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Introduction and objectives: Prostate cancer
(PCa) is a significant concern and burden
worldwide. Several studies suggest that flavonoids have a signifi-
cant potential as an anti-cancer agent, but the evidence remains
controversial. This study aims to assess the effect of flavonoids
and its subclasses supplementation on PCa risk parameters in
men with biopsy-proven diagnosis of PCa or clinically deter-
mined to have a high risk of PCa.

Materials and methods: This systematic review and meta-analy-
sis adhered to PRISMA guideline. A literature search was con-
ducted across PubMed, ScienceDirect, Scopus and Cochrane uti-
lizing PICO framework. Revised Cochrane’s risk of bias tools
(RoB2) was used for quality analysis. Review manager 5.4 was
used for statistical analysis.

Results: Out of 1.117 articles, nine final studies (involving 420
patients) were included. Regarding total PSA, flavonoid provided
a reduction of total PSA (MD: -0.64, p < 0.05), and sub-group
analysis based on the supplementation duration showed
flavonoid administration with a duration of 2 12 weeks signifi-
cantly reduced total PSA compared to administration of < 12
weeks (p < 0.05). Meta-analyses of four studies, including men
clinically at risk of PCa, revealed that flavonoid supplementation
was associated with a significantly lower risk of developing PCa
at endpoint (OR 0.41, p < 0.05). However, our results indicated
no favorable effect in hormonal parameters.

Conclusions: The results of this meta-analysis suggest there may
be a potential role for flavonoid in PCa risk reduction.
Flavonoids supplementation also have been proven to be safe.
However, further investigation is necessary to gain a clear
understanding of the flavonoid impact on PSA and sex hormone
parameters.
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INTRODUCTION
Prostate cancer (PCa) represents a significant global health
issue, being a primary contributor to illness and death

among men, with a retrieved 1.6 million cases reported
annually worldwide. PCa is recognized as the second
most diagnosed malignancy and is the fifth leading cause
of death attributed to cancer (1, 2). Several risk factors,
including familial predisposition, ethnicity, aging, obesi-
ty, and dietary habits, influence PCa (3). While ethnic
and racial disparities influence PCa risk, Northern Europe
exhibits the highest rates of incidents (83.4 per 100.000)
and mortality (13 per 100.000), while South Central Asia
has a comparatively lower risk with incidents (6.3 per
100.000) and mortality at (3.1 per 100.000) (4).

The prevalence of PCa exhibits significant geographical
variations, mostly attributed to disparities in dietary pat-
terns. Essential nutrients, encompassing fats, proteins,
carbohydrates, vitamins, and polyphenols, may influence
the onset and advancement of PCa (5). Mirza et al.
demonstrated that certain fruits, including dates, have the
potential to induce apoptosis in the human prostate can-
cer cell line (PC3). This highlights the potential of certain
fruits, which are rich in natural compounds, to exhibit
strong anticancer properties (6).

At diagnosis, about 80% to 90% of PCa cases are andro-
gen-dependent, which underpins the use of androgen dep-
rivation therapy (ADT) as the primary treatment (7). The
increasing prevalence of PCa and the limited treatment
options available necessitate the exploration of novel sup-
plementation and preventative strategies for the disease.
Chemoprevention is an approach that uses naturally
occurring substances found in fruits and vegetables to
slow disease progression or even prevent cancer develop-
ment (6).

Flavonoids are essential chemical components in plants,
especially in fruits and vegetables. They are divided into
six main subclasses: flavones, flavan-3-ols, flavanones,
flavonols, anthocyanidins, and isoflavones (8). Various
studies propose that these flavonoids may potentially
benefit cancer therapy significantly (9). Flavonoids have
also been found to reduce the development of the cell
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cycle, cause apoptosis, and inhibit metastasis, invasion,
and angiogenesis (10).

Although many studies have been published, the connec-
tion between flavonoids and PCa remains debated. This
study conducted a meta-analysis to explore the effects of
flavonoid supplementation and its subclasses on men diag-
nosed with PCa or considered high-risk, focusing on criti-
cal factors influencing PCa development and progression.

METHODS

Literature search

On April 1, 2024, a literature study was conducted by
three reviewers across multiple databases, including
PubMed, ScienceDirect, Scopus and Cochrane Library. The
search utilized keywords ‘Prostate AND Cancer AND
flavonoid OR flavonol OR flavone OR flavanone OR fla-
van-3-ol OR isoflavone. This study applied no restrictions
regarding country or publication year. The protocol of
this meta-analysis was registered in PROSPERO
(CRD42024615073).

Eligibility criteria

The systematic review followed the PICO framework with
the following eligibility criteria: (1) the study included
participants diagnosed with prostate cancer (PCa) or clas-
sified as high-risk due to clinical indicators; (2) interven-
tion using rich-food or purified flavonoid and its sub-
classes; (3) comparing with placebo; (4) outcome includ-
ing PSA parameters, hormonal parameters (testosterone,
estradiol and Sex Hormone Binding Globulin (SHBG),
developing biopsy-detectable PCa and reporting adverse
events; (5) randomized controlled study; (6) published in
Indonesian or English.

Selection process

After the initial search, duplicate studies were identified
and excluded. At least three independent reviewers
screened the remaining studies for eligibility based on
their titles and abstracts. Studies that fulfilled the prede-
termined inclusion criteria were incorporated into the
analysis, whereas those that did not meet these criteria
were excluded. Discrepancies regarding study classifica-
tion were addressed through collective discussion among
the research team. The literature review process adhered
to the PRISMA guidelines (11).

Data collection

Data collection was performed independently by each
author, with cross-checking by others to address any
inconsistencies through discussion. If any information
was unclear, the study authors were contacted for clarifi-
cation, and studies with no response were excluded with
the consent of the other reviewers. The data gathered
included the first name of author, year, study design,
population characteristics, mean age, type of interven-
tion, control type, reported outcomes, and adverse events
from all included studies.

Quality analysis
Revised Cochrane Risk of Bias tool (RoB2) was used for

quality analysis, with each study being assigned a risk of
bias rating of low, high, or some concerns at each evalu-
ation point.

Publication bias

Publication bias was evaluated with a funnel plot analy-
sis. Publication bias considered to be high if the distribu-
tion of studies was asymmetrical. Conversely, if the study
distribution was evenly distributed and symmetrical,
publication bias was considered to be low.

Statistical analysis

Meta-analyses were conducted to evaluate the impact of
flavonoids or their subclasses on PCa risk, comparing
them to a placebo in Review Manager 5.4. The first meta-
analyses assessing the effect between groups in PSA
parameters and hormonal parameters were performed by
entering the mean + SD to measure the mean difference
(95% CI) and were sub-grouped by effect of duration (<
12 weeks or > 12 weeks) if the data was sufficient. The
second meta-analysis was performed by entering the inci-
dence of biopsy-detectable PCa in populations clinically
determined as having PCa risk to measure the odds ratio
(95% CI) between groups. The heterogeneity of the sta-
tistical analysis was evaluated by the 1% value. The fixed-
effects model was employed when 12 was less than 50%,
whereas the random-effects model was utilized when 12
was equal to or greater than 50%. The findings were illus-
trated through a forest plot, and an overall effect was
deemed statistically significant if the p-value was less than
0.05 (12).

REsuLTS

Literary search and examination results

A total of 1.117 studies were initially identified from var-
ious databases. The studies included in this analysis were
published prior to April 1, 2024. After removing 125
duplicates, two reviewers independently screened the
remaining 1.052 study by titles and abstracts. Of these,
1.043 studies were excluded for failing to meet the eligi-
bility criteria. As a result, nine studies were deemed eligi-
ble and included in the qualitative and quantitative analy-
sis. A detailed overview of the search and filtering results
is presented in Figure 1.

Characteristics of eligible studies

The nine studies were RCTs done in various countries,
involving a cumulative sample size of 420 participants
including 186 men with PCa biopsy-proven diagnosis and
Gleason score > 6 in four studies (13-16), 218 men at ele-
vated risk of PCa (elevated PSA, ASAP, HGPIN or negative
prostate biopsy) in four studies (17-20) and 16 men with a
history of radical prostatectomy less than 3 years before
with elevated PSA (> 0.1 ng/ml) in one study (21). In all
studies flavonoid or its subclasses in various form were
given, eight studies used a purified isoflavone rich-food
(14-16, 19-21) or isoflavone supplement in capsule or
tablet (13, 18), only one study (17) used a Flavan-3-ols
subclass of flavonoid with PolyE capsule containing
Epigallocatechin gallate (EGCG). In all trials most controls
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Figure 1.
Flow of literature search
Identification of studies via databases and registers and selection based on
Preferred Reporting Items
R for Systematic Reviews
. Records identified from: and Meta-analyses (PRISMA).
] » Databases (n=1.117} Records removed before
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5 o Cochrane Library (n = 6) (n=125)
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ReE.nrds =cmanad | screening of title and abstract
(n=1.052) (n = 1.039)
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g }
wn
Reports assessed for eligibility
n=13) »
Reports excluded (n = 4):
Data Insufficient (n = 3)
Wrong Study Design (n=1)
32
=
2 Studies included in review
E| | m=9

used placebo. Most studies used 12 weeks or more as an
end-point outcome, only two studies had < 12 weeks inter-
vention duration (13, 16). The outcomes assessed total
PSA in six studies (13, 15-17, 19, 21) and free PSA in three
studies (15, 16, 19), as well as hormonal parameters,
which consist of total testosterone observed in four studies
(13, 15, 16, 20), free testosterone in four studies (13-15,
20), total estradiol in four studies (13-15, 20) and SHBG in
five studies (13, 15, 17, 18, 20).

Additionally, three studies (17, 18, 20) provided data on
the incidence of PCa at the end of intervention of men clin-
ically at risk of PCa. Only four studies (13, 14, 17, 18) have
reported data on the flavonoid intervention side effects,
with the majority reporting a small sample size of 1-2 grade
side effects.

Full details regarding the details of studies are presented in
Table 1.

Study quality results

The risk of bias assessment results indicated that all stud-
ies generally had a low risk of bias. However, one study
raised some concerns regarding its overall risk, as shown
in Figure 2.

Publication Bias results

Funnel plot results of studies on Total PSA (Supplementary
Figure 1A) and SHBG (Supplementary Figure 2D) showed
an asymmetrical distribution. The other results of the stud-
ies showed a symmetrical distribution as shown in
Supplementary Figures. Therefore, it can be concluded
that the results of this analysis have a low risk of publica-
tion bias.

Statistical analysis (Meta-analysis)

PSA parameters

There were two outcomes in the assessment of PSA param-
eters: total PSA and free PSA. The result of the forest plot
revealed that in the comparison between flavonoid supple-
mentation and placebo, there was a significant difference in
total PSA (MD: -0.64, p < 0.05). Sub-group analysis based
on the supplementation duration showed that flavonoid
administration with a duration of = 12 weeks significantly
reduced total PSA compared to administration of < 12
weeks (p < 0.05). However, no significant statistical differ-
ence was revealed for free PSA (MD: 0, p = 0.99). Figure 3
shows the detailed forest plot of PSA parameters.
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Table 1.
Baseline characteristics data of included studies.
o Study Study Fopulation Mean Age (years Total Sampie Treatment Type Intervention Tutcome Assesments ‘Adverse Events
{Author) Design {Flavonald vs Duration Reparted
Control)
Flavonold Contral Flavonold Contral Totl PSA | Free PSA Total Fren Total SHBG Fe
ng/mL) [ng/mL) Estrediol | (omol/1) | Incidence
fmal/) | pmolsy) | (pg/mi
1 Bostand et RCT Men all age with elevated (3] B3E 16 Soy isoflavane purfied Placeba 32 weeks -
al. (2022 DA with a history [Ch602-T13) | (CE58.5-E3.0) (B E) (Isoflavone 40 mg/day)
of radical prostatectomy
2 Humar RCT Men aged 30-80 with 588+75 591+74 [:#] Isoflavone capsule Placebo 3- 6 weeks - o - - - Only grade 1-2
et al 2 hiopsy-proven diagnosis (3w 3 [lsafiavone 40 (nausea, elevated
(2020) of localized PCa mg/dail) liver enzyme etc)
adverse eventin
intervention group
reported
3 Humar RCT Men aged 20-80 with 62079 641473 94 PolyE capsule (EGLG Placebo 24 weeks - - Only grade 1-2
et al 2 hiopsy-proven diagnosis 49 vs 48) 400 mg, day) & 48 weeks [nausea, etc)
(2015) of HGPIN and,/or ASAP adverse event in
intervention group
reported
4 Miranags RCT Men aged 50-75 6.5 65 29 Isofigvone tablet Flaceba 48 weeks ’
et all with elevated serum PSA (32.0-73) (50-75) (42vs47) (lsoflavone 60 mg/day) tablet Crade 3 adverse
2012) h'm!nf 25100 :?nd sl
negetve prostate biapsy intervention group
1 patient: iiac
sy stenosis)
reported
5 Kumar RCT Men aged 50-80 with & T1.75+ 639 71821559 49 Isoflavane purified Placean 12 weeks - - - Only grade 1-2
etal biopsy-proven diagnosis of 22w 17) (Isoflavane B0 mg/day) (nauses, ete)
(2007) localized PCa adverse event in
intervention group
reported
[ Hamiton- RCT Men aged 50-85 [::FY ] [::FY 35 Soy isoflavane Milk protein 12 weeks - - - -
Regves with & high-grade PIN (1845 17) (Isofiavone 107 isolate & 24 weeks
efal. 1 and,/or ASAP mg/day}
[2007)
T tamilon- RCT Men aged 50-35 B+ E [:FY 3 Sy soflavone purified Milk protein 12 weeks - - - s
Reeves with & high-grade FIN (18w 17) (Isoflavane 107 Tsolate £ 24 weeks
efal. 2 and,/or ASAP mg/day}
(2007)
] Fatren RCT Men all age with a biopsy- 6L7+51 605452 16 Soy bread soflavone Wheat 34 weeks - - - -
etal praven diagnosis of PCa B k) purified bread
(2004) schedulied to undengo (Isofiavone 117 placebe
radical prostatectomy mg/day}
3 Kumar et RCT Men aged 4585 72550 109453 ] Isoflavone soy purified Placean 12 weeks - - o - I .
al. {2004) diagnosed with PCa with (29vs30) {Isoflavone 60 mg/day)
gleason score of 6

ASAP: Atypical Small Acinar Proliferation; Cl: Confidence Interval; EGCG: Epigallocatechin gallate; PCa: Prostate Cancer; PIN: Prostatic Intraepithelial Neoplasia; PSA: Prostate Specific Antigen;
RCT: Randomized Controlled Trial; SHBG: Sex Hormone Binding Globulin.
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Figure 3.

Forest plots of PSA parameter: (A) Total PSA sub-group based on the duration of intervention (< 12 weeks or > 12 weeks).

(B) Free PSA.

A. Total PSA Flavonoid Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 <12 weeks
Fabien 2004 -0.82 243 8 131 31 8 3.0% -213[4.96 060 2004 —
Kumar 2020 -07 147 31 -0.2 147 31 16.0% -050[1.16,0.16] 2020 —
Subtotal (95% CI) 39 39 18.9%  0.76 [-1.92, 0.41] -
Heterogeneity. Tau®=0.30; Chi*=1.29, df=1 (P = 0.26), F=23%
Test for overall effect Z=1.28 (P = 0.20)
1.1.2 =>12 weeks
Kumar 2004 -0.61 414 29 -0.56 419 30 4.5% -005[-218, 2.08] 2004 =
Hamilton-Reeves 1 2007 (12 weeks) -08 212 18 -D6 247 17 7.3% -020[-1.73,1.33] 2007 s
Hamilton-Reeves 1 2007 (24 weeks) -0.5 254 18 -0.2 247 17 6.5%  -0.30[1.96,1.36] 2007 T
Kumar 2015 (24 weeks) -0.45 042 42 01 047 47 21.3% -0.55[0.73,-0.37] 2015 -
Kumar 2015 (48 weeks) -0.75 044 42 065 05 47 21.2% -1.40[1.60,-1.20] 2015 -
Bosland 2022 019 014 8 04 043 8 202% -0.21[052,010] 2022 -
Subtotal (95% CI) 157 166 81.1% -0.60[-1.18,-0.02] L 2
Heterogeneity: Tau®= 0.33; Chi*= 5813, df=5 (P < 0.00001); F=31%
Test for overall effect Z=2.04 (P = 0.04)
Total (95% Cl) 196 205 100.0% -0.64 [-1.14,-0.13] <&
Heterogeneity, Tau®= 031, Chi*=59.93 dr=7 (P < 0.00001), F= 88% Ei _12 ) é .:1
Test for overall effect Z= 2.46 (P = 0.01) Flavonoid Control
Test for subaroup differences: Chi*=0.05, df=1 (F=0.82). F=0%
B. Free PSA
Flavonoid Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl Year IV, Fixed, 95% CI
1.2.1 <12 weeks
Fahien 2004 0.05 025 8 -001 039 g 168% 006026038 2004 —l;
Subtotal (95% CI) 8 8 16.8% 0.06[-0.26,0.38]
Heterogeneity: Mot applicable
Test for overall effect Z=0.37 (P=0.71)
1.2.2 => 12 weeks
Kurnar 2004 -012 082 29 -002 094 30 86% -010[-0550.35 2004 — =
Hamilton-Reeves 1 2007 (24 weeks) -007 029 18 -006 028 17 487% -001[0.20,0.18] 2007
Hamilton-Reeves 1 2007 (12weeks) -009 038 18 -01 04 17 259% 0.01[0.250.27] 2007
Subtotal (95% CI) 65 64 83.2% -0.01[-0.16,0.13]
Heterogeneity, Chi*=0.18, df=2 (P=0.92), F=0%
Testfor overall effect: Z= 0.18 (P = 0.86)
Total (95% CI) 73 72 100.0% -0.00[-0.13,0.13] ?
Heterogeneity. Chi*= 0.34, df= 3 (P = 0.95); F=0% 51 _055 S 055 11
Test for averall effect: Z= 0.01 (P = 0.99) Fla\.r‘onmd Cantr::l
Testfor subgroup differences: Chi*= 017, df=1 (P = 0.68), F= 0%

Cl: Confidence interval; IV: Inverse variance; SD: Standard deviation.

Hormonal parameters DiscussioN

There were four outcomes in the assessment of hormon-
al parameters. The total testosterone forest plot revealed a
difference between groups in total testosterone (MD:
1.49, p < 0.05) and free testosterone (MD: -0.47, p <
0.05). There was no statistical significance regarding total
estradiol (MD: 0.61, p = 0.38) and SHBG (MD: -0.02, p
= 0.99). Figure 4 shows the detailed forest plot of hor-
monal parameters.

Prostate cancer risk

There were four included studies dealing with a popula-
tion of men clinically at risk of PCa that reported data on
the incidence of PCa biopsy-proven diagnosis at the end
of intervention. The forest plot revealed that the group of
patients who received flavonoid supplementation was
associated with a markedly reduced risk of developing
PCa (OR 0.41, p < 0.05). The estimated analysis associat-
ed with the incidence of PCa is presented in Figure 5.

The objective of this study was to evaluate the findings
from RCTs regarding the impact of flavonoids and their
various subclasses in male individuals diagnosed with PCa
or those classified as at risk for developing PCa. This sys-
tematic review included nine RCTs in total. Four studies
recruited men with biopsy-proven diagnosis of PCa, four
studies included men who were considered to have a risk
of PCa and one study included men with a history of rad-
ical prostatectomy with elevated PSA. Our findings sug-
gest that flavonoid consumption may lower total PSA
serum levels and reduce the incidence of PCa. A subgroup
analysis revealed that flavonoid supplementation for more
than 12 weeks significantly reduced the risk of PCa.

While previous meta-analyses found no link between
flavonoid intake and PCa risk, the limitations of these
studies may have influenced their conclusions. Notably,
all the studies included in that meta-analysis were obser-
vational studies. The amounts of flavonoid consumption
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A‘ Tﬂta]. IEStﬂStEmnE Flavonoid Cantrol Mean Diference Mean Difference
Study or Subgroep Mean SO Total Mean S0 Total Weight IV, Fixed, 95% C1 IV, Fixed, 95% C1
111 <132 weaks
Fabien 2004 25 485 8 13 502 8 47% 1.0 F364,604] ————
Kurmar 2020 D.E3 407 M 184 609 M 164% 247 FO11.505) =
Subitotal (5% CN &1 ¥ A% 219 [0.09, 4.45] -
Helerogeneity Chi*= 021, df= 1 (P = 165 P= 0%
Test for everall efect 2= 1,20 (P = 0.08)
2132 =12 weeks
Kumar 7004 054 404 39 184 496 30 F49% 090119, 299 T
Hamilion-Reeves 2 2007 (24 weaks) 1 314 18 -1 187 AT I66% 21.00 0.0 400 -
Hamifon-Reeves 2 2007 (17 weaks) 1 305 18 IR Ty 17 Z7TA4% 1.00 099, 299 =
Subrtotal (95% CI) 6% G4 TESS 101013, 2.48] g
Helerogenaity Chi= 0068, df= 2 (F = 0.T1)L = 0%
Test for oversl eflect 7= 218 (P = 0.03)
Total (85% CI) 04 103 100.0% 1.40 [0.45, 2.54] -
Helerogeneity Chi*= 1 35, df= 4 (P = 0.85), P= 0% _L'ﬂ 5 5 1'0
Testfor overall efect = 280 (F = 0.005) Fimonoid Control
Testfor subaroun differances: Chi*= 046, df= 1 P =050, F= 0%
B. Free Testosterone
Flanvcmand Control Muan Dillerence Mean Diflerence
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Subobal (95% CI) kal M XM 065 096, -0.34] E 2
Helerogeneity: Mol applicable
Test for owarall effect 2= 4.06 (P < 0.0001)
233 =17 weaks
Kurnar 3004 0% 088 3 03 AT 30 MES 008033, 048] 2004 —
Harrallon-Reeves 2 2007 (12 weeks) o102 18 03 06 17 184%  -0CBDEHDOBS, 025 2007 b
Hamillon-Regves 3 7007 (34 waaks) A102 18 02 08 1T 184% 1201 T5-065] 007 s
Kurnar 007 -0dd 1.2 X D44 0T 27 180% 030 D87, 03F] 2007 —
Subdotal (85% CI) &7 91 TEW 0L [-0.96, 03] -
Hetersgengity Tau'= 0.24; Chi®= 12344 &= 3 P = 0.004); P= T8%
Test for warall effect 2= 148 F=0.14)
Tatal (#5% C1) 118 122 100U 04T [06T, 0.06] >
Hulerogenaity, Tau'= 016, Chi®= 1565, df= 4 (F= 0.004); = T4% h 5 )
Tesl for cvarsll effect 2= 2.24 (P = 0.0} —
Tesl for subaroup differences: Chi®s D54, e 1 (P e 0.46). M= 0% d s
C. Total Estradiol
Flavonaid Control Mean Difference Mean Difference
Stady or Subgroug Mean S0 Total Mean S0 Total Weight IV, Random, 95% Ci IV, Reandom, 55% Ci
2.3.1 <12 woeks
Kurnar 2020 041 28 F 068 248 M % -027F1.59,1.08 i
Subtotal (95% CI) k| M % -03T[159,1.08)
Helerogensity. Mot applicable
Testfor overall effect 2= 0.40 (F = 0.63)
.32 =»17 weaks
Hamitan-Reeves 2 2007 (12 weeks) 218 507 18 -1.81 489 17 110% 4.00 [0.78,7.47 ——
Hamiton-Reeves 2 7007 (Mweeks) 055 281 18 -082 28 17 239%  1.37[F0.42,11§ ——
Kumar 2004 -41 BB M -3 5ER 0 10.2% -1B0F5.44,1.84) S E
Kumar 2007 -0.39 324 ¥ -0BE 24 T 5% 027147, 2.00) b
Subicdal (95% CI) &7 81 7O OBE[-0.78, 2.75] -
Heterogeneity Tav®= 1 65 ChP= 640, df= 3 (P = 0.0%), P= 53%
T for averall effect Z=1.08 (P = 0.28)
Total (95% CIy 118 122 100.0% 0061 [-0U74, 1.85) ?
Halerogenaity Tav* =113, Chi*= 828 di= 4 P=008), F=51% _|'ln _. [i] 1%)
Testfor cvmrall affect 2= 085 (F = 0.38) Contral Flavenoid
Testfor subaroup differences: Chit= 124, df= 1 (P= 030, F=195%
D. Sex Hormone Binding Globulin (SHBG)
Flavonoad Cantrol Wean Dafference Whean Daferencs
_ Study of Subgroup Mean 5D Toial Mean SO Totsl Weight IV, Fimed, 85% 01 Year IV, Fized, §5% CI
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Fabien 2004 FIRETE B 1 1282 8 ST 080FI4T5 1635 3004 —
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Hamillon-Reeves 2 7007 {17 weeks) -7 I2EE 18 13 TR 1T 40% GO0FINEN, 2361 2007 o [
Kyrnar J007 06T 1347 27 074 1084 27T I6E%  OOTRETE 653 3007 -+
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Figure 4.

Forest plots

of hormonal parameter:
(A) Total testosterone
sub-group based on the
duration of intervention
(< 12 weeks

or > 12 weeks).

(B) Free testosterone.
(C) Total estradiol.

(D) Sex hormone
binding globulin
(SHBG,).

ClI: Confidence interval;
IV: Inverse variance;
SD: Standard deviation.
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Figure 5.

Forest plot of studies about subjects who had a risk of developing prostate cancer (PCa) becoming biopsy-detectable

PCa at the endpoint.

Prostate Cancer Incidence Endpoint
Flavonoid Control Odds Ratio QOdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Hamilton-Reeves 1 2007 (24 weeks) 1 16 6 16 19.7% 0.11[0.01,1.07] 2007 —
Miyanaga 2012 9 42 16 47 41.5% 0.53[0.20,1.37] 2012 —
Kumar 2015 (24 weeks) 1 49 3 48 10.4% 0.31[0.03,3.12] 2015 - = |
Kumar 2015 (48 weeks) 5 49 9 48 28.5% 0.49[0.15,1.59] 2015 —
Total (95% CI) 156 159 100.0%  0.41[0.21,0.80] <>
Total events 16 34
Heterogeneity: Chi*=1.69, df= 3 (P = 0.64); F= 0% b t f {
Testfor overall effect: Z= 2.62 (P = 0.008) a0 D'(1:ontm| F|avon10|::d 1

Cl: Confidence interval; IV: Inverse variance; SD: Standard deviation.

were derived from self-reported data provided by the par-
ticipants, without a standardized method of categoriza-
tion. Additionally, the research participants were catego-
rized based on their various levels of flavonoid consump-
tion, and the author was unable to evaluate the impact of
higher flavonoid intake on the risk of PCa (22).
Flavonoids are a major category of dietary polyphenols
that are found naturally in plant-based food, including
fruits, vegetables, tea, and wine. Dietary products have a
well-documented historical precedent as preventive
agents in the fight against various forms of cancer.
Natural substances such as green tea, grape skin, pome-
granate, dates, and soy are known for their chemo-pre-
ventive properties. Scientific evidence strongly supports
that consuming diets rich in plant-based foods may sig-
nificantly lower the chance of developing many types of
cancer. The precise mechanism via which these foods
provide protection against the formation of tumours and
the development of cancer is not yet understood.
However, one possibility is that they may contain phyto-
chemicals with potential anticancer properties (23). In
addition, according to laboratory research conducted on
fruits such as dates, which are rich in flavonoids, it has
been shown that they can induce apoptosis in the PC3
cells of the human body. Flavonoids are suggested to
have the ability to trigger apoptosis in tumour cells,
which might potentially have a preventive impact against
PCa (6).

Researchers have identified PSA as a biomarker for the
initial detection and prognosis of PCa. Prostatic luminal
epithelial cells produce it and it plays a role in regulating
semen coagulation. PSA is thought to be elevated due to
cellular architecture disruptions, and it circulates in both
free and complex forms (24). Reports indicate that some
flavonoids have the ability to prevent the production of
PSA by the BT-454 cell line. This may explain the notable
correlation between consumption of flavonoids and a
reduced risk of PCa (25). Our findings indicated a statis-
tically significant difference in total PSA (MD: -0.64, p <
0.05) between study groups. A sub-group analysis based
on the length of supplementation showed that giving
flavonoids for more than 12 weeks significantly decreased
total PSA compared to giving them for less than 12 weeks
(p < 0.05). However, free PSA showed no significant sta-
tistical difference (p = 0.99).

The results of our meta-analyses showed that there were
no significant impacts on sex hormone levels. The results
align with a 2013 meta-analysis of researches on
isoflavones, which concluded that there was no signifi-
cant influence on reproductive hormones in individuals
with PCa (26). In contrast, a research investigation on the
administration of soy isoflavone supplements at a dosage
of 60 mg per day resulted in a reduction in testosterone
and 5a-dihydrotestosterone (DHT) levels, while simultane-
ously increasing SHBG levels in a group of healthy males
aged 30 to 59 years (27). These data do not provide a
clear understanding of the impact of sex hormone levels.
Looking at each of these, the pooled results of several
small studies showed no significant changes.

In line with a previous meta-analysis by Van Die et al.,
which examined the cancer risk in men clinically deter-
mined to be at risk (including those with a single negative
prostate biopsy at the start of a 12-month study or those
with ASAP or HGPIN over a 6-month period), it was
found that soy isoflavones significantly reduced the like-
lihood of developing PCa. This conclusion was support-
ed by a statistically significant analysis (RR = 0.49, p <
0.05) (26). In our analysis, four studies were included,
focusing on men clinically at risk of PCa. The forest plot
analysis showed that individuals who received flavonoid
supplementation exhibited a markedly lower risk of
developing PCa (OR = 0.41, p < 0.05). These findings
suggest a significant association between flavonoid intake
and a lower risk of PCa.

Testosterone and DHT work through the androgen recep-
tor to control cell proliferation and differentiation.
Androgens play a pivotal role in the normal development
of the prostate gland, but they also contribute to the pro-
liferation of prostate tumors, which is the primary target
of androgen deprivation therapy (ADT). The implementa-
tion of ADT is associated with various side effects that can
significantly impact both the quality of life and overall
health of patients. Certain dietary supplements may pro-
vide benefits for persons undergoing ADT. Research has
shown that flavonoids, such as phytoestrogen, have the
ability to mitigate certain adverse effects linked to ADT.
Research conducted by Durreger et al. found that dietary
treatments including certain natural compounds might be
beneficial in the adverse effects associated with ADT (7).
Our study also demonstrated the safety of flavonoid sup-
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plementation and its potential for use in PCa patients
undergoing ADT.

It is important to address some limitations in our study.
First, out of all the interventions available, only the
flavonoid subclass isoflavone and flavan-3-ols were avail-
able from our included studies due to the limited number
of published articles. This implies that our included study
does not provide an analysis of other subclasses of
flavonoids. Second, our inclusion studies have a relative-
ly small overall sample size. Furthermore, the examina-
tion of some results revealed significant heterogeneity,
which is to be expected considering the variability in the
impact of flavonoids depending on the length of supple-
mentation. Consequently, dividing into subgroups based
on 12-week periods decreased the heterogeneity.

CONCLUSIONS

The findings of this study indicate that flavonoids and
their respective subclasses may contribute to the reduc-
tion of PCa risk. Flavonoid supplementation is effective in
lowering total PSA levels, particularly when administered
for > 12 weeks. Additionally, flavonoids appear to reduce
the risk of PCa incidence in populations clinically identi-
fied as high-risk. Flavonoid supplementation has also
been shown to be safe. Nonetheless, additional investiga-
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