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Abstract: The aim of this report was to determine the impact of flaxseed, soy and red clover, and
their bioactive substances on the lipid profile in postmenopausal women in cardiovascular diseases
prevention. We used the following databases: MEDLINE (PubMed), EMBASE and the Cochrane
Library. Meta-analysis indicates that the intake of flaxseed by postmenopausal women is associated
with a statistically significant reduction in total cholesterol (TC) levels (weighted-mean difference
(WMD) =-0.26; 95% confidence interval (95% CI): —0.38 to —0.13; p = 0.0001), low-density lipoprotein
cholesterol (LDL-C) levels (WMD = -0.19; 95% CI: -0.30 to —0.08; p = 0.0006), and high-density lipo-
protein cholesterol (HDL-C) levels (WMD = -0.06; 95% CI: -0.11 to —0.01; p = 0.0150). The effect of
soy protein on the lipid profile showed a significant decrease in TC levels: WMD = -0.15; 95% CI:
-0.25-0.05; p = 0.0048, LDL-C levels: WMD =-0.15; 95% CI: =0.25-0.05; p = 0.0067, as well as a signif-
icant increase in HDL-C levels: WMD = 0.05; 95% CI: 0.02-0.08; p = 0.0034. Changes in the lipid
profile showed a significant reduction in TC levels after the use of red clover (WMD = -0.11; 95%
CI: -0.18—0.04; p = 0.0017) and a significant increase in HDL-C levels (WMD = 0.04; 95% CI: 0.01 to
0.07; p =0.0165). This meta-analysis provides evidence that consuming flaxseed, soy and red clover
can have a beneficial effect on lipids in postmenopausal women and suggest a favorable effect in
preventing cardiovascular diseases.

Keywords: flaxseed; soy; red clover; lipid profile; meta-analysis; cardiovascular disease; botanical
supplements; postmenopausal woman

1. Introduction

Cardiovascular disease (CVD) is collection of disorders affecting the vasculature of
the heart, brain and peripheral tissues, and remains the leading cause of death globally
[1,2]. The most common cause of CV is atherosclerosis, which is initiated by an inflamma-
tory reaction of the vascular endothelium [3]. The origins of these endothelial lesions are
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still not fully explained, but involved factors include: chronic elevations in blood pressure
[4]; prolonged hyperglycemia and the resulting formation of advanced glycation end-
products [5]; elevated lipoproteins, particularly molecules that have undergone oxidized
modification [6]; and oxidative stress and inflammation [7]. With aging, a number of
changes occur in the metabolism, known as the ‘metabolic syndrome’ [8]. Among others,
these include the accumulation of fat mass in the abdominal compartment, transition to a
more atherogenic lipid profile, hyperinsulinemia, insulin resistance and glucose intoler-
ance [9,10]. The consequence of these changes is an enhanced risk of coronary heart dis-
ease, stroke and other atherosclerotic vascular diseases, including peripheral arterial dis-
ease, atherosclerotic aortic disease and carotid artery disease [11].

A bioactive effect on lipid metabolism involving lowering the level of total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C) and triglycerides (TG), has been
demonstrated during studies of some plant dietary items, such as: almonds [12], arti-
chokes [13], barberry [14], curcumin [15], ginger [16], psyllium [17], sesame [18], cacao [19]
and walnuts [20].

Women are at a higher risk of developing CVDs after menopause due to estrogen
deficiency and dysregulated lipid metabolism [21]. Loss of ovarian endocrine function as
a result of chronic hypoestrogenism is the main physiological symptom associated with
menopause. The daily production of estrogen in postmenopausal women is 0.045 mg,
compared with 0.35 mg during the reproductive period, which is reflected in serum estro-
gen concentrations of 10-20 ug/mL and 40-400 ug/mL, respectively [22]. Observed men-
opause-induced estrogen deficiency leads to various metabolic disorders including lipid
metabolism. TC, LDL-C, and TG levels increase during the menopause and during the
postmenopausal period. In turn, high-density lipoprotein cholesterol (HDL-C) levels, af-
ter an initial rise during the menopausal transition, gradually decline during late meno-
pause [23-25] (of note, there were also studies showing no difference in HDL-C levels
between premenopausal and postmenopausal women [26]). Dyslipidemia is one of the
most important risk factors for CVD, which can be corrected and prevented. Botanical
supplements as flaxseed, soybean and red clover are rich sources of bioactive compounds
affecting lipid metabolism [27].

The benefits of consuming whole fractions of flaxseed (Linum usitatissimum L.) such
as its protein, oil and mucilage, are related to the presence of specific bioactive substances.
The flaxseed content of protein ranges from 10 to 31%, including higher amounts of argi-
nine, aspartic and glutamic acids than other amino acids. Flaxseed also consists of 40% fat;
and 25-28% fiber, of which 25% is in soluble form. Moreover, approximately 38-45% of
flaxseed mass contains oil and 55-68% is meal. Flaxseed is a rich source of bioactive in-
gredients such as a-linolenic acid (ALA) and linoleic acid. Additionally, it contains phy-
tochemicals such as lignan complex: secoisolariciresinol diglucoside (SDG), cinnamic acid
glucoside and hydroxymethyl glutaric acid [28,29]. Flaxseed oil and active compounds,
especially SDG and its metabolites, suppresses the inflammatory tissue damage caused
by oxidative stress [30]. SDG may also directly lower serum cholesterol by modulating the
enzymes 7a-hydroxylase and acyl-coenzyme A:cholesterol acyltransferases, both of
which are involved in cholesterol metabolism [31]. The supplied ALA reduces the pro-
duction of arachidonic acid (AA) and consequently, by decreasing proinflammatory eico-
sanoid, leads to a reduction in the inflammation process [32].

The soybean (Glycine max L.) is a significant source of protein (~36-40%), lipids
(~20%) and dietary fiber (~9%) (based on the dry weight of mature raw seeds), and phy-
tochemicals such as isoflavones, phytosterols and lecithins, which may act collectively or
through independent mechanisms. The two major protein peptides, 3-conglycinin (3CG)
and glycinin, comprise 80-90% of the total protein in soybean, and affect lipid metabolism
[33,34]. Additionally, soybeans are rich sources of essential fatty acids. Polyunsaturated
(primarily linoleic acid, alpha-linolenic acid), monounsaturated (oleic acid) and saturated
(primarily palmitic acid) fatty acids comprise approximately 63%, 23%, and 14%, respec-
tively, of the total fat content of soybeans, and have an impact on the level of lipids [35].
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The other major bioactive compounds in soybeans are isoflavones, which are associated
with soy proteins. Isoflavones occur in large values in soybean as glycoside, such as gen-
istin, daidzin and glycitin, or their aglycone forms, genistein, diadzein and glycitein [36].
Soy isoflavones, with structural similarities to the endogenous 17(3-estradiol, reveal their
biological effects via activating estrogen receptors (ER) with a higher affinity to ER-{3, in
comparison to ER-a.. Although the affinity for the estrogen receptor by soy isoflavones is
100-1000 times less than that of natural estrogen, more than a thousand-fold greater iso-
flavone concentrations can appear in the plasma than those of endogenous estrogen [37].
Isoflavones, by binding to ERs, lead to gene activation and beneficial effects on lipid me-
tabolism [38].

A number of other mechanisms regulating lipid metabolism without the mediation
of the estrogen receptor have been recorded —including the increased expression of 3-hy-
droxy-3-methylglutaryl-CoA reductase (HMGCR), which leads to decreased cholesterol
and TG levels; the enhanced expression of peroxisome proliferator-activated receptor
(PPAR) and the activation of AMP-activated protein kinase (AMPK), which results in in-
creased expression of genes involved in lipoprotein metabolism; the decreased expression
of sterol regulatory-element binding protein-lc (SREBP-1) and increased expression of
SREBP-2, which suppresses cholesterol synthesis and absorption in the liver; the inhibi-
tion of the expression and activity of the sterol regulatory element binding protein-1c
(SREBP-1c) and carbohydrate response element binding protein-1 (ChREBP), which are
proteins that enhance the expression of lipogenic genes and key enzymes involved in de
novo lipogenesis; the promotion of the HDL-C metabolism and of the uptake, utilization
and catabolism of fatty acids; and the modulation of the effects on several enzymes im-
portant in lipid transformation, such as lipoprotein lipase (LPL), hepatic lipase (HL) (also
called hepatic triglyceride lipase (HTGL)), and 7alpha-hydroxylase [39-44].

Red clover (Trifolium pratense L.) contains a certain amount of protein and fat that is
irrelevant from the point of view of human nutrition. It is also rich in bioactive substance-
sused in medicine. Red clover isoflavones show a different mechanism of action on lipid
metabolism than that of soy isoflavones, which is due to the different composition of the
contained isoflavones. Grains of red clover contain higher concentrations of formononetin
and biochanin A and lower concentrations of daidzein and genistein than soy [45]. This
composition suggests that an equal production status may be less relevant [46]. Isofla-
vones with structural similarities to endogenous 17-3-estradiol reveal their biological ef-
fects via activating estrogen receptors (ER) with a higher affinity to ER-f3, in comparison
to ER-a, which mediates the cholesterol metabolism [47,48]. In addition, a number of non-
hormonal effects have been reported in its isoflavones, including tyrosine kinase inhibi-
tion, antioxidant activity, and effects on ion transport [49]. Red clover extract and the iso-
flavones genistein and biochanin A can also regulate lipid metabolism without the medi-
ation of estrogen receptors, as well as increase the expression of PPAR alpha and activate
AMPK, which results in the enhanced activity of genes involved in lipoprotein metabo-
lism [50].

The purpose of this study was to determine the impact of flaxseed, soy and red clover
and their bioactive substanceson the lipid profile in postmenopausal women in cardio-
vascular prevention.

2. Materials and Methods
2.1. Search Strategy and Study Selection

This systematic review and meta-analysis was designed in accordance with The Pre-
ferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement
[51] to identify randomized controlled trials (RCTs) assessing the effects of flaxseed, soy
protein, soy isoflavones and red clover isoflavones on the level of serum lipids.

The electronic databases MEDLINE (PubMed), Embase, and the Cochrane Library

were searched for the identification of randomized controlled trials until December 2018.
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The following search terms were used for all databases in various combinations: (“flax”
OR “flaxseed” OR “linseed” OR “Linum usitatissimum” OR “soybean” OR “Glycine max”
OR “soy proteins” OR “soy isoflavones” OR “red clover” OR “Trifolium pratense”) AND
(“lipid profile” OR “lipids” OR “total cholesterol” OR “HDL cholesterol” OR “LDL cho-
lesterol” OR “triglycerides”) AND (“menopause” OR “postmenopause”).

The search was limited to papers published in English and was conducted up to De-
cember 2018. References to selected research and review articles related to the topic of the
work were also searched in order to identify additional studies.

The initial selection included the analysis of the titles and/or abstracts of all citations.
After an independent and double analysis of the full texts of selected works, a decision
was then made to include or exclude them. In turn, works were qualified for meta-analysis
and collection of data on the clinical and methodological characteristics of the described
clinical trials and for statistical evaluation.

Randomized controlled trials (RCTs) were considered eligible for inclusion if they
met all of the following criteria: parallel-group design, or crossover design that contained
data for the first period; a comparison with a placebo or with a no-intervention group; a
follow-up period was at least 3 months; post-menopausal women as participants; appro-
priate interventions using flaxseed, soy or red clover and the presentation of sufficient
information on plasma-lipid levels at baseline and after supplementation, or the net
change values in both study arms. The exclusion criteria were as follows: men or premen-
opausal women as participants, no control group in the study, lack of sufficient infor-
mation, and a study duration of less than 12 weeks. The results were reported as graphics
or percent changes, and as duplicated reports.

2.2. Data Extraction

The data were extracted by the lead author and subsequently reviewed by co-authors
for accuracy. Eligible studies were reviewed and the following data were abstracted: first
author’s name; year of publication; study location (country); follow-up period of the
study; study design; number of participants in the intervention and control group; health
characteristics of the population (age, menopausal status, body mass index); daily amount
of flaxseed, soy protein, soy isoflavones and red clover isoflavones taken in the active arm;
and data on baseline and follow-up TC, LDL-C, HDL-C and TG plasma levels.

2.3. Quality Assessment and Bias Risk of the Trials

The Jadad Scale is an Oxford system for assessing the quality of a clinical trial, de-
signed to determine the minimum level of studies included in a systematic review/meta-
analysis. The test may receive values from 0 (low quality) to 5 points (highest quality) [52].
This meta-analysis included studies that had a relatively high Jadad score. To explain the
possible presence of bias publications, Begg’s rank correlation test (Kendall Tau) and Eg-
ger’s weighted regression test were applied [53,54].

2.4. Statistical Analysis and Meta-Analysis

The meta-analysis included all intervention groups from multi-arm studies. Moreo-
ver, to avoid the duplication of data from the same people in surveys covering multiple
time points, only one such point was taken into account.

The data in each study were presented as numbers of subjects (N) and the mean =
standard deviations (SD). When the standard error of the mean (SEM) was employed, the
conversion to SD was made according to the formula: SD = SEM x \N. If a 95% confidence
interval (95% CI) was applied, SD conversion was: SD = sqrt (N) x (upper bound-lower
bound)/(2u) (equal to 3.96). When the results from the studies were presented in mg/dL,
they were converted into mmol/L using standard conversion factors (the value in mg/dL
was multiplied by 0.02586 for TC, LDL-C and HDL-C, and by 0.01143 for TG).



Nutrients 2022, 14, 2467

5 of 21

The outcome measures were the differences in the mean (MD) of components of the
lipid profile between baseline and the end values for both the intervention and control
groups. The missing SDs of MD were imputed using the formula: SD = sqrt ((SD “initial”)2
+(SD “final”)2 - (SD “initial” x SD “final”) x 2R), where R is the correlation coefficient; we
took an R value = 0.40 [55,56]. The outcome measures were the differences in the mean
(net change in mmol/L) of elements of the lipid profile between the baseline and the end
values for both the intervention and control groups.

Summary outcomes measures were presented as the mean differences between the
intervention and control groups. A random-effects model was used to calculate the
weighted-mean difference (WMD) and 95% confidence interval (CI) for each comparison,
and the combined overall effect (p <0.05 was considered statistically significant) according
to DerSimonian and Laird [57]. Cochrane Q and I2 statistics were used to assess the heter-
ogeneity. The I? test determined whether the variance across studies was correct and not
a result of a sampling error. The percentage of total variation indicated the degree of het-
erogeneity; 12 values of <25% were considered low; >25% as moderate; and >75% as high
heterogeneity [58]. STATISTICA Medical Software v. 11.0 StatSoft, Krakow, Poland was
used for all statistical analyses.

3. Results

In total, a number of citations potentially related to the topic of work based on the
key words—red clover = 3107; soy = 8074; and flaxseed = 4828 —were identified. Building
upon the title and/or abstract, exclusions were 3069 for red clover; 7991 for soy; and 4784
for flaxseed due to a lack of connection with the topic of this work. Consequently, 165
potentially relevant clinical trials qualified for further detailed qualitative analysis in the
full-text assessment: red clover = 38; soy = 83; and flaxseed = 44. Among these, 130 studies
were also discarded due to the failure to meet all inclusion criteria. As a result, 42 ran-
domized controlled trials for meta-analysis. Detailed information about the literature
search and study selection and identification can be found in Figure 1.
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Identification: citations potentially related to the topic of work, based on keywords:
red clover = 3107, soy = 8074, flaxseed =4828

Screening: items (red clover = 3069, soy = 7991, flaxseed = 4784 )
were excluded after title and abstract

Main reasons: comments, reports; review papers, systematic

reviews, meta-analyses; cross-sectional and cohort study;
animal model studies; research not related to the topic of work

Screening: potentially relevant randomized controlled trials which may qualify for
sytematic review and meta-analysis: red clover = 38, soy = 83, flaxseed = 44

130 articles excluded from meta-analysis because:

—review, n =43;

- duplicate publications, n =4;

- men and women as participants, n = 38;

—no control group, n =15;

unable to extract data due to statistical mode, n =8§;
- subjects were not postmenopausal women, n =15;

—non-Enelish full-text n =7

Eligitbility: Full-text assessed for eligibility - Ful-text articles excluded (n =49)

Included: Studies included in qualitative analysis (1 =42)
red clover (n =7), soy protein (n = 15), soy isoflavones alone (n =13), (flaxseed (1 =7)

Figure 1. Flowchart of the selection procedure for studies included in the current review and meta-

analysis.

3.1. Characteristics of Included Trials

The characteristics of selected randomized controlled studies assessing the influence
of flaxseed, soy protein, soy isoflavones, and red clover on lipid profile in postmenopausal
women are presented in Table 1. The meta-analysis included 42 studies published in Eng-
lish from 1998 to 2018 [59-100].

Table 1. Characteristics of selected randomized controlled studies assessing the influence of flax-
seed, soy protein, soy isoflavones, and red clover on lipid profile in postmenopausal women.

First Auth Baseline Lipids Val g
lrs;refu ]t . Study Design Study Population Intervention 3 2 -E i wacline Lipids Values §
Data Trial%uraﬁi | Age(Mean:SD)y, ysm, (Daily Dose) 2% EE ToaC LDLC HDLC TAG o
K BMI, Health Condition y O% Z® mmol/L mmol/L mmo/L mmol/L =
Location =4
A. Flaxseed (Linum usitatissimum L.)
Arjmandi [59] Cross-oner Age 56.3 + 6.5, ysm N/A, WEFX 38 g, ALA 8.5 g vs. G 15 595+144 412139 0934023 1284092
1998 6-week active phase ~ BMI 29.2 + 7.4, obesity, placebo: sunflower seed 4
. . . X CG 19 592+136 4.06+134 1.08+023 127+0.70
United States  2-week washout. hypercholesterolemia (slice of bread or muffin)
L 4 A 4 + A,
“;’);5 1" Parallel group geBE;v[; 289’ lyi“; 11\1/ ’ WEX 40 g vs. FG 20 576:112 321x112 1895042 1485071
) 3-month follow-up T placebo, wheat-based 40 g CG 16 595+1.12 352+1.12 1.61+040 1.56+0.76
United States obesity

Dodin [62] Parallel group

Age54.0+4.0,ysm4.7+5.2,

WFX40g, ALA9.1gvs. FG 85 567+075 343+0.69 1.72+033 112+045 5
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2005 1-year follow-up BMI 25.5 +4.5 control, wheat germ CG 94 578+071 350+0.64 1.74+0.39 1.16+0.57
Canada healthy (slice of bread or drinks)
Lignan complex,
Han;;};é (631 6—we§l:0ascst-i?/:erha . Age %lﬁég,y ;’1‘ 2254 mer SDG 500 mg FG 22 605103 380£103 1812042 096028
phas T vs. control CG 22 6.03+098 3.79+098 1.82+0.52 0.93+0.33
Denmark 6-week washout healthy . .
(in form muffins, 50 g)
CO”Z‘:;; O porallel group ~ 8° 5]391'\;;257'31’ i’SSH; N/A, L“gg‘]‘; ;g(‘)“plex’ FG 27 587088 360:088 174:042 1192068
6-month follow-up o ms CG 25 6.14+1.05 3.77+0.80 1.54+040 1.77+1.10
Canada healthy vs. placebo
S‘mb;g;a (5] parallel group ~ *'8° 52%;;26?;“ 63'8 23, GFX: V;'Fxbzég’ le(t;g(’ T8 FG 20 6033087 383:089 161:031 149080
" 3-month follow-up £ s pracebor wheat bran CG 18 518+093 2.87+093 186+042 100054
Brazil healthy (in form of slice bread)
Bra;gfs[m] Parallel group 8 6%']3; ;’;25’; o 2y, 10 5 :iz’gieii;;‘;i;gszs FG 19 639089 411:084 1402022 151077
6-week follow-up o placebo: CG 16 576+0.69 344+0.74 156+0.42 1.07+0.32
Denmark obesity (in form buns)
B. Soybean (Glycine max (L.) Merr.)
B. 1. Soy protein without and with isoflavones
Baum [68] Parallel groups ~ Age 60.8 8.6y, ysm N/A, a.SP 40 g: a. IAE 90 mg; SG90 21 6.47+0.88 N/A 1.38+0.32 1.74+0.75
1998 2-week run-in/ BMI27.8 +5.3, b. SP 40 g; IAE 56 mg SG56 23 6.57+0.85 N/A 134+028 1.89+1.02 3
United States 12-week follow-up hypercholesterolemia vs. control, CP + MP 40 g CG 22 626+067 49+08 1.38+031 1.75+1.11
vlg;)%([)sm Parallel groups "8 5331'311235'39’ 3’;”5‘ 24y, SP 40 g, IF 76 mg SG 40 637+101 413087 157:036 1472090
12-week follow-up oo vs. control, CP 40 g CG 37 655+093 4.33+087 1.61+0.38 1.32+0.77
Italy healthy
a.SP42g
Gardner [72]  Parallel groups Age 59.9 + 6.6, ysm N/A, b.SP 42 g (52 m. SG 33 5907 3.9+0.6 14+0.3 1.3+05
2001 4-week run-in/ BMI 26.3 4.6, Gen 75.m Dga o mg Gy ~SG 31 5906 39:06 15203 13+08 4
United States 12-week follow-up hypercholesterolemia ! 6 Ay 5 oig Ty CG 30 61+06 4.0+05 15+04 1.3+0.7
vs. control, MP 42 g.
Age485+7.6,
H;EO[2731 Parallel groups ysm19:16y, cesf ;’%‘inmgc’lmi 23;: mgai) SG 40 583088 345:087 1042023 231x166
. 4-month follow-up BMI 243 £32, SO Mg Y, 0.2 Mg CG 40 586126 345+132 103021 199166
Brazil vs. placebo
healthy
D"ﬂ;&;g[m Parallel groups Ageé’fﬁ 252'3{5:‘61\” A SP ?ggggcilimg SG 38 612£092 400:086 1632049 1095068
. 3-month follow-up o= 818 CG 40 592088 3694088 172051 101057
Australia healthy vs. control, CP 40 g
Steinberg [78] Cross-over Age 549 +5.29, ysm N/A, b.SP 25 aIASé’ 1257gm 5m SGa 24 491+049 289+049 155+049 1.03+0.49
2003 6-week active phase BMI24.6 %32, o i 5 e aiy) & SGb 24 491+049 2894049 155:049 1034049 4
United States  4-week washout healthy A MEEA O MEYY) 0G24 491049 2894049 155049 1.03+049
vs. control, MP 25 g
— 00
X P 3 343, ovesity, o wal, BH Y CG 18 790+074 5.04+066 139+027 2.18+0.83
Chile 4-week washout hypercholesterolemia vs. control, caseinate 40 g
Kreijkamp- Age 66.6+4.7, ysm 17.9 +
Kaspers [75]  Parallel groups 6.9y, SCI: 2115'2 & IAGEI 994’1“51 <5f)“?g SG 88 621%073 416099 155:041 1362072
2004  12-month follow-up BMI 26138, en, 6mg Cly, dlmg Dai) o0 g7 (111095 412088 153034 125:059
vs. control, MP 25,6 mg
Netherlands healthy
Te‘;%f)s[m] P ;_r;ilelngl;‘fgs Age ?;;2112‘;'2’3’;‘2 N/A, GSEI; 4(3) 5 Iic 16118 s r(i4 gfi) SG 19 62:130 40087 16+043 10048
A v o= e CG 21 58+092 362092 16+046 1.0%0.63
Australia 3-month follow-up healthy vs. control, CP 40 g
Allen [66] Parallel grou}ps Age56.8+5.6,ysm9.4+83y, SP 20 g, IC 160 mg sG 93 580+068 3674068 156+037 1254051
2007 4-week run-in/ BMI27.9+47, (~96 mg Agl) 5
. . CG 98 571+0.64 3.60+0.57 1.52+0.31 1.28+0.60
United States 12-week follow-up hypercholesterolemia vs. control, MP 20 g
Age 61.3+5,2, ysm 10.7 +4.9
Maezztg;m Parallel group y, S;P 251% IAEDS 0 Igg (3ZGIFg SG 10 59071 371072 162:034 1362052
, 16-week follow-up BMI27.2+53 en, 15mg Dai, Smg Cly) 1) 576,098 356070 132£025 195£071
Brazil vs. placebo, maltodextrine
healthy
. SP 20g, IC 160 mg
Baszg‘gg[m Parallel groups ~ *'8° 55]'371\2112'36’ fi‘g 2'7 05, (IAE: 64 mg SG 38 548:0.14 3155075 188:046 103058
. 12-week follow-up T Gen, 63 mg Dai, 34 mg Gly) vs. CG 46 5.69+0.85 3.21+0.74 202046 0.99+0.46
United States healthy
control, MP 20 g
Camggleél ] parallel groups 8¢ 54]‘371\2152'57’ o 3'5 e SP 25 g, 60 mg IF SG 35 597093 388:090 147:038 1342070
. 12-month follow-up o vs. control, CP 25 g CG 27 615+091 3.95+0.87 1.50+0.36 1.48+0.67
United States hypercholesterolemia
]"‘525(; 1[54] Parallel groups ~ *8° 51]'31;182'63'4%“2‘ §'3 12 SP30 g, IF 60 mg SG 25 49036 309:037 106:015 1762028
Rk 12-week follow-up N vs. control, CP 30 g CG 25 4.69+071 283+076 1.06+0.16 1.76+0.17
India healthy
Liu [76] Parallel groups Age56.3+4.3, ysm59+54, SP15g, IAE 100 mg (59 m,
2012 ok fun—ifl ; g ML 4’Z+ re 7 en f;n Clv. 3 rgn Dai)g SG 60 583:094 394x067 166:031 135:119
Hong Kong oES yEING S 59 TG CG 60 563+093 381+088 1.65+030 130+0.70
SAR 3-month follow-up prediabetes vs. control, MP 15 g
B.2. Soy isoflavones preparations
Dewell [85] Parallel groups ~ Age 69.5+4.2y, ysm N/A, IC 150 mg (90 mg Agl: SG 20 68+09 N/A 12+05 0.5 4
2002 2-month follow-up  BMI 25.0 + 4,2, moderate 45 mg CG 16 6.3+2.0 N/A 12+04 1.3+0.8
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USA hypercholesterolemia Gen, 55% Dai and Gly)
vs. placebo
. Age55.1+38Yy,
Cda;‘ag;‘ 31 paraliel groups ysm 4.9 +0.6, IAE 603;“1%1 (3](;;‘)55 Gen, SG 29 NR 3703 106205 15:06
6-month follow-up BMI 259 +1.8, 8 CG 28 NR 3.6+04 1.05+0.5 1.6+0.8
Italy healthy vs. placebo

Garrido [87] Age55.5+4.0y, ysm N/A, IAE ~100 mg (46.8 mg Gen,
g Yy g g

Parallel groups . SG 15 55+1.0 3.4+04 14+03 1.3+£0.2
2006 12-week follow-up BMI269£23, 482 mg Dai) CG 14 4805 2903  18:06 1402 °
Chile healthy vs. placebo
IC 75 mg (47 mg Agl:
W;J[[)ZZ] Parallel group ~ *8° 5‘;;; 5'19 A N/A, 383 mg SG 25 590:076 3525072 1922047 0955043
6-month follow-up ST Dai, 8.6 mg, 1 mg Gly) CG 29 588+086 359+0.76 1.85+0.38 1.16+0.53
Japan healthy
vs. placebo
Na;‘g;;%] Tmu‘i groups  Age 55]'371\2162'2’ o 3'9 w45 IC 1003;“0/g1()5 0% Gen, SG 38 556+092 3474082 129027 173074
: week run-in S EY 6 Dai), CG 36 537+097 326+0.82 135+034 167=0.89
Brazil 4-month follow-up obesity vs. placebo
Ho [88] Parallel sroupe  ABe542331 ysm41:24, alAESOmgb.IAE40mg SGB0 67 586:083 319:074 1894041 113056
2007 o f(%HO“p BMI 24.1+3.6, (46.4% Dai, 38.8 Gly, SG40 68 583+0.84 323+068 1.80+039 132+093 4
China W up healthy 14.7% Gen) vs. placebo CG 68 593+0.89 325+0.73 1.86+042 1.29+0.96
Aubertin-Le- Age57.4+54y, .
IAE 70 mg (44 mg D
heudre [81]  Parallel groups ysm 8.6+7.5, lom ngg (1 o nr?g o 2) SG 21 541088 3.17:081 155:049 151069
2008 6-month follow-up BMI32.0 125, § Ly, mg e CG 18 5334083 3174078 145+037 152+0.69
. vs. placebo
Canada obesity
Ozturk Turhan
IAE 4 29, ,
[91] Parallel groups ~ Age 51551, ysm3.6£17, mo "];g ( 29 f::g gf‘; SG 45 682:096 4255073 106:015 176028
2009 6-month follow-up BMI 27.1+3.1 & mg bal, 24 mg Ly CG 45 6304076 4.01+065 1.06+016 1.76+0.17
vs. placebo
Turkey
Age585+55y, .
Ch"q; gﬁe B4 paratel groups ysm 9.0 % 7.0, i?fnm(; & (11;4:g g 2) SG 23 540080 334x075 149034 1472067
6-month follow-up BMI30.1+27, § Ly, 1 mg e CG 22 558086 334+0.81 137+032 144073
Canada . vs. placebo
obesity
Kim [89] Age53.6+34y, ] .
2013 Parallel groups ysm3.6+2,4, ;%0 ’gfiﬁzc'lzgfg geLy;‘:];“) SG 42 5133085 2972070 148036 126072
Republic of Ko- 12-week follow-up BMI 23325, i ) 128 & CG 43 548+103 325+092 152+037 127+0.66
vs. placebo
rea healthy
Chﬂ;zjcs B3] parallel groups A& 53135265 A N/A, ]IDCa ﬁ;g% (ﬁor:;i ‘zfgifgg) SG 72 587:096 368091 1584041 141103
24-month follow-up o R Y H9) G 73 5764091 3594089 1524044 143+0.79
Canada healthy vs. placebo
> %
Enge;z‘;rét O] parallel groups '8¢ 59]'351;162";323’; ;’rgs 2ly, IAE fi;“g;‘f 9(40%/7 élc';‘“’ SG 85 588:089 378:089 195:044 1042039
12-week follow-up LIS Al 2R Y CG 85 580+091 3.67+085 199+045 1.04+0.38
Germany healthy vs. placebo, maltodextrin
Barr;:)slz[&] lzazjlli groups Age 6‘]13-;; ;1~766yr+¥)52n N/A, 1111(»:] rlr?o oe (gzmmgc ?e)“ SG 20 513068 3104094 130043 153039
; D= 8 Dal, o mg Ly CG 15 4874062 2974050 1.18+038 154036
Chile 3-month follow-up healthy vs. placebo
C. Red clover (Trifolium pratense L.)
IAE 50 mg (big amount
Hale [9 Aged72+24 N/A f Bi
250[1 1 parallel groups 8¢ BM; e ;’;T: /A, s small a‘r)m;‘;t offor(no RCG 14 464078 289:061 1292024 146067
. 3-month follow-up o =S CG 14 4194085 2494073 134+043 1.61+1.04
Australia healthy data))
vs. placebo

Atkinson [94] Age522+48y,yms N/A, IAE 40 mg (245 mg Bio, 8.0 mg

2004 Parallel groups M8 RCG 77 634+119 421£094 161+041 1244071
United King- 12-month follow-up BMI253+3.7, For,1mgGen ImgDai) "' g0 (084104 3885100 1664048 1194066 °
healthy vs. placebo
dom
TAE 82 mg (49 mg Bio,

Schult [100]  Parallel groups Ag;i’z;ﬁ';y' For 8 1m 1(;1::87 mgDa), RCG82 81 576:092 3775101 1362037 132:065
2004 2-week run-in gMI etets IAE 20 544 o Fgr o RCGS7 81 5772101 381114 1342034 1312077 4
USA 12-week follow-up =S . § (44.6 mg For, 5.8 mg 83 572+083 372£079 138+040 1.22%056

healthy Bio, 0.8 mg Dai, 0.8 mg Gly) vs.
placebo
. IAE 80 mg (49 mg Bio,
- >
Hﬂg;(%(; 7] %. dg“;sciiz‘éerhase Age 513']3\; 265 LA y. 16 mg RCG 53 5792097 380077 103:030 228+089
Y P o EST For,8mg Gen,7mgDai)  CG 53 579+097 3.80+077 1.03+0.30 2.28+0.89
Ecuador 7-day washout healthy
vs. placebo
Clifton-Bligh
>
[95] fa;fﬁlgrrf:fz Age 5;;; 24983’ ;}ZI;S 21y, 1‘61‘31571 rgnfn “‘g;imf;r‘:’ SC'i:‘g RCG 56 5914105 3682094 167035 1334060
2015 it o Mg DAL TOME L oG 47 580+0.88 343+0.86 1.82+049 1.11+0.63
. 12-month follow-up healthy 0.8 Gly) vs. placebo
Australia
IEA 33.8 mg (19 mg For,
Lam;glr; B8] paraltel groups 8¢ 52351\;;55 7y ; 3:‘;5 N/A, 9mg RCG 30 5382019 336016 176%0.15 1202009
12-week follow-up o Bio, 2.2 mg Gen, 1.6 Dai) CG 29 5.63+0.10 340+0.17 1.73+0.10 1.18+0.10
Denmark healthy

vs. placebo
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Lambert [99]

Age 61.8 £ 6.4y, amenorrhea

IEA 55.8 mg (31.4 mg For, 14.9

Parallel groups mg Bio, 6.9 mg Gen, 2.6 mg RCG 38 554+0.86 328+086 1.81+043 1.16+0.37
2017 >12 ths, BMI 25.6 + 4.
0 12-month follow-up " On Y 5645, Dai) CG 40 564+101 337+089 1.82+051 138+0.63
Denmark healthy
vs. placebo

Data are presented as mean + standard deviation (SD). Abbreviations: Agl, aglycone; ALA, a-lino-
lenic acid; Bio, biochanin; BMI, body mass index (kg/m2); CG, control group; CP, casein protein;
Dai, daidzein; FG, flaxseed group; For, formononetin; FXO, flaxseed oil; Gen, genistein; GFX,
ground flaxseed; Gly, glycitein; Glyc, glycoside; HDL-C, high-density lipoprotein cholesterol; IAE;
IC, isoflavone conjugate containing aglycone and glycoside; IF, isoflavones (form and composition
unknown); LDL-C, low-density lipoprotein cholesterol; MP, milk protein; N/A, not available, RCG,
red clover group; ref., reference; SDG, secoisolariciresinol diglucoside; SG, soy group; SP, soy pro-
tein; TAG, triacylglycerols; Total-C, total cholesterol; WFX, whole flaxseed; y, year or years; ysm,
years since sine menopause.

3.2. Associations between Flaxseed and Plasma Lipid Profiles

Changes in lipid profile after the use of flaxseed were analyzed on the basis of seven
studies [59-65]. The results of the meta-analysis are presented in Figure 2. Compared to
the control group, the use of flaxseed resulted in a statistically significant reduction in TC
levels (WMD = -0.26; 95% CI: -0.38—0.13; p = 0.0001), LDL-C levels (WMD = -0.19; 95%
CI: -0.30—0.08; p = 0.0006) and HDL-C levels (WMD = -0.06; 95% CI: -0.11--0.01; p =
0.0150) and a slight, not statistically significant reduction in TG levels: WMD = -0.03; 95%
CI: -0.12-0.07; p = 0.5452. The heterogeneity analysis performed for TC, LDL-C, HDL-C
and TG did not show that the differences between the effects obtained in different studies
were statistically significant. The Begg and Egger asymmetry tests showed no publication
bias for TC (p-value 0.6523 and 0.3091, respectively), LDL-C (p-value 0.6523 and 0.1786,
respectively), HDL-C (p-value 0.1765 and 0.1578, respectively) or TG (p-value 0.4527 and
0.9335, respectively).

A. TC, total cholesterol (mmol/L)

Study Flax Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours Flax Favours control %
Arjmandi 0417 118734 -032 0927 34 —0.09 (-0.59, 0.41) } 6.1
Brache -047 057719 -004 0527 16 ~0.43 (-0.79, -0.07) _ 115
Cornish -010 088727 0067 1137 25 -0.16 (-0.71, 0.39) } 5.1
Dodin -001 05078 016 0537 94 -0.17 (-0.32, -0.02) o 51.2
Hallund 023 096" 22 -007 02272 -0.16 (-0.57, 0.25) _ 9.0
Lucas -032 050720 018 051716 -0.50 (~0.83,-0.17) _t 135
Simbalista -070 112720 -003 0977 18 -0.67 (-1.33,-0.01) } 36
Total (95% CI) T207 "n5  _026(-0.38,-0.13) — 100.0
P =0.0001 I I Y I R O
Hetrogeneity: Tau’=0.0022; Q=6.4066; df=6 (p=0.3792); I’=6.35% -14712_10-08_-04_02 00 g 04 ¢ '08

B. LDL-C, low-density lipoprotein cholesterol (mmol/L)

Study Flax Control WMD (random) WMD (random) 95% CI Weight

DM SD N DM SD N 95% CIL Favours Flax Favours control %o
Arjmandi —0.657 1177 15 -0.14"7 1217 19 ~0.51 (-1.31, 0.29) J 1.8
Brahe 039 044" 19 002 044" 16 -0.37 (~0.66, —0.08) —_— 13.8
Cornish 003 083727 024 0867 24 -0.21 (~0.68, 0.26) _ 55
Dodin 002 04778 015 0507 94 -0.13 (-0.27, 0.01) — - 583
Hallund 020 096722 -003 0967 22 -0.17 (~0.74, 0.40) } 3.7
Lucas -015 053720 008 0357 16 -0.23 (0.52, 0.06) R E 14.1
Simbalista -015 106720 003 0987 18 -0.18 (-0.83, 0.47) } 2.8
Total (95% CI) 208 7209 -0.19 (-0.30, —0.08) —+ ! 100.0

p =0.0006 [TTTTTTTTTTTTTTITTITTTTTITTT T

Hetrogeneity: Tau’=0.0000; Q=2.8325; df=6 (p=0.8296); I’=0.00% 147121008 _9—04_gp 0.0 gp 04 g6 08
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C. HDL-C, high-density lipoprotein cholesterol (mmol/L)

Study Flax Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours control Favours Flax %
Arjmandi 000 024715 -005 0237 19 0.05 (-0.11, 0.21) —H— 9.4
Brahe -0.06 017719 002 016" 16 -0.08 (-0.19, 0.03) — 19.9
Cornish -018 042727 -015 0357 25 -0.03 (-0.24, 0.18) —H— 5.4
Dodin 005 02578 003 0237 94 -0.08 (0.15, -0.01) + 47.9
Hallund 004 042722 -007 0457 22 0.03 (<0.23, 0.29) — 3.6
Lucas 009 023720 006 024716 —0.15 (0.30, 0.00) —t— 9.9
Simbalista -0.02 031720 -013 045" 18 0.11 (0.14, 0.36) — 3.9
Total (95% CI) 7208 210 -0.06 (-0.11, -0.01) + 100.0
p =0.0150 TT T T T T T T T T T T T T T T I TTTTTTTTT]
Hetrogeneity: Tau’=0.0000; Q=5.9418; df=6 (p=0.4297); I’=0.00% 14712 1008 5504 _g, 00 45 04 (108
D. TG, triglycerides (mmol/L)
Study Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours Flax Favours control %
Arjmandi 014 0917 3¢ 007 0747 34 0.07 (-0.32, 0.46) —hH— 5.6
Brahe 003 056”19 013 023716 -0.16 (-0.44, 0.12) i 10.9
Cornish 009 068727 -006 110725 0.15 (0.35, 0.65) } 35
Dodin 003 04378 002 0427 94 0.01 (-0.11, 0.13) —— 415
Hallund 004 026722 007 028722 -0.03 (-0.19, 0.13) —f— 285
Lucas 019 055720 018 0547 16 -0.37 (-0.73,-0.01) _ 6.7
Simbalista 037 101720 012 0577 18 0.25 (<0.27, 0.77) } 33
Total (95% CI) 7207 225 -0.03 (-0.12, 0.07) — 100.0
TTT T T T T T T T T T T T T T I T T T T T TTTT]

Hetrogeneity: Tau’=0.0016; Q=6.5804; df=6 (p=0.3614); I’=8.82%

p =0.5452
14-12 1008 _56-04_g5 0.0 gp 04 g4 108

Figure 2. Forest plot representing the associations between flaxseed and lipid profiles. Data are pre-
sented as weighted mean difference with 95% CI.

3.3. Associations between Soy Protein without and with Isoflavones and Lipid Profiles

Fifteen studies were used in the analysis of the effect of soy protein on the lipid pro-
file [66-80], but the data from the study by Baum et al. did not allow for a comparison of
the effect in the case of LDL-C levels [68]. The results of the meta-analysis are presented
in Figure 3. Statistical analysis showed a significant decrease in TC levels: WMD = -0.15;
95% CI: —0.25-0.05; p = 0.0048, LDL-C levels: WMD =-0.15; 95% CI: -0.25-0.05; p = 0.0067,
and a significant increase in HDL-C levels: WMD = 0.05; 95% CI: 0.02-0.08; p = 0.0034.
There was also a slight reduction in TG levels, which, however, was statistically non-sig-
nificant (WMD = -0.08; 95% CI: -0.19 to 0.03; p = 0.1462). The performed analysis of heter-
ogeneity did not show statistically significant differences between the effects of the in-
cluded studies for TC, LDL-C and HDL-C, but in the case of TG, the heterogeneity was
high (I = 61.43%). Begg’s test gave a statistically non-significant result for TC (p = 0.2403),
as well as LDL-C (p = 0.4421), HDL-C (p = 0.8196) and TG (p = 0.0945), which indicated no
publication bias. Moreover, Egger’s test showed no publication bias for TC: p = 0.6815,
LDL-C: p =0.5596, HDL-C: p = 0.6843, and TG: p = 0.8158.
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A. TC, total cholesterol (mmol/L)

Study SP Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours SP Favours control %
Allen —0.055 0757 93 003 0.74" 98 ~0.09 (-0.30, 0.13) - 11.9
Basaria -0078 099738 006 1.047 46 -0.02 (-0.45, 0.42) — 46
Baum (96) -034 098721 -018 076" 40 -0.16 (-0.64, 0.32) —_— 3.9
Baum (52) -039 096723 -018 0767 40 -0.21 (-0.67, 0.25) _ 43
Campbell 030 102735 041 1007 27 -0.11 (-0.62, 0.40) — 3.6
Cuevas 117 086718 -1.09 0797 18 -0.08 (-0.62, 0.46) } 3.2
Dalais 0817 117738 -051 0897 40 -0.30 (-0.76, 0.16) _ 42
Gardner 000 089733 -020 072730 0.20 (-0.24, 0.64) R e 45
Gardner 020 061731 -020 072730 0.00 (-0.34, 0.34) — 6.9
Han -0.688 1.017 40 00057 1417 40 -0.69 (~1.23, -0.16) } 32
Jassi 056 039725 0025 0757 25 -0.54 (~0.87, -0.20) —_— 7.0
Kaspers -0.032" 1257 88 -0178 0977 87 0.15 (0.19, 0.48) — 7.0
Liu -016 099760 -020 1.03% 60 0.04 (-0.32, 0.40) — 6.2
Maesta 075 046710 -019 0497 11 -0.56 (-0.97, —0.15) _ 5.2
Steinberg 0017 125724 009 0297 24 -0.08 (-0.59, 0.43) } 35
Steinberg 009 029724 009 0297 24 -0.18 (~0.34, -0.02) — 14.8
Teede -1.00" 142719 -050 101721 -0.50 (-1.27, 0.27) t 17
Vigina 041 107740 -041 096" 37 0.00 (-0.45, 0.45) 43
Total (95% CI) 760 V62 -0.15 (-0.25, —0.05) —+ 100.0
p =0.0048 TTTT T T T T T T T T T T T T T T T T T T T TTT]
Hetrogeneity: Tau=0.0122; Q=23.0273; df=17 (p=0.1484); ’=26.17% 14712_10-08 04 _g2 00 g 04 (408
B. LDL-C, low-density lipoprotein cholesterol (mmol/L)
Study SP Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours SP Favours control %
Allen 0122 068 93 0006 071 98 —0.13 (-0.33, 0.07) N 125
Basaria -0.028 0.87 38 -0034 0.83 46 0.01 (-0.36, 0.37) _— 4.7
Campbell 013 097 35 021 090 27 -0.08 (-0.55, 0.39) _ 3.0
Cuves 090 077 18 -088 086 18 -0.02 (-0.55, 0.51) } 24
Dalais 059 089 38 -029 1.01 40 -0.30 (-0.72, 0.12) _ 3.7
Gardner 010 078 33 -030 0.61 30 0.20 (-0.14, 0.54) — 52
Gardner 040 061 31 -030 061 30 -0.10 (-0.41, 0.21) _— 6.4
Han -0.344 087 40 0142 105 40 ~0.49 (-0.91, —0.06) _t 3.6
Jassi 0592 043 25 -0083 081 25 -0.51 (-0.87, -0.15) s 49
Kaspers -0.031 101 8 -0.171 0.89 87 0.14 (-0.14, 0.42) P I 73
Liu 012 092 60 -013 087 60 0.01 (-0.31, 0.33) _ 5.9
Maesta 062 050 10 -026 051 11 -0.36 (-0.79, 0.07) _ 35
Steinberg —0.02 029 24 009 029 24 -0.11 (=027, 0.05) — 15.7
Steinberg 009 029 24 005 029 24 -0.14 (~0.30, 0.02) —— 15.7
Teede 070 095 19 -030 101 21 -0.40 (-1.01, 0.21) } 1.9
Vigina 035 101 40 -032 088 37 -0.03 (-0.45, 0.39 _ 3.6
Total (95% CI) 616 618 -0.12 (-0.20, —0.03) —+ 100.0
Y B O A

Hetrogeneity: Tau’=0.0049; Q=18.1738; df=15 (p=0.2536); I’=17.46%

p =0.0067

14712 3008 604 9500 g5 04 o4 08
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C. HDL-C, high—density lipoprotein cholesterol (mmol/L)

Study SP Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours control Favours SP %
Allen 0.068 042 93 0.036 0.35 98 0.03 (-0.08, 0.14) —— 7.8
Basaria -0.103 0.53 38 0.008 0.51 46 -0.11 (-0.33, 0.11) T 1.9
Baum (96) 004 035 21 006 033 22 0.10 (-0.10, 0.30) —1+— 2.3
Baum (52) 0.08 035 23 -0.06 033 22 0.14 (-0.06, 0.34) —_1 24
Campbell 0.09 042 35 0.12 040 27 —-0.03 (-0.24, 0.18) —h— 2.2
Cuevas -0.02 021 18 -0.08 0.69 18 0.06 (-0.27, 0.39) — 1t 0.9
Dalais -0.11 023 38 -0.25 0.54 40 0.14 (-0.04, 0.32) —_ 2.8
Gardner 0.10 029 33 0.00 044 30 0.10 (-0.09, 0.28) o e 2.7
Gardner 010 0.33 31 0.00 044 30 0.10 (-0.10, 0.29) —1+— 2.5
Han 0.106 027 40 0.101 0.26 40 0.00 (-0.11, 0,12) —— 7.0
Jassi 0192 020 25 0041 019 25 0.15 (0.04, 0.26) — 8.1
Kaspers -0.01 044 88 -0.059 037 87 0.05 (-0.07, 0.17) —_1— 6.5
Liu -0.02 016 60 -0.07 0.1 60 0.05 (0.00, 0.10) H- 39.1
Maesta -0.05 020 10 -0.04 023 11 -0.01 (-0.19, 0.17) —H— 2.8
Steinberg 0.00 029 24 0.06 029 24 -0.06 (-0.22, 0.11) —t— 3.5
Steinberg -0.06 029 24 0.06 029 24 -0.12 (-0.28, 0.04) — 35
Tedde -0.10 047 19 -020 050 21 0.10 (-0.20, 0.40) —_tt 1.0
Vigna 0.01 039 40 -0.03 041 37 0.04 (-0.14, 0.22) —— 3.0
Total (95% CI) 660 662 0.05 (0.02, 0.08) + 100.0
p =0.0034 TTTTTTTTTTTTTTTTITTTTITITTITTI
Hetrogeneity: Tau=0.0000; Q=15.3446; df=17 (p=0.5707); I’=0.00% -14712_70-08_04_92 00 gp 04 o408
D. TG, triglycerides (mmol/L)
Study SP Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours SP Favours control %
Allen —0.005 055 93 -0.023 0.59 98 0.02 (-0.14, 0.18) —— 8.8
Basaria 0.064 066 38 -0.039 051 46 0.10 (-0.15, 0.36) e e 6.8
Baum 000 095 21 0.01 132 22 —-0.01 (-0.69, 0.68) } 2.0
Baum -0.16 1.68 23 0.01 132 22 -0.17 (-1.05, 0.71) } 1.3
Campbell 019 0.77 35 022 075 27 -0.03 (-0.41, 0.35) e & 4.6
Cuevas -063 0.88 18 -035 097 18 —-0.28 (-0.89, 0.33) } 2.4
Dalais -022 047 38 0.05 050 40 —-0.27 (-0.49, -0.05) —t 7.6
Gardner 0.00 079 33 0.10 096 30 —-0.10 (-0.54, 0.34) e e m— 3.9
Gardner 0.00 0.82 31 010 096 30 -0.10 (-0.55, 0.35) R o B 3.7
Han 0.101 026 40 0.116 154 40 -0.02 (-0.50, 0.47) — 34
Jassi -0356 027 25 0078 023 25 —-0.43 (-0.57, -0.29) — 9.3
Kaspers 0.021 073 88 0.121 0.64 87 -0.10 (-0.30, 0.10) —t— 7.9
Liu 004 1.02 60 -0.02 0.62 60 0.06 (-0.24, 0.36) — 1t 58
Maesta -018 037 10 -021 023 10 0.03 (-0.24, 0.30) —_— 6.5
Steinberg 0.05 029 24 -0.05 029 24 0.10 (-0.06, 0.26) -—— 8.7
Steinberg 001 029 24 005 029 24 0.06 (-0.10, 0.22) -+ 8.7
Teede -040 0.60 19 010 085 21 -0.50, -0.95, -0.05) _— 3.7
Vigina -0.16 086 40 -0.13 075 37 -0.03 (-0.39, 0.33) s | 49
Total (95% CI) 660 662 ~0.08 (-0.19, 0.03) —t 100.0
p =0.1462 ITTTTTTTTTTTTTTTTTITTTTITITTITTI

Hetrogeneity: Tau?=0.0271 ; Q=44.0812; df=17 (p=0.0003); P=61.43%

14712 710908 604 g2 0

0 oo 04 ¢ 08

Figure 3. Forest plot representing the associations between soy protein and lipid profiles. Data are
presented as weighted mean difference with 95% CI.

3.4. Associations between Soy Isoflavones Alone (Preparation) and Lipid Profiles

A total of 13 studies were selected to analyze the effect of soy isoflavones on the lipid

profile [81-92], among which the data from the Colacurici et al. [93] did not allow for the
analysis of the effect of isoflavones on TC, while in the study by Dewell et al. [85], there
were insufficient data on LDL-C. The results of the meta-analysis are shown in Figure 4.
A slight, statistically insignificant decrease in TC levels was observed: WMD = -0.07; 95%
CI: -0.18-0.05; p = 0.2428, as well as TG: WMD = -0.04; 95% CI: -0.13-0.05; p = 0.4200. On
the other hand, no effect of the use of isoflavones on LDL-C levels was noticed: WMD =
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0.00; 95% CI: -0.07-0.07; p =0.9750 and HDL-C: WMD =0.01; 95% CI: -0.03-0.05; p = 0.6449.
The heterogeneity of the studies was not significant in the case of TC, LDL-C and HDL-C,
but it turned out to be high in the case of TG (I2 = 47.34%). The results for the asymmetry
tests were not statistically significant for TC: Begg’s test—p = 0.0672; Egger’s test—p =
0.1619, LDL-C: Egger’s test—p = 0.0872, HDL-C: Begg’s test—p = 0.7016; Egger’s test—p =
0.9451 and TG: Begg's test—p = 0.3520; Egger’s test—p = 0.3281. However, Begg’s test
showed a statistically significant publication bias for LDL-C (p = 0.0281).

A. TC, total cholesterol (mmol/L)

Study ISOF Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours SP Favours control %
Aubertin-Leheudre -0.18 089 21 033 086 18 -0.51 (-1.06, 0.04) t 3.9
Barrasa -0.127 069 20 0.137 0.65 15 -0.26 (-0.71, 0.18) —_— 5.6
Chilibeck -021 078 74 -0.12 088 72 -0.09 (-0.36, 0.18) —_—t 11.7
Choquette -0.08 0.88 23 0,06 090 22 -0.14 (-0.66, 0.38) —_— 4.3
Dewell -030 097 20 0.10 2.00 16 —-0.40 (-1.47, 0.67) } 1.1
Engelbert 021 097 85 0.11 1.02 85 0.10 (-0.20, 0.40) R e 10.2
Garrido 030 197 15 0.00 0.61 14 0.30 (-0.75, 1.35) } 1.2
Ho 0.072 057 67 0075 047 68 -0.00 (-0.18, 0.17) b 18.5
Ho 0.145 050 68 0.075 047 68 0.07 (-0.09, 0.23) -1+ 19.7
Kim -0.199 1.00 42 -0243 1.06 43 0.04 (-0.39, 0.48) & e 5.7
Nahas 0.059 1.07 38 0.065 1.06 38 -0.01 (-0.48, 0.47) —_— 49
Oztiirk Turhan -044 096 45 0.153 083 45 -0.59 (-0.96, -0.22) R 7.5
Wu 0129 094 33 0.098 0.88 33 0.03 (-0.41, 0.47) H— 5.7
Total (95% CI) 551 537 -0.07 (-0.18, 0.05) —r 100.0
p =0.2428 TTTTTTTTTTTTTTTTTTTTTTTTTTI
Hetrogeneity: Tau’=0.0107; Q=16.4440; df=12 (p=0.1717); ’=27.02% 147121008 _604_g3 00 o5 04 ¢ 08
B. LDL-C, low-density lipoprotein cholesterol (mmol/L)
Study ISOF Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours SP Favours control %
Aubertin-Leheudre 0.00 083 21 031 079 18 -0.31 (-0.82, 0.20) I 1.8
Barrasa -0.181 095 20 0.129 055 15 -0.31 (-0.81, 0.19) —_—t 1.9
Chilibeck -020 075 73 009 075 73 -0.11 (-0.35, 0.13) — 7.9
Choquette 001 083 23 011 081 22 -0.10 (-0.58, 0.38) R o 2.1
Colacurici 0.10 039 29 0.00 050 28 0.10 (-0.13, 0.33) e i 8.6
Engelbert 013 097 85 0.00 092 85 0.13 (-0.16, 0.41) —_—t— 5.8
Garrido 030 039 15 020 039 14 0.10 (-0.18, 0.38) o e 5.8
Ho -0.078 040 67 -0.096 036 68 0.02 (-0.11, 0.15) —— 26.3
Ho -0.052 039 68 -0,09 036 68 0.04 (-0.08, 0.17) —_1— 27.1
Kim -0.109 078 42 -0.087 0.95 43 -0.02 (-0.39, 0.35) —h— 35
Nahas 0.039 093 38 0.034 099 38 0.01 (-0.43, 0.44) — 2.6
Oztiirk Turhan -0445 112 45 0.026 0.65 45 —0.47 (-0.85, -0.09) R 33
Wu -0.028 078 33 -0.068 0.80 33 0.04 (-0.34, 0.42) H— 3.3
Total (95% CI) 560 "549 0.00 (-0.07, 0.07) -+ 100.0
FTTTTTTTTTTTTTTTTTTTTTTTITTTI

Hetrogeneity: Tau’=0.0005; Q=12.3417; df=12 (p=0.4185); ’=2.78%

p =0.9750

147 12_70708 5604 _gp 00 5 04 45, 0.8
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C. HDL-C, high-density lipoprotein cholesterol (mmol/L)

Study ISOF Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours control Favours SP %
Aubertin—Leheudre 014 046 21 010 039 18 ~0.24 (-0.51, 0.03) o 25
Barrasa 0061 041 20 0053 035 15 0.01 (~0.24, 0.26) — 28
Chilibeck -0.03 022 74 000 022 73 -0.03 (-0.10, 0.04) —=4- 16.8
Choquette 004 035 23 -0.04 037 22 0.00 (-0.21, 0.21) 44— 38
Colacurci 010 061 29 000 039 28 -0.10 (-0.37, 0.16) —H— 25
Dewell 020 049 20 -020 044 16 0.00 (0.30, 0.30) — 1.9
Engelbert 001 048 8 005 053 85 ~0.04 (-0.19, 0.11) —H— 6.5
Garrido 040 039 15 -0.10 055 14 0.50 (0.15, 0.85) _ 15
Ho 0021 021 67 -0.026 015 68 0.01 (-0.06, 0.07) - 18.8
Ho 0013 017 68 -0026 0.5 68 0.04 (<0.01, 0.09) H 20.6
Kim —0.008 041 42 0018 042 43 -0.03 (-0.20, 0.15) —— 5.1
Nahas 0057 027 38 -0.067 039 38 0.12 (-0.03, 0.27) —— 6.6
Oztiirk Turhan 0139 037 45 0057 031 45 0.08 (<0.06, 0.22) —H— 7.2
Wu 0046 050 33 0132 042 33 -0.09 (-0.31, 0.14) —_t+ 34
Total (95% CI) 580 565 0.01 (-0.03, 0.05) + 100.0
p =0.6449 FrTTTTTTTTTTTTTTT O TTTTTTTTTT
Hetrogeneity: Tau®=0.0017; Q=18.5009; df=13 (p=0.1394); I’=29.73% 1471270708 _g04_3 00 g5 04 ¢ 08
D. TG, triglycerides (mmol/L)
Study ISOF Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours SP Favours control %
Aubertin—Leheudre —0.09 044 21 018 042 18 0.09 (<0.18, 0.36) —— 7.1
Barrasa —0.026 038 20 0053 035 15 -0.08 (~0.32, 0.16) —_—t— 8.0
Chilibeck 003 065 74 006 063 73 0.09 (<0.12, 0.30) —— 9.4
Choquette 013 069723 000 0907 22 -0.13 (-0.60, 0.34) - 4+ 32
Colacurici 020 081729 010 0937 28 0.10 (-0.35, 0.55) _ 3.4
Dewell 040 089720 000 0827 16 0.40 (-0.16, 0.96) } 24
Engelbert 006 0467 85 —0.02 0347 85 0.08 (0.04, 0.20) H— 13.6
Garrido 01 061”15 000 0937 14 0.10 (~0.48, 0.68) } 22
Ho 0042 0457 67 0069 0437 68 -0.03 (-0.18, 0.12) —— 122
Ho 0164 0457 68 0069 0437 68 0.10 (<0.05, 0.24) —— 122
Kim 0183 0767 42 0093 0947 43 ~0.28 (~0.64, 0.09) _ 48
Nahas 016 069738 026 095738 -0.42 (-0.79, —0.05) —_— 4.6
Oztiirk Turhan 0341 0567 45 -0.007 0737 45 -0.33 (~0.60, —0.07) _ 7.1
Wu 017 034733 004 0477 33 -0.21 (-0.41, -0.01) R — 9.8
Total (95% CI) 7580 7565 -0.04 (-0.13, 0.05) —+ 100.0
p =0.4200 FrTTTTTTTTTTTTTTT TTTTTTTTTT
Hetrogeneity: Tau’=0.0125; Q=24.6878; df=13 (p=0.0254); 1=47.34% 1471270708 _04_3 00 g5 04 ¢ 08

Figure 4. Forest plot representing associations between isoflavones and lipid profiles. Data are pre-
sented as the weighted mean difference with 95% CIL.

3.5. Associations between Red Clover and Lipid Profiles

The last analysis, presented in Figure 5, concerned the effect of red clover on the lipid
profile, and included seven studies [94-100]. There was a significant reduction in TC levels
after the use of red clover (WMD =-0.11; 95% CI: -0.18—0.04; p = 0.0017) and a statistically
significant increase in HDL-C levels (WMD = 0.04; 95% CI: 0.01 to 0.07; p = 0.0165). In the
case of TC and HDL-C, no significant heterogeneity of the study effects was observed, and
publication bias was not demonstrated. The p value of Begg’s test was 0.4579 for TC and
0.6207for HDL-C, while the p value of Egger’s test was 0.3990 for TC and 0.5319 for HDL-
C. In contrast, statistical analysis showed no significant changes in LDL-C levels after the
use of red clover (WMD = -0.01; 95% CI: -0.13 to 0.10; p = 0.8230) and showed a slight
decrease in TG levels, which was statistically insignificant (WMD = -0.05; 95% CI: -0.17-
0.06; p = 0.3713). In the case of LDL-C and TG, the heterogeneity of the studies turned out
to be high (I> = 49.57% and I? = 76.14%, respectively). The asymmetry tests showed no
publication bias. The p value of Begg’s test was 0.4527 for LDL-C and 0.4527 for TG, while
the p value of Egger’s test was 0.2560 for LDL-C and 0.6425 for TG.
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A. TC, total cholesterol (mmol/L)

Study RCE Control WMD (random) WMD (random) 95% CI Weight
DM SsD N DM SD N 95% CI Favours RC Favours control %
Atkinson 0.00 152 77 016 144 86 -0.16 (-0.61, 0.30) _t 2.2
Clifton-Bligh -032 083 56 -027 072 47 -0.05 (-0.35, 0.25) —_—H— 5.1
Hale -0.036 050 14 0.12 064 14 —0.16 (-0.58, 0.27) B e 2.6
Hildago -025 085 53 -0.09 101 53 -0.16 (-0,52, 0.20) —_— 3.7
Lambert -026 022 30 -0.12 0.13 29 -0.14 (-0.23, -0.05) —— 54.5
Lambert -0.11 1.12 38 -0.15 1.09 40 0.04 (-0.47, 0.55) } 1.7
Shult (82 mg) -0.132 0.537 81 -0.052 0.587 83 —-0.08 (-0.25, 0.09) —— 155
Shult (57 mg) -0.085 057 81 -0.052 0.587 83 -0.03 (-0.21, 0.14) —h— 14.7
Total (95% CT) 439 435 ~0.11 (~0.18, —0.04) —+ 100.0
p =0.0017 FTTTTTTTTTTTTTTTTTTTTTITITITTI
Hetrogeneity: Tau’=0.0000; Q=1.8980; df=7 (p=0.9653); I*=0.00% 14712 73008 6-04_02 00 g5 04 g4 08
B. LDL-C, low-density lipoprotein cholesterol (mmol/L)
RCE Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours control Favourd RC %
Atkinson 02 231 77 -004 209 86 ~0.16 (-0.84, 0.52) } 26
Clifton-Bligh -027 080 56 -014 079 47 -0.13 (-0.44, 0.18) T S 9.7
Hale 026 059 14 -009 034 14 -0.17 (-0.53, 0.19) -+ 7.9
Hildago 044 122 53 -018 093 53 0.62 (0.21, 1.03) —+—— 63
Lambert -021 017 30 -011 017 29 -0.10 (-0.19, -0.01) —+ 26.8
Lambert -0.13 083 38 -030 095 40 0.17 (-0.23, 0.57) R e 6.7
Shult (82) -0.174 0406 81 -0.134 0.512 83 -0.04 (-0.18, 0.10) —H— 214
Shult (57) -0.122 0.605 81 -0.134 0.512 83 0.01 (-0.16, 0.18) —— 18.6
Total (95% CI) 439 435 -0.01 (-0.13, 0.10) —4— 100.0
p =0.8230 FTTTTTTTTTTTTT T T T I T T T TTITITITTT
Hetrogeneity: Tau’=0.0110; Q=13.8813; df=7 (p=0.0533); I’=49.57% -14712_30-08_904_gp 00 g 04 ¢ 08
C. HDL-C, high-density lipoprotein cholesterol (mmol/L)
Study RCE Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours RC Favours control %
Atkinson 020 1.64 77 018 177 86 0.02 (-0.50, 0.54) | 0.3
Clifton-Bligh 0.013 027 56 -0.04 023 47 0.05 (-0.04, 0.15) -H— 9.7
Hale 010 034 14 0.05 025 14 0.05 (-0.17, 0.27) —t— 1.8
Hildago 0.008 023 53 0.04 031 53 -0.03 (-0.14, 0.07) —h— 8.3
Lambert -0.02 017 30 -0.09 0.10 29 0.07 (0.00, 0.14) H— 17.9
Lambert -0.14 031 38 -0.13 031 40 —-0.01 (-0.15, 0.13) —— 4.8
Shult (82 mg) 0.035 0.156 81 0.003 0.196 83 0.03 (-0.02, 0.09) -+ 30.7
Shult (57 mg) 0.046 0.185 81 0.003 0.196 83 0.04 (-0.02, 0.10) -+ 26.5
Total (95% CI) 439 435 0.04 (0.01, 0.07) e 100.0
p =0.0165 TTTTTTTTTITTI T T T I T I T I T rrITT
Hetrogeneity: Tau’=0.0000; Q=3.1698; df=7 (p=0.8689); 1’=0.00% 14712 4008 _55-04_g5 00 4, 04 54 08
D. TG, triglycerides (mmol/L)
Study RCE Control WMD (random) WMD (random) 95% CI Weight
DM SD N DM SD N 95% CI Favours RC Favours control %
Atkinson 0.05 152 77 0.03 144 86 0.02 (-0.44, 0.48) _ 5.1
Clifton-Bligh 013 050756 -005 0617 47 -0.08 (-0.30, 0.14) B 12.0
Hale 025 0377 14 -0014 0367 14 0.26 (-0.01, 0.53) T 9.8
Hildago 021 088753 049 1.087 53 -0.70 (-1.08, —0.32) _ 6.7
Lambert -0.01 0117 30 0.004 0.11%7 29 -0.01(-0.07, 0.04) —+ 19.1
Lambert 010 020738 -006 0447 40 0.16 (0.01,0.31) —— 15.2
Shult (82) -0.058 04227 81 0067 03917 83 -0.13 (-0.25, 0.00) —— 16.4
Shult (57) -0.098 05087 81 0.067 03917 83 -0.17 (-0.30, -0.03) —— 15.7
Total (95% CI) 474 Y482 -0.05 (-0.17, 0.06) — 100.0
FTTTTTTTTTTTTTTTTTTTTTITITITTI

p =03713

Hetrogeneity: Tau’=0.0185; Q=29.3338; df=7 (p=0.0001); ’=76.14%

14712 _10-08_g—04_gp 00 g 04 44 08

Figure 5. Forest plot representing associations between red clover and lipid profiles. Data are pre-
sented as weighted mean difference with 95% CI.



Nutrients 2022, 14, 2467

16 of 21

4. Discussion

The present meta-analysis indicates that the intake of flaxseed by postmenopausal
women is associated with a statistically significant reduction in TC levels (WMD = -0.26;
95% CI: -0.38 to —0.13; p = 0.0001), LDL-C levels (WMD = -0.19; 95% CI: -0.30 to-0.08; p =
0.0006), HDL-C levels (WMD = -0.06; 95% CI: -0.11 to —0.01; p = 0.0150). These findings
are consistent with previous published meta-analyses for the flaxseed effect. A meta-anal-
ysis by Hadi et al. incorporating 62 randomized trials involving dietary supplementation
with flaxseed or flaxseed-derived products showed that flaxseed supplementation signif-
icantly reduced TC (WMD = -5.389 mg/dL; 95% CI: -9.483, -1.295, p = 0.010), TG (WMD =
-9.422 mg/dL; 95% CI: -15.514, -3.330, p = 0.002), and LDL-C (WMD = -4.206 mg/dl; 95%
CI: -7.260, -1.151, p = 0.007) concentrations. However, it had no effect on HDL-C (WMD =
0.047 mg/dl; 95% CI: -0.777, 0.872, p = 0.910) [101]. The meta-analysis of Yang et al. indi-
cated that different flaxseed products showed different effects. Whole flaxseed supple-
mentation significantly reduced TC (-11.85 mg/dl, 95% CI -20.12—-3.57, p = 0.005), LDL-
C (- 10.51 mgy/dl, 95% CI -14.96—6.06, p < 0.001), TG (- 19.77 mg/dl, 95% CI -33.61--5.94,
p = 0.005), TC/HDL-C (- 0.10, 95% CI -0.19—0.003, p = 0.044), while lignans supplemen-
tation significantly reduced TC (- 17.86 mg/dl, p = 0.004), LDL-C (- 15.47 mg/dl, p <
0.001), and TC/HDL-C (- 0.45, p = 0.04). Flaxseed oil supplementation had no such low-
ering effect on lipid [102].

Our meta-analysis of the effect of soy protein on the lipid profile showed a significant
decrease in TC levels: WMD = -0.15; 95% CI: -0.25-0.05; p = 0.0048, LDL-C levels: WMD =
-0.15; 95% CI: —-0.25-0.05; p = 0.0067, as well as a significant increase in HDL-C levels:
WMD = 0.05; 95% from CI: 0.02 to 0.08; p = 0.0034. There was also a slight reduction in TG
levels, which, however, was statistically non-significant (WMD =-0.08; 95% CI: from —-0.19
to 0.03; p = 0.1462). The meta-analysis by Moradi et al. supports the hypercholesterolemic
effect of soy lowering the serum TC levels. Soy consumption was associated with a signif-
icant decrease in TG: —=5.04 mg/dl; 95% CI: -9.95, -0.13; p = 0.044), TC (MD: -3.02 mg/dl;
95% CI: -5.56, —0.47; p=0.02), LDL-C (3.27 mg/dl; 95% CI: -6.01, —0.53; p = 0.019) and HDL-
C (MD: -2.28 mg/dl; 95% CI: -4.27, —0.29; p = 0.025). The reductions in LDL-C, TG, and
HDL-C were larger in subjects consuming isolated soy protein than taking-in isolated soy
isoflavones [37]. The results of previous meta-analyses also revealed a significant decrease
in serum TC, LDL-C, and TG concentrations after the consumption of soy protein contain-
ing isoflavones [103].

This meta-analysis showed a significant reduction in TC levels after the use of red
clover (WMD =-0.11; 95% CI: from -0.18 to -0.04; p = 0.0017) and a significant increase in
HDL-C levels (WMD = 0.04; 95% CI: from 0.01 to 0.07; p = 0.0165). However, the study
demonstrated no significant changes in LDL-C levels (WMD = -0.01; 95% CI: from -0.13
to 0.10; p = 0.8230) and a slight statistically insignificant decrease in TG levels (WMD =
-0.05; 95% CI: from —0.17 to 0.06; p = 0.3713) after the use of red clover. In their meta-
analysis, Luis et al. verified that the consumption of red clover by perimenopausal and
postmenopausal women results in a significant decrease in TC, LDL-C, and TG, together
with a significant increase in HDL-C [104]. Furthermore, the meta-analysis by Kanadys et
al. revealed changes in serum levels: TC, -0.29 (95 % CI: from -0.53 to -0.06) mmol/L, p =
0.0136; LDL-C, -0.13 (95 % CI: from -0.35 to 0.09) mmol/L, p = 0.2418; TG, -0.15 (95 % CI:
from -0.32 to 0.01) mmol/L, p = 0.0592; and HDL-C, 0.14 (95 % CI: from -0.08 to 0.36)
mmol/L, p = 0.2103—which suggest benefits from red clover consumption specific to cor-
recting abnormal cholesterol levels [105].

Study Limitations

Despite the results obtained in this systematic review and its meta-analysis, some
limitations were found. Because of the lack of standardization in some of the study de-
signs, such as the ingredients and doses of isoflavones and the durations and outcomes of
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the trials, it currently remains difficult to draw overall conclusions for all aspects of iso-
flavone intake. These limitations warrant further investigation with regard to the use of
isoflavone in women'’s health. Study limitations can be also be found due to individual
differences in the bioavailability of individual components of preparations as these were
prepared in a variety of ways that were suitable for each study. Moreover, limitations
were posed by potential publication bias, which is revealed via the asymmetry of the fun-
nel plot and the Egger’s model. Publication bias suggests that some small studies with
negative findings may have been missed or unpublished. Additionally, effects on vascular
function have hardly been studied and more studies are needed to better establish what
the effect of flaxseed, soy, red clover are on heart and vascular function.

5. Conclusions

This meta-analysis provides evidence that consuming flaxseed, soy, and red clover
can have a beneficial effect on lipids in postmenopausal women. Their consumption could
provide an important strategy to control dyslipidemia, and therefore, natural products can
be an alternative to medicaments for preventing CVD, which has some clinical relevance
in anti-atherosclerotic therapy. Our data also suggest that future well-designed studies
with large sample sizes and adequate durations are needed to fully investigate the effec-
tiveness of flaxseed, soy, and red clover.
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