Suppl 4. Details of the included studies
	
	Type of study
	Type of studies included
	PICO details & time frame of search
	Number of studies (considered)
Number of participants (considered)
	Average dose of intervention
	Quantitative synthesis for meta-analysis
	Qualitative synthesis for reviews
	Publication bias, if any

	Gilat M et al.,
[34]
	SR + MA
	RCTs
	P - Idiopathic PD
I - Exercise or training-based intervention
C - No intervention/Other exercise types
O - Freezing of gait
Time frame - Inception to Aug 03, 2020
	50 (47)
2972 (2345)
Studies on healthy adults were rejected
	Two weeks to two years
	-0.37 [95% CI: -0.51, -0.22] → -0.24 [95% CI: -0.35, -0.14]
Significant heterogenity: χ²(40) = 84.19, p < 0.01; I² = 52%
Outlier studies were removed → heterogeneity dropped and became statistically non-significant: χ²(37) = 40.48, p = 0.32; I² = 9%
	- FOG-specific and FOG-relevant interventions were effective in improving FOG, while generic exercise was not. 
- The improvement did not show any retention of the improvement beyond 1-6 months
- Group-based interventions were particularly effective, probably due to enhanced social enagagement.
- Technological devices can enable personalised assistance.
	Not mentioned

	Song H et al., [31]
	SR + MA
	RCTs
	P - Diagnosed with PD
I - Aerobic or resistance exercise
C - Other forms of rehabilitative measures
O -  Related to gait such as FOG-Q, 6MWT, and balance such as  TUGT, & BBS
Time frame - Inception to July 2024
	15 (15)
792 (792)
	7-24 weeks; 30-60 min duration; 1-5 times per week
	1. UPDRS-III: Combined exercise is most superior (SMD = -4.39, 95% CI: -6.39 to -2.49, p < 0.00001, I² = 66%) while AT shows superior results (SMD = -5.69, 95% CI: -8.67 to -2.71, p = 0.0002, I² = 82%), and RT shows moderate improvement (SMD = -3.01, 95% CI: -4.89 to -1.12, p = 0.002, I² = 0%). Researchers performed subgroup analysis based on exercise type, intervention duration, and exercise mode.

2. Gait velocity: Combined exercise showed significant increase (SMD = 0.74, 95% CI: 0.49 to 1.00, p < 0.00001, I² = 54%), AT shows greater improvement (SMD = 0.88, 95% CI: 0.58 to 1.18, p < 0.00001, I² = 42%), and RT showed modest gains (SMD = 0.52, 95% CI: 0.10 to 0.94, p = 0.01, I² = 55%).

3. Mini-BESTest Balance Assessment: Combined exercise effect showed significant improvement (SMD = 2.44, 95% CI: 0.69 to 4.19, p < 0.05, I² = 83%), RT showed notable improvement (SMD = 2.87, 95% CI: 1.45 to 4.29, p < 0.0001, I² = 0%), while AT showed no significant effect.

4. TUGT: Combined exercise group showed significant improvement (SMD = -0.63, 95% CI: -1.25 to -0.02, p = 0.04, I² = 52%), while AT showed significant improvement (SMD = -0.81, 95% CI: -1.52 to -0.11, p < 0.08, I² = 52%).
	RT is most effective for improving gait speed and balance measured by mini-BESTest, whereas AT is superior for enhancing motor symptoms measured by UPDRS-III and functional mobility by the TUGT.
	No publication bias noticed by the author (based on Egger’s test)

	Guo XB et al., [29]
	SR + MA
	RCTs, published in English
	P - Healthy older adults (>/=50 years), mild to moderate PD
I - Various types of exercise interventions/single Tai Chi/resistance training/yoga
C - No intervention/alternative forms of exercise
O - BBS, TUGT, movement speed, functional balance test
Time frame - Inception to December 2023
	21 (12)
992 (565)
Overlap studies were removed
	Tai Chi: 2-4 times per week for 60 min per session over 8 weeks to 12 months; Yoga: Twice weekly for 60 min each, for 12 weeks; Resistance training: 60 min, twice weekly, for 24 weeks
	a. UPDRS-III: Significant improvement in functional walking across exercise types with SMD = 0.40 (95% CI: 0.18-0.62; p = 0.0003) and low heterogeneity (I² = 14%). 
Subgroup analyses: Resistance training (SMD = 0.69; 95% CI: 0.04 to 1.35; p = 0.04) and Tai Chi (SMD = 0.35; 95% CI: 0.09 to 0.60; p = 0.007) significantly enhanced motor function, whereas yoga showed no significant effect (SMD = 0.74; 95% CI: -0.22 to 1.71; p = 0.13).

b. BBS: Tai Chi significantly improved balance (mean difference, MD = 3.56; 95% CI: 2.24 to 4.87; p < 0.00001) but with moderate heterogeneity (I² = 47%). 
When one study was excluded based on sensitivity analysis, heterogeneity reduced to 0% while maintaining significance (MD = 2.90; p < 0.00001). 
Frequency analysis: 4 times per week Tai Chi is the most effective (MD = 4.66; p < 0.00001) compared to lower frequencies.

c. TUGT: Improved with Tai Chi (MD = 0.74; 95% CI: 0.11 to 1.37; p = 0.02), but heterogeneity was moderate (I² = 46%). 
Removing one outlier study reduced heterogeneity to 0% with sustained effect (MD = 0.57; p = 0.01). 
	1. Tai Chi interventions improved motor function and balance, with effects at higher frequencies (p<0.00001) significantly, though no significant effect over time was detected (p = 0.32).
2. Yoga improved static balance but had less effect on gait and motor scores.
3. Resistance training is effective in improving strength, physical function, and quality of life.
	Some concern due to large volume of Tai Chi and yoga studies comapred to resistance training

	Lorenzo-Garcia P et al., [35]
	SR + MA
	RCTs
	P - Adults with PD
I - Structured physical exercise
C - Control/other physical exercise intervention
O - ABC, BBS, Mini-BESTest, and TUGT
Time frame - Inception to August 2022
	86 (69)
4693 (3706)
Overlap studies were removed
	30-120 minutes per session, 2-5 times per week for 1-4 months
	1. ABC scale - No significant direct effect sizes, but indirect comparison showed balance exercises outperformed sensorimotor training without endurance (effect size = 0.62; 95% CI: 0.06 to 1.17).
2. BBS - Alternative exercises (ES 1.21), balance (0.85), BWS (1.31), and dance (1.18) - strong indirect effects vs controls. Direct comparison showed effects in endurance (0.67) and resistance (1.78), but some heterogeneity present (I² up to 86%).
3. Mini-BESTest: Balance (0.75) and resistance (0.58) interventions; however, moderate to high heterogeneity noted (I² = 56%-92%)
4. TUGT: Significant improvements with alternative (ES –0.54), balance (–0.42), resistance (–0.60), and sensorimotor training including endurance (–0.61) vs controls; dance also showed direct significant effect (–0.46)
	a. Balance exercises - Consistently improved all outcomes vs controls, including better results on the ABC scale vs sensorimotor training with endurance.
b. Alternative exercises and sensorimotor training with endurance - Effective in improving balance, postural stability, and mobility as per BBS and TUG scores.
c. Resistance training enhanced balance and mobility, reflected in higher MiniBESTest scores and lower TUGT.
d. BWS, dance, and sensorimotor training without endurance positively affected BBS.
	Detected in resistance vs control group

	Choi HY et al., [28]
	SR + MA
	RCTs
	P - Patients with PD
I - Various exercise modalities – walking & balancing exercises
C - No exercise or standard drug therapy
O - Motor function, balance function, gait, quality of life, and general symptoms
Time frame - Inception to December 2016
	19 (13)
1144 (495)
Overlap studies were removed
	10 min – 3 hours in each session of variable weekly frequency for 1 month – 14 months.
	→ Total UPDRS scores improved significantly with exercise therapy compared to non-exercise groups, with MD of -16.84 (95% CI: −22.52 to −11.16). Aerobic and complex exercises showed strong effects (MD −14.20 and −19.00, respectively). Walking exercise also improved total UPDRS compared to regular activity (MD −2.90, 95% CI: −5.44 to −0.36).
→ BBS scores significantly increased with exercise therapy vs non-exercise (MD 2.72), especially with strength and aerobic exercises.
→ TUGT improved with exercise over non-exercise (MD -1.44), but no significant effect vs routine activity
→ Heterogeneity varied across outcomes; subgroup analyses based on exercise type found some inconsistencies.
	- Exercise therapy significantly improved both motor and non-motor symptoms in PD, in comparison with non-exercise and regular activity groups. 
- Exercise improved total UPDRS scores, BBS scores, preferred walking speed, and TUGT results.
- Subgroup analysis showed varying effectiveness depending on the exercise type, with aerobic, complex, balancing, walking, strength, and flexibility exercises yielding significant benefits in different domains.
	Likely bias due to small size of the samples per subgroup

	Liu WY et al., [33]
	SR
	Observa-tional studies or preva-lence studies
	P - Patients with PD
I - Domains like physical status, pre-existing conditions, environment, medical care, and cognition
C - 
O - Falls, risk factors of falls
Time frame - Inception to February 27, 2021
	45 (45)
51704 (51704)
	-
	-
	Physical exercise as a basic intervention:
1. Moderate-intensity exercise & rehabilitation (physiotherapy, tai chi, walking) are recommended to prevent falls.
2. For patients with higher fall risk, low-intensity exercise can prevent further falls.
3. For patients with history of falls, exercise is advised as tolerated, with priority to safety and prevention of injury.
	 - 

	Hidalgo-Agudo RD et al.,  [32]
	SR + MA
	RCTs
	P - Adults with PD
I - Physical intervention
C - CPT
O - Related to body function – static, & dynamic balance, motor functions; and activities and participation – mobility and gait, perception of falls, ADLs, quality of life
Time frame - 2013-2017
	11 (4)
1000 (735)
Overlap studies were removed
	30-90 min per session, 1-7 days per week for 4 weeks to 24 months
	A. UPDRS-III: Individual RCTs showed favorable effects, but the overall effect was inconclusive with high heterogeneity (I² > 50%, p > 0.05). 
B. TUGT: Effects of AT was inconclusive. Dance showed statistically significant improvement in TUG performance with moderate heterogeneity (p < 0.05, I² ≈ 40%)
C. BBS: AT-based interventions were inconclusive, while dance interventions showed significant results (p < 0.01, I² < 40%).
	1. Dance was more effective than CPT in improving motor outcomes, and balance as assessed by UPDRS-III, and BBS, and TUGT respectively.
2. Dance has a social component, enhancing motivation, cognitive function, and emotional well-being, that led to better therapeutic adherence.
	Likely bias sue to small participant number in most RCTs

	Tobar A et al., [30]
	SR
	RCTs
	P - Patients with PD)
I - Physical rehabilitation
C - No exercise/other forms of exercise
O - Various outcomes
Time frame - 2018-2023
	7 (4)
897 (614)
Overlap studies were removed
	 Variable
	-
	A. Virtual reality rehabilitation for PwP was statistically significant in TUGT, BBS, and FGA (p-value of <0.05).
B. MDTT showed higher efficacy in reducing the gait difficulties in Patients with PD. 
C. Devices such as treadmill or the G-EO system, improved gait capacity, endurance, and global independence in patients.
	

	Qian Y et al., [27]
	SR + MA
	RCTs
	P - Diagnosed with PD
I - Various types of physical activities
C - Health education & usual care
O - Various balance measures
Time frame - Inception to Jan 23, 2023
	199 (117)
9523 (4967)
Overlap studies were removed
	Ranging 2-96 weeks; 1-12 times per week; 15-150 min per session
	Moderate to high heterogeneity detected in all balance parameters (τ2 > 0.05, p < 0.0004, I2 > 35%) except reactive balance (τ2 = 0.0037, p = 0.3768, I2 = 3.2%).
Post-SIDE splitting, percentage of inconsistent comparisons reduce to <9% in all balance parameters
	- 17 exercise types significantly improved overall balance, with BWS-TT showing highest effects for dynamic steady-state balance. 
- 6 exercise types improved steady-state balance, with aquatic exercise ranking best, likely due to buoyancy reducing the fear of falling.
- Pilates was most effective for improving proactive balance, linked to its focus on core stability, and coordination.
- Reactive balance improved significantly with BGT-ECA, and RAGT.
	83.41% of all (166) included studies have sample size < 30

	Li Y et al., [26]
	SR + MA
	RCTs, published in English/Chinese
	P – Patients with PD 
I - Various exercise interventions
C - Traditional rehabilitation/Control group
O - Stride length, Gait velocity, 6MWT, Step length
Time frame - 2007-2024
	68 (40)
3114 (1983)
Overlap studies were removed
	
	i. Gait velocity: Dance improved gait velocity significantly compared to the control (SMD = 2.11; 95% CI: 1.07-3.15) and also outperformed walking exercise (SMD = 2.16), home exercise (SMD = 2.19), aerobic exercise (SMD = 2.42), and others. Heterogeneity and inconsistencies evaluation was done by direct comparison was control vs Qigong.
ii. Step Length: Dance was superior to control (SMD = 2.08; 95% CI: 0.04 to 4.13).
iii. Stride Length: FAE improved stride length over control (SMD = 1.01; 95% CI: 0.04 to 1.98), also outperforming stretch exercise, Baduanjin, robotic gait training, treadmill, dance exercise, traditional rehab, aerobic exercise, and others (SMDs 1.01 to 1.76). 
iv. 6MWT: RAGT superior to combined therapy (MD = 2.02; 95% CI: 0.41 to 3.63), resistance training, Tai Chi, other exercises, stretch exercise, walking exercise, traditional rehabilitation, aerobic exercise, fitness exercise, Baduanjin, boxing exercise, control, balance training, whole body vibration (MDs up to 12.84 in dual task training).
	No publication bias, based on Egger’s test



Abbreviations used :
SR = Systematic review; MA = Meta-analysis; RCT = Randomised Controlled Trial; PD = Parkinson’s disease; FOG = Freezing of gait; UPDRS = Unifoed Parkinson’s disease Rating Scale; AT= Aerobic Training; RT= Resistance Training; TUGT = Timed-Up-and –Go-Test; 6MWT = 6 Minutes Walking Test; BBS =  Berg Balance Score; SMD = Standardised mean deviation; ABC = Activities-specific Balance; ES = Effect size; Confidence; BWS = Body weight-supported intervention; CPT = Conventional physiotherapy; ADL = Activities of Daily Living; PEDro = Physiotherapy Evidence Database; FGA = Functional Gait Assessment; MDTT = Motor Dual-Task gait Training; G-EO system = end-effector robotic device; SIDE = Separating Indirect from Direct Evidence; BWS-TT = Body-Weight-Supported Treadmill Test; BGT-ECA = Balance Gait Training using External Cues or Attention; MD = Mean deviation; FAE = Five Animal Exercises; RAGT = Robotic Assisted Gait Training.

Suppl 4.   Details of the included studies  

 Type  of  study  Type of  studies  included  PICO details & time  frame of search  Number of  studies  (considered)   Number of  participants  (considered)  Average dose  of intervention  Quantitative synthesis for meta - analysis  Qualitative synthesis for reviews  Publication  bias, if any  

Gilat  M et  al.,   [34 ]  SR +  MA  RCTs  P  -   Idiopathic P D   I  -   Exercise or training - based intervention   C  -   No  intervention/Other  exercise types   O  -   Freezing of gait   Time frame  -   Inception  to Aug 03, 2020  50 (47)   2972 (2345)   Studies on  healthy adults  were rejected  Two   weeks to  two   years  - 0.37 [95% CI:  - 0.51,  - 0.22] →  - 0.24 [95% CI:  - 0.35,  - 0.14]   Significant heterogenity:  χ ²(40) = 84.19, p <  0.01; I² = 52%   Outlier studies were removed → heterogeneity  dropped and became statistically non - significant: χ²(37) = 40.48, p = 0.32; I² = 9%  -   FOG - specific and FOG - relevant  interventions were effective in  improving FOG, while generic  exercise was not.    -   The improvement d id not show  any  retention of the improvement  beyond 1 - 6 months   -   Group - based interventions we re  particularly effective, probably due  to enhanced social enagagement.   -   Technological devices can enable  personalised assistance.  Not  mentioned  

Song  H et  al.,  [31 ]  SR +  MA  RCTs  P  -   Diagnosed with  PD   I  -   Aerobic or resistance  exercise   C  -   Other forms of  rehabilitative measures   O  -    Related to gait such  as FOG - Q, 6MWT, and  balance such as  TUG T ,  & BBS   Time frame  -   Inception  to July 2024  15 (15)   792 (792)  7 - 24 weeks;  30 - 60 min  duration; 1 - 5  times per  week  1.  UPDRS - III : Combined exercise is most  superior (SMD =  - 4.39, 95% CI:  - 6.39 to  - 2.49,  p < 0.00001, I² = 66%) while AT shows  superior results (SMD =  - 5.69, 95% CI:  - 8.67  to  - 2.71, p = 0.0002, I² = 82%), and RT shows  moderate improvement (SMD =  - 3.01, 95% CI:  - 4.89 to  - 1.12, p = 0.002, I² = 0%). Researchers  performed subgroup analysis based on exercise  type, intervention duration, and exercise mode.     2.  Gait velocity : Combined exercise showed  significant increase (SMD = 0.74, 95% CI: 0.49  to 1.00, p < 0.00001, I² = 54%), AT shows  greater improvement (SMD = 0.88, 95% CI:  0.58 to 1.18, p < 0.00001, I² = 42%), and RT  showed modest gains (SMD = 0.52, 95% CI:  0.10 to 0.94,   p = 0.01, I² = 55%).     3.  Mini - BESTest Balance Assessment :  Combined exercise effect showed significant  improvement (SMD = 2.44, 95% CI: 0.69 to  4.19, p < 0.05, I² = 83%), RT showed notable  improvement (SMD = 2.87, 95% CI: 1.45 to  4.29, p < 0.0001, I² = 0%), while AT showed  no significant effect.     4.  T UGT : Combined exercise group showed  significant improvement (SMD =  - 0.63, 95%  CI:  - 1.25 to  - 0.02, p = 0.04, I² = 52%), while  AT showed significant improvement (SMD =  -RT is most effective for improving  gait speed and balan c e measured by  mini - BESTest, whereas AT is  superior for enhancing motor  symptoms measured by UPDRS - III  and functional mobility by the  TUGT.  No  publication  bias noticed  by the  author  (based on  Egger’s test)  

