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Supplementary Table S1. Overview of covariates with operationalisation and literature-based rationale
The selection of covariates was guided by the WHO multidimensional framework of adherence [3]. Variables were selected a priori as baseline factors potentially associated with adherence in older adults with VDB and were grouped into social and economic, condition-related, and patient-related domains. References provide the empirical or theoretical rationale for each variable.
	Variable
	Operationalisation / Coding
	Included GLMM
	Literature-based rationale (with references)

	SOCIAL AND ECONOMIC FACTORS


	Age
	Continuous (years), centred at mean
	Yes
	Core demographic characteristic commonly examined in adherence research; age has been reported as an inconsistent predictor of adherence in physiotherapy and rehabilitation settings [1–3].

	Gender
	Binary (female/male; female reference)
	Yes
	Standard demographic variable frequently considered in adherence research and included in line with the WHO multidimensional framework of adherence [1–3].

	Education
	Categorised into low (primary/lower secondary education), middle (intermediate secondary education), and high (upper secondary or tertiary education)
	Yes
	Indicator of socioeconomic position; social and economic factors are a core domain within the WHO multidimensional framework of adherence [3].

	Marital status
	Single / Married / Divorced / Widowed
	Yes
	Captures social and household context; social support and social circumstances have been discussed as factors relevant to adherence in chronic conditions [1, 3, 4].

	CONDITION-RELATED FACTORS


	DHI total score
	Continuous (0–100), centred; severity categories used descriptively (no handicap <16; mild 16–34; moderate 35–52; severe ≥54)
	Yes
	Indicator of perceived dizziness-related handicap and symptom-related impact; symptom-related factors have been examined in relation to adherence and rehabilitation engagement in VDB, and the DHI is a validated measure of dizziness-related impact [5–7].

	Diagnostic subtype
	Baseline primary clinical diagnosis (DSGZ), analytically grouped; details in Supplementary Table S2
	No (descriptive only)
	VDB diagnoses differ in symptom course and therapeutic requirements; diagnostic classification was based on the MobilE-TRA 2 framework and the DSGZ registry structure [8, 9].

	Multimorbidity
	≥2 self-reported chronic conditions in addition to VDB (yes/no); details in Supplementary Table S3
	Yes
	Indicator of overall health burden and competing treatment demands; multimorbidity has been examined as a potential determinant of adherence in chronic conditions [1, 3, 10].

	PATIENT-RELATED FACTORS


	Self-efficacy (German General Self-Efficacy Short Scale [Allgemeine Selbstwirksamkeit Kurzskala, ASKU])
	Mean of 3 ASKU items (range 1–5); higher values indicate greater self-efficacy
	Yes
	General self-efficacy was assessed using the validated German General Self-Efficacy Short Scale (ASKU) [11]. Self-efficacy reflects perceived capability to manage challenging situations and has been associated with adherence to home-based exercise and with functioning in older adults with VDB [2, 8, 12–14].

	Health-related risk attitudes
	Single-item scale (0–10; higher = greater willingness to take risks)
	Yes
	Risk attitudes capture willingness to accept uncertainty and have been examined in relation to health behaviours and adherence-related decisions [15–17].

	Future-oriented time preference
	0–10 scale (willingness to wait for larger future benefit)
	Yes
	Future-oriented time preference reflects valuation of delayed benefits. The measure was based on willingness to wait for a larger future benefit [18] and has been linked to health-maintenance behaviours and adherence-related decisions [17, 19, 20].

	Present-oriented time preference
	5-point Likert item (agreement with present-focused statement)
	Yes
	Present-oriented preferences may compete with sustained engagement in behaviours that yield longer-term benefits; the item has been used in research on time preference and health behaviour [20, 21].


Abbreviations: ASKU General Self-Efficacy Short Scale; DHI Dizziness Handicap Inventory; DSGZ German Center for Vertigo and Balance Disorders; GLMM generalised linear mixed-effects model; VDB vertigo, dizziness, and balance disorders; WHO World Health Organization.
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Supplementary Table S2. Distribution of baseline diagnostic subtype groups among participants at baseline, FU1, and FU2
Diagnostic subtypes of VDB were based on the primary clinical diagnosis established at the DSGZ. For descriptive presentation, diagnostic categories were grouped to reflect similarities in symptom course and therapeutic requirements. This categorization was defined in collaboration with clinical experts at the DSGZ. Specifically, bilateral vestibulopathy and polyneuropathy were combined into the category “chronic vestibular disorders with sustained exercise demands”. Less frequent diagnoses were grouped into a residual “Other” category.
	Diagnosis group
	Baseline n (%)
(N = 337)
	FU1 n (%)
(N = 299)
	FU2 n (%)
(N = 294)

	Chronic vestibular disorders with sustained exercise demands
	57 (16.9%)
	51 (17.1%)
	49 (16.7%)

	BPPV
	48 (14.2%)
	44 (14.7%)
	43 (14.6%)

	Persistent Postural-Perceptual Dizziness (PPPD)
	48 (14.2%)
	39 (13.0%)
	38 (12.9%)

	Menière’s disease
	33 (9.8%)
	31 (10.4%)
	31 (10.5%)

	Multifactorial dizziness
	30 (8.9%)
	25 (8.4%)
	24 (8.2%)

	Vestibular migraine
	29 (8.6%)
	29 (9.7%)
	27 (9.2%)

	Orthostatic vertigo
	29 (8.6%)
	25 (8.4%)
	26 (8.8%)

	Central vestibular disorders
	22 (6.5%)
	19 (6.4%)
	21 (7.1%)

	Unilateral vestibulopathy
	18 (5.3%)
	16 (5.4%)
	15 (5.1%)

	Other
	23 (6.8%)
	20 (6.7%)
	20 (6.8%)


Note: Diagnosis groups were assigned at baseline. Percentages for FU1 and FU2 refer to participants with available follow-up data at the respective assessment. BPPV benign paroxysmal positional vertigo, DSGZ German Center for Vertigo and Balance Disorders, FU1 first follow-up, FU2 second follow-up, PPPD persistent postural-perceptual dizziness, VDB vertigo, dizziness, and balance disorders.


Supplementary Table S3. Predefined list of self-reported comorbidities in the DizzyReg patient registry
Comorbidities were captured via patient self-report at baseline and follow-up using a predefined list of conditions. For the present analyses, baseline information was used to define multimorbidity as the presence of two or more chronic conditions in addition to VDB:
- Angina pectoris, coronary sclerosis
- Asthma
- Cardiac arrhythmia
- Cardiac insufficiency
- Chronic bronchitis
- Chronic obstructive pulmonary disease or emphysema
- Hay fever
- Hypertension
- Inflammatory joint disease
- Kidney disease
- Liver disease (e.g. cirrhosis)
- Neurological disease (multiple sclerosis, epilepsy)
- Other disease


Supplementary Table S4. Associations of baseline factors and follow-up time with adherence to specific exercises: sequential logistic mixed-effects models with participant-level random intercepts
	Predictor
	Model 1
OR (95% CI)
	p
	Model 2
OR (95% CI)
	p
	Model 3
OR (95% CI)
	p

	N (observations)a
	316
	
	316
	
	303
	

	Between-person varianceb
	3.526
	
	3.416
	
	5.033
	

	Time (12 months vs. 3 months)
	0.40 (0.20–0.79)
	0.009
	0.38 (0.19–0.77)
	0.007
	0.28 (0.12–0.67)
	0.004

	Age
	–
	–
	0.96 (0.90–1.03)
	0.242
	0.97 (0.90–1.04)
	0.402

	Gender (ref =  Female)
	
	
	
	
	
	

	    Male
	–
	–
	0.96 (0.37–2.47)
	0.932
	0.83 (0.27–2.54)
	0.739

	DHI score
	–
	–
	1.02 (1.00–1.05)
	0.040
	1.03 (1.00–1.06)
	0.028

	Multimorbidity (ref =  No)
	
	
	
	
	

	    Yes
	–
	–
	0.83 (0.34–2.02)
	0.687
	0.61 (0.21–1.76)
	0.358

	Education (ref =  Low)
	
	
	
	
	
	

	    Middle
	–
	–
	2.61 (0.83–8.19)
	0.100
	2.77 (0.69–11.17)
	0.152

	    High
	–
	–
	2.43 (0.83–7.13)
	0.107
	2.39 (0.62–9.24)
	0.207

	Marital status (ref =  Single)
	
	
	
	
	

	    Married
	–
	–
	1.50 (0.21–10.54)
	0.683
	2.31 (0.24–22.17)
	0.469

	    Divorced
	–
	–
	1.50 (0.17–13.23)
	0.713
	1.46 (0.12–18.36)
	0.768

	    Widowed
	–
	–
	1.16 (0.11–11.78)
	0.900
	1.24 (0.08–18.24)
	0.877

	Self-efficacy
	–
	–
	–
	–
	1.24 (0.63–2.43)
	0.533

	Health-related risk attitudes
	–
	–
	–
	–
	1.07 (0.84–1.36)
	0.604

	Future-oriented time preference
	–
	–
	–
	–
	1.30 (0.99–1.72)
	0.061

	Present-oriented time preference
	–
	–
	–
	–
	0.95 (0.55–1.62)
	0.844


aTotal number of follow-up observations included in each model. Each observation corresponds to one follow-up assessment (FU1 or FU2) per participant.
bVariance component of the participant-level random intercept.
Notes. Odds ratios (ORs) with 95% confidence intervals (CIs) from logistic mixed-effects models with a random intercept at participant level (binomial distribution, logit link). Model 1 includes time only. Model 2 is adjusted for age, gender, DHI score, multimorbidity, education, and marital status. Model 3 additionally includes self-efficacy, health-related risk attitudes, and future- and present-oriented time preferences. Time is coded as FU2 compared with FU1. Reference categories are female gender, no multimorbidity, low education, and single marital status. Continuous covariates were mean-centred. Models 1 and 2 used complete cases for the variables included in those models, whereas Model 3 used complete cases for all covariates in the full model; therefore, the number of observations differs between models. Analyses were restricted to participants who reported receiving a recommendation for specific exercises and provided at least one valid adherence rating. DHI Dizziness Handicap Inventory, FU1 first follow-up, FU2 second follow-up.


Supplementary Table S5. Associations of baseline factors and follow-up time with adherence to lifestyle-related recommendations: sequential logistic mixed-effects models with participant-level random intercepts
	Predictor
	Model 1
OR (95% CI)
	p
	Model 2
OR (95% CI)
	p
	Model 3
OR (95% CI)
	p

	N (observations)a
	354
	
	354
	
	342
	

	Between-person varianceb
	2.118
	
	2.046
	
	2.076
	

	Time (12 months vs. 3 months)
	0.77 (0.44–1.36)
	0.368
	0.76 (0.43–1.34)
	0.344
	0.70 (0.39–1.27)
	0.242

	Age
	–
	–
	0.98 (0.94–1.03)
	0.447
	1.00 (0.95–1.05)
	0.847

	Gender (ref =  Female)
	
	
	
	
	
	

	    Male
	–
	–
	0.49 (0.22–1.08)
	0.076
	0.37 (0.16–0.88)
	0.025

	DHI score
	–
	–
	0.99 (0.98–1.01)
	0.416
	1.00 (0.98–1.02)
	0.910

	Multimorbidity (ref =  No)
	–
	
	
	
	

	    Yes
	–
	–
	1.09 (0.53–2.24)
	0.812
	1.04 (0.49–2.20)
	0.928

	Education (ref =  Low)
	
	
	
	
	

	    Middle
	–
	1.46 (0.59–3.60)
	0.410
	1.33 (0.52–3.39)
	0.551

	    High
	–
	–
	1.81 (0.77–4.28)
	0.176
	1.34 (0.54–3.34)
	0.525

	Marital status (ref =  Single)
	
	
	
	
	

	    Married
	–
	–
	1.86 (0.43–8.13)
	0.407
	2.28 (0.50–10.50)
	0.289

	    Divorced
	–
	–
	1.23 (0.23–6.52)
	0.808
	1.16 (0.20–6.88)
	0.867

	    Widowed
	–
	–
	1.68 (0.27–10.34)
	0.573
	1.90 (0.29–12.45)
	0.505

	Self-efficacy
	–
	–
	–
	–
	1.65 (1.02–2.66)
	0.042

	Health-related risk attitudes
	–
	–
	–
	–
	0.89 (0.75–1.06)
	0.182

	Future-oriented time preference
	–
	–
	–
	–
	1.16 (0.96–1.41)
	0.120

	Present-oriented time preference
	–
	–
	–
	–
	0.85 (0.58–1.25)
	0.401


aTotal number of follow-up observations included in each model. Each observation corresponds to one follow-up assessment (FU1 or FU2) per participant.
bVariance component of the participant-level random intercept.
Notes. Odds ratios (ORs) with 95% confidence intervals (CIs) from logistic mixed-effects models with a random intercept at participant level (binomial distribution, logit link). Model 1 includes time only. Model 2 is adjusted for age, gender, DHI score, multimorbidity, education, and marital status. Model 3 additionally includes self-efficacy, health-related risk attitudes, and future- and present-oriented time preferences. Time is coded as FU2 compared with FU1. Reference categories are female gender, no multimorbidity, low education, and single marital status. Continuous covariates were mean-centred. Models 1 and 2 used complete cases for the variables included in those models, whereas Model 3 used complete cases for all covariates in the full model; therefore, the number of observations differs between models. Analyses were restricted to participants who reported receiving at least one lifestyle-related recommendation and provided at least one valid adherence rating. DHI Dizziness Handicap Inventory, FU1 first follow-up, FU2 second follow-up.


Supplementary Table S6. Sensitivity analyses for adherence to specific exercises over follow-up (FU1–FU2) using an alternative multimorbidity definition or a stricter adherence cut-off
	Predictor
	Model S1a OR (95% CI)
	p
	Model S1b OR (95% CI)
	p

	N (observations)a
	303
	
	303
	

	Between-person varianceb
	4.805
	
	6.370
	

	Time (12 months vs. 3 months)
	0.29 (0.12–0.67)
	0.004
	0.57 (0.27–1.20)
	0.138

	Age
	0.96 (0.90–1.04)
	0.333
	0.94 (0.87–1.03)
	0.173

	Gender (ref =  Female)
	
	
	
	

	    Male
	0.79 (0.26–2.38)
	0.670
	1.54 (0.45–5.29)
	0.494

	DHI score
	1.03 (1.00–1.06)
	0.028
	1.02 (0.99–1.05)
	0.164

	Multimorbidity (ref = No)
	2.21 (0.69–7.08)
	0.182
	0.22 (0.06–0.81)
	0.023

	Education (ref =  Low)
	
	
	

	    Middle
	2.42 (0.62–9.44)
	0.202
	2.24 (0.51–9.91)
	0.286

	    High
	2.41 (0.64–9.07)
	0.192
	2.07 (0.50–8.63)
	0.319

	Marital status (ref =  Single)
	
	
	

	    Married
	1.96 (0.21–18.29)
	0.556
	2.37 (0.19–29.54)
	0.503

	    Divorced
	1.13 (0.09–13.87)
	0.926
	0.69 (0.04–11.93)
	0.796

	    Widowed
	0.86 (0.06–12.47)
	0.910
	2.45 (0.11–54.83)
	0.573

	Self-efficacy
	1.37 (0.69–2.69)
	0.369
	3.01 (1.20–7.59)
	0.019

	Health-related risk attitudes
	1.05 (0.83–1.34)
	0.667
	0.89 (0.68–1.17)
	0.398

	Future-oriented time preference
	1.29 (0.99–1.70)
	0.061
	1.14 (0.86–1.52)
	0.347

	Present-oriented time preference
	0.97 (0.57–1.65)
	0.909
	1.04 (0.59–1.84)
	0.881


aTotal number of follow-up observations included in each model. Each observation corresponds to one follow-up assessment (FU1 or FU2) per participant.
bVariance component of the participant-level random intercept.
Notes. Odds ratios (ORs) with 95% confidence intervals (CIs) from logistic mixed-effects models with a random intercept at participant level (binomial distribution, logit link). Both models used the same multivariable model structure as the main analysis, with modified specifications. Model S1a applies an alternative definition of multimorbidity (≥3 chronic conditions). Model S1b applies a stricter adherence definition (Likert scores 3–4 vs. 0–2). Time is coded as FU2 compared with FU1. Reference categories are female gender, no multimorbidity (according to the respective definition), low education, and single marital status. Continuous covariates were mean-centred. Analyses were restricted to participants who reported receiving a recommendation for specific exercises and provided at least one valid adherence rating. DHI Dizziness Handicap Inventory, FU1 first follow-up, FU2 second follow-up.


Supplementary Table S7. Sensitivity analyses for adherence to lifestyle-related recommendations over follow-up (FU1–FU2) using an alternative multimorbidity definition or a less stringent adherence cut-off
	Predictor
	Model S2a OR (95% CI)
	p
	Model S2b OR (95% CI)
	p

	N (observations)a
	342
	
	342
	

	Between-person varianceb
	2.008
	
	57.848
	

	Time (12 months vs. 3 months)
	0.70 (0.39–1.27)
	0.244
	0.93 (0.20–4.37)
	0.930

	Age
	0.99 (0.95–1.04)
	0.782
	0.99 (0.83–1.19)
	0.938

	Gender (ref =  Female)
	
	
	
	

	    Male
	0.37 (0.16–0.87)
	0.022
	0.19 (0.01–6.11)
	0.352

	DHI score
	1.00 (0.98–1.02)
	0.905
	0.99 (0.93–1.06)
	0.874

	Multimorbidity (ref = No)
	1.57 (0.69–3.56)
	0.284
	0.68 (0.04–10.90)
	0.787

	Education (ref =  Low)
	
	
	
	

	    Middle
	1.32 (0.52–3.34)
	0.558
	1.34 (0.05–37.03)
	0.862

	    High
	1.40 (0.56–3.45)
	0.470
	1.12 (0.04–28.40)
	0.944

	Marital status (ref =  Single)
	
	
	

	    Married
	2.27 (0.50–10.25)
	0.288
	17.45 (0.12–2646.41)
	0.264

	    Divorced
	1.15 (0.20–6.67)
	0.877
	28.09 (0.04–20272.58)
	0.321

	    Widowed
	1.79 (0.28–11.56)
	0.540
	4.26 (0.02–1033.74)
	0.605

	Self-efficacy
	1.69 (1.04–2.75)
	0.033
	0.66 (0.12–3.65)
	0.630

	Health-related risk attitudes
	0.88 (0.75–1.05)
	0.155
	0.94 (0.53–1.69)
	0.844

	Future-oriented time preference
	1.17 (0.96–1.41)
	0.112
	1.27 (0.65–2.49)
	0.482

	Present-oriented time preference
	0.87 (0.59–1.27)
	0.468
	0.46 (0.10–2.05)
	0.309


aTotal number of follow-up observations included in each model. Each observation corresponds to one follow-up assessment at FU1 or FU2 per participant.
bVariance component of the participant-level random intercept.
Notes. Odds ratios (ORs) with 95% confidence intervals (CIs) from logistic mixed-effects models with a random intercept at participant level (binomial distribution, logit link). Both models used the same multivariable model structure as the main analysis, with modified specifications. Model S2a applies an alternative definition of multimorbidity (≥3 chronic conditions). Model S2b applies a less stringent adherence definition (Likert scores 2–4 vs. 0–1). Time is coded as FU2 compared with FU1. Reference categories are female gender, no multimorbidity (according to the respective definition), low education, and single marital status. Continuous covariates were mean-centred. Analyses were restricted to participants who reported receiving at least one lifestyle-related recommendation and provided at least one valid adherence rating. DHI Dizziness Handicap Inventory, FU1 first follow-up, FU2 second follow-up.
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