Supplementary Appendix1. Detailed Search Strategy
Database 1: Pubmed
Search date: September 2, 2025
(((((((Vitamin D[MeSH Terms]) OR (Vitamin D[Title/Abstract])) OR (Cholecalciferol[Title/Abstract])) OR (25-Hydroxyvitamin D[Title/Abstract])) OR (Vit D[Title/Abstract])) OR (25[OH]D)) OR (Hypovitaminosis D[Title/Abstract])) AND (((((((((((Lower Urinary Tract Symptoms[MeSH Terms]) OR (Lower Urinary Tract Symptom[Title/Abstract])) OR (LUTS[Title/Abstract])) OR (prostatic enlargement[Title/Abstract])) OR (benign prostatic hyperplasia[Title/Abstract])) OR (Urinary incontinence[Title/Abstract])) OR (overactive bladder[Title/Abstract])) OR (Urinary Retention[Title/Abstract])) OR (enuresis[Title/Abstract])) OR (Urinary urgency[Title/Abstract])) OR (Lower Urinary Tract Symptoms[Title/Abstract]))
Results retrieved: 241
Database 2: Embase (Ovid)
Search date: September 2, 2025
1. lower urinary tract symptom/
2. LUTS.mp.
3. prostatic enlargement.mp.
4. benign prostatic hyperplasia.mp.
5. urinary incontinence.mp.
6. overactive bladder.mp. or overactive bladder/
7. urinary retention.mp. or urine retention/
8. urinary urgency/
9. enuresis.mp. or enuresis/ or diurnal enuresis/ or nocturnal enuresis/
10. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9
11. vitamin D/ or vitamin D.mp.
12. cholecalciferol.mp. or colecalciferol/
13. 25-hydroxyvitamin D.mp.
14. Vit D.mp.
15. vitamin D deficiency/ or hypovitaminosis D.mp.
16. 11 or 12 or 13 or 14 or 15
17. 10 and 16
Results retrieved: 612
Database 3: Cochrane Library
Search date: September 2, 2025
#1 MeSH descriptor: [Lower Urinary Tract Symptoms] explode all trees
#2 LUTS:ti,ab,kw
#3 prostatic enlargement:ti,ab,kw
#4 benign prostatic hyperplasia:ti,ab,kw
#5 urinary incontinence:ti,ab,kw
#6 overactive bladder:ti,ab,kw
#7 urinary retention:ti,ab,kw
#8 enuresis diurna:ti,ab,kw
#9 urgency urinary incontinence:ti,ab,kw
#10 Lower Urinary Tract Symptom:ti,ab,kw
#11 Lower Urinary Tract Symptoms:ti,ab,kw
#12 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11
#13 MeSH descriptor: [Vitamin D] explode all trees
#14 cholecalciferol:ti,ab,kw
#15 25-hydroxyvitamin D:ti,ab,kw
#16 vitamin D:ti,ab,kw
#17 Vit D:ti,ab,kw
#18 25-OH D:ti,ab,kw
#19 hypovitaminosis D:ti,ab,kw
#20 #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
#21 #12 AND #20
Results retrieved: 56
Database 4: Web of Science (All Databases)
Search date: September 2, 2025
#1 TS=(Vitamin D OR Cholecalciferol OR 25-Hydroxyvitamin D OR Vit D OR 25[OH]D OR Hypovitaminosis D)
#2 TS=(Lower Urinary Tract Symptoms OR Lower Urinary Tract Symptom OR LUTS OR Prostatic Enlargement OR Benign Prostatic Hyperplasia OR Urinary Incontinence OR Overactive Bladder OR Urinary Retention OR Enuresis OR Urgency)
#3 #1 AND #2
Results retrieved: 1,094


Supplementary Table 1. Newcastle–Ottawa Scale (NOS) scores of case–control and cohort studies.
	Study

	Selection
	Comparability
	Exposure
	Score

	
	1
	2
	3
	4
	1
	1
	2
	3
	

	Gülyüz 2025
	
	*
	
	*
	**
	*
	*
	*
	7

	Mostafa 2024
	*
	[bookmark: OLE_LINK1633][bookmark: OLE_LINK1634]*
	
	*
	[bookmark: OLE_LINK102]*
	*
	*
	*
	7

	Siroosbakht 2023
	
	*
	
	*
	**
	*
	*
	*
	7

	Tangpricha 2023
	
	*
	*
	*
	**
	*
	*
	
	7

	Özçift 2022
	*
	*
	
	*
	
	*
	*
	
	6

	El‐Baz 2021
	
	*
	
	*
	[bookmark: OLE_LINK109]**
	*
	*
	*
	7

	Abdul‐Razzak 2019
	*
	*
	
	*
	*
	*
	*
	
	7

	Aydogmus 2018
	
	*
	
	*
	*
	*
	*
	
	5

	Kaur 2017
	*
	*
	
	*
	*
	*
	*
	
	6

	Elshazly 2016
	
	*
	
	*
	*
	*
	*
	
	5

	Zhang 2016
	*
	*
	
	
	**
	*
	*
	*
	7

	Parker-Autry 2012
	*
	*
	
	*
	*
	*
	*
	
	6

	Yeo 2023
	[bookmark: OLE_LINK123]*
	
	*
	*
	*
	[bookmark: OLE_LINK118]*
	*
	
	6

	Markland 2020
	*
	*
	*
	
	**
	
	*
	*
	7

	Parker-Autry 2017
	*
	*
	
	
	**
	
	*
	
	5

	Liu 2016
	*
	*
	*
	
	*
	*
	*
	
	6

	Vaughan 2016
	*
	*
	*
	*
	*
	
	*
	*
	7

	Kristal 2008
	*
	*
	
	*
	*
	*
	*
	
	6

	Dallosso 2004
	*
	*
	*
	
	*
	
	*
	
	5

	Dallosso 2004-1
	*
	*
	*
	
	*
	
	*
	
	5


Studies with scores of 0–3 were considered low quality, those scoring 4–6 as moderate quality, and those with 7–9 as high quality.


[bookmark: OLE_LINK447][bookmark: OLE_LINK448]Supplementary Table 2. The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for cross-sectional studies.
	Study / Item
	1
	2
	3
	4
	5
	6
	7
	8
	Quality

	Li 2024
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	high

	Alshogran 2023
	yes
	yes
	yes
	yes
	unclear
	no
	unclear
	yes
	moderate

	Gul 2023
	yes
	yes
	yes
	yes
	no
	no
	unclear
	yes
	moderate

	Liu 2023
	[bookmark: OLE_LINK267][bookmark: OLE_LINK268]yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	high

	Vaughan 2022
	yes
	yes
	no
	no
	yes
	yes
	unclear
	yes
	moderate

	Abbaspoor 2022
	yes
	yes
	yes
	yes
	no
	no
	unclear
	yes
	moderate

	Kim 2021
	yes
	unclear
	unclear
	yes
	yes
	yes
	yes
	yes
	moderate

	Kim 2022
	no
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	high

	Stafne 2020
	yes
	no
	yes
	yes
	yes
	yes
	yes
	yes
	high

	Swenson 2020
	yes
	no
	yes
	no
	yes
	yes
	yes
	yes
	moderate

	Yoo 2018
	yes
	no
	yes
	yes
	yes
	yes
	yes
	yes
	high

	Lee 2017
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	high

	Li 2017
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	no
	moderate

	Kilic 2016
	yes
	no
	no
	yes
	yes
	no
	yes
	yes
	moderate

	Aydogmus 2015
	yes
	yes
	yes
	yes
	no
	no
	yes
	yes
	moderate

	Caretta 2015
	yes
	yes
	yes
	yes
	no
	yes
	yes
	yes
	high

	Foti 2014
	yes
	yes
	yes
	yes
	no
	no
	yes
	yes
	moderate

	Li 2014
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	high

	Vaughan 2011
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	high

	Badalian 2010
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	high


Scores of 0–3, 4–6, and 7–8 were defined as low, moderate, and high quality, respectively.


[image: ]
Supplementary Fig. 1. Risk of bias summary of included randomized controlled trials (RCTs).


[image: ]
[bookmark: OLE_LINK262][bookmark: OLE_LINK264]Supplementary Fig. 2. Risk of bias graph of included randomized controlled trials (RCTs).


[image: ]
Supplementary Fig. 3. Subgroup analysis forest plot showing serum vitamin D levels between individuals with LUTS and controls. (A) Analysis based on population; (B) Analysis based on outcomes; (C) Analysis based on study design. Abbreviations: LUTS, lower urinary tract symptoms; WMD, weighted mean difference.
[image: ]
Supplementary Fig. 4. Funnel plot evaluating publication bias in studies assessing the serum vitamin D levels between LUTS and controls. Abbreviations: LUTS, lower urinary tract symptoms; WMD, weighted mean difference.


[image: ]
Supplementary Fig. 5. Funnel plot evaluating publication bias in studies assessing the association between low vitamin D levels and the risk of LUTS. Abbreviations: LUTS, lower urinary tract symptoms; OR, odds ratio.


[image: ]
Supplementary Fig. 6. Dose–response analysis of serum vitamin D levels and the risk of LUTS. Abbreviations: LUTS, lower urinary tract symptoms; OR, odds ratio.


[image: ]
Supplementary Fig. 7. Subgroup analysis forest plot showing the association between low serum vitamin D levels and the risk of LUTS. (A) Analysis based on population; (B) Analysis based on outcomes; (C) Analysis based on study design. Abbreviations: LUTS, lower urinary tract symptoms; OR, odds ratio.
[image: ] Supplementary Fig. 8. Funnel plot after trim-and-fill method for the association between low serum vitamin D levels and the risk of LUTS.


[image: ]
Supplementary Fig. 9. Association of low serum vitamin D levels with LUTS scores. Abbreviations: LUTS, lower urinary tract symptoms; SMD, Standard Mean Difference.


[image: ]
Supplementary Fig. 10. Forest plot showing the effect of vitamin D supplementation on LUTS scores. (A) The changes of LUTS scores after vitamin D supplementation. (B) The changes of re-mission rate of LUTS after vitamin D supplementation. Abbreviations: LUTS, lower urinary tract symptoms; SMD, Standard Mean Difference; OR, odds ratio.


[image: ]
Supplementary Fig. 11. Subgroup analysis forest plot showing the effect of vitamin D supplementation on LUTS. (A) Analysis based on population; (B) Analysis based on outcomes; (C) Analysis based on study design. Abbreviations: LUTS, lower urinary tract symptoms; OR, odds ratio.

[image: ]
Supplementary Fig. 12. Funnel plot of studies evaluating the effect of vitamin D supplementation on the risk of LUTS. Abbreviations: LUTS, lower urinary tract symptoms; OR, odds ratio.
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