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Abstract

Purpose To investigate the efficacy of high-dose vitamin D supplementation (VDS) plus standard urotherapy (SU) in man-
aging pediatric overactive bladder dry (OAB-dry), specifically in children with (1) vitamin D levels between 20 and 35 ng/
mL and (2) heightened baseline symptom severity.

Methods In this secondary analysis of a randomized controlled trial, eligible children (n=303) were assigned to 8 weeks of
VDS + SU group, solifenacin (SOL)+ SU group, or SU alone group. The primary outcome was voiding frequency; second-
ary outcomes included urgency, nocturia, quality of life (QoL), pediatric lower urinary tract symptoms scores, and patient
satisfaction.

Results Among 303 participants, 197 (65%) had vitamin D levels between 20 and 35 ng/mL, and 119 (39%) exhibited height-
ened baseline symptom severity. In both subgroups, VDS + SU resulted in significantly greater improvements in voiding fre-
quency compared to SOL+ SU and SU alone. In the vitamin D subgroup (20-35 ng/mL), the median difference in voids/day
between VDS + SU and SOL + SU was 2.0 (95% CI, 1.0 to 3.0; P=0.003) and 3.2 compared to SU alone (P <0.001). In the
heightened symptom subgroup, the median difference was 3.0 (95% CI, 2.0 to 4.0; P<0.001) vs. SOL+SU and 5.0 (95%
CI, 4.0 to 6.0; P<0.001) vs. SU alone. The VDS + SU group generally outperformed the other groups in various secondary
outcome measures.

Conclusion High-dose VDS plus SU has significant therapeutic benefit in children with OAB-dry in those with vitamin D
levels between 20 and 35 ng/mL and with more severe symptoms, compared to SOL+ SU or SU alone.
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Introduction

Overactive bladder (OAB), a prevalent disorder among
pediatric urology outpatients, significantly impacts social
functioning [1, 2]. Managing of pediatric OAB presents
inherent challenges, as standard urotherapy (SU) often
fails to deliver satisfactory symptom relief. Additionally,
the commonly used anticholinergics in children lack reas-
suring safety profiles and robust data, further complicating
treatment decisions [3, 4]. Emerging evidence supports the
involvement of vitamin D in regulating bladder functions,
implying that vitamin D deficiency may contribute to the
bladder symptoms experienced by OAB patients [5, 6].
In a recent randomized controlled clinical trial (RCT), we
demonstrated that an 8-week, high-dose vitamin D supple-
mentation (VDS) combined with SU proves more effective
in alleviating OAB-dry symptoms (defined as OAB with-
out urgency incontinence) in children with vitamin D lev-
els below 35 ng/mL than solifenacin (SOL) plus SU or SU
alone, with favorable tolerability [7]. These findings offer
a fresh perspective on treating pediatric-OAB and provide
evidence for the role of vitamin D in regulating bladder
health.

However, several questions persist regarding this study. A
fundamental query is whether it is justified to prioritize the
high-dose VDS strategies in OAB-dry children with vitamin
D between 20 and 35 ng/mL. This consideration stems from
the observation that, in this trial, all enrolled children had
vitamin D below 35 ng/mL, while the mainstream medical
communities consider 20 ng/mL as the threshold for vita-
min D deficiency [8]. Moreover, for children experiencing
more severe symptoms, another question emerges: can the
superiority of VDS + SU over SOL+ SU and SU alone be
sustained? This inquiry aligns with observations in neuro-
psychiatric disorders, as OAB is undoubtedly implicated,
suggesting that the greater the baseline symptom severity,
the more pronounced the difference favoring the “true”
pharmacological effect [9, 10]. Investigating these inquiries
would provide justification for high-dose VDS in individu-
als with vitamin D between 20 and 35 ng/mL and provide an
opportunity to examine whether the observed effect of VDS
is attributable to a placebo effect.

Herein, the objective of this study was to investigate the
efficacy of high-dose VDS plus SU in two OAB-dry spe-
cific populations: (1) with vitamin D levels between 20 and
35 ng/mL; (2) with heightened baseline symptom severity,
compared to SOL plus SU or SU alone. We hypothesize that
the efficacy of high-dose VDS plus SU remain uncompro-
mised in these delineated populations.

@ Springer

Methods
Study design, participants and procedures

This study is a secondary analysis of a RCT conducted at
the National Clinical Research Center for Child Health and
Disease in Chongqing, China, spanning January to June
2023, as previously detailed [7]. The protocol obtained
endorsement from the Institutional Review Board of Chil-
dren’s Hospital of Chongqing Medical University. Written
informed consent was acquired from all participants.

Briefly, enrolled patients, aged 5 to 18 years, diagnosed
with OAB-dry and having serum vitamin D below 35 ng/
mL, underwent a 7-day run-in period. Eligible participants,
as per the protocol’s detailed inclusion and exclusion crite-
ria, were randomly assigned in a 1:1:1 ratio to one of three
groups: high-dose VDS plus SU (VDS +SU group), SOL
plus SU (SOL+SU group), or SU alone (SU group), for
an 8-week period. While participants and practitioners were
aware of group assignments, evaluators and statisticians
remained blinded. Trained instructors led SU sessions, cov-
ering essential information on OAB-dry, providing behav-
ioral modification guidance, lifestyle advice, and instructing
on the use of bladder diaries for documenting voiding hab-
its. All participants attended sessions upon enrollment and
4-week intervals, with treatment compliance assessed post
each SU session and tailored recommendations offered.
Participants in the VDS+SU group received high-dose
VDS (vitamin D3 drops encapsulated as soft capsules, 2400
IU/d) in addition to SU. Participants in the SOL + SU group
received solifenacin succinate at a daily dose of 5 mg, with
a maximum limit of 10 mg once daily, along with SU. Par-
ticipants in the SU group only attend SU sessions.

Baseline and outcome assessment

Participant demographics, encompassing age, gender, health
indicators, and vitamin D levels, were documented at enroll-
ment. Evaluations occurred at three time points: enrollment
(T0), 4-week follow-up (T1), and 8-week follow-up (T2).
The primary outcome centered on the enhancement in void-
ing frequency from TO to T2, accompanied by secondary
outcomes that scrutinized alterations in voiding frequency
from TO to T1. Secondary outcome parameters extended to
urgency scores, nocturia frequency, quality of life (QoL)
score, and pediatric lower urinary tract symptom (PLUTS)
score, evaluated at both TO to T1 and T2. Additional assess-
ments included participants’ perceptions of improvement
and receptiveness to another therapy.
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Statistical analysis

Data analysis was performed in June 2024. The original trial,
designed with the power to discern a 1.5 voids per day dif-
ference between groups, incorporated a total of 303 children
in the intention-to-treat analysis. In this study, we delineated
specific subgroups by identifying children with vitamin D
levels exceeding 20 ng/mL. Additionally, we pinpointed
children exhibiting heightened OAB-dry symptoms, opera-
tionally defined as voiding frequency > 16.0 voids/day, with
a quality of life (QoL) score>2.0 and a PLUTS score>9.0
at TO.

Numerical findings were articulated through mean (SD)
or median (Quartiles) representation as appropriate. The
efficacy assessment adhered to an intention-to-treat frame-
work, employing multiple imputation under the assumption
of missing at random to address data gaps at T1 and T2.
Differences among interventions were scrutinized using the
Wilcoxon rank sum test, incorporating a Bonferroni cor-
rection. The Hodges-Lehmann estimate of location shift,
accompanied by its corresponding 95% confidence interval,
quantified between-group disparities. Categorical variables
underwent comparison among groups using the Kruskal-
Wallis test, Mann-Whitney U-test, chi-square test, or Fish-
er’s exact test contingent upon appropriateness. Statistical
significance was conferred to a two-tailed P-value <0.05.
All statistical analyses transpired through SAS version 9.4
(SAS Institute Inc.) and SPSS statistical software version
26 (IBM).

Interaction analyses for primary outcome were con-
ducted by introducing an interaction term between the study
group and the variables used to define subgroups, with out-
comes reported as B (95% CI) [11]. We also examined the
correlation between vitamin D level and baseline bladder
diary variables, QoL scores and PLUTS scores, as well as
correlation between improvements in those parameters and
patient global ratings.

Results

Of the 467 participants who consented, 303 were random-
ized into three groups: VDS+SU (n=100), SOL+SU
(n=102), and SU alone (n=101), as outlined in the orig-
inal report [7]. Among those randomized, 197 (65%) had
vitamin D levels between 20 and 35 ng/mL (VDS+SU:
67, SOL+SU: 64, SU alone: 66), and 119 (39%) exhib-
ited heightened baseline symptom severity (VDS + SU: 40,
SOL + SU: 38, SU alone: 41).

In the designated subgroups, the characteristics within
each treatment arm were consistent (Table 1), signifying
effective randomization. Essential features of the alternative

subgroups, complementing those of interest, were also
equally distributed across intervention arms (Supplementary
Table 1). In subgroups with vitamin D between 20 and 35
ng/mL, the VDS + SU group demonstrated greater improve-
ments in voiding frequency compared to the SOL + SU group
(median difference, 2.0; 95% CI, 1.0 to 3.0; P=0.003) and
the SU alone group (median difference, 3.2; 95% CI, 2.0 to
4.2; P<0.001) at T2 (Table 2). Additionally, the VDS + SU
group exhibited greater improvements in voiding frequency
at T1 compared to the other groups, as well as enhancements
in urgency scores (mean and max), QoL scores, and PLUTS
scores at both T1 and T2 (Supplementary Table 2). These
findings were further supported by participants’ global rat-
ing (Supplementary Table 3). Although the SOL + SU group
surpassed the SU group in decreasing voiding frequency
at T2, it did not improve patients’ QoL scores or PLUTS
scores. Furthermore, no significant difference in overall
patient satisfaction was observed between the two groups.
Interestingly, in subgroup with vitamin D below 20 ng/mL,
the therapeutic advantage of the VDS + SU group persisted
in comparison to the SOL+ SU group and the SU group,
while the SOL+ SU group forfeited its advantage in voiding
frequency when compared to the SU group (Supplementary
Tables 4-5).

In subgroups with elevated baseline symptom severity,
the VDS +SU group showed significant improvements in
voiding frequency compared to both the SOL+ SU group
(median difference, 3.0; 95% CI, 2.0 to 4.0; P<0.001) and
the SU group (median difference, 5.0; 95% CI, 4.0 to 6.0;
P<0.001) at T2. The SOL+ SU group also demonstrated a
more pronounced change than the SU group (median dif-
ference, 1.0; 95% CI, 0.5 to 2.0; P=0.01) at T2. Addition-
ally, the VDS + SU group generally outperformed the other
groups in various secondary outcome measures (Supple-
mentary Table 6). While the SOL+ SU group outperformed
the SU group in enhancing voiding frequency, maximum
urgency score, and nocturia frequency, it did not signifi-
cantly enhance QoL scores, PLUTS scores, or treatment
satisfaction at T2 (Supplementary Table 7). Subgroups with
mild baseline symptom severity produced similar results
(Supplementary Tables 8-9).

No significant interaction effect was observed; thus,
the treatment effect on the primary outcome remained
unaffected by the variables used to define the subgroups
(Supplementary Table 10). Vitamin D levels showed no cor-
relation with baseline bladder diary variables, QoL scores,
or PLUTS scores (Supplementary Table 11). Enhancements
in QoL scores showed either a strong or modest correlation
with patient global ratings, whereas no notable correlation
was identified between changes in nocturia frequency and
patient global ratings (Supplementary Table 12).
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Discussion

value®
0.97
0.37

P

The primary trial, from which this analysis originates,
established the superiority of VDS + SU over SOL+ SU or
SU alone in managing OAB-dry among children with vita-
min D below 35 ng/mL [7]. In this study, we probed deeper
into the efficacy of VDS + SU across specific subgroups and
found that the benefits of VDS persisted among subgroups
with vitamin D between 20 and 30 ng/mL, as well as those
with more severe symptoms at enrollment.

Ancillary findings from a large-scale trial indicated that
VDS did not diminish the prevalence of OAB or amelio-
rate its symptoms compared to placebo among older men

=41)
22.65 (4.70)

3.0 (1.0 to
5.0)

Abbreviations SD, standard deviation; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); 25(OH)D, 25-hydroxy vitaminD

(n

4.0 (2.0 to 7.0)

38)
22.31(6.89)

(n

With Severe Baseline Symptom Severity (N=119)
VDS+SU group SOL+SU group SU group

g E or women [12, 13]. Nevertheless, investigations focusing
| S on children have generated inconsistent results, with even
% 8 g/ endorsing VDS as the preferred solution over the SOL [7,
S|8N @ 14]. Multiple factors must be considered in interpreting this
inconsistency. First, the pathophysiology of OAB in chil-
% dren may diverge from that in adults with the latter poten-
2 |4 = tially being associated with structural lesions in the pelvic
: S S floor [15—-17]. Moreover, discrepancies in VDS doses, con-
- current pathological conditions, and the lack of baseline
$ s vitamin D levels in adult studies may hinder the ability to

§ e z § formulate definitive conclusions [18, 19].
2R R Prior researches have indicated a seasonally influenced
= 7] Eef= prevalence of OAB, with a heightened incidence during
5 = _ colder seasons [20]. Aligned with the consensus attributing
\% R P endogenous vitamin D synthesis predominantly to sunlight
3 2 - ; g exposure, the hypothesis positing vitamin D deficiency as
E 3 S S a plausible pathophysiological cause of OAB garners cred-
S 2SS ibility to some extent. In the current analysis, it is suggested
Al that when vitamin D falls below 20 ng/mL, VDS+SU
2 2 . 'f retains a therapeutic advantage, while SOL+ SU loses its
g éﬂ E k= edge compared to SU alone. However, correlation analysis
E ENS E 3 revealed no association between vitamin D levels and initial
22 v 2 symptom severity. Additionally, upon discovering vitamin

D levels below 20 ng/mL, participants tended to attribute
fluctuating voiding patterns more to unhealthy dietary and
exercise practices than recognizing it as a condition warrant-
ing anticholinergic drugs. This inclination, combined with
concerns about anticholinergic agents, particularly when
contrasted with the widespread availability and safety of the
vitamin D, may have compromised the efficacy of SOL and
exaggerated its perceived side effects [21]. Furthermore, the
dosing of SOL underwent optimization in the original trial,
while the fixed high-dose VDS regimen retained theoretical
constraints on its potential efficacy. These factors introduce

The duration of OAB dry symptoms refers to the time between the first recognition of urinary tract symptoms, including urgency, frequency, and nocturia without incontinence, and the initial

#Comparisons between groups was conducted after Bonferroni correction, and a P value of less than 0.05 was considered to be statistically significant
visit to our clinic. The duration measured in weeks, and period less than a week was recorded as one week

£Serum levels of 25-hydroxy vitamin D were measured via chemiluminescent immunoassay, convert from ng/mL to nmol/L, multiply by 2.496

“Vitamin D intake involves the use of medications or supplements that contain vitamin D, such as vitamin D drops or vitamin AD supplements

“The ANOVA test or welch’s ANOVA test was utilized to compare the outcomes among groups
9The chi-square test or Fisher’s exact test was utilized to compare the outcomes among groups

The Kruskal-Wallis test was utilized to compare the outcomes among groups

Serum levels of 25(OH) D, mean (SD), ng/mL® &
Postvoid residual, median (Quartiles), mL°

'g complexities to the comparison between groups, rendering
é 8 it challenging to draw more robust conclusions before con-
S |2 ducting a more informative head-to-head RCT.

- 2 In this investigation, another subgroup stratification
% § criterion was applied, incorporating voiding frequency,
i

@ Springer



(2024) 42:586

World Journal of Urology

Page 6 of 9

586

swoiduw£s 10e1) ATRULIN JOMO] JO 90USIINOO0 AIIAS PUE JUINDAI 9IOTW € PIJLIIPUT S9I00S ISYSIY pue [Z 03 () Woly paSuer 2100s ST NTd

oy L ‘sesuodsar juedionsed axmbar Jou PIp SISINUS PUE SOULUNUOIUT ATEULIN INOQE suolsanb ‘Apnys siyy u] “swoidwiAs 10e1 Areurin Jomo] [[e dJen[eAd 0) PauSIsop sem 0100 SINTd UL,
9JI] OTWAPLOL IO ‘[RID0S ‘AJTWe] U0 1oedWl 9I9A3S PAJBDIPUI ¢ JO 2109s & pue ‘Jordwll JUROYIUSIS P)RIIPUL 7 JO 9109S

& 9oedwl [BUOISEIO0 PAJBIIPUIL | JO JI00S © ‘9JI[ OIWOPBIL 10 [RI0S ‘A[1wre] uo joedwl ou pajedIpul () JO 9109S B AIdYM ‘¢ 03 () wol) Juruer 9[eds & Suisn PISSISSe sem 2109s 1] Jo Ayjenb oy I,
JuWaINS

-eow oy} se pasn sem Jy3Jru 1od Kouonboij vrINioOU UBSW Oy} pUR ‘SABP SAIINIISUOD UIAS JO WNWIUIW € 10 Are1p Suiproa e jdoy syuedionied ‘proA 03 pasu dy) UBY) IOYI0 SUoseal 10 dn oyyem
UQIP[IYD 2ISYM SIIUBISUL SOPN[OXS PUE ‘Fuusxeme Suruiow 2105aq jsnf pue desys 03 spuajur juedionred e own oy usamiaq A1eIp oy UT PAPI0OAI SPIOA JO Aouanbaiy aty) se PaUYAP ST BLINJOON],
poriad uoneadsqo

oY) Surmp poouarradxd AouoFIn 9I9A9S JSOW Y} PAIOPISUOD SeM (XBW) 91005 AoUadin oy ] ‘pooudrradxa soposide Jo roquinu 9y} Aq 9109s Aoud3in (830} oY) SUIPIAIP AQ paje[no[ed sem (Ueou)
9100S AouaZIn Y [, "SABP 9ATINDISUOD 21} Jo poriad & 19A0 saposido Aouadin Areurin J19y) Jo 2109s Aoud3in pue Aouonbaij oy pajuswnoop syuedioned syse) 10 sanianoe [[e sdojs Apdniqe
ey} 1I0JWOISIP AoUaSIn 9I9AIS PAJedIPUI ¢ PuE ‘AJAIOR [BNSN SUSIIOYS JO YIIM SOIDJIUI Jey) J1I0JUI0OSIP AoudTIn 9JeIdpow PIJedIPUl 7 ‘pajerd[o) A[Iseast Jey) Aouadin Jo SSoUdIeme p[Iul pajeo
-1pul [ ‘Aoud3In ou pajedIpul () :¢ 03 () JO O[BIS B UO PIAINSBIW d1oM Aouddin 10} $9109S "PIOA 0) Paou Ful[odwios pue 9jeIpawwl ue Jo 9ousLIddxe pajoadxoun pue udppns Yy} 03 SI9Jo1 Aouddin,
JudwaInseaus oYy se posn sem Aep 1od Aouanbaiy Areurin UIPOW oY} PUE ‘SABP SAIINOSSUOD UIAJS JO WwNIUI € 10f A1erp Surproa e jdoy sjuedionied,

UOI}031I00 TUOLIQJUOY Ay} Io}je pajsnipe o1om sonjea-d oy | "SUBIPAW UI SOOUSISPIP Y)IM PIJBIOOSSE
suostredwos 10J pajuasard a1e S[)) %66 PUL SOJEWI)Sd JJIYS UOI)EIO] UUBWYIT-SOSPOY 1S9} WNS JULT UOXOJ[TA\ Y3 Sursn pawioyrod sem sdnoiS ssoroe sajqerrea snonunuods jo uostredwo)),

woldwAg jov1] Areurin) 1m0 oerpadd ‘SI1N1d 911 Jo Anenb ‘7o orqeoridde jou ‘N {dnmorjo] yoom-g ‘z 1, ‘{dnmo[[o] yoom- ‘11 QuI[aseq ‘(L [eAIIUI OUSPYUOD ‘I UOIIBIAIQQY

66'0<:(0'1010°1-) 0
66'0<:(0010)0
7000:(9°0031€0) 0
€0°0:(0°1010)0
66°0<:(€0070) 10
100° (0TS0 01

9L0:(0'T90)60
66°0<(6°0910) 0
2000 (#7001 1°0) €0
690:(0010)0
8€°0°(#0010)T0
2000:(L2901)07C

100°0>(0°€901) 0T
1000> (0T 90101

200°(9°091°0) 0
100°0> (0101 20) 0’1
100°0> (0T 01 $°0) L0
1000> (09 0%) 0°S

100°0> (9% 91 0°€) 0t
100°0> (1010101
90°0:(€0910)T0
1000>:(0'1010)0'1
100°0> (60 92 6°0) L0
100°0> (T 907 T¢

1000>(0€®01) 0T
100°0> (0101 €0) 0T
660<:(1'001€0°) 10
90°0:(0'T90)0
100°0> £ (60 93 +°0) 9°0
1000> (0 2 07) 0°¢

100°0> (0% 0107 0°€
100°0> (0190101
€60:(1'0017°0°) 10
€000°(01910)90
100°0> *(L'001 €0) S0
€000°(0€901)0T

0¥ 000t
019001
(€001 °0-) T0-
01000
(6091050
059 0¢) 0t
8%

0 0101)0€¢
010050
F0020-)0
010100
(600 1°0) 50
0°S09107)0°€

059000t
L190)071
9091 1°0) 0
0190071
(0192090
L9009
8¢

0S9071)0°€E
L1900
(9001 0) €0
©190) 10
(I'to1¢0) L0
0L90¢)8Y

(L0009
0zo01)07T
(90012°0)T0
0zo11°0) 071
(L1980 T
(S019108) 06
o

A1aAag woidwAg aurjaseq pojead[q yiim sdnoi3qng

(0891 0%) 09
0zo101)07T
(9001 1°0) T0
0Coz0) 0T
91012011
06910 0L

121008 SLN'1d
,2100s TOQ)

1y31u/Sp1oA) Aouanbaiy e1INj00U UBIIA
plIYsIu/spl 1J el

J(xewr) 91005 Aouddin
(ueaw)a100s Aouadin

q(P/sproa) Aousnbaxy Surprop

(u) sao7[0IUd JO JIdqUINN

121008 SIN'Td
;21098 T0O

p(1yStu/sproa) Aousnbayy ermioou uesjy

,(xeur) 2100s Aouagin
,(UBaUI)2100s AoUd31N

q(P/sproa) Aouanbaly Surprop

99 ¥9 L9 (u) sa9[]01UD JO ToqUINN
Tw/3u Gg-(07 UoamIag S[eAdT ( UrweliA ypim sdnoi3qng
dnoi3 Ng dnoi3 ng dnoi3 NS+T10S
'sa dnoi3 NS+T10S 'sa dnoi3 NS+SAA 'sa dnoi3 NS+SAA dnoi3 NS dnoi3 NS+710S dnoi3 NS+SAA
Len[eA g (1D %S6) 9oudIdyIp UuRIPIJA) uostedwo)) dnord-usamiog (so[nienQ)) uerpajn ur o3uey)

uonerndod Apnys oy Jo sdnoi3qns urym swoydwAs Areurin 19y30 pue Aoudnbaiy Suiproa ut saSuey) g d|qel

pringer

As



World Journal of Urology (2024) 42:586

Page 70f9 586

QoL score and PLUTS score. The rationale for adopt-
ing this criterion is threefold: Firstly, the original study
reported a median voiding frequency of 16 voids/day for
all participants [7]. Secondly, a QoL score of 2 denotes a
substantial impact on family, social, and academic facets
of life according to established definitions [7]. Moreover,
in alignment with the foregoing observation, a PLUTS
score surpassing 8.5 is indicative of functional voiding
disorders, with reported sensitivity and specificity rates
0f 90% [22]. We observed that the daily voiding episodes
totaling 16 markedly surpass the documented 8-9 occur-
rences per day in other high-quality RCTs focusing on
pediatric OAB [23, 24]. This deviation may be attributed
to the inclusion of children predominantly experiencing
incontinence, as it is reasonable to perceive a correlation
between heightened incontinence and diminished fre-
quency recording. When assessing the impact of medi-
cal therapy for OAB, commonly selected variables such
as voiding frequency or incontinence episodes per day
are typically favored possibly due to their ease of record-
ing and analysis [23-25]. Nevertheless, relying solely
on these individual symptoms may not adequately cap-
ture the comprehensive therapeutic outcome, namely
enhanced QoL and patient satisfaction [26]. Our second-
ary analysis revealed that, despite achieving statistical
significance, the improvements in voiding frequency
and urgency scores exhibit only a weak correlation with
patient global ratings. Notably, QoL scores and PLUTS
scores emerged as more effective predictors of patients’
responses when framed in a binary “yes or no” format.
These findings underscore the importance of employing
composite endpoints in OAB-associated studies, inte-
grating both objective metrics and patient perspectives to
capture what matter most to OAB patients [27].

When addressing nocturia, VDS +SU and SOL + SU
demonstrate a net advantage over SU alone both in whole
cohort and subgroups; however, the clinical significance
of this reduction is marginal. Correlation analysis indi-
cated that improvements in nocturia have no impact
on participants’ satisfaction. Indeed, in our experience,
nocturia was the least commonly reported concern in
OAB-dry patient within clinic, with a majority reporting
symptom resolution upon falling asleep, supporting the
role of neuropsychiatric factors in the pathophysiology of
OAB, as previous suggested [28]. It is also conceivable
that bladder diaries may have influenced drinking habits,
resulting in reduction of nocturia episodes in all groups
[29]. The original trial, for various reasons, omitted the
establishment of a double-blind and placebo group, pos-
ing limitations in interpreting the trial results, given the
notable influence of the placebo effect in studies involv-
ing OAB [30]. Our analysis suggested that the efficacy

of VDS + SU was not diminished compared to SOL + SU
or SU alone in children with more severe symptoms;
instead, the net advantage was more pronounced. While
these findings provide support to the notion of a genuine
pharmacological effect of high-dose VDS, considering
the theoretical attenuation of the placebo effect in this
scenario, the identified differences should be viewed as
hypothesis-generating rather than definitive.

This study is subject to limitations stemming from
the design constraints of the original trial. The sample
size calculation, originally focused on primary outcome,
may have led to reduced statistical power for specific
results. Criticism can be directed at the post hoc selec-
tion of subgroups, notably those with vitamin D exceed-
ing 20 ng/mL displaying slight imbalances, despite these
imbalances being likely to be attributed to chance. While
informative, our findings necessitate further confirmation
through additional trials.

Conclusions

High-dose VDS plus SU sustains its efficacy advantage
in children with OAB-dry, in those presenting vitamin
D between 20 and 35 ng/mL or heightened baseline
symptom severity, compared to SOL plus SU or SU
alone. Future OAB-related studies should consider uti-
lizing composite endpoints to capture treatment-induced
changes. Our analysis supports a bona fide pharmacologi-
cal effect of high-dose VDS in managing OAB, rather
than a placebo effect.
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