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Effect of soy isoflavone supplementation S
on blood pressure: a meta-analysis
of randomized controlled trials
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Abstract

Background Previous experimental studies have suggested that the consumption of soy isoflavones may have

a potential impact on lowering blood pressure. Nevertheless, epidemiological studies have presented conflicting
outcomes concerning the correlation between soy isoflavone consumption and blood pressure levels. Consequently,
a comprehensive meta-analysis of all eligible randomized controlled trials (RCTs) was conducted to explore the influ-
ence of soy isoflavones on systolic blood pressure (SBP) and diastolic blood pressure (DBP) in adults.

Methods A thorough search of PubMed, Embase, and the Cochrane Library for relevant literature up to April 30,
2023 was conducted. RCTs involving adults that compared soy isoflavone supplementation with a placebo (the same
matrix devoid of soy isoflavone) were included. The combined effect size was presented as the weighted mean differ-
ence (WMD) along with 95% confidence interval (Cl), employing a fixed-effects model.

Results Our meta-analysis included a total of 24 studies involving 1945 participants. The results revealed a sig-
nificant reduction in both SBP and DBP with soy isoflavone supplementation. Subgroup analyses suggested more
pronounced reductions in SBP and DBP for interventions lasting >6 months, in individuals receiving mixed-type soy
isoflavone, and among patients with metabolic syndrome or prehypertension. However, we did not detect significant
nonlinear associations between supplementation dosage and intervention duration concerning both SBP and DBP.
The overall quality of evidence was deemed moderate.

Conclusions The current meta-analysis revealed that supplementation with soy isoflavones alone effectively reduces
blood pressure. Additional high-quality studies are required to investigate the efficacy of blood pressure reduction
through supplementation with an optimal quantity and proportion of soy isoflavone.

Keywords Soy isoflavone, Systolic blood pressure, Diastolic blood pressure, Hypertension, Dose-response

*Lifu Lei and Suocheng Hui these authors contributed equally to this work. #Research Center for Metabolic and Cardiovascular Diseases, The Third
*Correspondence: é\;ﬁ!zted Hospital of Chongging Medical University, Chongging 410020,
Jian Yang

jianyang@hospital.cgmu.edu.cn

Shiwen Tong

tswegmu@cgmu.edu.cn

! Department of Clinical Nutrition, The Second Affiliated Hospital

of Chongging Medical University, Chongging 400016, China

2 Department of Clinical Nutrition, The People’s Hospital of Chongqing
Liang Jiang New Area, Chongging 401135, China

3 Department of Clinical Nutrition, The Third Affiliated Hospital

of Chongging Medical University, Chongging 410020, China

©The Author(s) 2024, corrected publication 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a
credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-024-00932-6&domain=pdf

Lei et al. Nutrition Journal (2024) 23:32

Introduction

Hypertension is identified as the most significant risk fac-
tor for cardiovascular diseases (CVDs) and accounts for
10.8 million deaths globally each year [1-3]. The high
prevalence of hypertension is a global public health prob-
lem that is increasing the healthcare burden in many
countries [3—5]. Therefore, preventing the development
of hypertension and rationally controlling blood pressure
are effective strategies for reducing medical consumption
and improving global health [5, 6].

Lifestyle modifications, including increasing physi-
cal activity, maintaining a healthy diet, and dietary sup-
plementation, are essential strategies for the prevention
and treatment of hypertension [7]. Recent evidence has
demonstrated that specific nutrient supplementation is
associated with lower blood pressure [8, 9]. Soy isofla-
vone is a phytoestrogen originating from soybean that
mainly includes genistein, daidzein, and glycitein. It has
numerous physiological functions, such as anti-inflam-
matory, antioxidant and cardioprotective activities [10].
Moreover, soy isoflavones have been shown to be ben-
eficial for treating several chronic diseases, including
menopausal symptoms, obesity, diabetes, and CVDs,
including hypertension [11, 12]. The levels of soy isofla-
vone and its bioactive metabolite equol are significantly
negatively associated with the incidence of CHD [13-15].
A large population cohort study indicated that soy iso-
flavone consumption was inversely related to the risk of
myocardial infarction [16]. Moreover, genistein and daid-
zein have been shown to exert anti-hypertensive effects
in hypertensive model animals across numerous experi-
mental studies [17-20]. Thus, the role of soy isoflavone
in cardiovascular protection has attracted increasing
attention.

The impact of soy isoflavone on blood pressure remains
a subject of ongoing debate in epidemiological studies.
Some randomized controlled trials (RCTs) have sug-
gested potential benefits of soy isoflavone supplementa-
tion on blood pressure [21-23], while others have not
observed such an influence [24—26]. A prior meta-anal-
ysis has reported that soy isoflavone supplementation
leads to a reduction in systolic blood pressure (SBP),
but does not affect diastolic blood pressure (DBP) [27].
Another meta-analysis has shown that soy isoflavone
supplementation lowers both SBP and DBP among indi-
viduals with hypertension [28]. It is worth noting that
the trials included in this study involved soy proteins,
making it challenging to pinpoint which component is
responsible for the blood pressure effect. Previous find-
ings remain inconsistent, and it is unclear whether soy
isoflavones have beneficial effects on blood pressure
independent of soy protein. These meta-analyses were
conducted more than a decade ago, and since then,
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multiple new RCTs have been published to provide new
evidence. Considering the aforementioned points, the
objective was to assess the effects of soy isoflavone on the
prevention of hypertension by examining the impact of
soy isoflavone supplementation alone on SBP and DBP
in adults, especially in participants with varying doses of
intervention, durations of intervention, and character-
istics. To fulfill this aim, we conducted a comprehensive
dose-response meta-analysis of all suitable trials, and we
evaluated the quality of the evidence using the Grading of
Recommendations Assessment, Development, and Eval-
uation (GRADE) approach.

Methods

This meta-analysis was conducted according to the
guidelines outlined in the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement
(PRISMA) [29] and was registered with the International
Prospective Register of Systematic Reviews (PROSPERO,
CRD42023408560).

Literature search strategy

A comprehensive literature search, including studies
published on or before April 30, 2023, was performed
using the using Pubmed (https://pubmed.ncbi.nlm.nih.
gov), Embase (http://www.embase.com/search/advan
ced), and Cochrane Library databases (https://www.
cochrane.org). Medical subject headings and keywords
were employed to search for terms such as soy, soy pro-
tein, isoflavone, phytoestrogen, genistein, daidzein, gly-
citein, blood pressure, hypertension, antihypertensive
agents, and hypotension. Two authors independently
screened and evaluated titles and abstracts for each
study. Subsequently, studies meeting the inclusion crite-
ria had their full texts documented, and any discrepan-
cies were resolved through discussion involving a third
reviewer. The agreement on the systematic search among
investigators was estimated using Cohen’s kappa test. The
detailed search strategy is presented in Table S1.

Selection criteria

Studies were included if they met the following inclu-
sion criteria: (1) had a randomized controlled trial
(RCT) design, including a parallel or crossover design;
(2) included participants were adults (>18 years old) in
the study; (3) had an intervention duration of at least 4
weeks; (4) had an intervention group that contained soy
isoflavone and a control group that had a placebo (if the
intervention group had soy isoflavone and other com-
pounds, the control group had the same compound as a
placebo); (5) had SBP or/and DBP reported as primary
or secondary outcomes; (6) had mean/median values for
SBP or DBP with standard errors of the means (SEM)
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or standard deviations (SD) or 95% confidence interval
(Cl) for the control and soy isoflavone groups. (7) were
reported in the English language.

Studies were excluded if they met the following crite-
ria: (1) were observational studies, non-clinical trials, or
animal studies; (2) were children, adolescents, pregnant
or lactating women, or individuals with preexisting car-
diovascular events (e.g., stroke or heart failure), renal dis-
eases, or secondary hypertension.

Data extraction

Data from each included study was independently
extracted by two investigators (L. Lei and S. Hui): (1)
Study characteristics, including the first author’s name,
publication year, country, intervention duration, study
design type, sample size (for soy isoflavone and control
groups), average age, body mass index (BMI), gender
distribution (percentage of women), subjects’ health sta-
tus, intervention details in the soy isoflavone and control
groups, and results. (2) Data for the study endpoints were
recorded when outcomes were available at various time
points in the studies.

Quality assessment

The risk of bias in the eligible studies was assessed by
two investigators using the Cochrane Collaboration’s tool
[30], which included the following six aspects: (1) selec-
tion bias; (2) performance bias; (3) detection bias; (4)
attrition bias; (5) reporting bias; (6) other bias, includ-
ing baseline comparisons. Studies were categorized
as high risk if they exhibited one or more items with a
high risk of bias, and as low risk if all items had low bias
risk. Other studies were evaluated as having an unclear
risk of bias. Furthermore, the quality of each outcome
was graded using GRADE, which included criteria such
as study design, risk of bias, imprecision, inconsistency,
indirectness, and publication bias. The level of evidence
was assessed as high, moderate, low, or very low [31,
32]. Two investigators (L. Lei and S. Hui) independently
evaluated study quality (risk of bias and GRADE), with
discrepancies resolved through consensus or referral to a
third author (S. Tong).

Statistical analysis

The weighted mean difference (WMD) between the soy
isoflavone and control groups was calculated using the
mean change and SD of SBP and DBP measurements.
The baseline and outcome values can be found in Table 2
of Supplementary Material 3. In cases where the SD of
the mean change was not reported in the studies, we
estimated it using the following formula: SD = square
root [(SDbaseline2 + sDendpointz) - (2 X R x SDbaseline X
SDendpoind)]> @ssuming a correlation coefficient of 0.5 [33].
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When the SEM of the mean change was provided in the
trials, we calculated SD as follows: SD = SEM X square
root (n), where n was the number of participants. For
cases where 95% CI values were reported, the method of
calculating SD was described by Hozo et al. [34].

To assess the heterogeneity of the included studies, we
used the Higgins index (/%) and P value [35]. If signifi-
cant heterogeneity was present (I* >50% or P <0.1), the
random effects model was utilized; otherwise, the fixed
effects model was applied. Publication bias was assessed
through visual inspection of funnel plots and statisti-
cal testing using Egger’s test [36]. To explore potential
sources of heterogeneity, subgroup analyses were con-
ducted based on factors such as soy isoflavone dos-
age, intervention duration, baseline BMI, gender, mean
age, resting blood pressure status (normotension: <120
mmHg SBP and <80 mmHg DBP; prehypertension: 120-
139 mmHg SBP and/or 80-89 mmHg DBP; hyperten-
sion: >140 mmHg SBP and/or >90 mmHg DBP) [37-39],
participants’ health status, and types of soy isoflavone.
Meta-regression was conducted to examine the relation-
ship between the effect size and several moderators, such
as the dosage and duration of intervention. Non-linear
effects of soy isoflavone dosage (mg/day) and interven-
tion duration (months) were explored using fractional
polynomial modeling (polynomials) [40]. The robustness
of the studies was assessed through sensitivity analyses,
which involved excluding each study one by one and
conducting the analysis [41]. All statistical analyses were
carried out using Stata statistical software (Version 14.0;
Stata Corp.), and statistical significance was determined
at P values <0.05.

Results

Results of literature search

The study selection procedure for this meta-analysis is
illustrated in Fig. 1. The inclusion and exclusion of arti-
cles were in substantial agreement among the investi-
gators (Kappa = 0.86; % agreement = 98.56; P <0.001).
Initially, a total of 5454 relevant studies were identified
through the search, and subsequently, 1593 duplicate
studies were eliminated. After reviewing the titles and/
or abstracts, 3787 studies were further excluded. Further-
more, upon a comprehensive evaluation of the full texts,
50 studies were excluded as they did not meet the inclu-
sion criteria. Ultimately, 24 studies satisfied the inclusion
criteria and were included in this meta-analysis.

Characteristics of included studies

The essential characteristics of the 24 studies included in
this meta-analysis are summarized in Table 1 of Supple-
mentary Material 3 [21-26, 42—59]. The study included a
total of 1945 participants, whose ages ranged from 44 to
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> Records after duplicates removed (n=1593)

A

Studies included in this
meta-analysis
(n=24)

Fig. 1 Flow diagram of study selection for meta-analysis.

74 years at baseline. Among them, 1005 individuals were
part of the soy isoflavone group, while 940 participants
belonged to the control group. The participants consisted
of healthy individuals and patients with conditions such
as type 2 diabetes, metabolic syndrome, insulin resist-
ance, and non-alcoholic fatty liver disease. Two studies
included both males and females, one study exclusively
had male participants, and the remaining twenty-one
studies involved only female participants. The base-
line BMI of the participants varied from 23 to 32 kg/m?.
These studies were published between 2000 and 2018.
The intervention duration ranged from 1 to 24 months,
with a median duration of 6 months. Soy isoflavone sup-
plementation doses ranged from 40 to 300 mg/day. Most
studies did not report the dietary intake levels of soy
isoflavone, while six studies provided a baseline dietary
intake range of 1 to 31.7 mg/day of soy isoflavone [21,
26, 45, 51, 54, 55]. Nineteen studies employed parallel
designs, while five studies used crossover designs.

Quality assessment

The risk of bias in the included studies was evaluated
using the Cochrane Collaboration’s tool, and the results
can be found in Table S3. The studies were categorized as
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Non-English (n=2)

Same population (n=1)

having low risk, unclear risk, or high risk based on seven
criteria for bias assessment. In general, all studies dem-
onstrated a low risk of bias for random sequence genera-
tion, and thirteen studies exhibited a low risk of bias for
allocation concealment. All trials were deemed to have a
low risk of bias concerning blinding of participants and
personnel, as well as selective reporting. However, two
studies were found to have a high risk of bias for blind-
ing of outcome assessment. One article was identified as
having a high risk of bias for incomplete data outcomes,
while most studies displayed a low risk of bias for other
potential sources of bias. The quality of evidence for SBP
and DBP was evaluated as moderate quality, and further
details of the GRADE framework for quality assessment
can be found in Table 2 of Supplementary Material 3.

Effect of soy isoflavone supplementation on SBP

The overall results indicated that soy isoflavone sup-
plementation significantly decreased SBP (WMD, -1.40
mmHg; 95% CI, -2.62 to -0.14 mmHg) (Fig. 2). The het-
erogeneity test revealed that SBP had low heterogeneity
in the studies (2 = 0.00%, 95% CI, 0 to 38.5%, P = 0.61),
and a fixed-effects model was used to evaluate the pooled
effects.
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Study ID WMD (95% ClI) Weight %
Simon et al. 2000 ?! -1.00 (-12.09, 10.09) 1.29
Han et al. 2002 —_—— 0.00 (-6.20, 6.20) 412
Squadrito et al. 2002 —4—%— -4.00 (-10.66, 2.66) 3.57
Uesugi et al. 2004 —_— -7.00 (-15.68, 1.68) 2.10
Colacurci et al. 2005 —0—:—- -5.00 (-11.02, 1.02) 4.36
Yildiz et al. 2005 —:——0— 3.00 (-4.19, 10.19) 3.06
Hallund et al. 2006 + 1.00 (-6.73, 8.73) 2.65
Gonzalez et al. 2007 —*—:— -5.00 (-13.14, 3.14) 2.38
Katz et al. 2007 : g 2.40 (-8.53, 13.33) 1.32
Aubertin_Leheudr et al. 2008 —O—f—— -5.70 (-13.28, 1.88) 2.75
Khaodhiar et al. 2008 (40 mg) —_—— 0.00 (-5.62, 5.62) 5.00
Khaodhiar et al. 2008 (60 mg) —_—— -2.00 (-7.88, 3.88) 4.57
Gleason et al. 2009 -+ ; -8.50 (-20.55, 3.55) 1.09
Llaneza et al. 2010 —:—0— 0.10 (-6.57, 6.77) 3.55
Wong et al. 2012 —:——*— 2.00 (-5.17,9.17) 3.07
Chilibeck et al. 2013 —_—— -2.00 (-6.47, 2.47) 7.92
Irace et al. 2013 + T -14.70 (-29.05, -0.35) 0.77
Kim et al. 2013 —0—:— -3.30 (-8.56, 1.96) 572
Liu et al. 2013 (Normotension) ——— 0.60 (-4.18, 5.38) 6.92
Liu et al. 2013 (Hypertension) —T—— -1.60 (-5.36, 2.16) 11.17
Squadrito et al. 2013 * | -13.60 (-29.57, 2.37) 0.62
Cheng et al. 2014 —:—-0— 1.40 (-4.85, 7.65) 4.04
De Gregorio et al. 2017 - + -10.00 (-23.54, 3.54) 0.86
Sathyapalan et al. 2017 4—4— 1.78 (-2.50, 6.06) 8.62
Amanat et al. 2018 —_— 0.56 (-5.29, 6.41) 462
Sathyapalan et al. 2018 —_— -2.60 (-8.99, 3.79) 3.87
Overall (l-squared =0.0%, p = 0.607) <> -1.40 (-2.65, -0.14) 100.00

I
)
| |

-29.6

0

29.6

Fig. 2 Forest plot for the effect of soy isoflavone supplementation on SBP. The pooled effect estimate was represented by the diamond. Data were
presented as WMD and 95% Cl using the fixed-effects model. Abbreviation: SBP, systolic blood pressure; WMD, weight mean differences; 95% Cl,

95% confidence interval.

According to our subgroup analyses, the SBP was sig-
nificantly lower in the group treated with soy isoflavone
for at least 6 months and in the mixed-type soy isoflavone
group (Table 3 of Supplementary Material 3). Further-
more, the group receiving soy isoflavone supplementa-
tion exhibited a significant reduction in SBP in studies
involving healthy individuals and patients with metabolic
syndrome, and in studies conducted with participants
with prehypertension (Table 3 of Supplementary Mate-
rial 3).

Effect of soy isoflavone supplementation on DBP

The overall effect sizes showed that soy isoflavone sup-
plementation significantly reduced in DBP (WMD,
-1.11 mmHg; 95% CI, -1.91 to -0.30 mmHg) (Fig. 3). The
heterogeneity test of combined studies revealed that
DBP had low heterogeneity (P = 0.00%, 95% CI, 0 to

38.5%, P = 0.87), and a fixed effects model was used for
meta-analysis.

According to our subgroup analyses, compared with
those in the control group, the DBP in the soy isofla-
vone supplementation group significantly decreased after
intervention for at least 6 months or in the mixed-type
soy isoflavone group (Table 3 of Supplementary Mate-
rial 3). Furthermore, DBP resulting from soy isoflavone
supplementation was significantly lower in studies per-
formed with participants with prehypertension. Similar
results were found in healthy individuals and patients
with metabolic syndrome (Table 3 of Supplementary
Material 3).

Meta-regression analyses

Meta-regression was conducted to investigate the lin-
ear relationship between dosage of soy isoflavone,
duration of intervention, and alterations in blood
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Study ID WMD (95% Cl) Weight %
Simon et al. 2000 —IL;— 0.00 (-5.19, 5.19) 2.40
Han et al. 2002 ——— 1.00 (-2.92, 4.92) 4.19
Squadrito et al. 2002 —_—— -2.00 (-6.91, 2.91) 2.68
Uesugi et al. 2004 —_— -2.00 (-5.87, 1.87) 430
Colacurci et al. 2005 —— -3.00 (-5.38, -0.62) 11.37
Yildiz et al. 2005 —_—— 0.10 (-4.29, 4.49) 3.35
Hallund et al. 2006 —_—— -1.00 (-3.86, 1.86) 7.88
Gonzalez et al. 2007 —_—— 0.00 (-4.94, 4.94) 2.64
Katz et al. 2007 — -0.60 (-5.93, 4.73) 2.27
Aubertin_Leheudr et al. 2008 —O—H— -2.70 (-7.03, 1.63) 3.44
Khaodhiar et al. 2008 (40 mg) ——— 1.00 (-3.08, 5.08) 3.87
Khaodhiar et al. 2008 (60 mg) —_— -2.00 (-6.06, 2.06) 3.91
Gleason et al. 2009 e -4.40 (-12.56, 3.76) 0.97
Lianeza et al. 2010 — 0.80 (-3.04, 4.64) 4.36
Wong et al. 2012 S — -0.20 (-5.90, 5.50) 1.98
Chilibeck et al. 2013 —a—— 0.00 (-2.73, 2.73) 8.63
Irace et al. 2013 g . -6.90 (-14.67, 0.87) 1.07
Kim et al. 2013 —0—: -2.80 (-6.58, 0.98) 4.50
Liu et al. 2013 (Normotension) —_— 1.90 (-3.38, 7.18) 2.31
Liu et al. 2013 (Hypertension) ——— -0.70 (-4.40, 3.00) 4.70
Squadrito et al. 2013 + - -5.10 (-12.11, 1.91) 1.31
Cheng et al. 2014 —_—— -1.70 (-5.89, 2.49) 3.66
De Gregorio et al. 2017 - ' -10.00 (-22.01,2.01)  0.45
Sathyapalan et al. 2017 —— -1.43 (-4.58, 1.72) 6.48
Amanat et al. 2018 —_r 1.00 (-3.20, 5.20) 3.65
Sathyapalan et al. 2018 -0.40 (-4.60, 3.80) 3.64
Overall (l-squared = 0.0%, p = 0.869) o -1.11 (-1.91, -0.30) 100.00

|
T — |
-22 0 22

Fig. 3 Forest plot for the effect of soy isoflavone supplementation on DBP. The pooled effect estimate was represented by the diamond. Data were
presented as WMD and 95% Cl using the fixed-effects model. Abbreviation: DBP, diastolic blood pressure; WMD, weight mean differences; 95% Cl,

95% confidence interval.

pressure. A significant association between the dos-
age of soy isoflavone and its impact on SBP (P j;,eqyiy =
0.51) and DBP (P jjycqrity = 0.83) through supplementa-
tion was not identified. Moreover, the influence of soy
isoflavone supplementation on SBP (P jieariy = 0.65)
and DBP (P jjeqriey = 0.55) did not show a correlation
with the duration of intervention (Table S4).

The dose-response effect of soy isoflavone
supplementation on blood pressure

After conducting a dose-response assessment, we
found no significant non-linear association between
intervention duration and SBP (P ., jincarity = 0.08)
(Fig. 4A) or between intervention duration and DBP (P

non-linearity = 0-12) (Fig. 4B). We also failed to find a sig-
nificant non-linear relationship between soy isoflavone
dosage and SBP (P = 0.43) (Fig. 5A) or DBP
(P

non-linearity
non-linearity — 031) (Flg SB)

Sensitivity analyses

The results of sensitivity analyses showed that there was
no significant influence on the overall pooled effect size
of SBP or DBP by sequentially excluding one study (Figs.
S1A and S1B).

Publication bias

The assessment of publication bias indicated that the fun-
nel plots for SBP and DBP were symmetrical, suggesting
the absence of publication bias in the meta-analysis of the
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Fig. 4 Non-linear dose-response relationship between intervention duration and unstandardized mean difference in SBP (A) and DBP (B). The 95%
Cl was presented in the shaded regions. Abbreviation: DBP, diastolic blood pressure; SBP, systolic blood pressure; 95% Cl, 95% confidence interval.

effect of soy isoflavone on SBP and DBP (Figs. S2A and
S2B). Furthermore, the quantitative results of Egger’s lin-
ear regression test also supported this finding, as they did
not reveal significant evidence of publication bias (SBP: P
=0.13; DBP: P = 0.33).

Discussion

This meta-analysis examined the impact of soy isofla-
vone supplementation on blood pressure in adults,
incorporating the latest studies. Our findings indicate
that soy isoflavone supplementation led to a significant
reduction in both SBP and DBP. Subgroup analyses

further revealed that soy isoflavone supplementation
resulted in decreased SBP and DBP among individuals
undergoing long-term interventions (at least 6 months)
and those receiving mixed-type soy isoflavone. Addi-
tionally, a significant reduction in both SBP and DBP
was observed in both healthy participants and individ-
uals with metabolic syndrome or prehypertension fol-
lowing soy isoflavone intake.

Current evidence has not determined whether soy iso-
flavone or soy protein combined with soy isoflavone can
reduce blood pressure. A prior meta-analysis supported
our findings [28]. It is worth noting that all the studies
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95% Cl was presented in the shaded regions. Abbreviation: DBP, diastolic blood pressure; SBP, systolic blood pressure; 95% Cl, 95% confidence

interval.

included in this meta-analysis were focused on assessing
the impact of soy protein containing isoflavone on blood
pressure. In order to clarify the direct influence of soy
isoflavone on blood pressure regulation, we specifically
analyzed studies with interventions that solely involved
soy isoflavone in this meta-analysis. Furthermore, our
results contradicted another meta-analysis that reported
soy isoflavone significantly reduced SBP but had no effect
on DBP [27]. This discrepancy in outcomes could be
attributed to the inclusion of a larger number of studies
and larger sample sizes, which enhanced the statistical
power in our meta-analysis. Over the past decade, there

have been numerous additions to the literature; hence,
we made an effort to investigate the dose-response rela-
tionship between soy isoflavone supplementation and its
effect on blood pressure. However, in this study, we did
not observe a linear or non-linear dose-response rela-
tionship between the dosage of soy isoflavone supple-
mentation or intervention duration and SBP and DBP. It
is worth noting that most of the studies included various
types of individual soy isoflavones, and their content was
often unclear. Additionally, the metabolism and absorp-
tion of soy isoflavone can be influenced by factors such
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as gut microbiota, diet, and endogenous estrogen levels
[10].

Factors such as race/ethnicity and isoflavone metabo-
lites should also be considered when interpreting our
results. After prolonged consumption of soy isoflavone,
there was a more significant increase in the maximum
concentration in plasma and the area under the plasma
concentration-time curve values for daidzein and gen-
istein in Caucasians compared to Asians. This suggests
the existence of racial disparities in the pharmacokinetics
and bioavailability of soy isoflavone [60]. Furthermore,
the production of Equol, a metabolite of daidzein, is seen
in only 25-30% of adults in Western countries, whereas
it is produced by 60% of adults in Asian countries [61].
Research has indicated that equol possesses superior bio-
availability and antioxidant activity compared to other
soy isoflavones and may be responsible for the cardiovas-
cular benefits associated with soy isoflavone. Therefore, it
is imperative that future high-quality studies specifically
focus on distinct racial groups and isoflavone metabolites
to elucidate the potential influence of these factors on the
antihypertensive effects of soy isoflavone.

Controlling blood pressure is a crucial approach to
mitigating the risk of cardiovascular disease. Even a mod-
est decrease of 5 mmHg in SBP can lead to a 10% reduc-
tion in the risk of major cardiovascular events and a 5%
decrease in cardiovascular mortality [62]. Similarly, a 2
mmHg reduction in population DBP is associated with a
17% reduction in the prevalence of hypertension and a 6%
lower risk of coronary heart disease [63]. Furthermore,
even individuals with normal blood pressure benefit from
a slight reduction in blood pressure, which diminishes the
risk of cardiovascular disease [64]. It is worth noting that
implementing antihypertensive strategies at the popula-
tion level tends to be more cost-effective than individual
strategies due to the high global incidence of hyperten-
sion [65]. Although the relatively small reductions in SBP
and DBP observed in our study might not be significant
clinically important, moderate soy isoflavone supplemen-
tation is a safe dietary intervention for the prevention of
CVDs. Therefore, soy isoflavone supplementation may
be regarded as a beneficial strategy for controlling blood
pressure and reducing cardiovascular risk in adults in
general, including prehypertensive individuals.

Subgroup analyses revealed that soy isoflavone supple-
mentation significantly decreased blood pressure in par-
ticipants who underwent an intervention for a duration
of >6 months. This phenomenon was part presumably
due to the time required to reduce blood pressure. More-
over, subgroup analyses determined that soy isoflavone
supplementation was more efficacious in lowering blood
pressure among participants with metabolic syndrome
compared to other groups, including healthy individuals.
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Our subgroup analyses also revealed that supplemen-
tation with mixed types of soy isoflavones had a blood
pressure-reducing effect. Previous research has specu-
lated that different isoflavones may interact with each
other in a synergistic or antagonistic manner [66]. For
example, the synergistic effect of daidzein and genistein
has been shown to improve male reproductive function
[67]. However, the interaction among individual isofla-
vones in the context of cardiovascular health remains
unclear and warrants further investigation.

The mechanism underlying the blood pressure-low-
ering effect of soy isoflavones has been studied and
reported. Soy isoflavones have the potential to promote
vasodilation by influencing the endothelium and par-
ticipating in the maintenance of vascular homeostasis.
Genistein and daidzein, in particular, have been shown
to enhance the secretion of nitric oxide in endothelial
cells, leading to vasodilation, reduced vascular resistance,
and ultimately, a decrease in blood pressure [19, 68, 69].
Additionally, soy isoflavones have been found to com-
bat hypertension by influencing components within the
renin-angiotensin-aldosterone system. Treatment with
daidzein and genistein significantly decreased the activity
and expression of ACE and had significant hypotensive
effects [20, 70, 71]. Furthermore, genistein supplemen-
tation was found to inhibit carotid baroreceptor activity,
with the proposed mechanism being the suppression of
protein tyrosine kinase activity and reduction of Ca*"
influx through stretch-activated channels [72]. Barore-
ceptors are widely recognized for their critical role in the
long-term regulation of blood pressure [73]. The afore-
mentioned evidence suggests that genistein influences
the regulation of vasodilation via peripheral or carotid
sinus baroreceptors, potentially serving as another mech-
anism for reducing blood pressure.

The present meta-analysis has several strengths. First,
we conducted a comprehensive quantitative review on
the effect of soy isoflavone supplementation alone on
blood pressure. To our knowledge, previous evidence,
including that from multiple RCTs and two meta-anal-
yses, has shown conflicting findings. Second, based on
various factors, our study conducted subgroup analyses
to explore the differences between different subgroups.
However, several limitations should be considered in the
present study. Several factors need to be considered when
interpreting our results. Firstly, the inclusion of studies
involving participants with varying health characteristics,
such as diabetes, metabolic syndrome, and non-alcoholic
fatty liver, may have introduced some confounding into
our findings. However, it is worth noting that our overall
results were largely consistent with those of the major-
ity population subgroup. Secondly, the majority of the
included RCTs in this study employed different types and
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proportions of soy isoflavones, making it challenging to
determine which specific species or optimal proportion
is most beneficial for blood pressure regulation. Thirdly,
the clinical effects of soy isoflavones can be influenced by
the individual’s ability to convert soy isoflavone into more
potent metabolites like equol. The composition of gut
microbiota varies among individuals, leading to a high
degree of variability in equol production. Fourthly, blood
pressure, considered a secondary outcome in some of the
included studies, may have an impact on the reliability of
the measurements. Lastly, it is important to note that the
majority of the studies were conducted among women
and middle-aged and older adults (>40 years old). To
gain a more comprehensive understanding of the effect
of soy isoflavones on blood pressure, further research
involving men or young adults is still warranted.

Conclusions

To sum up, this meta-analysis has demonstrated that soy
isoflavone supplementation, when administered alone,
has a significant and favorable effect on reducing both
SBP and DBP. This effect was especially pronounced in
trials with intervention durations of at least 6 months,
among participants receiving mixed types of soy isofla-
vones, as well as in healthy individuals and those with
metabolic syndrome. Additionally, soy isoflavone supple-
mentation showed a noteworthy antihypertensive effect
in adults with prehypertension. These findings suggest
that soy isoflavone supplementation may be a potential
strategy for hypertension prevention. However, more
epidemiological studies involving diverse populations
with varying health conditions are necessary to provide
further corroborative evidence. Additionally, conduct-
ing more high-quality RCTs is essential to determine the
optimal quantity and proportion of soy isoflavones for
maximum benefit.

Abbreviations

ACE Angiotensin-converting enzyme

BMI Body mass index

CVDs Cardiovascular diseases

@] Confidence interval

DBP Diastolic blood pressure

GRADE  Grading of Recommendations Assessment, Development and
Evaluation

RCTs Randomized controlled trials

SBP Systolic blood pressure

SEM Standard error of mean

SD Standard deviations

WMD Weighted mean difference

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512937-024-00932-6.

Supplementary Material 1.

Supplementary Material 2.

Page 10 of 12

[ Supplementary Material 3. }

Acknowledgements
Not applicable.

Authors’ contributions

L. Lei and S. Tong designed the study. L. Lei, S. Hui, and Y. Chen did the
literature search and screening data. L. Lei, S. Hui, and H. Yan performed data
extraction and quality assessment, independently. L. Lei interpreted data and
wrote the manuscript. S. Tong and J. Yang contributed to the concept and
design of the study, provided guidance during study selection, data analysis,
draft development, and final submission. All authors read and approved the
final manuscript.

Funding

This work was supported in part by Natural Science Foundation of Chongging
of China (cstc2019jcyj-msxmX0863), Postdoctoral Research Project by Admin-
istration Human Resources and Social Security of Chongging (2021XM3104),
China Postdoctoral Science Foundation (2022MD713712), Natural Science
Foundation of Chongging of China (CSTB2022NSCQ-BHX0013).

Availability of data and materials
The datasets analyzed during the current study are presented in the
manuscript.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 October 2023 Accepted: 23 February 2024
Published: 7 March 2024

References

1. Tsao CW, Aday AW, Aimarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS,
et al. Heart disease and stroke statistics-2022 update: a report from the
American Heart Association. Circulation. 2022;145:€153-639.

2. Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukov S, Marczak L, et al.
Global burden of hypertension and systolic blood pressure of at least
110 to 115 mm Hg, 1990-2015. JAMA. 2017;317:165-82.

3. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors
in 204 countries and territories, 1990-2019 a systematic analysis for the
global burden of disease study 2019. Lancet. 2020;39(10258):1223-49.

4.  Geldsetzer P, Manne-Goehler J, Marcus ME, Ebert C, Zhumadilov Z,
Wesseh CS, et al. The state of hypertension care in 44 low-income
and middle-income countries: a cross-sectional study of nationally
representative individual-level data from 1-1 million adults. Lancet.
2019;394:652-62.

5. Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemiology, health
burden and effective interventions for elevated blood pressure and
hypertension. Nat Rev Cardiol. 2021;18:785-802.

6. Wang JG, Zhang W, Li Y, Liu L. Hypertension in China: epidemiology
and treatment initiatives. Nat Rev Cardiol. 2023;20(8):531-45.

7. Carey RM, Moran AE, Whelton PK. Treatment of hypertension: a review.
JAMA. 2022;328:1849-61.

8. Popiolek-Kalisz J, Fornal E. The effects of quercetin supplementation on
blood pressure - meta-analysis. Curr Probl Cardiol. 2022;47: 101350.


https://doi.org/10.1186/s12937-024-00932-6
https://doi.org/10.1186/s12937-024-00932-6

Lei et al. Nutrition Journal (2024) 23:32

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hadi A, Pourmasoumi M, Ghaedi E, Sahebkar A. The effect of curcumin/
turmeric on blood pressure modulation: a systematic review and meta-
analysis. Pharmacol Res. 2019;150: 104505.

. Zaheer K, Humayoun Akhtar M. An updated review of dietary isofla-

vones: Nutrition, processing, bioavailability and impacts on human
health. Crit Rev Food Sci Nutr. 2017;57:1280-93.

. XiaoY, Zhang S, Tong H, Shi S. Comprehensive evaluation of the role of

soy and isoflavone supplementation in humans and animals over the
past two decades. Phytother Res. 2018;32:384-94.

Rasheed S, Rehman K, Shahid M, Suhail S, Akash MSH. Therapeutic
potentials of genistein: New insights and perspectives. J Food Biochem.
2022;46:€14228.

Zhang X, Shu XO, Gao YT, Yang G, Li Q, Li H, et al. Soy food consumption is
associated with lower risk of coronary heart disease in Chinese women. J
Nutr. 2003;133:2874-8.

Zhang X, Gao YT, Yang G, Li H, Cai Q Xiang YB, et al. Urinary isoflavonoids
and risk of coronary heart disease. Int J Epidemiol. 2012;41:1367-75.

Ma L, Liu G, Ding M, Zong G, Hu FB, Willett WC, et al. Isoflavone intake and
the risk of coronary heart disease in US men and women: results from 3
prospective cohort studies. Circulation. 2020;141:1127-37.

KokuboY, Iso H, Ishihara J, Okada K, Inoue M, Tsugane S. Association

of dietary intake of soy beans and isoflavones with risk of cerebral and
myocardial infarctions in Japanese populations the Japan Public Health
Center-based (JPHC) study cohort I. Circulation. 2007;116(22):2553-62.
Si'H, Liu D. Genistein, a soy phytoestrogen, upregulates the expression
of human endothelial nitric oxide synthase and lowers blood pressure in
spontaneously hypertensive rats. J Nutr. 2008;138:297-304.

Cao YX, Yang XJ, Liu J, Li KX. Effects of daidzein sulfates on blood pressure
and artery of rats. Basic Clin Pharmacol Toxicol. 2006;99:425-30.

Cho TM, Peng N, Clark JT, Novak L, Roysommuti S, Prasain J, et al. Gen-
istein attenuates the hypertensive effects of dietary NaCl in hypertensive
male rats. Endocrinology. 2007;148:5396-402.

Montenegro MF, Pessa LR, Tanus-Santos JE. Isoflavone genistein inhibits
the angiotensin-converting enzyme and alters the vascular responses to
angiotensin | and bradykinin. Eur J Pharmacol. 2009,607:173-7.

Liu ZM, Ho SC, Chen YM, Woo J. Effect of soy protein and isoflavones

on blood pressure and endothelial cytokines: a 6-month randomized
controlled trial among postmenopausal women. J Hypertens.
2013;31:384-92.

Squadrito F, Marini H, Bitto A, Altavilla D, Polito F, Adamo EB, et al. Gen-
istein in the metabolic syndrome: results of a randomized clinical trial. J
Clin Endocrinol Metab. 2013,98:3366-74.

SathyapalanT, Aye M, Rigby AS, Thatcher NJ, Dargham SR, Kilpatrick

ES, et al. Soy isoflavones improve cardiovascular disease risk markers

in women during the early menopause. Nutr Metab Cardiovasc Dis.
2018;28(7):691-7.

Colacurci N, Chiantera A, Fornaro F, de Novellis V, Manzella D, Arciello A,
et al. Effects of soy isoflavones on endothelial function in healthy post-
menopausal women. Menopause. 2005;12:299-307.

Yildiz MF, Kumru S, Godekmerdan A, Kutlu S. Effects of raloxifene,
hormone therapy, and soy isoflavone on serum high-sensitive

C-reactive protein in postmenopausal women. Int J Gynaecol Obstet.
2005;90:128-33.

Irace C, Marini H, Bitto A, Altavilla D, Polito F, Adamo EB, et al. Genistein
and endothelial function in postmenopausal women with metabolic
syndrome. Eur J Clin Invest. 2013;43:1025-31.

Taku K, Lin N, Cai D, Hu J, Zhao X, Zhang Y, et al. Effects of soy isoflavone
extract supplements on blood pressure in adult humans: systematic
review and meta-analysis of randomized placebo-controlled trials. J
Hypertens. 2010;28:1971-82.

Liu XX, Li SH, Chen JZ, Sun K, Wang XJ, Wang XG, et al. Effect of soy isofla-
vones on blood pressure: a meta-analysis of randomized controlled trials.
Nutr Metab Cardiovasc Dis. 2012,22:463-70.

Moher D, Liberati A, Tetzlaff J, Altman DG. Reprint-preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
Phys Ther. 2009;89:873-80.

Higgins JP, Altman DG, Getzsche PC, Jini P, Moher D, Oxman AD, et al.
The cochrane collaboration’s tool for assessing risk of bias in randomised
trials. BMJ. 2011,343: d5928.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 11 of 12

Balshem H, Helfand M, Schiinemann HJ, Oxman AD, Kunz R, Brozek J,

et al. Grade guidelines 3. Rating the quality of evidence. J Clin Epidemiol.
2011,64(4):401-6.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,

et al. GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ. 2008;33:924-6.

Follmann D, Elliott P, Suh |, Cutler J. Variance imputation for overviews of
clinical trials with continuous response. J Clin Epidemiol. 1992;45:769-73.
Hozo S, Djulbegovic B, Hozo I. Estimating the mean and variance from
the median, range, and the size of a sample. BMC Med Res Methodol.
2005;5:13.

Higgins JP. Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ. 2003,;327:557-60.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997,315:629-34.

Zhang S, Qian ZM, Chen L, Zhao X, Cai M, Wang C, et al. Exposure to

air pollution during pre-hypertension and subsequent hypertension,
cardiovascular disease, and death: a trajectory analysis of the UK biobank
cohort. Environ Health Perspect. 2023;131:17008.

Yano 'Y, Reis JP, Colangelo LA, Shimbo D, Viera AJ, Allen NB, et al.
Association of blood pressure classification in young adults using

the 2017 american college of cardiology/american heart association
blood pressure guideline with cardiovascular events later in life. JAMA.
2018;320:1774-82.

Fuchs FD, Whelton PK. High blood pressure and cardiovascular disease.
Hypertension. 2020;75:285-92.

Fan J. Local polynomial modelling and its applications: monographs on
statistics and applied probability 66. Boca Raton, FL: Routledge; 2018.
Sahebkar A. Are curcuminoids effective C-reactive protein-lowering
agents in clinical practice? Evidence from a meta-analysis Phytother Res.
2014;28:633-42.

Simons LA, von Konigsmark M, Simons J, Celermajer DS. Phytoestrogens
do not influence lipoprotein levels or endothelial function in healthy,
postmenopausal women. Am J Cardiol. 2000;85:1297-301.

Han KK, Soares JM Jr, Haidar MA, de Lima GR, Baracat EC. Benefits of

soy isoflavone therapeutic regimen on menopausal symptoms. Obstet
Gynecol. 2002;99:389-94.

Squadrito F, Altavilla D, Morabito N, Crisafulli A, D’Anna R, Corrado F, et al.
The effect of the phytoestrogen genistein on plasma nitric oxide concen-
trations, endothelin-1 levels and endothelium dependent vasodilation in
postmenopausal women. Atherosclerosis. 2002;163:339-47.

Uesugi S, Watanabe S, Ishiwata N, Uehara M, Ouchi K. Effects of isoflavone
supplements on bone metabolic markers and climacteric symptoms in
Japanese women. Biofactors. 2004,22:221-8.

Hallund J, Bigel S, Tholstrup T, Ferrari M, Talbot D, Hall WL, et al. Soya
isoflavone-enriched cereal bars affect markers of endothelial function in
postmenopausal women. Br J Nutr. 2006;95:1120-6.

Gonzélez S, Jayagopal V, Kilpatrick ES, Chapman T, Atkin SL. Effects of
isoflavone dietary supplementation on cardiovascular risk factors in type
2 diabetes. Diabetes Care. 2007;30:1871-3.

Katz DL, Evans MA, Njike VY, Hoxley ML, Nawaz H, Comerford BP, Sarrel
PM. Raloxifene, soy phytoestrogens and endothelial function in post-
menopausal women. Climacteric. 2007;10:500-7.

Aubertin-Leheudre M, Lord C, Khalil A, Dionne 1J. Isoflavones and

clinical cardiovascular risk factors in obese postmenopausal women: a
randomized double-blind placebo-controlled trial. ) Womens Health
(Larchmt). 2008;17:1363-9.

Khaodhiar L, Ricciotti HA, Li L, Pan W, Schickel M, Zhou J, et al. Daidzein-
rich isoflavone aglycones are potentially effective in reducing hot flashes
in menopausal women. Menopause. 2008;15:125-32.

Gleason CE, Carlsson CM, Barnet JH, Meade SA, Setchell KD, Atwood CS,
et al. A preliminary study of the safety, feasibility and cognitive efficacy
of soy isoflavone supplements in older men and women. Age Ageing.
2009;38:86-93.

Llaneza P, Gonzalez C, Fernandez-lfarrea J, Alonso A, Diaz-Fernandez

MJ, Arnott |, et al. Soy isoflavones, Mediterranean diet, and physical
exercise in postmenopausal women with insulin resistance. Menopause.
2010;17:372-8.

Wong WW, Taylor AA, Smith EO, Barnes S, Hachey DL. Effect of soy isofla-
vone supplementation on nitric oxide metabolism and blood pressure in
menopausal women. Am J Clin Nutr. 2012;95:1487-94.



Lei et al. Nutrition Journal (2024) 23:32 Page 12 of 12

54. Chilibeck PD, Vatanparast H, Pierson R, Case A, Olatunbosun O, Whiting Publisher’s Note
SJ, etal. Effect of exercise training combined with isoflavone supplemen- Springer Nature remains neutral with regard to jurisdictional claims in pub-
tation on bone and lipids in postmenopausal women: a randomized lished maps and institutional affiliations.

clinical trial. J Bone Miner Res. 2013;28:780-93.

55. Kim J, Lee H, Lee O, Lee KH, Lee YB, Young KD, et al. Isoflavone supple-
mentation influenced levels of triglyceride and luteunizing hormone in
Korean postmenopausal women. Arch Pharm Res. 2013;36:306-13.

56. Cheng WC, Lo SC, Tsai KS, Tu ST, Wu JS, Chang C, et al. Effects of
high-dose phytoestrogens on circulating cellular microparticles and
coagulation function in postmenopausal women. J Formos Med Assoc.
2015;114:710-6.

57. De Gregorio C, Marini H, Alibrandi A, Di Benedetto A, Bitto A, Adamo EB,
et al. Genistein supplementation and cardiac function in postmenopau-
sal women with metabolic syndrome: results from a pilot strain-echo
study. Nutrients. 2017;9:584.

58. SathyapalanT, Rigby AS, Bhasin S, Thatcher NJ, Kilpatrick ES, Atkin
SL. Effect of soy in men with type 2 diabetes mellitus and subclinical
hypogonadism: a randomized controlled study. J Clin Endocrinol Metab.
2017;102:425-33.

59. Amanat S, Eftekhari MH, Fararouei M, Bagheri Lankarani K, Massoumi SJ.
Genistein supplementation improves insulin resistance and inflammatory
state in non-alcoholic fatty liver patients: a randomized, controlled trial.
Clin Nutr. 2018;37:1210-5.

60. Vergne S, Sauvant P, Lamothe V, Chantre P, Asselineau J, Perez P, et al.
Influence of ethnic origin (Asian v. Caucasian) and background diet on
the bioavailability of dietary isoflavones. Br J Nutr. 2009;102(11):1642-53.

61. Jackman KA, Woodman OL, Sobey CG. Isoflavones, equol and cardiovas-
cular disease: pharmacological and therapeutic insights. Curr Med Chem.
2007;14:2824-30.

62. Collaboration Blood Pressure Lowering Treatment Trialists: Pharmaco-
logical blood pressure lowering for primary and secondary prevention
of cardiovascular disease across different levels of blood pressure: an
individual participant-level data meta-analysis. Lancet. 2021;397:1625-36.

63. Hardy ST, Loehr LR, Butler KR, Chakladar S, Chang PP, Folsom AR, et al.
Reducing the blood pressure-related burden of cardiovascular disease:
impact of achievable improvements in blood pressure prevention and
control. J Am Heart Assoc. 2015;4:e002276.

64. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific rel-
evance of usual blood pressure to vascular mortality: a meta-analysis of
individual data for one million adults in 61 prospective studies. Lancet.
2002;360:1903-13.

65. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.
Global burden of hypertension: analysis of worldwide data. Lancet.
2005;365:217-23.

66. Weaver CM, Cheong JM. Soy isoflavones and bone health: the relation-
ship is still unclear. J Nutr. 2005;135:1243-7.

67. Eumkeb G, Tanphonkrang S, Sirichaiwetchakoon K, Hengpratom T,
Naknarong W. The synergy effect of daidzein and genistein isolated from
butea superba roxb. on the reproductive system of male mice. Nat Prod
Res. 2017,31(6):672-5.

68. Walker HA, Dean TS, Sanders TA, Jackson G, Ritter JM, Chowienczyk PJ. The
phytoestrogen genistein produces acute nitric oxide-dependent dilation
of human forearm vasculature with similar potency to 17 beta-estradiol.
Circulation. 2001;103:258-62.

69. Prawez S, Ahanger AA, Singh TU, Mishra SK, Sarkar SN, Rahman S. Chronic
administration of phytoestrogen “daidzein”to ameliorate mean arterial
pressure and vascular function in N-G-nitro-L-arginine methyl ester
hypertensive rats. Vet Arh. 2015,85:451-64.

70. LiuTH, Tsai TY. Effects of equol on deoxycorticosterone acetate salt-
induced hypertension and associated vascular dementia in rats. Food
Funct. 2016;7:3444-57.

71. Choudhury A, Pai KV. Angiotensin converting enzyme inhibition activity
of daidzein. J Oral Res. 2017;1:92-8.

72. Man HY, Erclik T, Becker LE, Wang YT. Modulation of baroreflex sensitivity
by the state of protein tyrosine phosphorylation in the brainstem of the
rat. Brain Res. 1998;792:141-8.

73. Urroz Lopez M, Mitchell JR, Sheldon RS, Tyberg JV. Effector mecha-
nisms in the baroreceptor control of blood pressure. Adv Physiol Educ.
2022;46:282-5.



	Effect of soy isoflavone supplementation on blood pressure: a meta-analysis of randomized controlled trials
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Literature search strategy
	Selection criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Results of literature search
	Characteristics of included studies
	Quality assessment
	Effect of soy isoflavone supplementation on SBP
	Effect of soy isoflavone supplementation on DBP
	Meta-regression analyses
	The dose-response effect of soy isoflavone supplementation on blood pressure
	Sensitivity analyses
	Publication bias

	Discussion
	Conclusions
	Acknowledgements
	References


