoperative assessments)
	Direction for the eligible VRH-vs-control comparison could not be quantified from the reported numerical data. Pain was higher at postoperative assessments than at T0/T1 across groups, and the source reported no between-group differences in pain trajectories.
	No pairwise endpoint estimate, CI, SE, or group-specific endpoint means/SDs for VRH vs control; substantial postoperative missing data. Overall RoB 2: High risk.
	Four-arm repeated-measures results were reported without the numerical pairwise endpoint data needed to derive a directly comparable Hedges’ g and SE for VRH vs control.

	Bai et al.
	Dementia family caregivers; 6-week VR-based mindfulness vs audio-guided mindfulness active control; n=16 (8/8).
	Depression (CES-D)
	At the end of the 6-week intervention
	Median pre-to-post CES-D change was −4.50 (IQR 10.50) with VR vs −4.00 (9.25) with audio-guided mindfulness; between-group P=0.958.
	Very small sample; no CI or SE and no group-specific post-intervention endpoint means/SDs. Overall RoB 2: Some concerns.
	Change scores were reported as medians/IQRs rather than means/SDs, and group-specific post-intervention endpoint summaries were unavailable. Converting the reported change-score distributions would not recover the prespecified endpoint-based effect estimate.


Note: This structured synthesis integrates effect direction, available quantitative information, sample size, precision/uncertainty, result-level RoB 2, and clinical context; statistical significance alone was not used to classify findings. Direction refers to the comparison relevant to this review. Where a source reported only multi-arm omnibus or repeated-measures results, no pairwise direction was assigned unless supported by the reported numerical data. RoB 2 judgments correspond to the outcome and assessment time summarized in Table S10. Investigators of all five narrative-only studies were contacted on August 28, 2026 to request missing summary statistics. One investigator (Torres García et al.) replied; no additional directly comparable endpoint means/SDs were available after author contact and review of the doctoral thesis. No additional analyzable endpoint data were obtained from the remaining studies by the time of the final analysis. Distribution-based conversions of reported medians were considered on a study-by-study basis but were not used when they required insufficiently supported distributional assumptions, produced an estimate highly dependent on approximated dispersion, or would not reproduce the endpoint-based effect estimand used in the primary meta-analysis. CES-D, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; HADS-A/HADS-D, Hospital Anxiety and Depression Scale anxiety/depression subscales; IQR, interquartile range; MBSR, mindfulness-based stress reduction; NRS, numerical rating scale; RoB 2, revised Cochrane risk-of-bias tool for randomized trials; SD, standard deviation; SE, standard error; STAI, State-Trait Anxiety Inventory; VAS, visual analogue scale; VMW, Virtual Meditative Walk; VR, virtual reality; VRH, virtual reality hypnosis.














Table S16. GRADE summary of the certainty of the evidence for the outcomes
	Outcome
	Certainty assessment
	No. of participants (studies)
	Hedges’ g (95% CI)
	Certainty of the evidence (GRADE)

	
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	
	
	

	Anxiety
	Seriousᵃ
	Not seriousb
	Not seriousc
	Seriousd
	Not serious
	535 (13)
	−0.39 (−0.64, −0.15)
	⨁⨁ Low

	Depression
	Seriousᵃ
	Not serious
	Not seriousc
	Seriouse
	Not serious
	329 (10)
	−0.33 (−0.66, −0.002)
	⨁⨁ Low

	Stress
	Seriousᵃ
	Seriousb
	Not seriousc
	Seriouse
	Not downgraded; not formally assessed (k<10)
	157 (6)
	−0.47 (−1.32, 0.39)
	⨁ Very low

	Mindfulness
	Seriousᵃ
	Not serious
	Not seriousc
	Seriouse
	Not downgraded; not formally assessed (k<10)
	104 (5)
	0.55 (−0.12, 1.21)
	⨁⨁ Low

	Positive affect
	Seriousᵃ
	Not serious
	Not seriousc
	Seriouse
	Not downgraded; not formally assessed (k<10)
	115 (4)
	0.33 (−0.17, 0.83)
	⨁⨁ Low

	Negative affect
	Seriousᵃ
	Not serious
	Not seriousc
	Very seriousᶠ
	Not downgraded; not formally assessed (k<10)
	84 (3)
	−0.29 (−1.46, 0.88)
	⨁ Very low

	Well-being
	Seriousᵃ
	Not serious
	Not seriousc
	Seriouse
	Not downgraded; not formally assessed (k<10)
	107 (3)
	0.47 (−0.07, 1.00)
	⨁⨁ Low

	Pain
	Seriousᵃ
	Seriousᵇ
	Not seriousc
	Seriouse
	Not downgraded; not formally assessed (k<10)
	259 (6)
	−0.22 (−0.70, 0.27)
	⨁ Very low


ᵃ All contributing results were judged as having some concerns or high risk of bias; no quantitatively synthesized result was judged to be at low overall risk. Concerns primarily reflected participant-reported outcomes in generally unblinded interventions and, for some results, missing outcome data.
ᵇ Inconsistency judgments considered the magnitude of statistical heterogeneity together with clinically relevant between-study variability. Anxiety was not downgraded because overall heterogeneity was modest (I²=38.30%; τ²=0.062), and the nominal subgroup differences by intervention and comparator type arose from exploratory analyses with small subgroup sizes and no multiplicity correction; these findings were therefore not treated as confirmatory evidence of effect modification. Stress was downgraded because heterogeneity was substantial (I²=76.17%). Pain was downgraded because the contributing studies represented clinically heterogeneous acute, procedural, and chronic pain contexts, and its 95% prediction interval (−1.138 to 0.708) encompassed effects in both directions.
ᶜ The populations, interventions, comparators, and outcomes were consistent with the prespecified review question; therefore, no downgrade for indirectness was applied.
ᵈ Anxiety was downgraded one level for imprecision because the primary Knapp–Hartung 95% confidence interval (−0.64 to −0.15) crossed the outcome-directional operational threshold corresponding to |SMD|=0.20 (−0.20 for anxiety), and the accumulated information size (535 participants) was below the OIS of approximately 800 participants. The standardized-effect threshold was used only for the GRADE imprecision assessment and was not interpreted as a patient-level minimally important difference.
ᵉ Evidence was downgraded one level for imprecision when the accumulated information size was below the pragmatic OIS benchmark (approximately 800 participants) and/or the 95% CI encompassed values near the null as well as effects exceeding the operational |SMD|=0.20 threshold.
ᶠ Negative affect was downgraded two levels for imprecision because the information size was far below the OIS benchmark (84 participants) and the very wide 95% CI (−1.46 to 0.88) extended beyond the operational |SMD|=0.20 threshold in both directions.
Note: Effect estimates and confidence intervals are from the primary REML random-effects analyses with Knapp–Hartung inference. For anxiety and depressive symptoms, Egger’s and Begg’s tests did not indicate funnel-plot asymmetry/small-study effects and trim-and-fill imputed no missing studies; no publication-bias downgrade was applied. Formal funnel-plot asymmetry testing was not performed for outcomes with fewer than 10 studies because of low power; absence of formal testing was not treated as evidence of publication bias and did not by itself trigger downgrading. OIS, optimal information size; CI, confidence interval; VR, virtual reality.















Table S17. Study-level eligibility and analytic coding of included randomized trials
A. Study-level age, intervention eligibility, comparator, and time-matching coding
	Study
	Age data used for eligibility
	Age ≥60 sensitivity
	Intervention category
	Study-level eligibility rationale
	Comparator
	Comparator type
	Time-matched

	Seethaler et al.
	IG: 71.41 (6.95)
CG: 70.55 (8.01)
	Yes
	VR relaxation
	The intervention was explicitly designed and evaluated as a standardized VR-based therapeutic relaxation condition using an immersive calming virtual nature environment to induce relaxation and reduce emotional distress. Structured VR-based relaxation was prespecified as an eligible intervention in the registered review framework. Eligibility therefore rested on the intervention’s explicit therapeutic relaxation purpose and standardized delivery rather than on the presence of an additional mindfulness or breathing exercise; generic VR scenery or distraction without a structured therapeutic relaxation purpose would not have qualified.
	Audio-guided imagery exercise
	Active
	Yes

	Sadowski et al.
	IG: 74.00 (7.43)
CG: 76.00 (5.72)
	Yes
	VR mindfulness
	Each session combined a 10-min recorded guided mindfulness meditation with up to 10 min of open exploration of a virtual nature environment. The guided meditation explicitly trained present-moment attention/awareness and constituted the qualifying self-regulation component.
	Psychoeducational pamphlet
	Active
	No

	Prabhu et al.
	Overall mean 66.30 (SD 8.20)
	Yes
	VR biofeedback
	VR-integrated HRV biofeedback trained slow diaphragmatic resonance breathing (approximately 4-7 breaths/min). Real-time visual physiological feedback helped participants adjust breathing toward the target rate, so biofeedback functioned as intentional respiratory/autonomic self-regulation rather than physiological monitoring alone.
	Quiet relaxation/rest without specific instructions, video stimuli, or HRV biofeedback
	Nonactive
	Yes

	Szczepańska-Gieracha et al.
	IG: 70.18 (4.87)
CG: 71.25 (4.41)
	Yes
	Multicomponent VR intervention
	The Virtual Therapeutic Garden combined active mandala-colouring/metaphorical tasks with breathing exercises, mindfulness elements, and hypnotic suggestions within an Ericksonian therapeutic narrative. These components deliberately targeted attention, body awareness, relaxation, and psychological self-regulation.
	Standard/background treatment
	Nonactive
	No

	Cieślik et al.
	IG: 68.77 (5.57)
CG: 67.53 (5.51)
	Yes
	Multicomponent VR mind-body intervention
	The immersive Virtual Therapeutic Garden combined a Japanese-garden environment with Ericksonian/posthypnotic therapeutic elements, relaxing music, and active mandala-colouring/cognitive engagement. The structured content aimed to induce relaxation, sustain attentional engagement, and help participants recognize psychological resources.
	General fitness training + group relaxation + psychoeducation
	Active
	Yes

	Kwon et al.
	IG: 80.30 (5.30)
CG: 76.80 (7.60)
	Yes
	Multicomponent VR intervention
	The four-module culturally tailored VR program included an explicit mindfulness/meditation module together with positive-psychology exercises (including noticing/amplifying positive events and gratitude). Eligibility was based on the structured mindfulness/meditative practice requiring intentional attention and awareness regulation.
	Waitlist
	Nonactive
	No

	Li et al.
	IG: 
61 (IQR 58-69)
CG: 
60 (IQR 54-66)
	Yes
	VR guided imagery/relaxation
	Participants repeatedly completed 20-30-min VR-guided imagery sessions and were instructed to actively follow the embedded verbal guidance. Guided imagery/meditation narration was used to facilitate relaxation and attentional regulation; the qualifying component was active guided relaxation rather than VR exposure alone.
	Standard care/treatment
	Nonactive
	No

	Burrows et al.
	IG: 59.67 (14.12)
CG: 
59.50 (15.07)
	No
	VR mindfulness
	The VR mindfulness prehabilitation used guided meditation content that included breathing techniques and practice of being present in the moment. These components explicitly trained mindfulness and attentional/respiratory self-regulation rather than using VR only as distraction or exercise.
	Usual hemodialysis care
	Nonactive
	No

	Modrego-Alarcón et al.
	IG: 46.75 (10.08)
CG: 51.31 (8.24)
	No
	VR mindfulness
	Short VR sessions were adapted from core mindfulness/self-compassion practices within the mindfulness-based program, including breath-focused attention, cognitive defusion/metaphor-of-mind, body scan, mindful movement, and walking meditation. These practices explicitly trained attentional and bodily self-regulation.
	Structured relaxation therapy
	Active
	Yes

	Rodrigues et al.
	IG: 48.90 (13.90)
CG: 
48.50 (16.90)
	No
	VR relaxation/mindfulness
	Therapeutic 360-degree VR presented landscape imagery and/or mindfulness techniques with stated aims of relaxation and stress relief. Because distraction was also listed as a treatment aim, eligibility was based on the reported therapeutic relaxation/mindfulness content rather than on distraction or VR scenery alone.
	Usual occupational therapy + VR advertisements unrelated to relaxation/well-being
	Active
	Yes

	Cinalioglu et al.
	Participants explicitly recruited at age ≥60 years
	Yes
	VR mindfulness
	Eight 15-min VR-assisted mindfulness sessions combined immersive nature content with mindfulness audio developed by an experienced meditation team. The intervention was explicitly designed as mindfulness meditation and therefore trained present-moment attention/awareness.
	Waitlist
	Nonactive
	No

	Navarro-Haro et al.
	IG: 45.05 (8.17)
CG: 
45.40 (13.74)
	No
	VR mindfulness
	VR DBT mindfulness-skills sessions augmented a mindfulness-based intervention and used VR to practice mindfulness/emotion-regulation skills. The qualifying content targeted attention to internal experience, acceptance, interoceptive/body awareness, and emotion/self-regulation rather than VR exposure itself.
	Mindfulness-based intervention without VR
	Active
	Yes

	Doncker et al.
	IG: 66.10 (15.70)
CG: 
62.80 (17.30)
	Yes
	VR hypnosis
	HypnoVR delivered a standardized hypnotic voice-over including cardiac-coherence relaxation, a dissociation phase with therapeutic suggestions for comfort/pain relief, and a return phase within immersive calming environments. Focused attention, relaxation/respiratory regulation, and therapeutic suggestion constituted the qualifying self-regulation process.
	20-min television, music, or reading activity
	Active
	Yes

	Menekseoglu et al.
	IG: 48.83 (11.77)
CG: 46.40 (9.57)
	No
	VR-mediated hypnotherapy
	The study explicitly evaluated VR-mediated hypnotherapy using HypnoVR (20 min/day for 15 sessions) in a standardized seaside environment with relaxation music. The authors conceptualized hypnotherapy as guided relaxation, focused attention, and suggestion, but the session-specific hypnotic script was not reported; classification therefore rests on the explicitly delivered hypnotherapy protocol with incomplete component-level reporting.
	Standard physiotherapy common to both groups
	Active
	No

	Doan et al.
	IG: 54.90 (13.10)
CG: 
56.10 (11.50)
	No
	VR guided imagery
	The skills-based VR-guided imagery program incorporated progressive muscle relaxation, paced breathing, grounding/mindfulness cues, sensory attention, and cognitive reframing. These guided practices required deliberate attentional and respiratory self-regulation; VR served as the delivery medium for the self-regulation skills.
	Audio-only guided imagery with closely matched narration
	Active
	Yes

	Kim et al.
	IG: 67.50 (7.10)
CG: 68.40 (8.10)
	Yes
	VR guided breathing
	Both groups received the same 7-min calming nature VR exposure; the intervention additionally incorporated approximately 3.5 min of slow guided breathing using a 5-s inhale/5-s exhale rhythm (about 6 breaths/min). Deliberate paced breathing was therefore the qualifying self-regulation component.
	Identical VR without guided breathing
	Active
	Yes

	Torres García et al.
	IG: 49.00 (11.70)
CG: 
50.00 (11.60)
	No
	VR mindfulness
	VR modules trained relaxation and attentional focus through observing thoughts, body scan, deep breathing, guided imagery, progressive muscle relaxation, and mindful/conscious walking. These were guided therapeutic exercises intended to regulate anxiety/fear, rather than VR distraction alone.
	Non-VR psychoeducational mindfulness/CBT intervention
	Active
	Yes

	Gromala et al.
	Overall mean 49 (SD 8.2); range 35-55
	No
	Virtual Meditative Walk
	The Virtual Meditative Walk paired the same MBSR audio used by controls with real-time GSR biofeedback; changes in arousal altered visual/sonic feedback, helping users learn to regulate physiological arousal toward a meditative state. Biofeedback therefore directly supported intentional psychophysiological self-regulation.
	Same 12-min MBSR audio without immersive VR/biofeedback
	Active
	Yes

	Krishnamoorthy et al.
	IG: 
66 (IQR 58-74)
CG: 
65 (IQR 60-73)
	Yes
	VR-guided mindfulness (authors’ label; component not detailed)
	The intervention was explicitly described by the investigators as immersive VR-guided mindfulness and was delivered in two standardized 15-min sessions using immersive calming environments. The published report did not provide the session-level mindfulness script or component details; therefore, eligibility was based on the investigators’ explicit intervention classification, while the limited component-level reporting was retained as a reporting limitation.
	15-min music therapy
	Active
	Yes

	Rousseaux et al.
	VR: 
64.70 (13.40)
Control: 
63.30 (11.50)
Hypnosis: 
67.60 (12.50)
VRH:
68.40 (7.80)
	Yes
	VR hypnosis (qualifying VRH arm)
	Eligibility was based on the VRH arm, not the passive VR-only arm. VRH combined a prerecorded hypnosis session with immersive VR; the hypnosis recording used focused attention and therapeutic suggestions for positive bodily sensations/relaxation. The standalone VR arm used scenery/nature sounds without voice and was not the qualifying intervention.
	Standard care (VRH vs control comparison)
	Nonactive
	No

	Bai et al.
	IG: 
56 (IQR 22.50)
CG: 
56 (IQR 13.00)
	No
	VR mindfulness
	The 6-week VR mindfulness curriculum explicitly included mindful breathing, body scan, mindful yoga/walking, meditation, and open/non-selective awareness. These practices directly trained attentional, interoceptive, and bodily self-regulation; VR served as the delivery format.
	Audio-guided mindfulness with the same weekly themes/practice schedule
	Active
	Unclear


Note: Age eligibility was applied at the study level in accordance with the registered criteria. Studies were eligible when participants were explicitly recruited at age ≥45 years, when the reported study-sample mean or median age was ≥45 years, or when at least 70% of participants were aged ≥45 years; individual participants were therefore not necessarily all aged ≥45 years. In the final included set, no study relied solely on the ≥70% criterion. For the age ≥60 sensitivity analysis, a study was coded “Yes” when the reported overall mean or median age was ≥60 years; when only group-specific age summaries were available, both groups were required to have a mean or median age ≥60 years; studies explicitly recruiting participants aged ≥60 years were also coded “Yes.”
Active comparators were structured comparison conditions providing therapeutic, educational, attention-control, or non-VR analogue intervention content, including structured standard treatments intended to affect the target condition. Nonactive comparators comprised waitlist, no additional treatment, usual/routine care without a structured comparator-specific therapeutic program, or quiet rest without a specified therapeutic strategy. When the same background treatment was provided to both groups, comparator classification was based on the nature and therapeutic intensity of that background treatment rather than on whether it was shared between groups. 
Time-matched comparators were defined as control conditions designed to provide an approximately comparable duration and frequency of intervention/contact exposure to the VR-specific intervention. Comparators were coded “No” when no corresponding time-matched exposure was provided and “Unclear” when the published report did not provide sufficient information to determine whether exposure time was approximately matched.
Study-level eligibility rationales were based on the intervention components, therapeutic purpose, and procedures described in the source reports. Consistent with the registered framework, structured VR relaxation was eligible when explicitly designed and delivered as a therapeutic relaxation condition. For mindfulness, breathing, biofeedback, multicomponent, and related interventions, an identifiable attentional, respiratory, bodily, or psychophysiological self-regulation component was required. When component-level reporting was incomplete, the investigators’ explicit intervention classification and therapeutic framing were considered together with the available protocol information, and the reporting limitation is stated directly in the relevant row. Passive VR exposure used solely for scenery, entertainment, distraction, generic exercise, motor rehabilitation, or cognitive training was not considered sufficient.
Intervention labels in Panel A describe study-level intervention content for eligibility assessment and are not necessarily identical to the broader outcome-specific analytic categories used in subgroup meta-analyses; the latter are explicitly mapped in Table 3, Table 4, and Supplementary Table S12, where applicable. Comparator type and time-matching classifications were independently verified by two reviewers (JG and YKY), with disagreements resolved through discussion and, when necessary, consultation with a third reviewer (FY).















B. Anxiety outcome assessment-context coding
	Study
	Anxiety scale
	Included in quantitative synthesis
	Selected anxiety assessment
	Assessment context

	Seethaler et al.
	STAI-X1
	Yes
	Immediately after the single 10-min session
	Acute/discrete-session

	Prabhu et al.
	STAI-6
	Yes
	Immediately after the preoperative session
	Acute/discrete-session

	Szczepańska-Gieracha et al.
	HADS-A
	Yes
	At the end of the 4-week intervention
	Program-end/multi-session

	Cieślik et al.
	HADS-A
	Yes
	At the end of the 4-week intervention
	Program-end/multi-session

	Kwon et al.
	PROMIS-A
	Yes
	At the end of the 3-week intervention
	Program-end/multi-session

	Li et al.
	STAI-SAI
	Yes
	At discharge (T3), after completion of the repeated VR-guided imagery intervention
	Program-end/multi-session

	Modrego-Alarcón et al.
	DASS-21
	Yes
	At the end of the 6-week intervention
	Program-end/multi-session

	Rodrigues et al.
	ESRS
	Yes
	Immediately after the single 10-min VR session
	Acute/discrete-session

	Cinalioglu et al.
	GAD-7
	Yes
	At the end of the 4-week intervention
	Program-end/multi-session

	Navarro-Haro et al.
	GAD-7
	Yes
	At the end of the 6-week intervention
	Program-end/multi-session

	Doncker et al.
	STAI-SAI
	Yes
	Day 1, 15 min after the first VRH/control session
	Acute/discrete-session

	Menekseoglu et al.
	HADS-A
	Yes
	At the end of the 3-week intervention
	Program-end/multi-session

	Doan et al.
	GAD-2
	Yes
	At the end of the 2-week intervention
	Program-end/multi-session

	Torres García et al.
	HADS-A
	No
	Immediately after Visit 4 (3 months after Visit 3)
	Program-end/multi-session

	Krishnamoorthy et al.
	STAI
	No
	Immediately after the preoperative and postoperative 15-min sessions
	Acute/discrete-session

	Rousseaux et al.
	VAS
	No
	Immediately before/after the preoperative and postoperative 20-min sessions (T0-T3)
	Acute/discrete-session


Note: Acute/discrete-session assessments were immediate post-session measurements obtained after a distinct intervention session. For quantitatively synthesized studies with more than one eligible acute session, the study-level effect-selection rule described in the Methods was applied, and the first eligible post-session assessment was selected. Program-end/multi-session assessments were obtained at the end of the planned intervention program or after completion of the repeated intervention course. The acute-versus-program-end subgroup and sensitivity analyses were restricted to studies with a quantitatively synthesizable anxiety effect; assessment-context coding is also shown for narratively synthesized studies for transparency. “Included in quantitative synthesis” indicates whether the corresponding anxiety result contributed to the anxiety meta-analysis.
Abbreviations: CBT, cognitive behavioral therapy; CG, control group; DASS-21, Depression Anxiety Stress Scales-21; DBT, dialectical behavior therapy; GAD-2/GAD-7, Generalized Anxiety Disorder-2/-7; GSR, galvanic skin response; HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HRV, heart rate variability; IG, intervention group; IQR, interquartile range; MBSR, mindfulness-based stress reduction; PROMIS-A, Patient-Reported Outcomes Measurement Information System Anxiety measure; SD, standard deviation; STAI, State-Trait Anxiety Inventory; STAI-6, six-item State-Trait Anxiety Inventory; STAI-SAI, State Anxiety Inventory (state form of the State-Trait Anxiety Inventory); STAI-X1, State-Trait Anxiety Inventory Form X-1; VAS, visual analogue scale; VR, virtual reality; VRH, virtual reality hypnosis.




[bookmark: _GoBack]Table S18. Protocol deviations and review-stage amendments
	Item
	Registered approach
	Final approach
	Timing
	Rationale

	Primary meta-analytic model
	Fixed-effect models were planned when I² was ≤50%, with random-effects models used when I² was >50%.
	Random-effects models were used for all primary quantitative syntheses, with between-study variance (τ²) estimated by restricted maximum likelihood (REML). Fixed-effect models were retained as sensitivity analyses.
	Before the primary quantitative synthesis.
	Clinical and methodological heterogeneity was expected across populations, interventions, comparators, outcome measures, and assessment timing. A common random-effects estimand was therefore considered more appropriate than switching models according to the observed I² value.

	Age-restricted sensitivity analysis
	Not prespecified in PROSPERO.
	A post hoc sensitivity analysis restricted the evidence base to studies in which the reported overall mean or median age was ≥60 years; when only group-specific age summaries were available, both groups were required to meet the ≥60-year threshold; studies explicitly recruiting participants aged ≥60 years were also included.
	Added during first-round peer review (August 2026), after the primary analyses.
	To examine whether pooled findings were materially influenced by studies including younger middle-aged samples and to clarify applicability to older adults. This analysis did not alter the registered ≥45-year study-level eligibility criterion or replace the primary analysis.

	Sensitivity analysis excluding academic theses/dissertations
	Academic theses/dissertations with extractable quantitative data were eligible; no publication-type exclusion sensitivity analysis was prespecified.
	Post hoc sensitivity analyses excluded academic theses/dissertations from the outcomes to which they contributed.
	Added during first-round peer review (August 2026), after verification of publication-type eligibility.
	To examine the robustness of pooled estimates to inclusion of grey academic reports while retaining the registered eligibility criteria. No study was removed from the systematic review on the basis of publication type.

	Outcome-specific measurement-choice sensitivity analyses
	Not prespecified in PROSPERO.
	Additional exploratory sensitivity analyses excluded the stress result measured using a visual analogue scale (VAS) and the mindfulness result measured using the Mindful Attention Awareness Scale (MAAS).
	Added during first-round peer review (August 2026), after data extraction and the primary analyses.
	To examine whether pooled findings were sensitive to measurement choice within outcome domains. These analyses were treated as secondary robustness checks and did not modify the primary outcome definitions.

	Search-strategy refinement and rerun
	The registered review targeted middle-aged/older adults and included guided imagery and biofeedback-assisted self-regulation as eligible intervention components; the original electronic search did not operationalize all of these concepts with explicit free-text terms.
	Explicit middle-aged terminology and guided imagery/biofeedback-related terms were added to the database-specific search strategies. All database searches were rerun and the screening set and analyses were updated accordingly.
	Second-round peer review (August–September 2026), before final analyses and reporting were completed.
	To improve search sensitivity and ensure closer alignment between the registered eligibility criteria and the electronic search strategy in response to reviewer comments. The underlying eligibility criteria were unchanged.

	Anxiety assessment-context sensitivity analysis
	Not prespecified in PROSPERO.
	A post hoc subgroup analysis compared acute/discrete-session with program-end/multi-session anxiety assessments, and a complementary sensitivity analysis restricted the synthesis to program-end assessments only.
	Added during second-round peer review (September 2026), after the primary anxiety synthesis.
	To examine whether the pooled anxiety estimate was driven predominantly by transient state-anxiety responses rather than by outcomes assessed at the end of multi-session programs. The primary study-level endpoint-selection rules were unchanged.

	Targeted investigator contact for non-pooled RCTs
	Routine author contact was not planned in the data-extraction field of the registration; the record separately allowed investigator contact when required information was unclear or unavailable.
	Investigators of the five otherwise eligible RCTs that could not be quantitatively synthesized were contacted to request missing summary statistics needed for a directly comparable endpoint effect estimate.
	During revision (August 2026), before the final narrative synthesis was completed.
	To reduce avoidable exclusion from quantitative synthesis and to document attempts to obtain missing data. Non-equivalent effect estimates were not substituted into the primary endpoint-based meta-analysis.

	Small-k random-effects inference
	Standardized mean differences with 95% confidence intervals were planned; no specific small-k confidence-interval method was prespecified.
	REML random-effects estimates with Knapp–Hartung-adjusted confidence intervals and tests were used for primary inference. Conventional normal-approximation results were retained as sensitivity analyses.
	Added during second-round peer review (September 2026), before final statistical reporting.
	To provide more conservative uncertainty estimation when several outcome syntheses contained few studies and to reduce the risk of overconfident inference from conventional normal-approximation intervals.

	Heterogeneity reporting
	Cochran’s Q and I² were prespecified for assessment of heterogeneity; τ² and prediction intervals were not explicitly specified.
	τ² was reported alongside I² for random-effects syntheses, and 95% prediction intervals were added where estimable.
	Added during second-round peer review (September 2026).
	To provide a more informative description of between-study heterogeneity and the plausible range of effects that may be observed in future comparable settings.

	GRADE imprecision criteria
	GRADE assessment across risk of bias, inconsistency, indirectness, imprecision, and publication bias was prespecified, but no explicit operational rule for imprecision was registered.
	Imprecision judgments were based on the primary Knapp–Hartung 95% confidence interval together with an OIS of approximately 800 participants for standardized continuous outcomes. Because no defensible cross-scale minimally important difference was available, an absolute standardized mean difference of 0.20 was used as a pragmatic numerical threshold of interest for the GRADE imprecision assessment, but not as a patient-level minimally important difference or a threshold for clinically meaningful benefit. Evidence was downgraded when the confidence interval crossed the outcome-directional threshold corresponding to |SMD|=0.20 and/or the accumulated information size did not meet the OIS; downgrading by two levels was considered when the information size was markedly below the OIS and the interval encompassed effects exceeding the operational threshold in both directions.
	Operationalized during second-round peer review (September 2026), before final GRADE ratings were reported.
	To make GRADE judgments explicit and auditable and to avoid treating statistical significance or exclusion of the null value as sufficient evidence of adequate precision or clinical importance.

	Structured synthesis of non-pooled studies
	Narrative synthesis was planned when meta-analysis was not feasible; the registration did not prespecify a detailed synthesis framework.
	The five non-pooled RCTs were summarized using a structured synthesis incorporating effect direction, available precision, sample size, result-level risk of bias, clinical context, and the reason quantitative pooling was not possible.
	Added during second-round peer review (September 2026), before final Results and supplementary reporting.
	To avoid significance-based vote counting and to provide a more transparent synthesis of otherwise eligible evidence that could not contribute to the endpoint-based meta-analysis.


Note: The registered approach refers to PROSPERO CRD420261395296, version 1.0, published 19 May 2026. “Post hoc” denotes analyses or procedures added after the review had begun and not explicitly prespecified in the registration. These additions were used for sensitivity, exploratory, transparency, or reporting purposes and did not redefine the registered population threshold, intervention eligibility framework, or primary outcome domains.
[image: Stress_primary_forest]Figure S1. Forest plot for stress meta-analysis
Figure S2. Forest plot for mindfulness meta-analysis
[image: Mindfulness_primary_forest]


image1.png
Stress

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Seethaler et al., 2026 21 93 171 18 44 94 —- 0.34[-0.28, 0.96] 18.41
Sadowski et al., 2025 12 10.08 5.62 12 16 8.62 —— -0.79[-1.59, 0.02] 16.58
Szczepa'nska-Gieracha et al., 2021 11 52.27 9.08 12 63.5 10.37 —— -1.11[-1.96, -0.26] 16.10
Kwon et al., 2023 15 7.13 261 16 11.19 232 —— -1.60 [-2.40, -0.81] 16.68
Modrego-Alarcon et al., 2025 12 767 3.11 6.44 3.21 —— 0.37[-0.46, 1.21] 16.24
Cinalioglu et al., 2024 10 229 916 9 2367 841 —— -0.08[-0.94, 0.78] 16.00
Overall —— > 047[-1.32, 0.39]

Heterogeneity: 1° = 0.51, I = 76.17%, H' = 4.20

Test of ©; = 6: Q(5) = 21.64, p = 0.00
Test of 6 = 0: t(5) = -1.40, p = 0.22

Random-effects REML model
Knapp-Hartung standard errors




image2.png
Mindfulness

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Sadowski et al., 2025 12 3.88 45 12 3.67 .68 —— 0.35[-0.43, 1.13] 23.89
Kwon et al., 2023 15 8273 4.88 16 73 13.78 —— 0.90[ 0.18, 1.63] 27.24
Burrows et al., 2023 5 926 1144 4 73 6.16 ——®————1.83[ 0.38,3.27] 7.66
Modrego-Alarcon et al., 2025 12 1255 28.88 9 123.11 24.15 —— 0.09[-0.75, 0.92] 21.36
Cinalioglu et al., 2024 10 911 1243 9 86.33 1863 —— 0.29[-0.57, 1.16] 19.84
Overall —— 0.55[-0.12, 1.21]

Heterogeneity: T° = 0.02, I’ = 10.37%, H’ = 1.12
Test of 6, = 6; Q(4) =5.73, p=0.22
Test of 8= 0: t(4) = 2.29, p = 0.08

-1 0 1 2 3

Random-effects REML model
Knapp—Hartung standard errors




