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Efficacy of nonsolvent flower pollen extracts in
healthy women with urinary incontinence: A
randomized, double-blind, placebo-controlled,
parallel study
Marc Moulina,*, Erin D. Lewisa, David C. Crowleya, Colleen E. Mayb, Malkanthi Evansa

aKGK Science Inc., London, Ontario, Canada; bGraminex, L.L.C., Saginaw, MI, USA
Abstract
Background:Urinary incontinence (UI) is a debilitating and common condition that adversely affects quality of life. Prescriptive and surgical
approaches for managing UI symptoms may result in undesirable risks and complications. This randomized, double-blind, placebo-
controlled, parallel study investigated the efficacy of 2 nonsolvent flower pollen extracts on UI in healthy women.
Materials and methods: One-hundred and fourteen women aged 40–75 years who scored ≥5 on the International Consultation on
Incontinence Questionnaire-Urinary Incontinence Short Form (ICIQ-SF) were randomized to receive either Graminex® RCT Fem™ UI,
Graminex® PollenBerry®, or placebo for 24 weeks. The primary outcome was the change in the ICIQ-SF score between the trial and pla-
cebo groups after 24 weeks of supplementation. The secondary outcomes included changes in the frequency of nocturia (recorded in
3-day void diaries) and 24-hour leakage volume (assessed via pad weight) after 6, 12, 18, and 24 weeks of supplementation and changes
in stress-induced urinary leakage volume (after completion of a provocative maneuver challenge) after 24 weeks of supplementation.
Results: All the groups demonstrated improvement in ICIQ-SF scores at week 24 (p < 0.001). The RCT Fem™ UI group had the
greatest improvement in ICIQ-SF scores (−4.07 ± 3.4), followed by the PollenBerry® group (−3.34 ± 2.87) and placebo group
(−2.61 ± 3.52). The RCT Fem™ UI group had corresponding improvements in 24-hour leakage volume (−17.68 ± 39.84 g) and fre-
quency of nocturia (−0.52 ± 1.26) (p ≤ 0.05). PollenBerry® supplementation significantly improved stress-induced urinary leakage vol-
ume (−7.12 ± 15.64 g) at week 24. The study products demonstrated safe hematological and chemical profiles.
Conclusions: RCT Fem™ UI supplementation resulted in significant and clinically meaningful reductions in UI severity, with corre-
sponding improvements in daily urinary leakage volume and frequency of nocturia. PollenBerry® significantly improved stress-
induced urinary leakage volume, suggesting that it may be efficacious in women who are prone to stress UI. The study products were
safe and well tolerated in this population.

Keywords: Urinary incontinence; Pollen extract; Healthy women; Dietary supplement; ICIQ-SF; Urinary leakage
1. Introduction

Urinary incontinence (UI) is defined as the involuntary loss of urine
and is associated with adverse effects on overall quality of life
(QoL).[1] Individuals with UI report a higher tendency to distance
themselves from social and recreational activities because of feel-
ings of distress, embarrassment, and fear of emitting odor.[2,3] UI
is typically classified into 3 common forms: stress UI (leakage that
results from an increase in intra-abdominal pressure, e.g., coughing
or standing up), urgency UI, and mixed UI (a combination of stress
and urgency).[4,5] Although the prevalence of UI is high, affecting
approximately 51.1%ofwomen in the United States, social stigma
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discourages the reporting of UI and a large proportion of those
who suffer do not seek treatment.[6,7] Owing to the silence sur-
rounding UI, its prevalence is underappreciated. This may further
exacerbate feelings of isolation and lead women to mistakenly be-
lieve that successfully managing UI has little or no hope.
Themanagement of UI generally follows a personalized approach

based on the type, nature, frequency, and severity.[5]] Current ap-
proaches include behavioral therapy, physiotherapy, vaginal inserts,
medication, Botox injections, laser therapy, and/or surgery. Varying
degrees of success have been reported with monotherapy and com-
bination approaches; however, these options have been associated
with side effects or risk of complications.[8]] Health-conscious con-
sumers are looking for noninvasive, nonprescription alternative
therapies for UI treatment.
Pollen extracts may exert a positive effect on UI symptoms because

of their action on smoothmuscles in the bladder wall, resulting in bet-
ter contractibility and relaxation of the urethra.[9,10] They contain
aminoacids, enzymes, carbohydrates, fats, vitamins, andminerals,[11,12]

and have been explored as a treatment for male urinary conditions
for decades.[13]] Previous research has suggested that pollen extracts
helpmanage the clinical symptoms of prostatitis by reducing inflam-
mation and oxidative stress,[11,14] including nocturia and the frequency
of urination.[13] However, studies specifically investigating the effects
of pollen extracts on women in the context of UI are limited.

mailto:
mailto:
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Therefore, this study aimed to investigate the efficacy of 2 nonsolvent
flower pollen extracts on UI in healthy women.
2. Materials and methods

2.1. Ethical and regulatory approval
This randomized, double-blind, placebo-controlled, parallel study
was conducted at KGK Science, Inc (London, Ontario, Canada)
between June 2019 andOctober 2021. As the investigational prod-
ucts (IPs) utilized in the current study included nonsolvent flower
pollen extract supplements, this study was reviewed by the Natural
and Non-Prescription Health Products Directorate, Health Canada,
Ottawa, Ontario, and was approved on March 28, 2019. Ethics
approval was granted on April 26, 2019 by the Institutional Re-
view Board Services, Aurora, Ontario (Pro00033511). The trial
followed the CONSORT guidelines for randomized controlled tri-
als[15] (Table S1, http://links.lww.com/CURRUROL/A58), and
written informed consent was obtained from all participants prior
to study initiation. This study was registered at ClinicalTrials.gov
(NCT05510999).

2.2. Study design
This study implemented a 24-week supplementation period inwhich
participants were randomized to receive 1 of 4 IPs or placebo
(Fig. 1). Results are presented for the comparison of Graminex®
RCT Fem™ UI, Graminex® PollenBerry®, and placebo only.

2.3. Participants
Enrolled participants were women aged 40–75 years, with a body
mass index of 18.5–34.9 kg/m2, and UI persisting for at least 1month
as assessed by a score ≥5 (slight to very severe UI)[16] on the Interna-
tional Consultation on Incontinence Questionnaire-Urinary Inconti-
nence Short Form (ICIQ-SF). The participants were healthy as deter-
mined by laboratory results,medical history, andphysical examination,
and were assessed by the medical director (MD).

Participants were excluded if they were pregnant, breastfeeding,
or planning to become pregnant; had an allergy, sensitivity, or in-
tolerance to active or inactive ingredients of IPs; utilized a catheter
for urination; were treated for overactive or neurogenic bladder or
initiation of pelvic floor therapy 3 months prior to the study; had a
urinary tract infection (UTI) or had history of recurrent UTIs; were
treated for UI by a continence specialist within the past 5 years; had
a sexually transmitted infection or self-reported infectionwithin the
last 3 months; used concomitantly prescribed (e.g., antimuscarinics/
anticholinergics, β3-adrenoceptor agonists, and diuretics) or over-
Figure 1. Study design.
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the-counter medications (e.g., pumpkin seed extract, soy germ ex-
tract, and horsetail), or supplements, food, and/or drinks that may
have impacted the efficacy and/or safety of the IPs; had clinically sig-
nificant abnormal laboratory results; or had a recent or active unsta-
ble medical condition that may have adversely affected ability to
fully participate in the study or posed significant risk, as assessed
by the MD.

2.4. Investigational products and placebo
Each capsule of Graminex® RCT Fem™UI contained 9 mg of lipid-
soluble pollen extract fraction, plus excipients, and each capsule of
Graminex® PollenBerry® contained a combination of 42 mg of
water-soluble pollen extract fraction and 125 mg of cranberry pow-
der, plus excipients. Both IPs were nonsolvent flower pollen extract
supplements/natural health products and were not medications or
drugs intended to treat disease.

The placebo capsules contained microcrystalline cellulose, corn
starch, maltodextrin, silicon dioxide, hydroxypropyl cellulose,
and calcium stearate.

The participants were instructed to take 1 capsule twice daily for
24 weeks, beginning on day 1 (1 day after the baseline visit). When
participants missed a dose, theywere instructed to take it with their
next scheduled dose.

2.5. Randomization and blinding
The participants were assigned a randomization number derived
from a randomization list (www.randomization.com) by a blinded
investigator. The investigators, study personnel, and participants
were blinded to the study product. The placebo was similar in ap-
pearance to the IPs to ensure allocation concealment. The IPs and
placebo were sealed in identical bottles and labeled by personnel
not involved in the study assessments, according to the require-
ments of the International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use (ICH) Guide-
lines for Good Clinical Practice (GCP) and applicable local regula-
tory guidelines.

2.6. Outcomes
The primary outcome was the difference in change in UI severity
between the trial groups (RCT Fem™ UI and PollenBerry®) and
placebo group after 24 weeks of supplementation.

The secondary outcomes were changes in the severity of UI be-
tween the trial groups and placebo group after 6, 12, and 18 weeks
of supplementation; change in frequency of UI; daily urinary leak-
age volume; frequency of nocturia; frequency of daytime urination;
incontinence-related QoL; degree of discomfort; sleep quality;

http://links.lww.com/CURRUROL/A58
http://http://www.randomization.com
http://www.currurol.org
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lower urinary tract symptom score (LUTSS) between the trial
groups and placebo group after 6, 12, 18, and 24 weeks of supple-
mentation; and changes in bone density and stress-induced urinary
leakage volume between the trial groups and placebo group after
24 weeks of supplementation.
2.6.1. UI severity The primary outcome of UI severity was assessed
using the ICIQ-SF. The ICIQ-SF is a brief and psychometrically robust
patient-completed questionnaire used in research and clinical practice
to evaluate the frequency, severity, and impact of UI on women’s
QoL.[17] It is scored on a scale of 0 to 21, with higher scores
indicating greater symptom severity.
2.6.2. Incontinence-related quality of life The Incontinence Quality
of Life (I-QoL) Questionnaire,[18] a condition-specific self-report
measure, was used to assess the impact of UI on health-related
QoL. Scores were transformed into a range of 0–100, with higher
scores indicating better incontinence-related QoL.
2.6.3. Degree of bother The degree of bother was assessed using
the Overactive Bladder (short form) Questionnaire (OAB-q).[19] The
OAB-q assesses how much the participant has been bothered by
selected bladder symptoms during the past 4 weeks. It was scored
from 0 to 100, with higher scores indicating a greater degree of bother.
2.6.4. Lower urinary tract symptoms Lower urinary tract symptoms
were assessed using the LUTSS. The LUTSS is a validated
questionnaire that assesses the full range of lower urinary tract
symptoms including storage, voiding, and bother.[20] The total
scores are summed and range from 0 to 56, with higher scores
indicating greater symptom severity.
2.6.5. Sleep quality Sleep quality was assessed using the Healthy
People Sleep Quality Index (HPSQI). The HPSQI has been previously
used to assess sleep quality in populations with occasional
sleeplessness[21] and measured the following aspects of sleep quality:
sleep efficiency (>85% considered normal), subjective sleep quality,
sleep duration, sleep latency, perceived sleep debt (sleep loss),
sleep difficulty, and sleep-related QoL.
2.6.6. Frequency of UI, nocturia, and daytime urination The
frequency of UI, nocturnal urination (nocturia), and daytime
urination were assessed using a 3-day void diary. Participants
were instructed to record the time they woke up and went to
bed, fluid intake, number of toilet urinations, leaks, and pad
changes on each of the 3 days prior to scheduled clinic visits.
2.6.7. Daily urinary leakage volume Daily urinary leakage volume
was assessed by 24-hour pad weight. Participants were required to
wear pads over a 24-hour period prior to clinic visits (the final day
of 3-day void diary). The participants were provided with clean
pads that were weighed by the study coordinators prior to use. After
each use, participants placed each used pad and packaging into their
original Ziploc bag and returned it to the clinic at each visit, at which
time the study coordinators weighed the used pad and bag. To
calculate the leakage volume, the equivalent of 1 mL of urine to
1 g of pad weight was used. A pad weight increase of <1 g was
defined as the dry weight to account for perspiration.
2.6.8. Stress-induced urinary leakage volume Stress-induced
urinary leakage volume was assessed by participants performing
a provocative maneuver challenge, adapted from the procedure
described by Krhut et al.[22] After consuming 500 mL of water and
inserting a preweighed, standardized pad into their undergarments,
the participants performed the following: 1) walking up and down a
flight of stairs (10-minute duration), 2) washing hands in running
water (1 minute), 3) standing up and sitting down in succession (10
times), 4) coughing (10 times), 5) running on the spot (1 minute),
and 6) squatting (10 times). The pad was then removed and
weighed by the study coordinators (equivalent of 1 mL of urine
to 1 g of pad weight was used).
3

2.6.9. Bone density Bone density was measured using dual-energy
x-ray absorption scans, which were conducted at KGK Science, Inc.
2.6.10. Safety Safety outcomes included postemergent adverse events
(AEs), vital signs, hematology, and clinical chemistry. Hematological
parameters included white blood cell count with differential
(neutrophils, lymphocytes, monocytes, eosinophils, and basophils),
red blood cell count, hemoglobin, hematocrit, platelet count, and
red blood cell indices (mean corpuscular volume, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration, and red
cell distribution width). Clinical chemistry parameters included liver
function (alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, and total bilirubin), kidney function (creatinine,
electrolytes [sodium, potassium, and chloride], and estimated
glomerular filtration rate), and glucose. Hematological and clinical
chemistry parameters were analyzed by Dynacare (London, Canada)
using standardized procedures. Participants recordedAEs in their study
diary, which were classified according to the description, duration,
intensity, frequency, and outcome using MEDRA 22.1.

2.7. Study procedures
Anthropometrics and vitals were assessed at each clinic visit, and
blood was extracted for clinical chemistry and hematology at
screening and at week 24. During screening, the ICIQ-SF was ad-
ministered to assess the severity of UI. Urine samples were collected
to test for pregnancy in women with childbearing potential at
screening, baseline (maximum 45 days after screening), and at the
end of the study. Urine samples were also collected during screening
to detect the presence of sexually transmitted infection and UTI and
analyzed by a central laboratory (Dynacare, London, Canada). At
baseline and weeks 6, 12, 18, and 24, the ICIQ-SF, I-QoL, OAB-q,
LUTSS, and HPSQI questionnaires were administered, study and
3-day void diaries were reviewed, and 24-hour leakage volume
was measured. Participants completed the provocative maneuver
challenge at baseline and atweek 24, with dual-energy x-ray absorp-
tion scans scheduled within 1 week of each clinic visit.

2.8. Statistical analyses
A sample size of 38 participants per group provided 92% power
(2-sided effect size = 0.88, alpha = 0.05, 2-sided) to detect differ-
ences between groups and accounted for a 20% attrition rate. An
effect size of 0.88 was considered large.[23]

Summarystatistics, includingmeans,medians, and standarddeviations
of primary and secondary outcomes, are presented at each study time
point. All outcomes were evaluated for normality using the Shapiro-
Wilk test. The difference in the change in the severity of UI scores be-
tween the study groups was evaluated using a 1-way analysis of var-
iance followed by Tukey test for post hoc pairwise comparisons.
The secondary outcomes were evaluated using linear mixed-

effects models, with time and group as fixed effects and subjects
as random effects. Pairwise comparisons of the differences between
baseline and each time point were performed using this model. All
categorical secondary objective efficacy variables were evaluated
using chi-square or Fisher exact tests.
For the AEs, a descriptive analysis of nature, incidence, severity, and

causalitywas conducted.The significance of the differences in each safety
objective within the study arms was evaluated using a paired t-test, and
significant differences between groupswere assessed using a 1-way anal-
ysis of variance. Categorical safety outcome variables were evaluated
using the chi-square or Fisher exact tests.
Analyses are reported for the intention-to-treat population, com-

prising participants who received the study products and had avail-
able post-randomization efficacy data. All statistical analyses were
completed using the R Statistical Software Package Version 3.6.3

http://www.currurol.org
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(R Core Team) or newer for Microsoft Windows.[24] Statistical sig-
nificancewas set at p ≤ 0.05.Data are presented asmeans ± standard
deviations unless otherwise stated.
3. Results

3.1. Study population
Three-hundred and seventy-one individuals consented to participate
and were screened between June 2019 and October 2021, and 190
were enrolled in the study (Fig. 2). In theRCTFem™UI, PollenBerry®,
and placebo groups, 114 participants (38 per group) were included in
the intention-to-treat population. In total, 28 early terminationswere re-
corded, including 9 in the PollenBerry® group, 9 in the RCT Fem™UI
group, and none in the placebo group. The reasons for early termina-
tion included auto-dropping (n = 5), inability to use a computer
(n = 1), loss to follow-up (n = 2), schedule conflicts (n = 1), general prac-
titioner recommendation (n = 1), fractured leg (n = 1), cramps in the
right leg (n = 1), nausea and tiredness (n = 1), severe abdominal pain
(n = 1), withdrawal of consent (n = 2), and participant request (n = 2).

The enrolled participants were predominantlyWestern European
White (≥79%) between the ages of 40 and 73 years (Table 1). The
Figure 2. Disposition of study participants.
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participants in the PollenBerry® group had significantly lower body
weight compared to those in the placebo group at baseline. All the
participants were deemed healthy by theMDbased on their medical
history, anthropometric measurements, vital signs, and hematology
and clinical chemistry parameters.

3.2. UI Severity
The RCT Fem™ UI, PollenBerry®, and placebo groups had signifi-
cant improvement in UI severity from baseline at weeks 6, 12, 18,
and 24. However, the greatest improvement in ICIQ-SF score after
24 weeks of supplementation occurred in the RCT Fem™ UI group
(−4.07 ± 3.4) (Fig. 3). No significant differences were observed be-
tween the groups.

3.3. Degree of bother
In all the groups, OAB-q scores significantly improved from baseline
at weeks 6, 12, 18, and 24. The greatest improvements in OAB-q
scores at week 24 were reported by participants in the PollenBerry®
groupwith a reduction of 16.78 ± 13.38 (47.22%; p < 0.001), followed
by theRCTFem™UI (16.33 ±17.16; 42.60%;p<0.001) and placebo
groups (13.51 ± 14.16; 41.85%; p < 0.001). No significant differ-
ences were observed between the groups.

http://www.currurol.org


Table 1

Participant demographics

Characteristics Level RCT Fem™ UI (n = 38) PollenBerry® (n = 38) Placebo (n = 38)

Age, yr, mean ± SD Continuous 56.45 ± 8.15
p = 0.54*

56.13 ± 8.5
p = 0.65*

55.18 ± 9.7

Race, n (%) East Asian 0 1 (2.63) 0
Eastern European White 3 (7.89) 5 (13.16) 4 (10.53)
Hispanic or Latino 1 (2.63) 0 0
Middle Eastern 0 0 2 (5.26)
Native American 1 (2.63) 0 0
South American 0 0 0
South Asian 0 1 (2.63) 1 (2.63)
South East Asian 1 (2.63) 1 (2.63) 0
Western European White 32 (84.21) 30 (78.95) 31 (81.58)
p 0.61 0.42

Mean weight, kg, mean ± SD Continuous 71.19 ± 12.09
p = 0.1

70.66 ± 11
p = 0.05†

75.78 ± 12.65

BMI, kg/m2, mean ± SD Continuous 27.67 ± 3.8
p = 0.74

26.88 ± 3.6
p = 0.22

27.97 ± 4.18

Alcohol use, n (%) None 7 (18.42) 5 (13.16) 9 (23.68)
Daily 1 (2.6) 3 (7.9) 3 (7.9)
Weekly 15 (39.47) 19 (50) 11 (28.95)
Occasionally 15 (39.47) 11 (28.95) 15 (39.47)
p 0.81 0.1

Tobacco use Ex-smoker 8 (21.05) 8 (21.05) 13 (34.21)
No 30 (78.95) 29 (76.32) 23 (60.53)
Yes 0 1 (2.63) 2 (5.25)
p 0.9 0.8

Medical Cannabis use No 38 (100) 38 (100) 37 (97.37)
Yes 0 0 1 (2.63)
p 0.91 0.82

Recreational Cannabis use No 37 (97.37) 34 (89.47) 37 (97.37)
Yes 1 (2.63) 4 (10.53) 1 (2.63)
p 0.81 0.72

Data are presented as means ± standard deviations (SDs) or frequencies (percentages).
*The p values are presented from comparisons between RCT Fem™ UI, PollenBerry®, and placebo; continuous and categorical outcomes were evaluated using an analysis of variance post hoc test and Fisher exact test, respectively.
†Indicates significant difference between groups.
BMI = body mass index; UI = urinary incontinence.
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3.4. Frequency of UI
Participants supplemented with RCT Fem™ UI had signifi-
cantly greater frequency of UI than those on placebo at weeks
6 and 12 ( p ≤ 0.04). No other significant differences were iden-
tified, except for a significant increase in frequency of UI for par-
ticipants supplemented with RCT Fem™ UI from baseline at
week 6. However, this increase was not sustained until 24 weeks
(Table 2).
Figure 3. Change in International Consultation on Incontinence Questionnaire-Urina
indicates a significant difference from baseline.

5

3.5. Frequency of nocturia
At baseline, participants in the RCTFem™UI group had significantly
greater frequency of nocturia than the placebo group (p = 0.05). Par-
ticipants supplemented with RCT Fem™ UI and those on placebo
had significant 38.0% and 42.7% improvements in the frequency
of nocturia at week 24, respectively, whereas participants supple-
mentedwith PollenBerry®hadan18.8%improvement, although this
was not significant (Table 3).
ry Incontinence Short Form scores from baseline at weeks 6, 12, 18, and 24. *

http://www.currurol.org


Table 2

Change in frequency of urinary incontinence at weeks 6, 12, 18, and 24

Study time point

RCT Fem™ UI
Mean ± SD (n)
Within-group p*

PollenBerry®
Mean ± SD (n)
Within-group p*

Placebo
Mean ± SD (n)
Within-group p*

p RCT Fem™ UI vs. placebo*
PollenBerry® vs. placebo*

Change from baseline at week 6 0.84 ± 0.9 (32)
0.02†

−0.3 ± 0.7 (33)
0.95

0.21 ± 1.4 (38)
0.28

0.62
0.90

Change from baseline at week 12 0.42 ± 1.37 (29)
0.22

−0.03 ± 1.08 (32)
0.8

−0.21 ± 1.52 (38)
0.78

0.50
0.34

Change from baseline at week 18 0.4 ± 1.3 (30)
0.21

0 ± 0.7 (29)
0.65

−0.36 ± 1 (38)
0.12

0.09
0.34

Change from baseline at week 24 0.17 ± 2.09 (29)
0.52

−0.22 ± 1.40 (29)
0.72

−0.42 ± 1.83 (38)
0.3

0.09
0.34

*The p values for between-group and within-group differences were generated using linear mixed-effects models.
†Indicates a significant within-group difference from baseline.
SD = standard deviation; UI = urinary incontinence.
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3.6. Daily urinary leakage volume
The changes in the daily urinary leakage volume are illustrated in Fig. 4.
Participants supplemented with RCT Fem™ UI or PollenBerry® had
65.1% (p = 0.02) and 28% (p = 0.08) improvements in daily urinary
leakage volume atweek 24, respectively. Atweek 6, theRCTFem™UI
group demonstrated a significant improvement in daily urinary leakage
volume compared to the placebo group, although this significant
difference between groups was not sustained at week 24. Those re-
ceiving placebo exhibited a 36% improvement (p = 0.01) in daily
urinary leakage volume at the end of the study.

3.7. Stress-induced urinary leakage volume
The changes in stress-induced urinary leakage volume are illustrated
in Fig. 5. Participants in the PollenBerry® group had a significant
improvement in stress-induced urinary leakage volume after 24weeks
of supplementation (p = 0.02). The RCT Fem™ UI and placebo
groups exhibited improvements in stress-induced urinary leakage
volume at week 24, although these changes were not statistically
significant. Moreover, no significant differences were observed be-
tween the groups.

3.8. Frequency of daytime urination
No significant differences in daytime urination frequency were ob-
served between the groups. Participants in the RCT Fem™ UI
group had a 0.24 ± 3.06 decrease at week 24 (2.58%; p = 0.7),
Table 3

Change in frequency of nocturia at weeks 6, 12, 18, and 24

Study time point

RCT Fem™ UI
Mean ± SD (n)
Within-group p*

PollenBerr
Mean ± S
Within-gro

Change from baseline at week 6 −0.06 ± 1.11 (32)
0.75

0.15 ± 0.8
0.32

Change from baseline at week 12 −0.32 ± 0.98 (29)
0.08

0.16 ± 0.9
0.34

Change from baseline at week 18 −0.17 ± 2.22 (29)
0.68

−0.25 ± 0
0.09

Change from baseline at week 24 −0.52 ± 1.26 (25)
0.05†

−0.12 ± 0
0.42

*The p values for between-group and within-group differences were generated using linear mixed-effects mo
†Indicates a significant within-group difference from baseline.
SD = standard deviation; UI = urinary incontinence.
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whereas those supplemented with PollenBerry® had a 0.38 ± 2.9
decrease (4.47%; p = 0.66). No changes in the frequency of day-
time urination were observed in the placebo group.

3.9. Incontinence-related quality of life
No significant differences in incontinence-related QoL scores were
noted between the groups. After 24 weeks of supplementation,
participants in the RCT Fem™ UI group had an improvement in
I-QoL score of 1.89 ± 11.93 (4.02%; p = 0.39), whereas those in
the PollenBerry® and placebo groups had improvements of
2.04 ± 11.53 (4.39%; p = 0.35) and 1.35 ± 15.09 (2.90%;
p = 0.59), respectively.

3.10. Lower urinary tract symptoms
Participants supplemented with PollenBerry® and those on placebo
had significant 7.0% (2.86 ± 6.27) and 6.96% (2.82 ± 8.14) in-
creases in LUTSS scores after 24 weeks, respectively. LUTSS scores
were also increased in the RCT Fem™ UI group (1.17 ± 6.68;
2.79%), although this increase was not significant compared to
baseline (p = 0.35). No significant differences were noted between
the groups.

3.11. Sleep quality
Participants in the RCT Fem™UI group had a significant decrease
in sleep efficiency (6.51 ± 22.65%; p = 0.01) and a significant
y®
D (n)
up p*

Placebo
Mean ± SD (n)
Within-group p*

p RCT Fem™ UI vs. placebo*
PollenBerry® vs. placebo*

7 (33) 0.18 ± 1.45 (38)
0.44

0.42
0.91

3 (31) −0.24 ± 0.88 (38)
0.11

0.71
0.08

.75 (28) −0.21 ± 0.81 (38)
0.12

0.93
0.84

.74 (24) −0.38 ± 0.89 (37)
0.01†

0.63
0.23

dels.
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Figure 4. Change in daily urinary leakage volume (as assessed by pad weight) at weeks 6, 12, 18, and 24. * indicates a significant difference from baseline.
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improvement in subjective sleep quality (0.43 ± 0.9; 15.4%; p = 0.01)
after 24 weeks of supplementation. The placebo group also had a sig-
nificant improvement in subjective sleep quality (0.35 ± 0.82;
13.06%;p=0.01).Noother significant differences in sleep quality pa-
rameters were observed between the study groups (data not shown).

3.12. Bone density
No significant differences in bone density were observed after 24weeks
of supplementation. Participants supplemented with RCT Fem™ UI
had a 0.01 ± 0.13 g/cm2 increase in bone density from baseline at week
24 (p = 0.11), whereas those supplemented with PollenBerry® and
those on placebo had no change.

3.13. Safety
Supplementation with RCT Fem™ UI and PollenBerry® for
24 weeks was safe and well tolerated in the studied population.
All hematology and clinical chemistry values outside the normal
laboratory range were deemed clinically irrelevant, as assessed by
the MD. A total of 151 postemergent AEs were reported by 60 par-
ticipants: 35 by 21 participants in the RCT Fem™ UI group, 75 by
22 participants in the PollenBerry® group, and 41 by 17 partici-
pants in the placebo group.NoAEswere categorized as “most prob-
able” or “probably” related. In total, 11AEswere listed as “possibly
related,”with 7 reported by participants in the PollenBerry® group,
3 in the placebo group, and 1 in the RCT Fem™ UI group. For the
PollenBerry® group, “possibly related” AEs included 1 incidence
each of headache, constipation, oral pain, tiredness, and gastroesoph-
ageal reflux disease, and 2 incidences of bloating. In the RCT Fem™
Figure 5. Stress-induced urinary leakage volume (as assessed by pad weight) at bas

7

UI group, 1 incidence of nauseawas deemed “possibly related.” In the
placebo group, 3 incidences of abdominal discomfort were classi-
fied as “possibly related.” All “possibly related” AEs resolved by
the end of the study period except for 1 participant who reported
experiencing constipation with moderate intensity. This partici-
pant was lost to follow-up and was advised to contact his/her gen-
eral practitioner.
4. Discussion

Both RCT Fem™ UI and PollenBerry® supplementation signifi-
cantly improved UI severity at week 24. However, only RCT
Fem™ UI resulted in reductions that met the definition of a mini-
mal clinically important difference (MCID). An MCID is used to
evaluate meaningful and valuable changes in UI severity.[25] An
MCID of at least 4 points was established in 120 women who re-
ceived nonsurgical interventions to reduce the severity of UI symp-
toms.[26] The clinically meaningful reduction in ICIQ-SF scores at
week 24 in the RCT Fem™ UI group was driven by sustained im-
provement over time, with a decrease in ICIQ-SF score of 1.04
points from week 18 to week 24. This reduction in ICIQ-SF score
for participants in the RCT Fem™ UI group was 1.5 times greater
than the improvement experienced by participants supplemented
with PollenBerry® (0.66 point reduction) and more than 14 times
the improvement of those on placebo (0.07 point reduction). The re-
sults of the ICIQ-SF data were consistent with significant improve-
ments in UI symptom bother. This was an expected finding, as the
eline and week 24. * indicates a significant change from baseline.
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OAB-q measured howmuch participants were bothered by UI symp-
toms over the past 4 weeks and was directly related to UI severity. A
significant placebo effect was observed in the ICIQ-SF and OAB-q
data at the end of the study, which is consistent with UI literature.

Previous research has demonstrated that UI treatment effects are
accompanied with a placebo effect ranging from 32% to 65% for
self-reported incontinence episodes, and between 9% and 34% for
a reduction in symptom scores.[27] Although a larger placebo effect
(72%) was present at the end of the study, the placebo effect asso-
ciated with the RCT Fem™ UI ICIQ-SF scores waned over time. If
participants were supplemented and followed up for >6 months, a
significant difference in ICIQ-SF scores between RCT Fem™ UI
and placebo may have been present with the continued waning
of the placebo effect. The expected duration of the placebo effect in
UI treatment has not been well-described in the literature. However,
pharmacological treatment of other urological disorders has demon-
strated that the placebo effect reaches a maximum in the first
4–6months, followedby a stabilizationperiod.[28] Interestingly, the pla-
cebo effect remained after 1 year.[28] Furthermore, participants in the
RCT Fem™ UI group reported a greater severity of UI symptoms at
baseline compared to the placebo group. Despite both groups being
characterized as having “moderate” severity based on falling within
a mean ICIQ-SF range of 6–12,[16] the greater severity reported by
participants supplementing with RCT Fem™ UI may have contrib-
uted to a lack of significant change between groups. Previous studies
have demonstrated that less severe UI at baseline is associated with
more successful treatment outcomes.[29] The ICIQ-SF total severity
scores are the summation of subscores in the categories of frequency,
leakage volume, and impact on the overall QoL. The overall severity
may improve without decreasing the frequency of UI episodes if cor-
responding improvements in daily urinary leakage volume are also
present, as evidenced by the findings of the current study.

The lack of a statistically significant change in the frequency of
UI at the end of the studymay be indicative of the fact that all study
groups reported less than 1 episode of UI/day at baseline or may
suggest that participants underestimated their frequency of UI.
Based on the baseline levels of daily urinary leakage volume across
all groups, the latter may be the most plausible explanation. More
than 91% of the participants required the use of at least 4 pads on
the day before their baseline visit. It is possible that the self-
reported frequency of UI was likely underreported compared to
the actual number of UI episodes. Considering the relationship be-
tween subjective measures and larger placebo effects,[27] a fully objec-
tivemeasure of daily urinary leakage volumemaybe a better indicator
of UI symptom improvement. RCT Fem™ UI supplementation re-
sulted in a significant decrease of 65% indaily urinary leakage volume
atweek 24, compared to a 36%decrease in the placebo group. Further
supporting the efficacy of RCT Fem™ UI in relieving UI symptom
severity was the benefit to participants after they had fallen asleep,
with significant reductions in the frequency of nocturia.

The frequency of nocturia is an aspect of UI that has been re-
ported to significantly affect QoL.[30] Participants supplemented
withRCTFem™UI and those on placebo had significant reductions
in the frequency of nocturia episodes of 0.52 and 0.38 at week 24,
respectively. The RCT Fem™ UI group reported a significantly
higher frequency of nocturia than the placebo group at baseline, sug-
gesting that the decrease experienced by those supplementing with
RCT Fem™ UI may be more clinically relevant. Nocturia has been
ranked as the most bothersome symptom in patients with lower uri-
nary tract symptoms,[30] with a negative correlation between the num-
ber of nocturia episodes and QoL.[31] Considering the direct relation-
ship between frequency of nocturia and QoL, the 0.52 reduction
(equivalent to a half-trip to the bathroom) in frequency of nocturia
8

experienced by participants supplemented with RCT Fem™ UI
may have contributed to improvements in overall UI symptoms.

The majority of evidence supporting the use of Graminex®
Nonsolvent Flower Pollen Extracts for reducing the severity of UI
symptoms in this study pertained to RCT Fem™ UI. However,
PollenBerry® supplementation significantly improved stress-induced
urinary leakage volume, providing support for its use in a specific sub-
set of the UI population. Stress UI has been estimated to affect up to
35%of adultwomen[32] andpresents an additional challenge, as leaks
occur spontaneously. The specific PollenBerry® formulation included
spray dried cranberry powder, which may have provided enhanced
urethral contractibility, providing better protection against stress-
induced urinary leakage.[33] PollenBerry® should be further explored
in a population of women who may be more prone to stress-induced
urinary leakage, such as those working in manufacturing or other
non-office work settings.[34,35]

This study has some limitations. First, the current study did not
include a follow-up period; therefore, the severity of UI in the par-
ticipants after supplementation is unknown. Second, subgroup
analyses based on UI type (stress, urgency, or mixed) were not per-
formed. Therefore, whether the IPs may have been more effica-
cious in one type of UI compared to another, such as PollenBerry®
supplementation in women with stress UI, is unclear. Future ran-
domized controlled trials should consider stratification by UI type
to further examine the efficacy of nonsolvent flower pollen extracts
on UI. Finally, the current study enrolled a relatively small sample
size, and larger clinical trials investigating the effects of nonsolvent
flower pollen extracts should be considered in the future.
5. Conclusions

Supplementation with RCT Fem™ UI for 24 weeks resulted in sig-
nificant and clinically meaningful reductions in UI severity in a
healthy population of women aged 40–75 years old experiencing
UI. Both RCT Fem™ UI and PollenBerry® were safe, well tolerated,
and significantly improved ICIQ-SF scores atweek 24.However, only
RCT Fem™ UI resulted in a MCID in ICIQ-SF score,[26] with corre-
sponding significant improvements in daily urinary leakage volume
and frequency of nocturia. The placebo group demonstrated a signif-
icant improvement in ICIQ-SF score at the end of the study; however,
this effect waned over the 24-week supplementation period.
PollenBerry® improved stress-induced urinary leakage volume,
demonstrating efficacy in a unique subset of the overall UI population.
The findings of this study provide support for further investigation of
RCT Fem™ UI in populations of women who experience moderate-
to-severe UI and PollenBerry® in those who experience stress UI.
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