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Association between soy products and prostate 
cancer: A systematic review and meta-analysis of 
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Purpose: The effect of soy products on prostate cancer (PCA) remains a topic of debate. This study aimed to investigate the asso-
ciation between soy products consumption and the incidence of PCA.
Materials and Methods: A search was conducted in the PubMed, EBSCO, Web of Science, and Cochrane Library databases up to 
December 2023. The adjusted odds ratio (OR) and corresponding 95% confidence interval (CI) were used to assess the association.
Results: A total of 22 articles, comprising 1,409,213 participants, were included for this meta-analysis. The results indicate that soy 
products reduce the risk of PCA (OR=0.94, 95% CI=0.91–0.97, p<0.001), especially in cases of localized or low-grade PCA (OR=0.94, 
95% CI=0.90–0.97, p<0.001), but exhibit no effect on non-localized or high-grade PCA (OR=0.96, 95% CI=0.91–1.01, p=0.085). 
Furthermore, increased consumption frequency was negatively associated with PCA risk. Specifically, soy products can reduce the 
risk of PCA in African Americans (OR=0.89, p=0.006) and Latinos (OR=0.93, p=0.036), but have no impact on Japanese (OR=0.99, 
p=0.655), Chinese (OR=0.90, p=0.155), and Whites (OR=0.96, p=0.133). Non-fermented soy products were associated with a re-
duction in the incidence rate of PCA (OR=0.93, 95% CI=0.90–0.96, p<0.001), while fermented soy products had no effect on the 
incidence rate of PCA (OR=1.10, 95% CI=0.98–1.22, p=0.096).
Conclusions: The consumption of soy products can reduce the overall risk of PCA among men. Various factors, including soy prod-
ucts-related factors (e.g., consumption, frequency), population-related factors (e.g., race), and PCA-related factors (e.g., PCA stage) 
collectively influence the effect of soy products on PCA.
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INTRODUCTION

Prostate cancer (PCA) is currently the second most 
prevalent cancer among men globally and the sixth leading 
cause of cancer-related mortality as of 2020 [1]. The burden 

of PCA is anticipated to escalate, with projections indicating 
499,000 deaths and 1.7 million new cases by 2030 [2]. Both en-
dogenous (e.g., family history [3], race [4], genetic syndrome [5]) 
and exogenous (e.g., smoking [6], obesity [7]) factors can affect 
the onset of PCA.
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Nutrition and lifestyle habits, being readily modifiable, 
are considered as potential effective preventive strategies 
against cancer [8]. On the one hand, lifestyle habits such as 
increased physical activity [9], reduced sedentary behavior 
[10], and non-smoking [6] are considered to reduce the risk 
of PCA. On the other hand, dietary choices exert a notable 
influence on PCA incidence, with different dietary patterns 
and food types having varying impacts [11]. For instance, the 
plant-based diets [12], low-fat diets [13], and Mediterranean 
diet [14] are inversely associated with the risk of PCA. In ad-
dition, numerous studies have explored the impact of dairy 
products [15], soy products [16], fruits [17], vegetables [18], and 
dietary fiber [19] on PCA risk.

Among existing studies, divergent findings persist re-
garding the effect of soy products on PCA risk. Notably, 
there is no unified conclusion on whether soy products im-
pact the occurrence of PCA. For instance, Greenlee et al. [20] 
posited that a high intake of soy products promotes the de-
velopment of PCA, while Kirsh et al. [21] reported inconclu-
sive findings regarding the association between soy products 
and PCA risk. Moreover, subgroup analyses across various 
studies, considering PCA stage and racial demographics, ex-
hibit substantial heterogeneity. For example, Kurahashi et 
al. [22] proposed an increased risk of metastatic PCA associ-
ated with soy products, whereas Park et al. [23] asserted a 
risk reduction in metastatic PCA with soy product consump-
tion. Furthermore, published meta-analyses on this topic 
have failed to reach a consistent conclusion. Zhang et al. [24] 
contended that soy products do not mitigate the risk of PCA, 
while Hwang et al. [25] believed otherwise. These discrepan-
cies highlight the ongoing debate and the need for further 
investigation. 

This meta-analysis is necessary because previous analy-
ses have not comprehensively addressed the potential 
sources of heterogeneity, such as genetic differences, dietary 
patterns, and lifestyle factors across different populations. 
By conducting a systematic review and meta-analysis of 
relevant observational studies, this study aims to provide a 
more nuanced understanding of the relationship between 
soy products and PCA, accounting for these factors. This will 
offer preventive insights for the male population and poten-
tially guide dietary recommendations.

MATERIALS AND METHODS

1. Search strategy
A comprehensive search of studies investigating the as-

sociation between soy products and PCA risk was conducted 
across electronic databases of  PubMed, Web of  Science, 

EBSCO, and Cochrane Library until December 2023. The 
search strategy utilized the following keywords: “prostate 
cancer” and “soy products”. The complete search formula 
used to identify relevant studies included the following 
terms: (“prostate cancer” OR “prostate neoplasm” OR “PCA” 
OR “prostatic carcinoma”) AND (“soy” OR “soy products” OR 
“bean product” OR “soymilk” OR “soybean milk” OR “bean” 
OR “soy milk” OR “isoflavone” OR “bean curd” OR “bean-
curd” OR “tofu” OR “soy protein”). Supplementary Table 1 
presents the specific retrieval strategies. Additionally, the re-
trieved studies and the reference lists of recent reviews were 
also examined for potentially relevant studies. In case of 
duplicate literature, the original article was included if the 
study was published both as an abstract and as a full article. 
Also, for studies that were periodically updated and re-
ported, only the most recent or comprehensive articles were 
included. This meta-analysis adhered to the MOOSE (meta-
analysis of observational studies in epidemiology) guidelines 
[26]. The PICOS (population, intervention/exposure, compari-
son, outcome, and setting) criteria were used to describe the 
research question. This meta-analysis’s PROSPERO registra-
tion number was CRD42024493149.

2. Selection criteria
Eligible criteria had been formulated. The specific crite-

ria were as follows: 
Inclusion criteria: (1) all included studies must be obser-

vational studies. (2) All studies included available data that 
reported the relationship between soy products and PCA. (3) 
The main exposure of the study was soy products and the 
outcome was a risk of PCA. Exclusion criteria: (1) the study 
lacked a reference group or control group. (2) The study 
was conducted on PCA population and utilized mortality or 
recovery rate as the outcomes. (3) The study did not contain 
full-text articles. (4) The study was not published in English. 
(5) The study was published in duplicate.

Two researchers independently applied a search strategy 
to select studies from the database and independently re-
viewed the titles and abstracts of these articles for eligibil-
ity for inclusion. In cases of uncertainty, the full text will 
be searched for further selection. When necessary, authors 
are contacted for more information about their research. 
In case of disagreement, discussions were held with a third 
researcher. When consensus could not be reached, the study 
was excluded.

3. Data extraction
A standardized data collection form, mutually agreed 

upon, was used for the systematic extraction of all pertinent 
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information. Information was extracted as follows: the au-
thor’s name, year of publication, study type, age, exposure 
assessment, number of participants, number of PCA cases, 
variables adjusted in the statistical analyses, and outcomes. 
To ensure the objectivity and accuracy of the data, two re-
searchers independently extracted data from each study, 
with disagreements resolved by a third researcher. 

4. Bias risk and quality assessment
The quality assessment of  each included study was 

conducted using the Newcastle–Ottawa Quality Assess-
ment Scale (NOS) checklist, a validated tool designed for the 
evaluation of non-randomized studies. The NOS checklist 
comprises eight items classified into three aspects including 
selection, comparability, and outcome. The maximum score 
on this checklist is nine and scores between seven and nine 
were identified as high study quality. 

5. Objectives and endpoints
The primary objective was to investigate the relationship 

between soy product consumption and the incidence of PCA. 
The secondary objectives were to explore the relationship 
between PCA incidence and various soy product subgroups 
(e.g., consumption levels, frequency of consumption, types of 
soy products), soy products and PCA across different demo-
graphics (e.g., racial groups), and the association between soy 
products and different PCA subtypes (e.g., advanced PCA, 
localized PCA). The results obtained after adjusting for rel-
evant confounding factors were uniformly adopted for data 
processing from the included articles.

6. Statistical analysis
The Stata software version 12 (StataCorp) was used to 

analyze the data. A 95% confidence interval (CI) was utilized 
to evaluate the relationship between soy products and PCA 
risk. p-values less than 0.05 considered statistically signifi-
cant. Heterogeneity among the included studies was assessed 
quantitatively using the Q statistic and I2 statistic. For sta-
tistical results, values of p<0.10 and I2>50% were considered 
representative of statistically significant heterogeneity. A 
random-effects model was employed to incorporate data due 
to the variety of soy products so as to increase the credibility 
of the results. When more than ten studies were included 
[27,28], sensitivity analysis and publication bias test were 
performed to evaluate the stability and reliability of the re-
sults. Publication bias was evaluated by the Begg’s test. 

RESULTS

1. Literature search
A total of 1,259 pertinent articles were identified in the 

PubMed, EBSCO, Web of Science, and Cochrane Library 
databases. No additional records were identified through 
other sources. After removing 128 duplicate articles, 1,004 
articles were excluded based on their titles or abstracts. The 
remaining 127 articles underwent full-text scrutiny. Among 
these, 105 articles were eliminated due to reasons such as 
non-observational study design (n=57), duplicate publication 
(n=21), not exploring the risk of PCA (n=18), no data avail-
able for extraction (n=6), and not published in English (n=3). 
Ultimately, 22 articles [20-23,29-46], encompassing a total of 
1,409,213 participants, were selected for this meta-analysis. 
Fig. 1 shows the flow diagram about the selection of articles.

2. Characteristic of studies
Among the 22 included studies, 10 were cohort studies 

(1,402,720 participants and 61,740 PCA cases) and 12 were 
case-control studies (6,493 controls and 6,260 PCA cases). 
The publication years of  these studies ranged from 1988 
to 2022, with follow-up durations spanning from 4.2 to 21.0 
years. Geographically, 12 studies were conducted in Asia, 8 
in America, and 2 in Europe. Regarding age at recruitment, 
3 studies did not specify an upper age limit, and 1 study did 
not set a lower age limit, and 1 study had no accessible data. 
The median age for analysis ranged from 51.0 to 72.2 years, 
but data was lacking in 8 studies. Data collection methods 
and exposure assessment varied, 15 studies employing par-
ticipants completed questionnaires, 2 studies conducting 
interviews, and 5 studies utilizing a combination of ques-
tionnaires and interviews. In addition, the adjustment of 
potential confounding factors varied among studies. Most of 
the adjustments included parameters were age, geographic 
area, physical activity, body mass index, family history of 
PCA, total energy intake, smoking, and alcohol consumption. 
Table 1 and Supplementary Table 2 contained detailed char-
acteristics of the included studies. 

3. Soy products overall effect
Twenty studies recorded data (1,379,632 participants) on 

the risk of PCA associated with total soy product consump-
tion, with 65,909 participants newly diagnosed with PCA 
during the follow-up period. The analysis indicated that men 
who consumed soy products exhibited a significantly lower 
risk of PCA than those who never or rarely consumed soy 
products (odds ratio [OR]=0.94, 95% CI=0.91–0.97, p<0.001), 
with moderate heterogeneity observed (I2=40.3%). In essence, 
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the intake of soy products demonstrated a protective effect 
against PCA risk. Furthermore, both cohort studies (OR=0.98, 
95% CI=0.95–1.00) (I2=19.0%) and case-control studies (OR=0.94, 
95% CI=0.94–0.97) (I2=40.3%) consistently concluded that soy 
products consumption reduces the risk of PCA in men. De-
tailed data is contained in Table 2.

4. Soy products consumption
The study employed grams per day (g/day) as the unit of 

measurement for soy product consumption. Twelve studies 
(involving 1,336,156 participants) investigated the impact of 
varying levels of soy product consumption on PCA risk. A 
total of 63,023 participants were newly diagnosed with PCA 
during the study period. According to the grouping criteria 
delineated in the included studies, the data were categorized 
into ‘0–50 g/day group’, ‘50–100 g/day group’, ‘100–150 g/
day group’, and ‘>150 g/day group’. The results showed that 
men’s intake of soy products within the range of 0–50 g/day 
(OR=0.99, p=0.143) (I2=0.0%), 50–100 g/day (OR=0.98, p=0.586) 
(I2=41.7%), 100–150 g/day (OR=0.93, p=0.018) (I2=35.5%), and 
>150 g/day (OR=0.91, p=0.078) (I2=64.1%) demonstrated no sig-
nificant impact on PCA incidence. With the increase in soy 
products intake, the incidence of PCA tended to gradually 
decrease, although statistically significance was not attained. 

The detailed data is contained in Table 2.

5. Soy products consumption frequency
In this study, the frequency of soy product consumption 

was quantified as times per day (time/day). The data were 
grouped based on a frequency of  1 time/day. Six studies 
explored the effect of soy products on PCA at different con-
sumption frequencies. Among the 42,290 participants, a total 
of 2,363 were newly diagnosed with PCA. Subgroup analysis 
showed that when the frequency was <1 time/day, there was 
no significant association between soy products consump-
tion and PCA incidence (OR=0.94, 95% CI=0.84–1.05, p=0.254). 
However, when the frequency was ≥1 time/day, soy product 
consumption was associated with a reduced incidence of 
PCA (OR=0.80, 95% CI=0.65–0.99, p=0.038), with statistically 
significant differences observed. The detailed data are pre-
sented in Table 2.

6. Racial demographics
The correlation between soy products consumption and 

PCA risk is affected by racial demographics. Two studies 
provided relevant data, categorizing the population into 
African Americans, Latinos, Whites, Japanese, and Chinese. 
Among the 85,720 participants, a total of 6,023 were newly 
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Fig. 1. PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-
Analyses) 2009 flow diagram. A sche-
matic flow for the selection of articles 
included in this meta-analysis.
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diagnosed with PCA. The results revealed that soy products 
exhibited a protective effect on the prostate among African 
Americans (OR=0.89, p=0.006) and Latinos (OR=0.93, p=0.036), 
thereby reducing the risk of PCA in male population. How-
ever, no significant effect was observed among Japanese 
(OR=0.99, p=0.655), Chinese (OR=0.90, p=0.155), and Whites 
(OR=0.96, p=0.133). Detailed data are presented in Table 2.

7. PCA stage
Regarding the relationship between soy products and 

different stages of  PCA, 5 studies (1,211,029 participants) 
provided data on localized or low-grade PCA, and 3 studies 
(1,299,338 participants) contained data about non-localized 
or high-grade PCA. The analysis indicated that soy prod-
ucts were associated with a reduced risk of localized or low-
grade PCA (OR=0.94, 95% CI=0.90–0.97, p<0.001) with low 
heterogeneity (I2=19.9%). However, no significant effect was 
observed for non-localized or high-grade PCA (OR=0.96, 95% 
CI=0.91–1.01, p=0.085) with moderate heterogeneity (I2=54.0%). 
Detailed data are presented in Table 2.

8. Soy products subtypes
Various subtypes of soy products have different effects 

on PCA risk. Eighteen studies (involving 1,379,001 partici-
pants) provided data on non-fermented soy products and 
7 studies (involving 395,976 participants) provided data on 
fermented soy products. The analysis showed that non-
fermented soy products had a protective effect on PCA 
(OR=0.93, 95% CI=0.90–0.96, p<0.001). Conversely, fermented 
soy products had no significant effect on PCA (OR=1.10, 95% 
CI=0.98–1.22, p=0.096). Among non-fermented soy products, 
legumes (OR=0.95, p=0.001) and soy milk (OR=0.84, p=0.001) 
significantly reduced the risk of PCA in the male popula-
tion, but tofu (OR=0.93, p=0.099) exhibited no significant ef-
fect on PCA. Among fermented soy products, natto (OR=0.98, 
p=0.837) showed no association with the incidence of PCA, 
while miso (OR=1.15, p=0.047) was identified as a potential 
risk factor for PCA in men, leading to a slight increase in 
incidence with minor heterogeneity observed. Detailed data 
are presented contained in Table 2.

9. Study quality
The NOS checklist was adopted to rigorously assess the 

Table 1. Characteristics of included observational studies in the meta-analysis

Study Country
Time of 

experiment (y)

Age at 
recruitment 

(y)

Median age 
(y)

Median 
follow-up 

time (y)

No. of PCA 
cases

No. of 
participants

Severson et al. [43] (1989) America 1965–1968 46–68 54.0 21.0 174 7,999
Jacobsen et al. [32] (1998) America 1976–1992 ≥25 NA NA 225 12,395
Greenlee et al. [20] (2004) America 2000–2002 50–76 NA NA 1,891 35,441
Allen et al. [29] (2004) Japan 1963–1981 18–99 51.0 16.9 196 18,115
Nomura et al. [39] (2004) Japan 1971–1975 30–75 NA 19.4 304 5,826
Kurahashi et al. [22] (2007) Japan 1995–2004 45–74 NA 5.0 307 325,371
Kirsh et al. [21] (2007) America 1993–2001 55–74 63.3 4.2 1,338 29,361
Park et al. [23] (2008) America 1993–1996 45–75 NA 8.0 4,404 82,483
Petimar et al. [41] (2017) America 1985–2008 18–75 NA 18.0 52,680 842,149
Sawada et al. [42] (2020) Japan 1995–2016 45–74 57.6 16.9 221 43,580
Oishi et al. [40] (1988) Japan 1981–1984 50–79 70.6 6.4 117 227
Sung et al. [45] (1999) China 1995–1996 40–85 NA NA 90 270
Villeneuve et al. [46] (1999) Canada 1994–1997 50–74 NA NA 1,623 3,246
Kolonel et al. [34] (2000) China 1987–1991 ≤84 70.5 9.5 1,619 3,237
Lee et al. [35] (2003) China 1989–1992 50–89 60.6 NA 133 398
Sonoda et al. [44] (2004) Japan 1996–2002 59–73 65.2 5.2 140 280
Jian et al. [33] (2004) China 2001–2002 ≥45 72.2 4.3 130 404
McCann et al. [37] (2005) America 1986–1991 30–75 65.0 NA 433 971
Hedelin et al. [31] (2006) Sweden 2001–2002 35–79 66.8 6.7 1,314 2,096
Heald et al. [30] (2007) Scotland 1998–2001 50–74 67.2 NA 433 916
Nagata et al. [38] (2007) Japan 1996–2003 59–73 60.3 10.2 200 400
Li et al. [36] (2008) China 1998–2000 ≥50 71.4 NA 28 308

PCA, prostate cancer; NA, not available.
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quality of the included observational studies in this meta-
study. Regarding cohort studies, 90% were of high quality 
(NOS score ≥7). For case-control studies, 91.67% were of high 
quality (NOS score ≥7). Supplementary Tables 3 and 4 ex-
plicitly recorded the assessment of risk of bias.

10. Publication bias and sensitivity analysis 
Begg’s test was used to evaluate publication bias. The re-

sults of Begg’s test indicated no significant publication bias 
among the included articles (p>0.05). Sensitivity analysis was 
conducted to assess whether any individual studies affected 
the overall results. The results suggested that the analysis 
was relatively stable.

DISCUSSION

Through rigorous data analysis, this study has eluci-
dated that soy products have a protective effect within the 
male population, effectively lowering the incidence rate of 
PCA, especially localized or low-grade PCA, but having no 
significant effect on non-localized or high-grade PCA. Both 
cohort and case-control studies showed consistent results. 
Consumption frequency and race were associated with PCA 
risk. Although statistical significance was not consistently 
achieved, a trend was observed suggesting that higher con-
sumption of soy products may associated with a gradual 
reduction in PCA incidence. Specifically, a consumption 
frequency of ≥1 time/day was linked to a diminished risk of 
PCA, while frequencies of <1 time/day showed no significant 
effect. Soy products can reduce the risk of PCA in African 

Table 2. Effects of soy products on PCA incidence

Subgroup analysis No. of studies OR 95% CI p-value
Heterogeneity

(I2) (%)
Soy products 20 0.94 0.91–0.97 <0.001 40.3
Cohort study 9 0.98 0.95–1.00 0.056 19.0
Case-control study 11 0.94 0.94–0.97 <0.001 40.3
Soy products consumption
    0–50 g/day 11 0.99 0.97–1.00 0.143 0.0
    50–100 g/day 12 0.98 0.93–1.04 0.586 41.7
    100–150 g/day 11 0.93 0.87–0.99 0.018 35.5
    >150 g/day 6 0.91 0.82–1.01 0.078 64.1
Soy products consumption frequency
    <1 time/day 3 0.94 0.84–1.05 0.254 0.0
    ≥1 time/day 6 0.80 0.65–0.99 0.038 30.5
Racial demographics
    African Americans 2 0.89 0.81–0.97 0.006 55.5
    Japanese 2 0.99 0.93–1.05 0.655 0.0
    Whites 2 0.96 0.90–1.01 0.133 0.0
    Latinos 2 0.93 0.87–1.00 0.036 8.9
    Chinese 2 0.90 0.79–1.04 0.155 0.0
Prostate cancer stage
    Non-localized or high-grade 5 0.96 0.91–1.01 0.085 54.0
    Localized or low grade 3 0.94 0.90–0.97 <0.001 19.9
Soy products subtypes
    Fermented soy products 7 1.10 0.98–1.22 0.096 10.7
        Natto 2 0.98 0.77–1.24 0.837 15.8
        Miso 5 1.15 1.00–1.33 0.047 16.9
    Non-fermented soy products 18a 0.93 0.90–0.96 <0.001 44.3
        Tofu 10 0.93 0.85–1.01 0.099 28.8
        Legumes 8 0.95 0.92–0.98 0.001 45.5
        Soy milk 10 0.84 0.75–0.93 0.001 47.4

PCA, prostate cancer; OR, odds ratio; CI, confidence interval.
a:Some studies have also explored the effects of soy milk, tofu, and soybeans on prostate cancer. There are overlapping groups between the stud-
ies, so the total number is less than the sum of the studies in the following three subgroups.
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Americans and Latinos, whereas Japanese, Chinese, and 
White populations did not exhibit a significant association. 
Subtype analysis revealed that non-fermented soy products, 
including legumes and soy milk, demonstrated a notewor-
thy reduction in PCA incidence, whereas tofu exhibited no 
discernible effect. Conversely, fermented soy products had 
no effect on PCA incidence, with natto showing no effect 
and miso potentially increasing the incidence rate of PCA in 
subtype analysis.

Given the intricate composition of soy products, there 
is no unified mechanism to explain their impact on the in-
cidence rate of PCA. However, prevailing theories suggest 
that high level of isoflavones (including genistein, daidzein, 
etc.) present in soy products inhibit PCA epithelial cell 
growth, thereby conferring a protective effect on the pros-
tate [30,47,48]. Research has demonstrated that isoflavones 
can effectively impede the growth of LAPC-4 and PC-3 PCA 
cells in a dose-dependent manner by inhibiting angiogenesis 
during PCA growth and preventing cancer cell adhesion to 
blood vessel surfaces [49,50]. Meanwhile, isoflavones possess 
antioxidant properties [51], which can inhibit tyrosine kinase 
activity and regulate signaling pathways such as AKT [52], 
MAPK [53], and others [54], thereby influencing the expres-
sion of genes that control cell survival [55], the cell cycle 
[56], and apoptosis [57]. Additionally, they enhance the DNA 
repair system to jointly inhibit tumor occurrence [58]. The 
effects of isoflavones can be cumulative over time, with pro-
longed and intensified exposure to soy products enhancing 
their efficacy. These mechanistic insights corroborate the 
findings of the present study, affirming the biological valid-
ity of the observed negative correlation between PCA risk 
and soy product consumption frequency among the male 
population.

A recent emerging perspective suggests that the protec-
tive effect of soy products on PCA depends on their andro-
gen-like and anti-androgenic effects. Previous research un-
derscores the pivotal role of androgen levels in male prostate 
health, highlighting prolonged androgen exposure or height-
ened cellular androgen responsiveness as significant PCA 
risk factors [16]. Exogenous estrogen supplementation has 
been shown to suppress hormone release from the anterior 
pituitary gland, reduce luteinizing hormone, and decrease 
the production of androgen by the testes, thereby exerting 
anti-androgenic effects. On the one hand, the relatively high 
level of isoflavones and 17-β-estradiol, a type of phytoestro-
gen with strong estrogenic activity [59], has a similar struc-
ture. Isoflavones can bind to a large number of estrogen 
receptors β in prostate tissue and play an anti-androgenic 
role [60,61]. Moreover, isoflavones have been observed to 

downregulate levels of androgen receptor (AR) and prostate-
specific antigen, collectively mitigating androgen-mediated 
prostatic stimulation [16]. On the other hand, soy products 
contain natural androgens, and exogenous supplementa-
tion of phytoestrogens can induce hormone metabolism to 
convert into androgens, leading to an increase in circulating 
androgens and an increased risk of PCA [62]. 

Presently, there is a prevailing inclination among re-
searchers to attribute greater significance to the anti-
androgenic properties of  soy products and the inherent 
anticancer effects of isoflavones compared to the deleterious 
impact of androgens on the prostate [63]. Moreover, it is rec-
ognized that anti-androgenic effects may lead to a reactive 
increase in the number of ARs and an increase in sensitiv-
ity to androgen in prostate cells, leading to the occurrence 
of hormone-sensitive tumors [64]. Studies have delineated 
that as PCA progresses, mutations or epigenetic silencing of 
DNA repair genes within cancer cells may compromise their 
responsiveness to hormone therapy, thereby facilitating the 
transition from hormone-dependent to hormone-independent 
tumor growth. This phenomenon assumes particular signifi-
cance in the management of advanced-stage PCA patients 
[65]. This may explain why the soy product consumption is 
associated with a protective effect on localized or low-grade 
PCA, while the effect on non-localized or high-grade PCA 
is not significant. In addition, according to epidemiological 
and biological data, the potential etiology of PCA is not only 
influenced by genes but also by the interaction between ex-
posure and genetic environment [66]. The differential impact 
observed across racial and geographical demographics may 
be attributed to background factors modulating PCA suscep-
tibility via population-specific gene-environment interactions 
[67,68]. This, to some extent, supports the results found in 
this study that soy product intake can reduce the incidence 
of PCA in African American and Latino populations but 
has no effect on the incidence of PCA in Japanese, White, 
and Chinese populations.

Regarding the conclusions drawn from our investigation 
of non-fermented and fermented soy products, our research 
aligns with previous studies [25,69], demonstrating that 
non-fermented soy products can reduce the incidence rate 
of PCA, while fermented soy products show no discernible 
impact on PCA incidence. However, our research presents 
differing conclusions regarding the impact of a specific soy 
products on PCA. For example, Hwang et al. [25] believe that 
tofu can significantly reduce the incidence rate of  PCA, 
whereas our research finds that tofu has no impact on PCA 
incidence. Conversely, they [25] suggest that soy milk has no 
effect on PCA, but our research indicates that soy milk can 
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reduce the risk of PCA. Given the complexity of human diet 
and the different confounding factors addressed in various 
studies, we should exercise caution when drawing conclu-
sions about the impact of individual soy products on PCA, 
as any bias may alter the results. Interestingly, our study 
identified an unexpected increase in PCA incidence associ-
ated with miso consumption, which contrasts with previous 
findings [25]. We hypothesize that the high sodium content 
in miso may lead to hyperosmotic dehydration and cellular 
necrosis, potentially promoting PCA initiation, proliferation, 
and metastasis. However, further rigorous investigation is 
warranted to validate this conjecture.

Reviewing the same type of studies, Yan and Spitznagel’s 
study [70] reached a similar conclusion to the present study, 
showing that soy products reduce the risk of PCA in men 
(OR=0.70, 95% CI=0.59–0.83). However, they did not conduct 
subgroup analyses on soy product consumption and race, 
thus limiting their ability to provide comprehensive insights 
into the male population from various perspectives. The 
study by Applegate et al. [69] conducted a subgroup analysis 
by region, but there was only one study in the European 
group, which may have led to an overestimation of their 
findings and a lack of reliability. Furthermore, while our 
study analyzed isoflavones, it is essential to note the vary-
ing definitions of isoflavones across different studies. For 
example, Reger et al. [48] defined isoflavones as including ge-
nistein, daidzein, formononetin, biochanin A and coumestrol, 
while Heald et al. [30] defined isoflavones as including genis-
tein, daidzein, and equol. Given the limited number of stud-
ies analyzed and the heterogeneity observed among them, 
caution must be exercised in drawing definitive conclusions.

Although this meta-analysis yielded comprehensive and 
objective conclusions, several potential limitations warrant 
consideration. Firstly, variations in study design, populations, 
sample sizes, risk assessment methodologies, and adjustment 
for confounding factors varied among the included studies 
may introduce bias and diminish confidence in the conclu-
sions. To address this variability, a random-effects model 
was employed to assess the impact of soy products on PCA. 
Secondly, most studies use food frequency questionnaires to 
evaluate diet, while a few studies use an interview format. 
This inevitably leads to evaluation or measurement errors 
in the dietary evaluation process, which may result in bi-
ased results. Additionally, considerable heterogeneity existed 
in the lifestyle habits and geographic locations of the study 
populations, further complicating the analysis. To mitigate 
these issues, relevant data were meticulously selected for 
statistical analysis, and adjustments were made for a maxi-
mal number of potential confounding factors to enhance 

result accuracy. Thirdly, the unavailability of subgroup data, 
such as PCA type subgroup data, race status subgroup data, 
etc., in all trials posed challenges for conducting certain sub-
group analyses in this study. Thus, large-scale observational 
studies are still needed to further validate the relevant con-
clusions.

In addition to limitations, this meta-analysis boasts sev-
eral strengths. Foremost among them is the inclusion of a 
substantial number of observational studies, encompassing 
over 1.4 million participants in Asia, Europe, and America. 
The extensive observational population enhances the reli-
ability and credibility of the study’s conclusions. Additional-
ly, this study grouped the extracted data (by PCA stage, race 
or soy products subtype) and performed subgroup analyses 
to comprehensively explore the effect of soy products on dif-
ferent populations and PCA types. In sum, this meta-analysis 
yielded meaningful insights that may offer novel perspec-
tives for PCA prevention strategies among male populations.

CONCLUSIONS

This meta-analysis found that soy products reduce the 
risk of PCA, especially localized or low-grade PCA. The fre-
quency of consumption was negatively associated with PCA 
risk. Soy products can reduce the risk of PCA in African 
Americans and Latinos but have no impact in Japanese, 
Chinese and White populations. Non-fermented soy prod-
ucts demonstrate a reduction in PCA incidence, whereas 
fermented soy products do not show a significant effect. 
Considering the relevant limitations, large-scale prospective 
cohort studies are still needed to further confirm the conclu-
sions of this study.
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