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Popular scientific summary

» This meta-analysis evaluates, for the first time, both the preventive and therapeutic effects of vitamin
D supplementation on lower urinary tract symptoms (LUTS).

e Serum vitamin D levels show a significant association with LUTS.

e Vitamin D supplementation may help alleviate LUTS symptoms in individuals with low serum
vitamin D levels.

e Vitamin D supplementation does not reduce the incidence of LUTS in the general population.

Abstract

Background: Lower urinary tract symptoms (LUTS) are highly prevalent and impact quality of life.
While vitamin D insufficiency is a major public health concern. This study systematically investigated
the relationship between serum vitamin D levels and LUTS, and the effects of supplementation on
outcomes.

Methods: We conducted a systematic review and meta-analysis of studies from Web of Science, PubMed,
Embase, and Cochrane Library up to September 2025. Pooled Weighted mean difference (WMD) and Odds
Ratios (ORs), along with their 95% confidence intervals (CI) were calculated using the random-effects
model. Sensitivity analysis was conducted to examine the robustness of the results.

Results: A total of 48 studies (221,735 participants) were included. Vitamin D levels were significantly
lower in individuals with LUTS than in controls (WMD: -3.15, 95% CI: —4.65, —1.66). Low vitamin
D levels were associated with a 67% increased risk of LUTS (95% CI: 1.31, 2.12). Subgroup analyses
confirmed these associations among men and children but not among women. Vitamin D supplementation
significantly promoted LUTS remission, particularly among individuals with low baseline serum vitamin
D concentrations (OR: 9.02, 95% CI: 2.94, 27.62), but did not reduce LUTS incidence in the general
population (OR: 0.98, 95% CI: 0.91, 1.05).

Conclusions: Serum vitamin D levels are significantly associated with LUTS, particularly among men
and children. Vitamin D supplementation may alleviate LUTS symptoms in individuals with low vitamin
D levels, but it is not currently supported as a preventive measure for LUTS in the general population due
to insufficient evidence.
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a range of voiding, storage, and post-micturition

manifestations, commonly including urinary fre-
quency, urgency, incontinence, and nocturia (1). LUTS are
highly prevalent among adults in both Western countries
and China, with an estimated prevalence ranging from
55 to 76% (2, 3). Notably, approximately 15% of children
aged 5-6 years continue to experience nocturnal enuresis
(4). LUTS may result from organic or neurological abnor-
malities of the bladder, prostate, or urethra. Although not
life-threatening, these conditions are often challenging to
manage (5). Importantly, LUTS can lead to a series of
health problems such as attention deficit disorder, sleep
disorders, anxiety, depression, cardiovascular and met-
abolic disorders, sexual dysfunction, reduced quality of
life, and an increased risk of mortality (6—10). Therefore,
effective treatment and prevention of LUTS are clinically
significant.

Vitamin D, a fat-soluble secosteroid, plays essential
roles in numerous physiological processes. However, its
deficiency remains a major global public health con-
cern. A comprehensive meta-analysis including data
from approximately eight million participants across
81 countries reported that 47.9% of the global popula-
tion exhibited vitamin D insufficiency (11). Increasing
evidence demonstrates a strong link between vitamin D
deficiency and immune dysregulation, increased infection
risk, and urological disorders (12). Studies have identified
the vitamin D receptor (VDR) in bladder tissue and in
the striated muscles of the pelvic floor (13), suggesting
that vitamin D deficiency may influence LUTS by altering
muscle strength or activity.

Recently, growing evidence has linked serum vitamin
D levels to LUTS. Although meta-analysis has been con-
ducted (1), the current evidence remains inconclusive.
Therefore, this study updated prior analyses to further
evaluate the association between serum vitamin D levels
and LUTS across diverse populations. In addition, we
sought to clarify whether vitamin D supplementation
could alleviate or prevent LUTS, and whether its effec-
tiveness extends to the general population.

Lower urinary tract symptoms (LUTS) encompass

Methods

This meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses and was registered with the International
Prospective Register of Systematic Reviews (PROSPERO,;
no. CRD42025630727).

Search strategy

PubMed, Embase, Web of Science, and the Cochrane
Library were searched for studies published up to
September 2, 2025. Search strategy combined MeSH
terms and their free-text equivalents related to LUTS and
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vitamin D. Synonymous terms within each concept were
combined using the Boolean operator ‘OR’, and the two
concepts were linked using ‘AND’. The detailed search
strategy for each database is provided in Supplementary
Appendix 1.

Eligibility criteria

The inclusion criteria were defined according to the
PICOS framework: population (P), human partici-
pants with or without LUTS; intervention/exposure
(I), vitamin D supplementation or serum vitamin D
levels; comparison (C), placebo (in intervention stud-
ies) or comparison across different levels of serum vita-
min D (e.g. high vs. low) or between individuals with
and without LUTS (in observational studies); outcome
(O), presence or severity of LUTS; and study design
(S), randomized controlled trials (RCTs), cohort, case—
control, or cross-sectional designs.

LUTS was defined in each study based on urodynamic
testing, validated questionnaires, or clinical assessments.
The exclusion criteria were non-English publications and
studies addressing urinary conditions without reference
to LUTS.

Screening and data extraction

Two authors independently screened the literature
and extracted relevant data. Any disagreements were
resolved by discussion with a third author. The following
variables were collected from the included studies: first
author; publication year; study design; research location;
sample size; participants’ age; vitamin D status; labora-
tory methods for assessing serum vitamin D levels; defi-
nition of LUTS; follow-up duration; variables used for
matching or statistical adjustment; mean * standard
deviation (SD) of serum vitamin D concentrations in
participants with and without LUTS; LUTS scores and
frequency; adjusted odds ratios (ORs) for LUTS in par-
ticipants with low vitamin D levels relative to those with
higher concentrations; and changes in LUTS scores, fre-
quency, and adjusted ORs in participants receiving vita-
min D supplementation versus controls.

Quality assessment

The quality of the case-control and cohort studies was
evaluated using the Newcastle-Ottawa Scale (NOS).
For cross-sectional research, we used the Joanna Briggs
Institute (JBI) Critical Appraisal Checklist, which com-
prises eight questions, with one point awarded for each
criterion. The risk of bias in RCTs was assessed with the
Cochrane Collaboration tool.

Statistical analysis
The weighted mean difference (WMD) with 95% con-

fidence interval (Cls) was used to compare serum
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vitamin D concentrations between patients with LUTS
and controls. Vitamin D values reported in nmol/L
were converted to ng/mL (1 ng/mL = 2.5 nmol/L).

To examine the association between serum vitamin
D levels and LUTS, the standardized mean difference
(SMD) was applied to compare LUTS scores between
the low and high vitamin D groups, accounting for
differences in scoring scales across studies. ORs and
adjusted ORs (95% ClIs) were employed to assess the
risk of LUTS associated with low vitamin D levels
across studies. Due to the varying definitions of low
and high serum vitamin D levels across the included
studies, we grouped the studies based on their vitamin
D thresholds. When multiple estimates were reported
within a single study (e.g. different LUTS subtypes or
vitamin D categories), they were pooled into an overall
effect size using the inverse variance method. In addi-
tion, the dose-response relationship between serum
vitamin D levels and LUTS risk was evaluated using the
robust error meta-regression (REMR) model (14, 15).

For intervention studies, the SMD was used to assess
changes in LUTS scores before and after vitamin D sup-
plementation, whereas ORs or adjusted ORs were used
to evaluate the effects of vitamin D supplementation on
LUTS symptoms or risk.

A random-effects model was applied to all analyses.
Heterogeneity was evaluated using the chi-square test
and the I statistics, with > > 50% indicating substan-
tial heterogeneity. Publication bias was evaluated using

Records identified from
databases (n=2003):
PubMed (n=241)
Web of Science (n=1094)
Embase (n=612)
Cochrane Library (n=56)

!

Records screened (title/abstract)
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Egger’s test and funnel plots. The trim-and-fill method
was used to examine the robustness of the results.
Sensitivity analyses were conducted using the leave-
one-out approach. Subgroup analyses were performed
according to the study population, LUTS subtype, and
study design. All meta-analyses were performed using
Stata version 15.1. P < 0.05 was considered statistically
significant.

Results

Study characteristics

The study selection process is summarized in Fig. 1. A
total of 2,003 studies were identified, of which 48 studies
involving 221,735 participants were ultimately included
(13, 16-62). Overall, the included studies comprised eight
RCTs, eight cohort studies, 12 case-control studies, and
20 cross-sectional studies. Among these, 20 studies (11
cross-sectional, seven case-control, and two cohort) with
22,400 participants reported serum vitamin D concentra-
tions in individuals with and without LUTS. In addition,
28 studies (two cohort, 10 case-control, and 16 cross-
sectional) with 27,320 participants evaluated the relation-
ship between low serum vitamin D levels and LUTS risk.
Furthermore, 17 studies (eight RCTs, six cohorts, two
case-control, and one cross-sectional) with 186,546 par-
ticipants investigated the effect of vitamin D supplemen-
tation on LUTS. The key characteristics of the included
studies are shown in Table 1.

Records removed before screening (n=545)
Duplicates (n=527)
Ongoing studies (n=18)

Records excluded (n=1344)
Irrelevant to research question (n=1099)
Review, case report, letter, comment

(n=1458)

|

Reports assessed for eligibility
(full text)

(n=114)

Studies included in quantitative
synthesis (meta-analysis)
(n=48)

[Included] [Eligibility] [ Screening ] [ Identification ]
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(n=225)
Animal studies (n=20)

Reports excluded with reasons (n=66)
Lack of control group (n=5)
Data unavailable (n=12)
No relevant outcome (n=35)
Exposure not meeting inclusion criteria
(n=11)
Non-English full text (n=3)

Fig. 1. PRISMA flowchart depicting study search and selection for meta-analysis.
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Vitamin D supplementation and lower urinary tract symptoms

Quality assessment

For cohort and case-control studies, NOS scores ranged
from 5 to 7 (Supplementary Table 1). Among the
cross-sectional studies, 10 were judged to be high quality
and another 10 to be of moderate quality (Supplementary
Table 2). The quality assessments of RCTs are presented
in Supplementary Fig. 1 and 2.

Meta-analysis
Serum vitamin D levels between LUTS and controls

A total of 20 studies comprising 22,400 participants
(9,236 with LUTS; 13,164 controls) reported mean *
SD serum vitamin D concentrations. The pooled analy-
sis showed that serum vitamin D levels were 3.15 ng/mL
lower in individuals with LUTS compared with controls
(95% CI: — 4.65, — 1.66). Substantial heterogeneity was
detected across the included studies (2= 94.9%) (Fig. 2).

Subgroup analysis by study population showed signifi-
cant differences in serum vitamin D levels among children
(WMD: -6.38, 95% CI: —10.59, —2.16) and men (WMD:
—4.14, 95% CI: —7.48, —0.80), whereas levels in women
were comparable to those in controls (WMD: 0.35, 95%
CI: —0.51, 1.22). When stratified by LUTS subtype,
serum vitamin D levels were similar in individuals with
UI and controls (WMD: —0.45, 95% CI. —1.68, 0.78),
whereas a significant difference was found among partici-
pants with other LUTS subtypes (WMD: —4.81, 95% CI:
—7.12, —2.50). Finally, subgroup analysis by study design
showed a significant difference in cohort and case-control
studies (WMD: —5.94, 95% CI: —9.49, —2.39) (Table 2;
Supplementary Fig. 3).

Funnel plot inspection revealed asymmetry, and
Egger’s test confirmed publication bias (Egger’s test P =
0.002) (Supplementary Fig. 4). Nevertheless, the leave-
one-out sensitivity analysis demonstrated that the pooled
association remained statistically significant after sequen-
tial exclusion of each study.

Low serum vitamin D level and LUTS

From 16 studies, we derived the frequencies of LUTS and
controls among participants with low serum vitamin D
levels and those with higher levels. The pooled analysis
indicated that low vitamin D levels were associated with
a higher risk of LUTS (OR = 2.95, 95% CI: 1.82, 4.76).
Considerable heterogeneity was detected across studies
(> =91.3%) (Fig. 3A). Notably, when comparing individ-
uals with serum vitamin D < 20 ng/mL versus > 20 ng/mL,
the association appeared stronger (OR = 3.57) than that
observed between <30 ng/mL and > 30 ng/mL (OR =2.72).
No evidence of publication bias was observed according
to funnel plot and Egger’s test (Egger’s test P = 0.240)
(Supplementary Fig. 5). Sensitivity analysis confirmed
that the results remained robust even after sequential
exclusion of each study.
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Eight studies (27 sets of data) were included to evaluate
the dose-response relationship (Supplementary Fig. 6).
We found no evidence of a non-linear association between
serum vitamin D levels and the risk of LUTS (P non-
linearity = 0.073). Instead, a significant overall inverse
association was observed (P overall < 0.001), suggesting

Table 2. Subgroup analysis of serum vitamin D levels in individuals
with LUTS and controls

that the risk of LUTS decreases as serum vitamin D levels
increase.

Meta-analysis of adjusted OR values from 15 stud-
ies showed a significant relationship between low serum
vitamin D levels and LUTS risk (adjusted OR: 1.67, 95%
CI: 1.31, 2.12; P = 85.3%). Similarly, when comparing
individuals with serum vitamin D < 20 ng/mL versus
>20ng/mL, the association appeared stronger (OR =1.72)
than that observed between < 30 ng/mL and > 30 ng/mL
(OR = 1.63) (Fig. 3B). Subgroup analysis by study pop-

Subgroup No. WMD Heterogeneity P " e ) :
Studies (95% Cl) test P2 (%) ulation demonstrated a significant relationship between
low serum vitamin D and increased LUTS risk among
Study population . . . 0 .
children (adjusted OR: 2.96, 95% CI: 2.12, 4.14) and men
Women ? o 2.|35| ) 696 0425 (adjusted OR: 1.63, 95% CI: 1.18, 2.25), while no such
Men s - . ,I 4' 928 0015 association was found in women (adjusted OR: 1.05, 95%
(_7.48'_0.80) ) ’ CI: 0.92, 1.20). When stratified by LUTS subtype, low
Children 4 ~6.38 914 0.003 vitamin D levels were associated with a modest increase in
(-10.59,-2.16) the risk of UI (adjusted OR: 1.29, 95% CI: 1.03, 1.61). By
Type of LUTS study design, a stronger effect was observed in cohort and
ul 7 -0.45 69.4 0.476 case-control studies (adjusted OR: 2.70, 95% CI: 1.41,
(-1.68,0.78) 5.17), whereas cross-sectional studies showed a weaker yet
Other 13 -4.8| 966  <0.00l still significant association (adjusted OR: 1.30, 95% CI:
(=7.12,-2.50) 1.07, 1.57) (Table 3; Supplementary Fig. 7).
Study design Funnel plot inspection and Egger’s test indicated
Cohort/case-control 9 -5.94 96.3 0.001 publication bias (Egger’s test P = 0.001). However, the
_ (79:49,72.39) association remained significant after applying the trim-
Cross-sectional 1 (_I;‘;5§54) 821 03% and-fill method (adjusted OR: 1.4, 95% CI: 1.13, 1.84)
T (Supplementary Fig. 8). Sensitivity analysis confirmed
Study %
D WMD (95% Cl) Weight
Li 2024 E - 1.20 (0.70, 1.70) 592
Mostafa 2024 —— -4.90 (-7.92, -1.88) 4.79
Siroosbakht 2023 —o— ! -11.65(-13.39,-991) 552
abbaspoor 2022 1 -1.43 (-3.95, 1.09) 5.10
Kim 2022 | -0.70 (-2.58, 1.18) 5.45
Ozgift 2022 _’.'_ -3.56 (-7.11,-0.01) 4.46
El-Baz 2021 — -4.89 (-7.08, -2.75) 531
Kim 2021 : ot 1.20 (0.18, 2.22) 5.80
Stafne 2020 N 2.00 (051, 3.49) 563
Swenson 2020 —_—— 1.50 (-2.88, 5.88) 3.94
Abdul-Razzak 2019 — E 1356 (-17.19,-0.93)  4.41
Yoo 2018 —— -3.20 (-5.58, -0.82) 5.18
Kaur 2017 —— -3.32 (-6.28, -0.37) 4.84
Lee 2017 . 0.10 (-0.60, 0.80) 5.89
Parker-Autry 2017 | —— -0.39 (-2.20, 1.42) 5.48
Elshazly 2016 — E 1177 (-15.16,-8.38) 456
Kilic 2016 - -2.09 (-8.77, -0.41) 555
Liu 2016 Lo -0.20 (-0.97, 0.57) 587
Caretta 2015 —_— -6.32 (-9.79, -2.85) 4.51
Foti 2014 o T -9.50 (-18.88, -0.12) 1.78
Overall (l-squared = 94.9%, p = 0.000) @ -3.15 (-4.65, -1.66) 100.00
NOTE: Weights are from random effects analysis i
T T
-18.9 0 18.9

Fig. 2. Comparison of serum vitamin D levels between individuals with LUTS and controls. LUTS, lower urinary tract symp-

toms; WMD, weighted mean difference.
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A
Study %
D OR (95% CI) Weight
vit D <20 vs =220ng/mL E
Gllytz 2025 : : - 6.37 (4.41, 9.21) 7.18
Mostafa 2024 i 2.42 (1.16, 5.04) 6.38
Gul 2023 e 1.94 (0.92, 4.09) 6.34
Kim 2022 - 0.95 (0.62, 1.45) 7.08
ﬁzqiﬂ 2022 —f—-.-— 5.20 (2.13, 12.70) 5.95
El-Baz 2021 —1—+— 4.47 (1.75, 11.43) 5.82
Li2014 1 —_— 11.94 (6.10, 23.39) 6.53
Subtotal (I-squared = 90.6%, p = 0.000) -f_:'_'> 3.57 (1.68, 7.58) 45.29
. 1
vit D <30 vs =30ng/mL ;
Alshogran 2023 4 : 1.29 (0.11, 14.85) 2.55
Siroosbakht 2023 —— 4.60 (3.12, 6.78) 7.15
abbaspoor 2022 —'0—:- 2.09 (1.30, 3.35) 6.98
Stafne 2020 - : 1.25 (0.94, 1.66) 7.30
Abdul_Razzak 2019 | ———f——— 19,08 (4.46,81.71) 444
Lee 2017 —— 1 0.68 (0.46, 1.00) 7.14
Vaughan 2016 —_— 2.21(0.93, 5.22) 6.04
Foti 2014 . —— 9.09 (5.00,16.52)  6.72
Subtotal (I-squared = 92.3%, p = 0.000) = 2.72 (1.5, 5.46) 48.30
1
ot 1
vit D <25 vs 225ng/mL :
Swenson 2020 —Tr— 1.44 (0.70, 2.96) 6.41
Subtotal (l-squared = %, p=.) <J$a: 1.44 (0.70, 2.96) 6.41
. 1
Overall (I-squared = 91.3%, p = 0.000) <> 2.95 (1.82, 4.76) 100.00
1
NOTE: Weights are frorln random effects analysis ; :
.0122 1 81.7
B
Study adjusted %
D OR (95% ClI) Weight
vit D <12 vs 212ng/mL ;
Gillydz 2025 e e 3.16(1.20,8.38)  3.84
Subtotal (I-squared = .%,p=.) -O 3.16 (1.19, 8.38) 3.84
. 1
vit D <30 vs 230ng/mL :
Li 2024 e 1.02 (0.97, 1.08) 10.20
Liu 2023 - 1.39(1.12,1.72) 9.48
Siroosbakht 2023 | < 2.91 (2.01, 4.23) 8.24
Tangpricha 2023 = | 0.83(0.59,1.16)  8.53
Stafne 2020 - 1.04(0.78,1.38)  8.96
Abdul-Razzak 2019 : —— 24.60 (6.59,91.78) 2.53
Vaughan 2016 -— 2.78 (1.37, 5.64) 5.45
Badalian 2010 - 1.82(1.10, 2.94) 7.19
Subtotal (I-squared = 90.2%, p = 0.000) <> 1.63 (1.18, 2.24) 60.58
1
vit D <25 vs 225ng/mL :
Swenson 2020 —_—— 1.16 (0.53, 2.52) 4.95
Subtotal (I-squared = .%, p =) <] 1.16(0.53,2.53)  4.95
1
vit D <20 vs 220ng/mL '
Li 2017 —— 1.61(1.01,259)  7.37
Parker-Autry 2017 —— 1.10(0.70,1.60)  7.88
Zhang 2016 — 5.22(1.96,1276) 4.02
Li2014 —r—3z5— 3.23 (0.99, 10.87) 290
Vaughan 2011 —— 1.40(1.00,2.00) 8.46
Subtotal (l-squared = 62.9%, p = 0.029) < 1.72(1.14,2.60)  30.64
1
Overall (I-squared = 85.3%, p = 0.000) 0 1.67 (1.31, 2.12) 100.00
1
NOTE: Weights are frot;n random effects analysis ] l

0109 | 91.8

Fig. 3. Association between low serum vitamin D levels and the risk of LUTS. (A) ORs were calculated from the frequency
of LUTS among participants with low versus high serum vitamin D levels. (B) Adjusted ORs extracted from included studies.
LUTS, lower urinary tract symptoms; OR, odds ratio.
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Table 3. Subgroup analysis of the association between low serum
vitamin D levels and the risk of LUTS

Subgroup No. of
Studies

Adjusted OR  Heterogeneity P
(95% Cl) test 2 (%)

Study population

Women 6 1.05 (0.92, 1.20) 28.0 0.483
Men 4 1.63 (1.18,2.25) 60.0 0.003
Children 2.96 (2.12,4.14) 0.0 <0.001
Type of LUTS
ul 8 1.29 (1.03, 1.61) 584 0.024
Other 7 2.84 (1.58,5.13) 91.8 0.001
Study design
Cohort/case-control 7 2.70 (1.41,5.17) 88.9 0.003
Cross-sectional 8 1.30 (1.07, 1.57) 67.2 0.008

that the results remained stable when each study was
sequentially removed.

Seven studies assessed the differences in LUTS scores
between groups with low and high serum vitamin D lev-
els. The meta-analysis demonstrated that the low vitamin
D group had higher LUTS scores, indicating more severe
symptoms (SMD: 0.57, 95% CI: 0.18, 0.96; I* = 91.0%)
(Supplementary Fig. 9). Sensitivity analyses supported
the stability of the finding.

Vitamin D supplementation and LUTS
Three RCTs, two case-control studies, and one cohort
study investigated the effects of vitamin D supplementa-
tion on LUTS scores. Due to data limitations, we com-
pared only the LUTS scores of the intervention group
before and after supplementation. The pooled result
revealed that vitamin D supplementation was linked to a
greater reduction in LUTS scores (SMD: —1.23, 95% CI:
—2.01, —0.46; P = 91.1%). Sensitivity analyses confirmed
the robustness of these results (Supplementary Fig. 10A).
Additionally, two RCTs and one case-control study
provided data on the number of participants who expe-
rienced remission before and after vitamin D supplemen-
tation. Pooled analysis showed a significantly improved
remission rate following supplementation (OR = 10.56,
95% CI: 3.75,29.75; I> = 0.0%) (Supplementary Fig. 10B).
Furthermore, vitamin D supplementation resulted in a
significantly greater remission rate than the control group
(OR = 4.79, 95% CI: 1.40, 16.42; I = 73.9%). However,
sensitivity analysis showed unstable results. Further inves-
tigation revealed that two studies restricted inclusion
to participants with low (< 30 ng/mL) baseline vitamin
D. In this subgroup, supplementation alleviated LUTS
(OR = 9.02, 95% CI: 2.94, 27.62; > = 0.0%). By con-
trast, no significant effect was observed in studies without
baseline serum vitamin D restrictions (OR = 2.95, 95%
CI: 0.47, 18.60; I* = 82.8%) (Fig. 4A).
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The association between vitamin D supplementation
and LUTS risk was reported in eight studies (two RCTs,
five cohort studies, and one cross-sectional study) using
adjusted ORs. Pooled analysis revealed no significant
reduction in LUTS risk with supplementation (OR =
0.98, 95% CI: 0.91, 1.05; > = 39.4%) (Fig. 4B). Subgroup
analyses consistently demonstrated no substantial effect
modification by population, LUTS subtype, or study
design (Table 4; Supplementary Fig. 11). These findings
remained stable in sensitivity analyses, and no significant
publication bias was observed (Egger’s test P = 0.150)
(Supplementary Fig. 12).

Discussion

This study demonstrated that patients with LUTS had
significantly lower serum vitamin D levels compared
with controls. These lower levels were associated with
higher LUTS severity scores and a 1.67-fold increased
likelihood of having the condition, particularly among
men and children. Although vitamin D supplementa-
tion appeared to alleviate LUTS symptoms, it did not
significantly reduce the overall incidence of LUTS in
the general population.

Consistent with our findings, a prior systematic
review and meta-analysis of 23 studies involving
86,332 participants demonstrated a significant associ-
ation between vitamin D status and LUTS.! However,
our review synthesized evidence from 48 studies com-
prising 221,735 participants, thereby offering a more
comprehensive and up-to-date evaluation of this rela-
tionship. Consistent with prior results, substantial het-
erogeneity was observed among the included studies.
Participants with LUTS had lower serum vitamin D
concentrations, which was associated with a higher
risk of the condition. However, these associations were
not significant among women. Moreover, the potential
benefits of vitamin D supplementation may be limited
to specific populations or LUTS subtypes.

In subgroup analyses among women, serum vitamin
D levels were neither significantly different between the
LUTS and control groups nor associated with LUTS
risk. Moreover, vitamin D supplementation did not
reduce the risk of LUTS in women. The VDR plays a
crucial role in regulating estrogen balance and main-
taining pelvic floor muscle function (63, 64). Therefore,
vitamin D may influence LUTS through VDR-mediated
modulation of hormonal activity and muscle strength.
However, factors such as parity, aging, and obesity
can weaken pelvic floor function, while menopausal
estrogen decline and inconsistent use of hormone ther-
apy may disrupt hormonal balance (65, 66), thereby
diminishing the potential protective effects of vitamin
D on LUTS. Previous studies have reported inconsis-
tent results, suggesting that the effect of vitamin D
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A
Study %
D OR (95% Cl) Weight
i
'
Restricted serum vitamin D <30 ng/mL '
'
'
Arjmand 2023 —— & 573(1.84,41.46) 22.41
'
'
Shahraki 2022 _;—‘— 9.33 (1.87, 46.68) 21.87
]
Subtotal (I-squared = 0.0%, p = 0.954) O 9.02 (2.94, 27.62) 44.28
|
'
'
i
Unrestricted serum vitamin D level 1
I
'
Rahmani 2018 _:—0— 8.27 (2.13, 32.05) 24.54
'
Oberg 2017 —to— h 1.27 (0.62, 2.60) 31.19
I
Subtotal (I-squared = 82.8%, p = 0.016) <<> 2.95 (0.47, 18.60) 55.72
1
'
i
Overall (I-squared = 73.9%, p = 0.009) <> 4.79 (1.40, 16.42) 100.00
i
NOTE: Weights are from random effects analysis :
T * T
0214 1 46.7
B
Study adjusted %
ID OR (95% Cl) Weight
i
'
Markland 2023 —r"’— 1.04 (0.93, 1.17) 20.40
'
'
Markland 2022 _:'—0— 1.06 (0.83, 1.35) 7.66
'
'
Vaughan 2022 ! 1.03 (0.99, 1.08) 34.48
'
'
Markland 2020-1 — 0.94 (0.82, 1.08) 16.87
I
'
Markland 2020-2 —‘—T 0.79 (0.63, 0.99) 8.61
I
'
Kristal 2008 + : 0.82 (0.60, 1.11) 5.17
'
I
Dallosso 2004 * T 0.75 (0.51, 1.10) 3.48
'
'
Dallosso-1 2004 T 1.20 (0.81,1.78) 3.33
|
Overall (I-squared = 39.4%, p = 0.116) <': 0.98 (0.91, 1.05) 100.00

NOTE: Weights are from random effects analysis

T
51

T
196

Fig. 4. Forest plots showing the effect of vitamin D supplementation on LUTS. (A) Effect on the remission rate of LUTS, with
subgroup analyses according to baseline serum vitamin D levels. (B) Effect on the risk of LUTS, expressed as adjusted ORs.

LUTS, lower urinary tract symptoms; OR, odds ratio.

Tuble 4. Subgroup analysis of the effect of vitamin D supplementa-
tion on the risk of LUTS

Subgroup No.of  Adjusted OR Heterogeneity P
studies (95% Cl) test I? (%)
Study population
Women 0.97 (0.91, 1.05) 47.6 0.501
Men 0.97 (0.78, 1.20) 50.3 0.751
Type of LUTS
ul 5 0.98 (0.88, 1.09) 363 0.684
Other 3 0.91 (0.74,1.13) 56.4 0.399
Study design
RCT/Cohort 7 0.95 (0.86, 1.05) 352 0.300
Cross-sectional | 1.03 (0.99, 1.08) 0.00 0.183
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supplementation on LUTS risk may vary according to
body weight, ethnicity, concurrent medications, and
LUTS subtype (29, 40). Some studies have reported
an increased risk of stress urinary incontinence (SUI)
and a reduced risk of overactive bladder (OAB) follow-
ing vitamin D supplementation in specific populations
(23, 29). Furthermore, several RCTs have demonstrated
that vitamin D supplementation alleviated symptoms
of certain LUTS subtypes, including urge urinary
incontinence, SUI, and OAB (20, 30, 67). Similarly, in
our subgroup analysis stratified by the LUTS subtype,
no significant difference in vitamin D concentrations
was observed between individuals with UT and controls.
The association between vitamin D levels and UI risk
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appeared weaker than that observed for other LUTS
subtypes. These findings indicate that vitamin D may
exert differential effects across various LUTS subtypes
and emphasize the importance of stratified analyses in
future studies. Further research is required to distin-
guish between the preventive and therapeutic roles of
vitamin D in LUTS management.

Among men and children, participants with LUTS
exhibited lower serum vitamin D levels than controls, and
low vitamin D levels were significantly associated with
an increased risk of LUTS. Subgroup analyses suggested
that vitamin D supplementation did not reduce LUTS
risk in men. However, findings from an RCT involving
11,486 older men indicated that vitamin D supplemen-
tation in individuals with low baseline vitamin D levels
significantly reduced the incidence of OAB, whereas no
such effect was observed for Ul or in those with higher
baseline vitamin D levels (23). This result underscores the
substantial influence of LUTS subtype on the efficacy of
vitamin D supplementation. Mechanistically, vitamin D
exerts inhibitory effects on inflammation and prolifera-
tion in bladder smooth muscle and prostate tissue, which
may alleviate detrusor overactivity and prostate-related
obstruction. VDRs are expressed in the bladder and pros-
tate, supporting their role in regulating detrusor muscle
contractility and urinary flow (68, 69). In children, one
RCT including 303 participants demonstrated that vita-
min D supplementation significantly benefited patients
with OAB and serum vitamin D levels of 20-35 ng/mL
(70). Another RCT found that vitamin D supplementa-
tion reduced the number of wet nights among children
aged 7-15 years with nocturnal enuresis (42). Currently,
evidence on its preventive effects for LUTS in children
remains limited.

In addition, dose-response analysis revealed a decreas-
ing trend in LUTS risk with increasing serum vitamin D
levels. Consistent with this, individuals with vitamin D
deficiency (< 20 ng/mL) showed a markedly higher risk
of LUTS. These findings suggest that vitamin D supple-
mentation may confer benefits mainly in individuals with
deficiency or insufficiency, whereas additional supple-
mentation in populations with adequate baseline levels
may provide limited advantages. Notably, most supple-
mentation trials included in our analysis did not restrict
enrolment by baseline vitamin D status, which may have
diluted observable effects. Future studies should consider
stratifying or preselecting participants by baseline serum
vitamin D levels to better elucidate who is most likely to
benefit.

Several limitations should be considered when interpret-
ing the results of this study. Firstly, considerable hetero-
geneity was observed across studies. To explore potential
sources, we conducted leave-one-out sensitivity analyses
and performed subgroup analyses by population, study

12

(page number not for citation purpose)

design, and outcomes. We found that the heterogeneity
could not be explained by any single study or subgroup.
Differences in LUTS assessment tools, LUTS types, vita-
min D cutoff definitions, and population characteristics
(e.g. age, sex, and comorbidities) may have contributed to
this heterogeneity. Therefore, we utilized a random-effects
model, which provides more conservative estimates when
heterogeneity is high. The sensitivity analysis further
supported the robustness of our results. Secondly, due
to limited reporting in the original studies, LUTS scores
were analyzed only within the intervention group using
pre—post comparisons. Thirdly, although most included
studies adjusted for key confounders such as age, educa-
tion, and body mass index, residual confounding remains
a concern. Although adjusted ORs were extracted, varia-
tions in the covariates included across studies precluded
the ability to derive a fully consistent interpretation.
Fourthly, LUTS encompasses various symptoms with dis-
tinct pathophysiologies, which may explain the heteroge-
neous responses to vitamin D. Due to the limitations of
the included studies, our subgroup analysis focused largely
on UI and did not comprehensively address other com-
mon subtypes, such as nocturnal enuresis. Available data
on Ul subtypes were also limited. Finally, the small num-
ber of intervention studies yielded inconsistent evidence
on therapeutic efficacy. Through subgroup analysis, we
found that interindividual variability in vitamin D levels
may partly explain the observed instability in supplemen-
tation outcomes. Differences in baseline serum vitamin
D concentrations, supplementation dosage, formulation,
duration of intervention, and LUTS subtype likely con-
tributed to the inconsistency across studies. These factors
underscore the importance of standardized protocols and
harmonized study designs in future research.

Conclusions

A significant inverse association was observed between
serum vitamin D levels and LUTS, particularly among
men and children. Vitamin D supplementation demon-
strated potential therapeutic benefits in alleviating
LUTS, especially in individuals with low vitamin D
levels. However, due to the limited and heterogenous
evidence currently available, routine vitamin D supple-
mentation cannot be recommended for the prevention
of LUTS.
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