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ABSTRACT

The effects of isoflavones on postmenopausal female’s blood lipid profile have yielded conflicting results in previous studies. Further
investigation is necessary to determine the potential benefits of isoflavone therapy in managing cardiovascular health in this population.

This meta-analysis aimed to assess the effects of isoflavones on blood lipid concentrations in postmenopausal females. A comprehensive
search was conducted in major databases for randomized controlled trials published between 2000 and 2023. Eighteen studies were
included in the analysis, which examined the impact of isoflavone intake on blood lipids in postmenopausal females. Isoflavone con-
sumption resulted in a significant reduction in triacylglycerol (TG) concentrations (-12.50 mg/dL; 95% CI: —23.09, —1.91) and a modest
increase in high-density lipoprotein cholesterol (HDL cholesterol) concentrations (1.83 mg/dL; 95% CI: 0.03, 3.64). Subgroup analysis
showed that isoflavones significantly decreased TG (-15.79 mg/dL; 95% CI: —28.36, —3.22) and increased HDL cholesterol (2.49 mg/dL;
95% CI: 1.80, 3.19) in postmenopausal females under 65 y old. No significant effects were observed in females over 65 y old. Both low (<80
mg/d) and high (>80 mg/d) doses of isoflavones exhibited TG-lowering effects, whereas only the high dose increased HDL cholesterol.
Longer treatment duration (>24 wk) was associated with a significant reduction in TG, whereas HDL cholesterol improvement occurred
during the early period (<24 wk) of supplementation. The consumption of isoflavones resulted in a significant reduction in TG concen-
trations and an increase in HDL cholesterol concentrations among postmenopausal females under 65 y of age.

Keywords: isoflavones, postmenopausal females, lipids, meta-analysis, hormone replacement therapy

Statements of significance

This meta-analysis is the most comprehensive evaluation to date, highlighting the differential impacts of isoflavone consumption on blood
lipids in postmenopausal females based on age and dosage. Our findings emphasize that the consumption of isoflavones resulted in a significant
reduction in TG concentrations and an increase in HDL cholesterol concentrations, especially in postmenopausal females below 65 y.

Abbreviations: CI, confidence interval; HRT, hormone replacement therapy; RCT, randomized controlled trial; SERM, selective estrogen receptor modulators; TC,
total cholesterol; TG, triacylglycerol.
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Introduction

The incidence of cardiovascular disease is significantly lower
in pre-menopausal females compared to males of the same age.
However, after menopause, the incidence in females rapidly in-
creases and approaches that of men. This temporal change sug-
gests that female sex hormones may play a crucial role in
protecting against atherosclerosis. Estrogen has been shown to
reduce LDL cholesterol, increase HDL cholesterol, improve
vascular function, and contribute to longer life expectancy in
females [1,2]. Nevertheless, estrogen therapy in postmenopausal
females has also been associated with an increased risk of spe-
cific side effects such as uterine and breast cancer [3,4].

The ideal hormone replacement therapy (HRT) should repli-
cate the beneficial effects of estrogen without inducing the
aforementioned adverse reactions. This concept has led to the
development of selective estrogen receptor modulators (SERMs),
which exhibit mixed functional activity as agonists or antagonists
of the estrogen receptor depending on the target tissue [5].
However, synthetic SERMs have been reported to elevate risk of
venous thrombosis and arterial thrombotic events like stroke in
postmenopausal females [6-8]. In pursuing an effective HRT with
improved safety and tolerability for postmenopausal females,
natural SERMs have garnered significant interest. Epidemiological
studies have revealed that the mortality rate from coronary heart
disease is notably higher among American females than Japanese
females. Furthermore, the incidence of coronary heart disease in
Asian immigrants who maintained their traditional dietary habits
was lower than in those who adopted a Westernized diet, with the
difference primarily attributed to the high consumption of soy
foods in Asian diets [9].

Isoflavones, the primary active compounds in soy foods,
structurally resemble endogenous estrogen, bind to the estrogen
receptor, and function as natural SERMs. Research has suggested
that isoflavones may reduce risk of certain cancers, including
lung, prostate, colon (in females only), and breast cancers,
without any reported associations with thrombosis or stroke [10,
11]. Thus, isoflavones hold promise as a potential therapeutic
option for HRT in postmenopausal females. Previous studies
have demonstrated positive effects of isoflavones on lipid pa-
rameters, such as reducing serum total cholesterol (TC), LDL
cholesterol, and triacylglycerol (TG), as well as increasing HDL
cholesterol [12,13]. However, clinical trials in postmenopausal
females have yielded inconsistent results. Sex differences in
plasma lipid responses to soy protein-containing isoflavones
have been observed, with soy intake being negatively correlated
with TC and LDL cholesterol in males and young females but not
in females over 50 y old [14,15].

In this meta-analysis, we aimed to combine the findings from
multiple studies, varying in sample sizes, to gain a deeper un-
derstanding of the effects of isoflavones on the changes in blood
lipid concentrations in postmenopausal females.

Methods

Identification and selection of studies

Medline, Embase, and the Cochrane Central Register of
Controlled Trials were thoroughly searched for English-language
reports of randomized controlled trials (RCTs) published be-
tween 2000 and 2023, examining the effects of isoflavones on
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blood lipid profile. Search strategies were developed focusing on
postmenopausal females, isoflavones, blood lipids, and RCTs
(Supplemental Table 1). The inclusion criteria are as follows: 1)
the study population consisted exclusively of postmenopausal
females; 2) the study was an RCT with either a parallel or a
crossover design; and 3) the study provided information on the
age of participants, as well as the dose and duration of isoflavone
treatments. To ensure the credibility of the analysis, studies were
excluded if they met any of the following criteria: 1) the study
was not in English; 2) the research utilized unpurified iso-
flavones for treatment; 3) the study lacked the required infor-
mation or employed an inappropriate control group; and 4) the
study lacked follow-up data.

Data extraction and quality assessment

Data were extracted independently by 2 authors (SY and QZ).
Any discrepancies were resolved through discussion or by
consulting a senior researcher (ZL). The extracted data included
various study characteristics, such as the first author’s name,
year of publication, study design, age and number of partici-
pants, dose and duration of isoflavones treatment, health char-
acteristics of the study population, and location of the study.
Additionally, information on the final concentrations of plasma/
serum TC, LDL cholesterol, HDL cholesterol, and TG in the
treatment and control group were also collected. The quality of
the studies was assessed using risk of bias tool outlined in the
Cochrane Handbook, which evaluated various aspects such as
blinding and outcome reporting (Supplemental Figures 1 and 2)

Data analysis

We conducted the meta-analysis using REVMAN version 5.2
(Cochrane Collaboration). The effect size employed in this study
was the difference in means between the treatment and control
groups. We utilized plasma/serum lipid concentrations obtained
at the end of each intervention. If multiple time points for follow-
up were reported, we included the value corresponding to the
time point with the longest duration of follow-up. Typically,
serum cholesterol concentrations are ~3% higher than corre-
sponding plasma concentrations [16]. However, for the purpose
of analyzing mean differences in each study, we analyzed serum
and plasma concentrations without adjusting for this difference.

For studies reporting results in mmol/L, we converted them to
mg/dL using standard conversion factors (dividing the mmol/L
value by 0.02586 for TC, LDL, and HDL and by 0.01129 for TG).
Mean differences and their 95% confidence intervals (CIs) were
calculated using random-effect or fixed-effect models. Heteroge-
neity was assessed using the 2 test and the I? statistics. If the test
for heterogeneity yielded a significant result (I> >30%), we pre-
sented the results from the random-effect models. Otherwise, the
estimate of the difference was calculated using the fixed-effect
model. To examine potential publication bias, we employed a
funnel plot and conducted Egger’s regression asymmetry test. A 2-
sided P value <0.05 was considered statistically significant.

Results

Identification and selection
Out of the initial 562 potentially relevant studies identified
through database searches, a total of 18 articles comprising 20
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comparisons met our inclusion criteria [17-34]. A flowchart
illustrating the selection process is presented in Figure 1.

Study characteristics

The characteristics of the 18 studies that met the selection
criteria are presented in Table 1. Among these studies, 9 focused
exclusively on postmenopausal females under 65 y old [22,
24-26,29,31-34], whereas the remaining 9 trials included older
females (over 65 y old) [17-21,23,27,29,30]. The trials varied in
terms of isoflavone concentrations, ranging from 40 mg/d to 150
mg/d, and duration, ranging from 4 to 48 wk. Most of the RCTs
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were double-blinded, employed an appropriate method for
sequence generation, and provided details regarding dropouts.

Changes in blood lipid concentrations

Intake of isoflavones resulted in a significant reduction in
blood TG concentration, with a mean difference of -12.50 mg/dL
(95% CI: -23.09, -1.91), as shown in Figure 2. Additionally, a
modest increase in HDL cholesterol was observed, with a mean
difference of 1.83 mg/dL (95% CI: 0.03, 3.64), as shown in
Figure 3. However, no significant changes were found in TC,
with a mean difference of 1.45 mg/dL (95% CI: -3.74, 6.65) as

407 articles identified
from Medline and databases

screened for retrieval

215 articles from other

155 articles retrieved for

detailed assessment

18 randomized controlled

trials included in analyses

Studies excluded:

28 articles were excluded due to irrelevance

43 were excluded because of using unpurified
isoflavones for treatment

66 were excluded because of missing required data

or inappropriate control groups, etc.

FIGURE 1. Study selection process.

TABLE 1
Characteristics of the 18 studies, including 20 comparisons

Author Year Design Age (y old) Treat/control Duration (wk) Dose (mg/d)
G.R.R. Barrasa [17] 2018 Parallel 55-72 20/15 12 100
H. Braxas [18] 2019 Parallel 47-69 28/26 12 54
A. Dewell [19] 2002 Parallel 69 + 4 20/16 24 150
AK. Engelbert [20] 2016 Parallel <75 85/85 12 117.4
C. Gardner [21] 2001 Parallel <80 31/33 12 80
A. Garrido [22] 2006 Parallel 45-60 15/14 12 100
J.S. Giolo [23] 2018 Parallel 50-70 17/15 10 100
S.C. Ho [24] 2007 Parallel 48-62 68/68 48 40
67/68 80
H.K. Jassi [25] 2010 Parallel 40-60 25/25 12 60
J. Kim [26] 2013 Parallel 50-57 42/43 12 70
M. Leheudre [27] 2007 Parallel 50-70 10/10 48 70
Z.M. Liu [28] 2012 Parallel 46-70 60/60 24 100
Z.M. Liu [29] 2014 Parallel 48-65 90/90 24 63
D.R. Rios [30] 2008 Parallel 47-66 25/22 24 40
T. Uesugi [31] 2002 Parallel 40-62 12/11 4 61.8
J. Wu [32] 2006 Parallel 45-60 33/33 48 75
Y. Ye [33] 2012 Parallel 45-60 26/27 24 84
25/27 24 126
T. Zhang [34] 2019 Parallel 52-62 77/83 24 60
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
Barrasa 2018 1334 242 20 1398 226 15 64%  -6.40[-22.00, 9.20] B
Braxas 2019 162.14 52.04 28 19446 77.8 26 4.0% -32.32[-67.90, 3.26] i
Dewell 2002 (24w) 80 888 20 1244 178 16 7.0% -44.40[-53.95,-34.85] Ea
Engelbert 2016 977 17 8 906 338 85 7.1% 7.10 [-0.94, 15.14] ™
Gardner 2001 1155 622 31 1155 533 33 4.8%  0.00[-28.46, 28.46] B
Garrido 2006 1244 178 15 1244 178 14 6.7%  0.00[-12.96, 12.96] 1
Giolo 2018 118 10 17 118 15 15 7.0% 0.00 [-8.96, 8.96] T
Ho 2007 (40mg ) 1162 632 68 1214 834 68 53% -520[-30.07, 19.67] N
Ho 2007 (80mg ) 1044 47 67 1214 834 68 55% -17.00[-39.79, 5.79] e
Jassi 2010 (12w) 13068 44 25 16268 4.28 25 7.4% -32.00 [-34.41, -29.59] &
Kim 2013 957 583 42 1204 862 43 45% -24.70[-55.92, 6.52]
Leheudre 2007 (48w) 1164 40 10 1066 418 10 4.0%  9.80[-26.06, 45.66] N
Liu 2012 (24w) 1155 853 60 1137 657 60 50%  1.80[-25.44,29.04] - F
Liu 2014 1137 533 90 1288 622 90 62% -15.10[-32.02, 1.82] /]
Uesugi 2002 106.1 51 12 975 275 11 43%  8.60[-24.52,41.72] [
Wu 2006 874 481 33 876 33 33 59% -0.20[-20.10, 19.70] 1
Ye 2012 (126mg/24w) 1235 675 25 1484 143 27 22% -24.90[-84.98, 35.18]
Ye 2012 (84mg/24w) 127 631 26 1484 143 27  22% -21.40[-80.54, 37.74]
Zhang 2019 2133 977 77 2666 106.6 83 4.5% -53.30[-84.96,-21.64] -
Total (95% Cl) 751 749 100.0% -12.50 [-23.09, -1.91] ‘
Heterogeneity: Tau? = 393.58; Chi? = 186.54, df = 18 (P < 0.00001); I> = 90% I I I I
-100 -50 0 50

Test for overall effect: Z = 2.31 (P = 0.02)

Favours [experimental] Favours [control]

FIGURE 2. Meta-analysis of the effect of isoflavone on TG in all the postmenopausal women involved in the study. The sizes of the data markers
indicate the weight of each study in the analysis. Values are in mg/dL. CI, confidence interval; IV, inverse variance; Random, random-effect model;
SD, standard deviation; TG, triacylglycerol.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barrasa 2018 1935 224 20 1938 216 15 50% -0.30[-14.99, 14.39] 1
Braxas 2019 1774 427 28 189 6341 26 2.3% -11.90[-40.96, 17.16] I
Dewell 2002 2201 195 31 2279 348 33 53% -7.80[21.51,5.91] T
Engelbert 2016 2352 34 85 2283 371 8 62%  6.90[-3.80, 17.60] I
Gardner 2001 2472 772 20 2317 772 16 7.8% 15.50[10.42, 20.58] L3
Garrido 2006 224 27 15 1854 232 14 41% 38.60[20.31, 56.89] B
Giolo 2018 214 9 17 197 7 15 7.6% 17.00[11.45, 22.55] =
Ho 2007 (40mg ) 2309 327 68 2327 33 68 6.1% -1.80[-12.84,9.24] 1T
Ho 2007 (80mg ) 2291 328 67 2322 33 68 6.1% -3.10[-14.20, 8.00] -
Jassi 2010 (12w) 188.18 491 25 180.35 5.13 25 82% 7.83[5.05, 10.61] i
Kim 2013 190.7 37.4 42 2025 348 43 48% -11.80[-27.17,3.57] T
Leheudre 2007 (48w) 2105 32.1 10 2232 359 10 2.2% -12.70[-42.55, 17.15] -
Liu 2012 207 317 60 2097 355 60 58% -2.70[-14.74,9.34] B
Liu 2014 2225 351 90 2263 355 90 6.3% -3.80[-14.11,6.51] -
Rios 2008 2007 426 25 2193 493 22 26% -18.60[-45.12,7.92] - & |
Uesugi 2002 2154 444 12 2409 254 11  23% -25.50 [-54.76, 3.76] - T
Wu 2006 2329 358 33 2312 286 33 48% 1.70[-13.93,17.33] R
Ye 2012 (126mg/24w) 2147 456 25 207.4 363 27 3.3% 7.30[-15.22, 29.82] Gl
Ye 2012 (84mg/24w) 2167 367 26 2074 363 27 3.8% 9.30[-10.36, 28.96] T
Zhang 2019 2356 425 77 2549 425 83 54% -19.30[-32.48,-6.12] _'_
Total (95% CI) 776 771 100.0% 1.45 [-3.74, 6.65] ?

! ] L ]

Heterogeneity: Tau? = 84.02; Chi? = 85.90, df = 19 (P < 0.00001); I> = 78%

1

-100 -50 0 50
Favours [control]

100

Test for overall effect: Z = 0.55 (P = 0.58) e —

FIGURE 3. Meta-analysis of the effect of isoflavone on TC in all the postmenopausal women involved in the study. The sizes of the data markers
indicate the weight of each study in the analysis. Values are in mg/dL. CI, confidence interval; IV, inverse variance; Random, random-effect model;
SD, standard deviation; TC, total cholesterol.
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shown in Figure 4, and in LDL cholesterol, with a mean differ-
ence of -6.91 mg/dL (95% CI: -18.24, 4.42) as shown in
Figure 5.

Subgroup analyses

In the sub-studies involving only postmenopausal females
under 65 y old, there was a significant reduction in TG concen-
trations, with a mean difference of -15.79 mg/dL (95% CI:
-28.36, —3.22) and an increase in HDL cholesterol concentra-
tions, with a mean difference of 2.49 mg/dL (95% CI: 1.80,
3.19). However, changes in TC concentrations, with a mean
difference of 0.33 mg/dL (95% CI: -7.39, 8.05), and LDL
cholesterol concentrations, with a mean difference of —-4.96 mg/
dL (95% CI: -14.62, 4.70), remained non-significant. In the sub-
studies that included postmenopausal females over 65 y old,
none of the results for TG, TC, LDL cholesterol, and HDL
cholesterol were significant (Table 2). The pooled estimates of
treatment effects on lipid profiles in the defined subgroups of
trials, based on the dose and intervention time of isoflavones, are
summarized in Tables 3 and 4, respectively.

When the limit of isoflavones ingestion was set at <80 mg/
d and >80 mg/d, significant reductions in TG were observed in
the isoflavones groups compared to the corresponding control
groups for both the <80 mg/d and >80 mg/d subjects. Addi-
tionally, when ingesting isoflavones exceeded 80 mg/d, there
was a significant increase in HDL cholesterol (Table 3).

In terms of the duration of isoflavone intake, no significant
changes in TG were found in the isoflavone group compared to
the corresponding control group for subjects with a duration of
<24 wk. However, when the duration exceeded 24 wk, there was
a significant decrease in TG. On the contrary, HDL cholesterol
concentrations increased significantly in studies with a duration
of <24 wk of isoflavone intake (Table 4).

Changes of heterogeneities

As for heterogeneity, the I? values ranged from 71% to 96% in
the overall analysis. In the subgroup analyses based on age, dose,
and intervention time of isoflavones, the I? values ranged from
64% to 91%, 65% to 91%, and 72% to 95%, respectively.

Publication bias

The funnel plots depicting the effects on lipid profile in the
comparison groups are presented in Figures 6-9. To assess the
presence of publication bias for blood TG, TC, LDL cholesterol,
and HDL cholesterol concentrations, Egger’s test and the trim
and fill method were utilized. However, no significant differ-
ences indicative of publication bias were observed.

Discussion

Although numerous clinical trials have investigated the ef-
fects of isoflavones on blood lipid concentrations in post-
menopausal females, the results have been inconsistent. The
present study quantitatively analyzed RCTs conducted in the past
23y that specifically focused on the effects of isoflavones on lipid
profiles in postmenopausal females.

Our analysis demonstrates that the intake of isoflavones is
associated with favorable effects on blood lipids in post-
menopausal females. Specifically, we observed a significant
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reduction in TG and an increase in HDL cholesterol among
postmenopausal females under 65 y old. However, no significant
effects were observed in older participants. These findings sug-
gest that isoflavone supplementation may significantly benefit
the lipid profile by decreasing TG and increasing HDL choles-
terol, specifically in postmenopausal females under 65 y old.
Subgroup analysis further revealed that remarkable reductions
in TG were observed in the isoflavones groups across different
doses (<80 mg/d and >80 mg/d) and intervention durations
(>24 wk). Moreover, HDL cholesterol significantly increased in
studies where isoflavone intake exceeded 80 mg/d or had a
duration of <24 wk.

Numerous studies have provided evidence supporting the
significant role of blood lipids in developing cardiovascular
disease. Research has shown that LDL cholesterol is the primary
risk factor for atherosclerosis [35]. Small dense LDL cholesterol
particles, in particular, pose greater harm to cardiovascular
health because of their stronger affinity for artery intimal pro-
teoglycans, making it easier for them to penetrate the vascular
intima. Additionally, these small, dense particles are more prone
to oxidation and have slower clearance from circulation
compared to larger particles [36]. Moreover, small dense LDL
cholesterol particles contain higher concentrations of cholesterol
and TG, and increased TG concentration has been positively
linked to the presence of small dense LDL cholesterol, confirming
hypertriglyceridemia as an independent risk factor for cardio-
vascular disease [37]. On the contrary, HDL cholesterol, often
referred to as “good cholesterol,” offers cardiovascular benefits,
and higher HDL cholesterol has been associated with a decreased
risk of myocardial infarction-related morbidity [38].

The mechanisms underlying the effects of isoflavones on lipid
metabolism are still being investigated. One possible explanation
is their weak estrogenic effects. Previous research has indicated
that isoflavones can enhance the activity of steroidogenic en-
zymes such as cytochrome P450 aromatase, 3p-Hydroxysteroid
dehydrogenase, and 17p-hydroxysteroid dehydrogenase, leading
to increased estrogen secretion [39,40]. Isoflavones have also
been shown to stimulate the synthesis of sex hormone-binding
globulin, reducing estrogen clearance [41,42]. In addition to
these weak estrogenic effects, isoflavones may influence serum
lipids through other mechanisms, such as reducing lipid ab-
sorption and increasing the excretion of steroids in feces [43].
Therefore, it is important to note that the effect of isoflavones on
blood lipids is not identical to that of estrogen. Estrogen has dual
effects on lipids, including beneficial effects such as decreasing
serum TC and LDL cholesterol while increasing HDL cholesterol.
However, estrogen is also known to elevate serum TG concen-
trations by inhibiting the clearance of chylomicron emulsion and
VLDL cholesterol. Based on the findings of this meta-analysis, it
appears that isoflavones may be more effective than estrogen in
counteracting the unfavorable changes in TG concentrations in
postmenopausal females. However, the favorable effects of iso-
flavones on blood cholesterol concentrations may be weaker
compared to estrogen.

Studies have shown that the impact of estrogen on lipid var-
iations depends on age [44,45]. A recent study suggested that
isoflavone supplementation was associated with favorable ef-
fects on the lipid profile in postmenopausal females under 65 y of
age, but not in females over 65 y old [17]. Nevertheless, it should
be noted that the number of participants in the experimental
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Barrasa 2018 113 29.8 20 120 19.3 15  51% -7.00 [-23.31, 9.31] ]
Braxas 2019 137.25 41.6 28 143.18 37.65 26 4.8% -5.93 [-27.07, 15.21] ]
Engelbert 2016 151.3 34 85 142 321 85 5.5% 9.30 [-0.64, 19.24] I
Gardner 2001 (12w) 1354 19.3 31 147 309 33 54% -11.60 [-24.14, 0.94] ]
Garrido 2006 1432 11.6 15 1199 155 14  55% 23.30[13.28, 33.32] -
Giolo 2018 133 8 17 118 6 15  57% 15.00 [10.13, 19.87] =
Ho 2007 (40mg ) 1227 245 68 1218 25 68 56% 0.90 [-7.42, 9.22] L
Ho 2007 (80mg ) 120.2 28.2 67 121.8 25 68 5.6% -1.60 [-10.59, 7.39] T
Jassi 2010 (12w) 107.56 5.36 25 106.05 5.65 25 57% 1.51 [-1.54, 4.56] i
Kim 2013 110.6 28.1 42 1225 314 43  54% -11.90 [-24.56, 0.76] ]
Leheudre 2007 (48w) 130.8 30.6 10 1389 356 10 4.2% -8.10 [-37.20, 21.00] I
Liu 2012 (24w) 140.1 275 60 1424 317 60 55% -2.30[-12.92, 8.32] Ei
Liu 2014 140.8 32.1 90 142 325 90 55% -1.20 [-10.64, 8.24] T
Rios 2008 123 386 25 1852 391 22 47% -12.20 [-34.47, 10.07] R
Uesugi 2002 138.4 36.1 12 1639 216 1 4.6% -25.50 [-49.59, -1.41] = |
Wu 2006 135.1 27.2 33 136 27.2 33 53% -0.90 [-14.02, 12.22] T

Ye 2012 (126mg/24w) 1134 31 25 1134 294 27 51%
Ye 2012 (84mg/24w) 1238 275 26 1134 294 27 52%
Zhang 2019 147 232 77 2549 425 83 55%

Total (95% Cl) 756 755 100.0%
Heterogeneity: Tau? = 579.59; Chi? = 481.92, df = 18 (P < 0.00001); I* = 96%
Test for overall effect: Z = 1.20 (P = 0.23)

0.00 [-16.45, 16.45]
10.40 [-4.92, 25.72]
-107.90 [-118.41, -97.39]

-6.91 [18.24, 4.42] ﬂ
1

i ]

T
-100  -50

Favours [experimental]

T T T
0 50 100
Favours [control]

FIGURE 4. Meta-analysis of the effect of isoflavone on LDL cholesterol in all the postmenopausal women involved in the study. The sizes of the
data markers indicate the weight of each study in the analysis. Values are in mg/dL. CI, confidence interval; IV, inverse variance; LDL cholesterol,
low-density lipoprotein cholesterol; Random, random-effect model; SD, standard deviation.

Experimental Control Mean Difference Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random.95%Cl IV, Random, 95% ClI
Barrasa 2018 52.8 10.6 20 432 147 15 3.0% 9.60 [0.83, 18.37] T
Braxas 2019 37.12 10.66 28 34.59 7.09 26 6.0% 2.53[-2.27,7.33] T
Engelbert 2016 756 17 85 787 201 85 52%  -3.10[-8.70, 2.50] -
Gardner 2001 61.7 116 31 578 7.7 33 59% 3.80[-1.06, 8.66] i
Garrido 2006 69.5 154 15 656 7.7 14 3.0% 3.90 [-4.88, 12.68] il
Giolo 2018 87.5 2.6 17 50.5 3 15  9.3% 7.00 [5.04, 8.96] e
Ho 2007 (40mg ) 70 156 68 70.7 16.8 68 5.3% -0.70[-6.15, 4.75] T
Ho 2007 (80mg ) 721 161 67 707 168 68 52% 1.40 [-4.15, 6.95] T
Jassi 2010 (12w) 4484 1.36 25 4242 1.42 25 10.2% 2.42[1.65, 3.19] B
Kim 2013 57.3 148 42 594 153 43 4.5% -2.10 [-8.50, 4.30] &l
Leheudre 2007 (48w) 58.7 9.65 10 614 135 10 24% -2.70[-12.99, 7.59] "
Liu 2012 (24w) 59.8 10 60 61 11.6 60 7.0% -1.20 [-5.08, 2.68] b
Liu 2014 63.3 135 90 66 13.1 90 7.0% -2.70 [-6.59, 1.19] 7
Rios 2008 53.9 9.5 25 56.9 10.5 22 5.1% -3.00 [-8.75, 2.75] Eil
Uesugi 2002 65.1 16.8 12 68.1 14.2 11 1.7%  -3.00 [-15.68, 9.68] T
Wu 2006 76 175 33 76.8 147 33 3.5% -0.80 [-8.60, 7.00] T
Ye 2012 (126mg/24w) 648 17 25 587 131 27 33%  6.10[-2.20, 14.40] I
Ye 2012 (84mg/24w) 61 139 26 587 131 27 3.9% 2.30[-4.98, 9.58] T
Zhang 2019 46.3 3.9 77 386 11.6 83 8.5% 7.70 [5.06, 10.34] &
Total (95% CI) 756 755 100.0% 1.83 [0.03, 3.64] ’
Heterogeneity: Tau? = 8.15; Chi? = 61.73, df = 18 (P < 0.00001); I* = 71% ’ ’ ’ ’
-100 -50 0 50 100

Test for overall effect: Z = 1.99 (P = 0.05)

Favours [experimental]

Favours [control]

FIGURE 5. Meta-analysis of the effect of isoflavone on HDL cholesterol in all the postmenopausal women involved in the study. The sizes of the
data markers indicate the weight of each study in the analysis. Values are in mg/dL. CI, confidence interval, HDL cholesterol, high-density li-

poprotein cholesterol; IV, inverse variance; Random, random-effect model;
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SD, standard deviation.
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TABLE 2
Effect of isoflavones on blood lipids by age (<65 y old or >65 y old)
Lipids Number of Sample size Mean difference 95% CI (mg/dL) P value
comparisons (experimental/control) (mg/dL)
Age was limited to be <65 y old
TG 11 480/489 -15.79 -28.36, -3.22 0.01
TC 11 480/489 0.33 -7.39, 8.05 0.08
LDL cholesterol 11 480/489 -4.96 -14.62, 4.70 0.31
HDL cholesterol 11 480/489 2.49 1.80, 3.19 <0.0001
Age was limited to be >65 y old
TG 8 271/260 -10.2 -27.43,7.03 0.25
TC 9 296/282 2.84 -4.98, 10.66 0.48
LDL cholesterol 8 276/266 -0.85 -10.21, 8.42 0.85
HDL cholesterol 8 276/266 -2.15 -1.35, 5.66 0.23

CI, confidence interval; HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; TC, total

cholesterol; TG, triacylglycerol.

TABLE 3
Effect of isoflavones on blood lipids by dose (<80 mg/d or >80 mg/d)
Lipids Number of Sample size Mean difference 95% CI (mg/dL) P value
comparisons (experimental/control) (mg/dL)
Dose was limited to be <80 mg/d
TG 11 483/490 -16.9 -28.11, -5.69 0.003
TC 12 508/512 -6.02 -13.26, 0.86 0.09
LDL cholesterol 12 508/512 -4.50 -9.36, -1.64 0.12
HDL cholesterol 12 508/512 1.21 -0.90, 3.27 0.23
Dose was limited to be >80 mg/d
TG 8 268/259 -9.11 -26.0, 3.77 0.04
TC 8 268/259 6.42 4.67,8.17 0.09
LDL cholesterol 7 248/243 4.25 0.73, 5.78 0.13
HDL cholesterol 7 248/243 3.19 0.80, 7.19 0.02

CI, confidence interval; HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; TC, total

cholesterol; TG, triacylglycerol.

TABLE 4
Effect of isoflavones on blood lipids by duration (<24 wk or >24 wk)
Lipids Number of Sample size Mean difference 95% CI (mg/dL) P value
comparisons (experimental/control) (mg/dL)
Duration was limited to be <24 wk
TG 8 250/242 -8.33 -24.55, 7.89 0.31
TC 9 275/267 4.82 -2.80, 12.45 0.22
LDL cholesterol 9 275/267 1.09 -6.93,9.12 0.79
HDL cholesterol 9 275/267 2.85 0.38, 5.32 0.02
Duration was limited to be >24 wk
TG 10 476/482 -18.73 -33.52, -3.94 0.01
TC 11 501/504 4.58 -1.22,7.95 0.08
LDL cholesterol 10 481/488 -7.17 -18.62, 4.29 0.22
HDL cholesterol 10 481/488 0.78 -2.40, 3.95 0.63

CI, confidence interval; HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; TC, total

cholesterol; TG, triacylglycerol.

groups was relatively low (n = 11 for females under 65 y old, n =
9 for females over 65 y old). To further explore whether the ef-
fects of isoflavones are truly associated with the age of post-
menopausal females, a subgroup meta-analysis was conducted.
The results indicated that the effects of isoflavones on lipid
metabolism were only significant when the participants were
under 65 y old. This suggests that initiating isoflavone supple-
mentation early may be more effective in counteracting the un-
favorable changes in blood lipids that occur after menopause.
The specific processes underlying the age-related impact of iso-
flavones on blood lipids remain unknown. Estrogen therapy has
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been found to have favorable effects on cardiovascular disease
risk factors when initiated near the time of menopause [44,45],
suggesting that isoflavones, acting as natural SERMs, may in-
fluence lipid metabolism through a mechanism related to
estrogen-like effects in an age-dependent manner.

A study conducted by Ho et al. [25] found that a daily dose of
80 mg of isoflavones may not be sufficient to counteract the
significant increase in cholesterol that occurs after menopause.
The findings of this meta-analysis indicate that the intake of
isoflavones at a low dosage (<80 mg/d) or high dosage (>80
mg/d) is strongly associated with a significant decrease in blood
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FIGURE 6. Examination of publication bias about TG on the basis of a funnel plot in all the postmenopausal women involved in the study, which
plotted the SEM of the studies against their corresponding effect sizes. MD, mean difference; SEM, standard error of the mean; TG, triacylglycerol.
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FIGURE 7. Examination of publication bias about TC on the basis of a funnel plot in all the postmenopausal women involved in the study, which
plotted the SEM of the studies against their corresponding effect sizes. MD, mean difference; SEM, standard error of the mean; TC, total

cholesterol.

TG concentrations. However, an increase in HDL cholesterol
concentrations was only observed in subjects taking a high
dosage of isoflavones (>80 mg/d). These results suggest that a
limited dose of isoflavones can reduce blood TG concentrations,
and increasing the intake of isoflavones beyond the maximal
effective dose is not beneficial. On the contrary, a high dose of
isoflavones is necessary to improve HDL cholesterol concentra-
tions. Furthermore, the reduction in TG concentrations was
observed in the isoflavones group with a treatment duration of
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24 wk or longer, whereas the increase in HDL cholesterol con-
centrations was significant in subjects with a treatment duration
of <24 wk. These findings suggest that long-term intake of iso-
flavones is needed to reduce blood TG concentrations, whereas
the increase in blood HDL cholesterol occurs during the early
period of isoflavone treatment.

One limitation of this analysis is that it was based on data
from studies investigating the effects of isoflavones, whereas it
is likely to be more relevant to real-life situations where soy
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FIGURE 8. Examination of publication bias about LDL cholesterol on the basis of a funnel plot in all the postmenopausal women involved in the
study, which plotted the SEM of the studies against their corresponding effect sizes. LDL cholesterol, low-density lipoprotein cholesterol; MD,
mean difference; SEM, standard error of the mean.
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FIGURE 9. Examination of publication bias about HDL cholesterol on the basis of a funnel plot in all the postmenopausal women involved in the
study, which plotted the SEM of the studies against their corresponding effect sizes. HDL cholesterol, high-density lipoprotein cholesterol; MD,
mean difference; SEM, standard error of the mean.

foods are included as part of the diet. Another limitation to English sources. Additionally, considerable heterogeneity was
consider is the exclusive inclusion of only English-language noted in the treatment effects of the included studies. A major

studies, which may have omitted relevant research from non- contributor to this heterogeneity appears to be the diverse

1641



S. Yang et al.

geographical origins of the subjects, including China, Japan,
Korea, Canada, America, Brazil, Chile, and Germany. More-
over, the action mechanisms by which isoflavones modify the
lipid profile have not been fully established in the discussions.
It is also noteworthy that the effect of isoflavones seems to be
predominantly observed in the population under 65 y of age,
though the reasons for this remain unclear. Furthermore,
although most of the included RCTs recruited healthy post-
menopausal females, some studies also included females with
conditions such as hyperlipidemia [19,34], diabetes [18], and
obesity [27].

In conclusion, this meta-analysis demonstrates a strong as-
sociation between the consumption of isoflavones and notable
reductions in blood TG concentrations, as well as increased
concentrations of HDL cholesterol in postmenopausal females
under 65 y of age, and when aiming to regulate lipid con-
centrations, it is advisable to consider the appropriate dosage
and duration of isoflavone intake. Given the substantial de-
mand for safe and effective HRT to enhance quality of life and
life expectancy, numerous studies have focused on natural
SERMs. Based on the findings of this meta-analysis, isoflavone
therapy appears to be a valuable alternative to estrogen for
postmenopausal females below 65 y old. However, additional
research is necessary to validate the reported results, and a
thorough exploration of the underlying mechanism is
warranted.

Author contributions

The authors’ responsibilities were as follows— SY: designed
the study; SY and QZ: contributed to the interpretation and
analysis of the data; SY, QZ, and ZL: wrote the initial draft; HH
and XH contributed to the revision of the manuscript, and all
authors: read and approved the final manuscript.

Conflict of Interest

The authors declare the following financial interests/personal
relationships which may be considered as potential competing
interests: Hongpu Hu reports financial support was provided by
National Social Science Fund of China.

Funding

This research was funded by the National Social Science Fund
of China (22&ZD141 and 22AZD089). The funding bodies were
not involved in any aspect of the study, from its conception and
design to the collection, handling, analysis, or interpretation of
the data, nor in the drafting, reviewing, or approving the
manuscript.

Data availability

Data described in the manuscript, code book, and analytic
code will be made publicly and freely available without restric-
tion. Original data generated and analyzed during this study are
included in this published article or the data repositories listed in
References.

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.advnut.2023.09.008.

1642

Advances in Nutrition 14 (2023) 1633-1643

References

[1] R. Ross, Atherosclerosis-an inflammatory disease, N. Engl. J. Med. 340
(2) (1999) 115-126.

S. Reddy Kilim, S.R. Chandala, A comparative study of lipid profile and
oestradiol in pre- and post-menopausal women, J. Clin. Diagn. Res. 7 (8)
(2013) 1596-1598.

C.M. Dallal, J.V. Lacey Jr., R.M. Pfeiffer, D.C. Bauer, R.T. Falk,

D.S. Buist, et al., Estrogen metabolism and risk of postmenopausal
endometrial and ovarian cancer: the B ~ FIT Cohort, Horm. Cancer. 7
(1) (2016) 49-64.

M. Romadn, S. Graff-Iversen, E. Weiderpass, S. Vangen, S. Sakshaug,

S. Hofvind, et al., Postmenopausal hormone therapy and breast cancer
prognostic characteristics: a linkage between nationwide registries,
Cancer Epidemiol, Biomarkers Prev 25 (11) (2016) 1464-1473.

S. Palacios, The future of the new selective estrogen receptor
modulators, Menopause Int 13 (1) (2007) 27-34.

J. Adomaityte, M. Farooq, R. Qayyum, Effect of raloxifene therapy on
venous thromboembolism in postmenopausal women. A meta-analysis,
Thromb. Haemost. 99 (2) (2008) 338-342.

E. Barrett-Connor, D.A. Cox, J. Song, B. Mitlak, L. Mosca, D. Grady,
Raloxifene and risk for stroke based on the Framingham stroke risk
score, Am. J. Med. 122 (8) (2009) 754-761.

Y. Dobrydneva, R.V. Weatherman, J.P. Trebley, M.M. Morrell,

M.C. Fitzgerald, C.E. Fichandler, et al., Tamoxifen stimulates calcium
entry into human platelets, J. Cardiovasc. Pharmacol. 50 (4) (2007)
380-390.

R. Beaglehole, International trends in coronary heart disease mortality,
morbidity, and risk factors, Epidemiol. Rev. 12 (1990) 1-15.

N.B. Kumar, A. Cantor, K. Allen, D. Riccardi, C.E. Cox, The specific role
of isoflavones on estrogen metabolism in premenopausal women,
Cancer 94 (4) (2002) 1166-1174.

R. Baena Ruiz, P. Salinas Hernandez, Cancer chemoprevention by
dietary phytochemicals: epidemiological evidence, Maturitas 94 (2016)
13-19.

J.W. Anderson, B.M. Johnstone, M.E. Cook-Newell, Meta-analysis of the
effects of soy protein intake on serum lipids, N. Engl. J. Med. 333 (5)
(1995) 276-282.

S. Zhan, S.C. Ho, Meta-analysis of the effects of soy protein containing
isoflavones on the lipid profile, Am. J. Clin. Nutr. 81 (2) (2005)
397-408.

R.M. Blair, S.E. Appt, C. Bennetau-Pelissero, T.B. Clarkson,

M.S. Anthony, V. Lamothe, et al., Dietary soy and soy isoflavones have
gender-specific effects on plasma lipids and isoflavones in golden Syrian
f(1)b hybrid hamsters, J. Nutr. 132 (12) (2002) 3585-3591.

S.C. Ho, J.L. Woo, S.S.F. Leung, A.L. Sham, T.H. Lam, E.D. Janus, Intake
of soy products is associated with better plasma lipid profiles in the
Hong Kong Chinese population, J. Nutr. 130 (10) (2000) 2590-2593.
Cholesterol and triglyceride concentrations in serum/plasma pairs, Clin.
Chem. 23 (1) (1977) 60-63.

G.R.R. Barrasa, N.G. Gonzalez Canete, L.E.V. Boasi, Age of
postmenopause women: effect of soy isoflavone in lipoprotein and
inflammation markers, J. Menopausal. Med. 24 (3) (2018) 176-182.
H. Braxas, M. Rafraf, S. Karimi Hasanabad, M. Asghari Jafarabadi,
Effectiveness of genistein supplementation on metabolic factors and
antioxidant status in postmenopausal women with type 2 diabetes
mellitus, Can. J. Diabetes. 43 (7) (2019) 490-497.

A. Dewell, C.B. Hollenbeck, B. Bruce, The effects of soy-derived
phytoestrogens on serum lipids and lipoproteins in moderately
hypercholesterolemic postmenopausal women, J. Clin. Endocrinol.
Metab. 87 (1) (2002) 118-121.

A.K. Engelbert, S.T. Soukup, A. Roth, N. Hoffmann, D. Graf, B. Watzl, et
al., Isoflavone supplementation in postmenopausal women does not
affect leukocyte LDL receptor and scavenger receptor CD36 expression:
A double-blind, randomized, placebo-controlled trial, Mol. Nutr. Food
Res. 00 (2016) 1-12.

C.D. Gardner, K.A. Newell, R. Cherin, W.L. Haskell, The effect of soy
protein with or without isoflavones relative to milk protein on plasma
lipids in hypercholesterolemic postmenopausal women, Am. J. Clin.
Nutr. 73 (4) (2001) 728-735.

A. Garrido, M.P.D.L. De la Maza, S. Hirsch, L. Valladares, Soy
isoflavones affect platelet thromboxane A2, receptor density but not
plasma lipids in menopausal women, Maturitas 54 (3) (2006) 270-276.
J.S. Giolo, J.G. Costa, J.P. da Cunha-Junior, A.C.A.M. Pajuaba,

E.A. Taketomi, A.V. de Souza, et al., The effect of isoflavone
supplementation plus combined exercise on lipid levels, and

(2]

[31

[4]

[51
(6]

[7

—

[8]

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]


https://doi.org/10.1016/j.advnut.2023.09.008
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref1
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref1
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref1
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref2
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref2
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref2
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref2
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref3
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref3
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref3
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref3
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref3
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref4
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref4
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref4
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref4
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref4
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref4
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref5
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref5
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref5
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref6
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref6
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref6
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref6
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref7
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref7
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref7
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref7
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref8
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref8
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref8
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref8
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref8
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref9
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref9
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref9
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref10
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref10
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref10
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref10
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref11
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref11
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref11
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref11
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref11
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref12
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref12
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref12
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref12
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref13
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref13
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref13
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref13
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref14
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref14
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref14
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref14
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref14
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref15
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref15
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref15
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref15
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref16
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref16
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref16
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref17
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref17
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref17
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref17
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref17
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref17
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref18
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref18
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref18
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref18
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref18
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref19
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref19
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref19
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref19
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref19
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref20
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref20
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref20
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref20
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref20
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref20
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref21
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref21
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref21
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref21
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref21
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref22
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref22
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref22
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref22
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref23
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref23
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref23

S. Yang et al.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

inflammatory and oxidative stress markers in postmenopausal women,
Nutrients 10 (4) (2018) 424-430.

S.C. Ho, Y.M. Chen, S.S. Ho, J.L.F. Woo, Soy isoflavone supplementation
and fasting serum glucose and lipid profile among postmenopausal
Chinese women: a double-blind, randomized, placebo-controlled trial,
Menopause 14 (5) (2007) 905-912.

H.K. Jassi, A. Jain, S. Arora, R. Chitra, Effect of soy proteins vs soy
isoflavones on lipid profile in postmenopausal women, Indian J. Clin.
Biochem. 25 (2) (2010) 201-207.

J. Kim, H. Lee, O. Lee, K.H. Lee, Y.B. Lee, K.D. Young, et al., Isoflavone
supplementation influenced levels of triglyceride and luteunizing
hormone in Korean postmenopausal women, Arch. Pharm. Res. 36 (3)
(2013) 306-313.

M. Aubertin-Leheudre, C. Lord, A. Khalil, I.J. Dionne, Effect of 6 months
of exercise and isoflavone supplementation on clinical cardiovascular
risk factors in obese postmenopausal women: a randomized, double-
blind study, Menopause 14 (4) (2007) 624-629.

Z.M. Liu, S.C. Ho, Y.M. Chen, Y.P. Ho, The effects of isoflavones
combined with soy protein on lipid profiles, C-reactive protein and
cardiovascular risk among postmenopausal Chinese women, Nutr.
Metab. Cardiovasc. Dis. 22 (9) (2012) 712-719.

Z.M. Liu, S.C. Ho, Y.M. Chen, S. Ho, K. To, B. Tomlinson, et al., Whole
soy, but not purified daidzein, had a favorable effect on improvement of
cardiovascular risks: A 6-month randomized, double-blind, and
placebo-controlled trial in equol-producing postmenopausal women,
Mol. Nutr. Food Res. 58 (4) (2014) 709-717.

D.R. Rios, E.T. Rodrigues, A.P. Cardoso, M.B. Montes, S.A. Franceschini,
M.R. Toloi, Lack of effects of isoflavones on the lipid profile of Brazilian
postmenopausal women, Nutrition 24 (11-12) (2008) 1153-1158.

T. Uesugi, Y. Fukui, Y. Yamori, Beneficial effects of soybean isoflavone
supplementation on bone metabolism and serum lipids in
postmenopausal Japanese women: a four-week study, J. Am. Coll. Nutr.
21 (2) (2002) 97-102.

J. Wu, J. Oka, I. Tabata, M. Higuchi, T. Toda, N. Fuku, et al., Effect of
isoflavone and exercise on BMD and fat mass in postmenopausal
Japanese women: a 1-year randomized placebo-controlled trial, J. Bone
Miner. Res. 21 (5) (2006) 780-789.

Y.B. Ye, Z.L. Wang, S.Y. Zhuo, W. Lu, H.F. Liao, M.A. Verbruggen, et al.,
Soy germ isoflavones improve menopausal symptoms but have no effect
on blood lipids in early postmenopausal Chinese women: a randomized
placebo-controlled trial, Menopause 19 (7) (2012) 791-798.

T. Zhang, X.X. Chi, The effect of genistein on lipid levels and LDLR,
LXRa and ABCG1 expression in postmenopausal women with
hyperlipidemia, Diabetol. Metab. Syndr. 11 (2019) 111.

1643

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Advances in Nutrition 14 (2023) 1633-1643

W.R. Farwell, H.D. Sesso, J.E. Buring, J.M. Gaziano, Non-high-density
lipoprotein cholesterol versus low-density lipoprotein cholesterol as a
risk factor for a first nonfatal myocardial infarction, Am. J. Cardiol. 96
(8) (2005) 1129-1134.

C.D. Gardner, S.P. Fortmann, R.M. Krauss, Association of small low-
density lipoprotein particles with the incidence of coronary artery
disease in men and women, JAMA 276 (11) (1996)

875-881.

N. Sarwar, J. Danesh, G. Eiriksdottir, G. Sigurdsson, N. Wareham,

S. Bingham, et al., Triglycerides and the risk of coronary heart disease:
10,158 incident cases among 262,525 participants in 29 Western
prospective studies, Circulation 115 (4) (2007) 450-458.

C.J. Glueck, P. Gartside, R.W. Fallat, J. Sielski, P.M. Steiner, Longevity
syndromes: familial hypobeta and familial hyperalpha lipoproteinemia,
J. Lab. Clin. Med. 88 (6) (1976) 941-957.

A. Nynca, A. Sadowska, K. Orlowska, M. Jablonska, R.E. Ciereszko, The
effects of phytoestrogen genistein on steroidogenesis and estrogen
receptor expression in porcine granulosa cells of large follicles, Folia.
Biol. 63 (2) (2015) 119-128.

S.A. Whitehead, S. Rice, Endocrine-disrupting chemicals as modulators
of sex steroid synthesis, Best Pract, Res. Clin. Endocrinol. Metab. 20 (1)
(2006) 45-61.

Y. Mousavi, H. Adlercreutz, Genistein is an effective stimulator of sex
hormone-binding globulin production in hepatocarcinoma human liver
cancer cells and suppresses proliferation of these cells in culture,
Steroids 58 (7) (1993) 301-304.

Y.L. Low, A.M. Dunning, M. Dowsett, E. Folkerd, D. Doody, J. Taylor, et
al., Phytoestrogen exposure is associated with circulating sex hormone
levels in postmenopausal women and interact with ESR1 and NR1I2
gene variants, Cancer Epidemiol. Biomarkers Prev. 16 (5) (2007)
1009-1016.

M.R. Lovati, C. Manzoni, A. Canavesi, M. Sirtori, V. Vaccarino,

M. Marchi, et al., Soybean protein diet increases low density lipoprotein
receptor activity in mononuclear cells from hypercholesterolemic
patients, J. Clin. Invest. 80 (5) (1987) 1498-1502.

S.M. Harman, E. Vittinghoff, E.A. Brinton, M.J. Budoff, M.I. Cedars,
R.A. Lobo, et al., Timing and duration of menopausal hormone
treatment may affect cardiovascular outcomes, Am. J. Med. 124 (3)
(2011) 199-205.

H.N. Hodis, W.J. Mack, D. Shoupe, S.P. Azen, F.Z. Stanczyk, J. Hwang-
Levine, et al., Methods and baseline cardiovascular data from the early
versus late intervention trial with estradiol testing the menopausal
hormone timing hypothesis, Menopause 22 (4) (2015)

391-401.


http://refhub.elsevier.com/S2161-8313(23)01381-9/sref23
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref23
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref23
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref24
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref24
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref24
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref24
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref24
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref25
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref25
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref25
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref25
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref26
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref26
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref26
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref26
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref26
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref27
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref27
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref27
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref27
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref27
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref28
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref28
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref28
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref28
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref28
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref29
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref29
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref29
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref29
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref29
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref29
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref30
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref30
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref30
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref30
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref30
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref31
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref31
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref31
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref31
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref31
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref32
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref32
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref32
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref32
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref32
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref33
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref33
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref33
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref33
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref33
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref34
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref34
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref34
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref34
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref35
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref35
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref35
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref35
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref35
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref36
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref36
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref36
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref36
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref36
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref37
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref37
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref37
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref37
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref37
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref38
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref38
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref38
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref38
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref39
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref39
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref39
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref39
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref39
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref40
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref40
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref40
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref40
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref41
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref41
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref41
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref41
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref41
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref42
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref42
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref42
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref42
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref42
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref42
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref43
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref43
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref43
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref43
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref43
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref44
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref44
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref44
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref44
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref44
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref45
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref45
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref45
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref45
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref45
http://refhub.elsevier.com/S2161-8313(23)01381-9/sref45

	Statements of significance
	Introduction
	Methods
	Identification and selection of studies
	Data extraction and quality assessment
	Data analysis

	Results
	Identification and selection
	Study characteristics
	Changes in blood lipid concentrations
	Subgroup analyses
	Changes of heterogeneities
	Publication bias

	Discussion
	Author contributions
	Conflict of Interest
	Funding
	Data availability

	Appendix A. Supplementary data
	References


