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ABSTRACT

Functional foods like soy have unique effects on health status. Although various dietary modifications have been
recommended to ameliorate features of metabolic syndrome (MetS), no meta-analysis has summarized the effect
of soy consumption in patients with MetS. PubMed, ISIT Web of Science, and Scopus were searched for relevant
articles until Jun 2020, resulting in six relevant publications that were included in our meta-analysis. Combining
a total of 9 comparisons suggested a significant decrease in serum levels of triglyceride (WMD: -0.29; 95 %
CI: -0.49, -0.09 mg/dL), total cholesterol (WMD: -1.46; 95 % CI: -1.70, -1.22 mg/dL), LDL-C (WMD: -0.73;
95 % CI: -0.93, -0.52 mg/dL) and no change in serum HDL-c levels. Combining a total of 7 effect sizes examining
soy effects on glycemic parameters indicated that subjects who consumed soy products had lower levels of fasting
blood sugar (WMD: -0.90; 95 % CI: -1.12, -0.68 mg/dL), insulin (WMD: -1.06; 95 % CI: -1.29, -0.84 pmol/ L)
and HOMA-IR (WMD: -1.08; 95 % CI: -1.31, -0.85) compared with those in the control group. Soy consumption
could not significantly change anthropometric measures and blood pressure. Consuming soy products in patients
with MetS effectively improved lipid profile and glycemic parameters independent of affecting anthropometric
measures.

Keywords: Soy, metabolic syndrome, hypertriglyceridema, hyperglycemia, blood pressure, meta-analysis

INTRODUCTION (Rochlani et al., 2017). MetS promotes cardi-
ovascular disease (CVD) progression by
threefold (O'Neill and O'Driscoll, 2015)
which is the leading cause of global death and
burden of disease (Stanaway et al., 2018). Alt-
hough the exact etiology of MetS has not been
fully understood, it is proposed that diverse

Metabolic syndrome (MetS) is a cluster of
various metabolic abnormalities including el-
evated blood pressure, insulin resistance, ab-
dominal obesity and dyslipidemia, which
causes a major public health concern
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factors consisting of genetic, metabolic and
environmental characteristics contribute to
the development of MetS and its components
(Xu et al., 2018). Dietary modification is the
crucial approach for prevention and treatment
of MetS (de la Iglesia et al., 2016). Functional
foods and nutraceuticals have a main role in
the prevention of CVD and its risk factors
(Ruscica et al., 2014).

Soy, as a functional food, is known as a
cardioprotective food (Alissa and Ferns,
2012) because of its high content of fiber, pro-
tein, minerals, B vitamins, phytosterols, poly-
phenols, isoflavones, antioxidants and un-
saturated fatty acids with low amounts of sat-
urated fats (Rizzo and Baroni, 2018). Some
meta-analyses and randomized clinical trials
(RCTs) indicated beneficial effects of soy on
glycemic, inflammatory, thrombotic and oxi-
dative stress responses (Bakhtiari et al., 2019;
Mazidi et al., 2016; Rios et al., 2008). How-
ever, different types of studies, which varied
from laboratory to human studies, including
RCTs and large-scale observational studies
have provided conflicting findings of the im-
pact of soy on serum lipids, blood pressure,
glycemic and obesity status (Bakhtiari et al.,
2019; Ruscica et al., 2018; Zhang et al., 2016;
Yang et al., 2005).

It might be explained by various study de-
signs or duration, the type of soy-based foods
including soybeans, different soy products or
1solated components, diverse target popula-
tions and eligibility criteria (Bakhtiari et al.,
2019; Ruscica et al., 2018; Zhang et al.,
2016). In addition, nutrients’ content and bio-
availability of different soy products vary by
their processing methods and phytate content
(Cassidy et al., 2006).

Several meta-analyses examining the ef-
fect of soy products on metabolic parameters
have provided beneficial effects of soy on in-
sulin resistance (Liu et al., 2011) and serum
lipids (Tokede et al., 2015). Given that MetS
is a cluster of metabolic abnormalities, and in-
sulin resistance is the main culprit of the ab-
normalities in MetS (Reaven, 1995), soy
products, possibly depending on their types,
may be a useful food choice implicated in the

treatment of MetS. Although some clinical
trials have evaluated the effect of soy con-
sumptions in patients with MetS, they are in-
consistent in their results. Therefore, due to
the lack of any systematic review and meta-
analysis in this context, we conducted a sys-
tematic review of RCTs in an attempt to sum-
marize the evidence on the effect of consum-
ing whole soy, soy products and its isolated
components on Mets features in adults.

MATERIALS AND METHODS

Search strategy and data sources

This meta-analysis was performed ac-
cording to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
statement (Moher et al., 2009). PubMed, Web
of Science, and Scopus were searched from
inception up to 1 June, 2020 for published
RCTs examining the effect of soy-based
foods on metabolic parameters in patients
with MetS. Search terms were defined using
Medical Subject Headings (MeSH) and in-
cluded “Soybeans” or “soybean” or “soy” or
“soy foods” or “soy food” or “Tofu” or
“miso” or “tempeh” or “natto” or “Fabaceae”
or “legumes” or “legume” or “ Soy Milk” or
“Soybean Proteins” or “Isoflavones” or “dai-
dzein” or “genistein” or “phytoestrogens” or
isoflavone* or “soya” in combination with
"Metabolic Syndrome" or "MetS" or "syn-
drome X" or "Insulin Resistance Syndrome
X" or "Metabolic X Syndrome" or "Dysmeta-
bolic Syndrome X" or "Reaven Syndrome X"
or "Metabolic Cardiovascular Syndrome". In
addition, the database search was accompa-
nied with a manual hand search of reference
lists of retrieved articles as a complement. No
restriction was made on the publication date
and articles’ language.

Study selection

Two independent investigators (NM and
FH) screened the titles and abstracts of all re-
trieved articles in the initial literature search,
and disagreements were resolved by consen-
sus. After applying inclusion and exclusion
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criteria, the full texts of relevant articles were
further evaluated.

Articles were included in this meta-analy-
sis if they were RCT, conducted among pa-
tients with MetS, aged > 18 years, and they
were prescribed any soy-based foods (except
for soybean oil), and reported means of any
metabolic parameters including serum lipids
(TG, TC, LDL-C, and HDL-C), glycemic
markers (FBS, insulin, HOMA-IR), systolic
and diastolic blood pressure, and anthropo-
metric measures (weight, BMI, and WC)
along with their corresponding standard devi-
ation (SD) or standard error (SE) or interquar-
tile range (IQR) or 95 % confidence intervals
(CI) before and after intervention. Studies that
assessed the effects of supplementary soy in
animals, or laboratory researches as well as
supplementary with soy isoflavones or phy-
toestrogen were excluded. The reason for this
was related to their different impacts on body
weight compared with soy (Akhlaghi et al.,
2017). Further reasons for exclusion were
lack of data regarding means and SDs or SEs
or IQR or 95 % CI of metabolic parameters,
including both healthy subjects and MetS
cases in the study.

Data extraction

The following data were extracted from
the relevant articles: the first author’s last
name, year of publication, number of partici-
pants, age, sex, study design, type of interven-
tion and control groups, study duration, MetS
definition and mean and standard deviation of
the metabolic parameters. When different
soy-based foods were assessed in a single
study in comparison with a control group,
each intervention was regarded as a separate
trial. In studies which provided repeated
measures in different follow-up duration, the
longest duration was included.

Statistical analysis

The differences between the baseline and
end values of metabolic parameters were cal-
culated and considered as the mean change in
any intervention arm. In studies which re-
ported median and IQR, we assumed median

equals to mean and estimated SD through di-
viding IQR by 1.35 (Hozo et al., 2005). The
pooled effect of the intervention was esti-
mated by using weighted mean difference
(WMD) and their corresponding 95 % Cls.
The statistical heterogeneity between studies
was examined by I? statistic, and values
> 50 % were regarded as significant heteroge-
neity. When there was no evidence of hetero-
geneity between studies, pooled effect size
was calculated using fixed-effect model; oth-
erwise, random effects model was utilized.
Subgroup analyses were performed to explore
potential source of heterogeneity based on the
country of study (Asia vs. non-Asia), soy
types (soy protein vs. soy nut), design (paral-
lel vs. cross-over), duration (< or > 10 wk),
and substation of meat with soy (yes vs. no).
Publication bias was evaluated by Begg’s test
and Egger’s test and P < 0.05 was regarded as
significant level. Sensitivity analysis was per-
formed to evaluate the effect of any single ef-
fect size on the overall estimates. All analyses
were done using Stata, version 11.2 (Stata
Corp., College Station, TX, USA). P-values <
0.05 were considered statistically significant.

RESULTS

Study characteristics

Our initial search resulted in 1412 articles,
of which 424 were duplicate. After screening
of 988 articles based on titles and abstracts,
952 articles were excluded and remaining 36
articles were assessed by full-text (Figure 1).
Of these, six studies were identified which
met our inclusion criteria for meta-analysis
(Bakhtiari et al., 2012a, b, 2019; Ruscica et
al., 2018; Simao et al., 2012, 2014; Winarsi et
al., 2012; Azadbakht et al., 2007). In addition,
we identified two more articles which either
were non-randomized or reported percent
change rather than baseline and end values of
metabolic parameters; and therefore, they
were only included in our systematic review
(De Gregorio et al., 2017; Bahls et al., 2011)
(Table 1). Five publications were derived
from two studies (Bakhtiari et al., 2012a,
2019; Simao et al., 2012, 2014; Winarsi et
al., 2012).
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Figure 1: Flow chart of study selection

Two studies (four publications) examined
the effect of soy nut and soy protein compared
with no intervention (Bakhtiari et al., 2012a,
b, 2019; Azadbakht et al., 2007), one study
(two publications) examined the effect of
kinako and kinako plus fish oil with no inter-
vention and fish oil (Simao et al., 2012, 2014),
which were included as separate effect sizes.

Other four studies prescribed milk enriched
with soy germ protein, soy protein, genistein,
and kinako (Ruscica et al., 2018; Winarsi et
al., 2012; De Gregorio et al., 2017; Bahls et
al., 2011). The soy intake was between 25 and
35 g/d, and treatment duration ranged from 8
to 12 weeks. A total of 255 participants were
included in the current meta-analysis.

668



EXCLI Journal 2021;20:665-685 — ISSN 1611-2156
Received: January 02, 2021, accepted: March 10, 2021, published: March 16, 2021

Table 1: Characteristics of studies included in this meta-analysis

Code/

Author (year)

Subjects and gen- Age
der, and age (range or
[ED))

Bakhtiari et Soy nut=25 F 60-70 y Parallel
al. (2019) Soy protein= 25 F (mean=
Iran Control= 25 F 64 y)
SUEEEREEIRY Intervention=26 MF  45-75y Parallel
(2018) Control=27 MF
Italy
Simao et al. Comparison 1: - Parallel
(2014) kinako= 15 F
Brazil Control= 15 F

Comparison 2:

Kinako+fish oil= 16

F

Fish oil= 19 F
WVILETERE TR Intervention=10 F 40-65 y Parallel
(2012) Control=10 F
Indonesia
Simao et al. Comparison 1: - Parallel
(2012) kinako= 15 F
Brazil Control= 15 F

Comparison 2:
Kinako+fish oil= 16
F

Fish oil=19 F

Diet type

Intervention Control

Outcomes MetS

definition

Any other
intervention
(from)

1- Roasted soy-nut Control 12 FBS, Insulin, ATP Il -
(35 g/d) diet HOMA-IR
2- textured soy protein
(35 g/d)
30 g/d soy protein from Animal 12 SBP, DBP, IDF To consume
whole soy foods in sub-  proteins WC, weight, a lipid-lower-
stitution of animal foods BMI, TC, ing diet
containing the same LDL, HDL,
protein amount TG, FBS, in-
sulin, HOMA-
IR
Comparison 1- Usual diet 12 BMI, WC, ATP Il -
29 g/d of soy (kinako: TG, TC, LDL,
toasted ground soy- HDL, FBS,
beans with 50 mg of iso- insulin,
flavones and 12.95 g/d HOMA-IR
of soy protein)
Comparison 2-
2- 29 g/d kinako + 3 g/d
fish oil vs. 3 g/d fish oil
Milk enriched soy germ Placebo 8 TC, TG, - -
protein (25 g/d) HDL, LDL,
Comparison 1- Usual diet 12 Weight, SBP, ATP I -
29 g/d of soy (kinako: DBP,

toasted ground soy-
beans with 50 mg of iso-
flavones and 12.95 g/d
of soy protein)

Comparison 2-
2- 29 g/d kinako + 3 g/d
fish ail vs. 3 g/d fish ail
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Table 1 (cont.): Characteristics of studies included in meta-analysis

Code/ Subjects and Age Diet type Outcomes MetS Any other
Author (year) | gender, and age gaer;gr;:)a (o] Intervention Control definition z?grr'\‘l)entlon
Bakhtiari et Soy nut=25 F 60-70 y Parallel 1- roasted soy-nut (35 Control 12 TC, LDL, ATP 1l -
al. (2012a) Soy protein=25F (mean= g/d) diet HDL, TG
Iran Control= 25 F 64 vy) 2- textured soy protein
(35 g/d)
Bakhtiari et Soy nut=25 F 60-70 y Parallel 1- roasted soy-nut (35 Control 12 SBP, DBP, ATP Il -
al. (2012b) Soy protein=25F (mean= g/d) diet WC, weight,
Iran Control= 25 F 64 y) 2- textured soy protein BMI
(35 g/d)
VL ELGQIEEIEY Soy nut=42 F - Random-  One serving red meatin DASH 8 Weight, WC, ATP Il DASH diet
al. (2007) Soy protein= 42 F ized the DASH period was diet SBP, DBP,
Iran Control=42 F crossover replaced by 30 g soy- FBS, TG,
study protein in the soy-pro- HDL, LDL,
tein period and by 30 g TC, insulin,
soy-nut in the soy-nut HOMA-IR
period
De Gregorio Intervention=11 F  Postmen-  Parallel 54 mg/day of genistein Placebo 48 BMI, WC, Modified Mediterra-
et al. (2013) Control=11 F opausal SBP, DBP, ATP 1l nean-style
Italy women FBS, TC, diet and reg-
LDL, HDL, ular exercise
TG, insulin, and further
HOMA-IR intake of soy
products or
supplements
was discour-
aged
Bahls et al. Intervention= 20 Parallel 25 g/d kinako containing  Nothing 12 TC, LDL, ATP Il -
(2011) Control=20 not ran- 12.95 g soy protein HDL, TG, in-
Brazil domized sulin, FBS,
HOMA-IR

ATP llI: Adult Treatment Panel IIl; BMI: Body Mass Index; DASH: Dietary Approach to Stop Hypertension; DBP: Diastolic Blood Pressure; F: Female; FBS:
Fasting Blood Sugar; HDL: High Density Lipoprotein; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; IDF: International Diabetes Federation;
LDL: Low Density Lipoprotein; TC: Total Cholesterol; TG: Triglyceride; SBP: Systolic Blood Pressure; WC: Waist Circumference
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Serum lipids
Combining a total of 9 comparisons from
5 studies (Ruscica et al., 2018; Simao et al.,
2014; Winarsi et al., 2012; Bakhtiary et al.,
2012; Azadbakht et al., 2007) among 210 pa-
tients in intervention group in comparison
with 211 patients in control group indicated a
significant reduction in serum concentrations
of TG (WMD: -0.29; 95 % CI: -0.49, -0.09

Study (year)

mg/dL; I>= 55.5 %), TC (WMD: -1.46; 95 %
CI: -1.70, -1.22 mg/dL; I>= 94.2 %), and
LDL-C (WMD: -0.73; 95 % CI: -0.93, -0.52
mg/dL; I*= 66.2 %). The same comparisons
showed no significant change in serum levels
of HDL-C in the intervention group compared
with the control group (WMD: 0.09; 95 % CI: -
0.11, 0.29 mg/dL; I>= 67.5 %) (Figures 2A-D).

SMD (95% CI) Weight (%)
Azadbakht L (2007) .- -3.12 (-3.76, -2.48) 14.08
Azadbakht L (2007) —*— -5.06 (-5.95, -4.18) 7.39
Winarsi HERY (2012) —°— -1.57(-2.58,-0.55) 5.62
Simao ANC (2014) i 0.12 (-0.60, 0.83) 1128
Simao ANC (2014) —'— -0.68 (-1.42, 0.06) 10.64
Ruscica, M (2018) —‘— -0.81 (-1.37, -0.25) 18.38
Bakhtiari A (2019) —“'— -1.27 (-1.88, -0.66) 15.56
Bakhtiari A (2019) + -0.90 (-1.48,-0.31) 17.05
Overall (I-squared =94.2%, p = 0.000)@ -1.46 (-1.70, -1.22) 100.00
I : |
-5.95 0 5.95
Study (year) B SMD (95% CI) Weight (%)
Azadbakht L (2007) _’—' -0.66 (-1.10, -0.22) 20.49
Azadbakht L (2007) """— 0.00 (-0.43, 0.43) 21.64
Winarsi HERY (2012) -1.91 (-2.98, -0.83) 3.42

Simao ANC (2014) —
Simao ANC (2014) ——
Ruscica, M (2018) ——
Bakhtiari A (2019) ——

Bakhtiari A (2019)

Overall (I-squared = 55.5%, p =0.028) <>

-0.34 (-1.07, 0.38) 7.61

-0.21(-0.93,0.51)  7.68
0.14 (-0.40, 0.68) 13.61
-0.27 (-0.83, 0.29) 12.76
-0.24 (-0.80, 0.32) 12.78
-0.29 (-0.49,-0.09)  100.00

-2.98 0

2.98

Figure 2: Forest plot showing the overall effect of soy consumption on total cholesterol (A), triglyceride

(B)
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Study (year) C SMD (95% CI) Weight (%)
Azadbakht L (2007) ".—’— -0.39 (-0.82, 0.04) 22.58
Azadbakht L (2007) —- 0.65(-1.09,-021) 2184
Winarsi HERY (20127 -2.37 (-3.54, -1.20) 3.08
Simao ANC (2014) B 0.18 (-0.54, 0.90) 8.19
Simao ANC (2014) _i'*__ -0.55 (-1.28, 0.18) 7.90
Ruscica, M (2018) _°_:_ -1.03 (-1.61, -0.46) 12.76
Bakhtiari A (2019) _"'_L -1.20 (-1.80, -0.59) 11.56
Bakhtiari A (2019) —‘—'— -1.02 (-1.61,-0.43) 12.08
Overall (I-squared = 66.2%, p = 0.004) @ -0.73 (-0.93, -0.52) 100.00

T : T

-3.54 0 3.54

Study (year) D SMD (95% CI) Weight (%)
Azadbakht L (2007) — 20.10 (-0.53, 0.33) 21.55
Azadbakht L (2007) — -0.42 (-0.86, 0.01) 21.10
Winarsi HERY (2012) > 0.45 (-0.44, 1.34) 5.00
Simao ANC (2014) * 1.11(0.34, 1.89)  6.61
Simao ANC (2014) -0.56 (-1.29,0.17) 7.40
Ruscica, M (2018) —"‘— 0.09 (-0.45,0.63) 13.60
Bakhtiari A (2019) “—*— 0.55(-0.02, 1.12) 1236
Bakhtiari A (2019) ‘_*— 0.54(-0.03,1.10) 12.38
Overall (I-squared =67.5%, p =0.003) <® 0.09 (-0.11, 0.29) 100.00

T ' T

-1.89 0

1.89

Figure 2 (cont.): Forest plot showing the overall effect of soy consumption on LDL-cholesterol (C) and

HDL-cholesterol (D)

In our subgroup analysis, the effect of soy
consumption on serum TG levels disappeared
in non-Asian countries, in studies that lasted
longer than 10 weeks, in studies that replaced
red meat with soy products and in studies that

investigated soy nuts. We also observed a sig-
nificant increase in serum HDL-c in parallel
studies (Table 2).
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Table 2: Subgroup analysis for the effect of soy on serum lipids in patients with metabolic syndrome

No. of Mean 95_ % , P heterogeneity
effect sizes difference cqnfldence I between
interval groups
Triglyceride
Country 0.191
Asia 5 -0.37 -0.61,-0.14 68.7
Non-Asia 3 -0.08 -0.45, 0.29 0.0
Design 0.785
Parallel 6 -0.27 -0.53, -0.00 55.4
Cross-over 2 -0.32 -0.63, -0.02 77.6
Duration 0.172
<10 wk 3 -0.44 -0.74, -0.15 83.6
> 10 wk 5 -0.16 -0.43, 0.11 0.0
Meat replacement 0.376
Yes 3 -0.21 -0.48, 0.06 69.6
No 5 -0.39 -0.69, -0.09 52.3
Soy type 0.186
Nut 4 -0.15 -0.44,0.13 0.0
Protein 4 -0.42 -0.70, -0.14 77.0
Total cholesterol
Country <0.0001
Asia 5 -2.10 -2.41,-1.79 94.8
Non-Asia 3 -0.52 -0.90, -0.14 53.1
Design <0.0001
Parallel 6 -0.82 -1.10, -0.55 54.4
Cross-over 2 -3.79 -4.31, -3.27 91.8
Duration <0.0001
<10 wk 3 -3.33 -3.79, -2.87 92.5
>0 wk 5 -0.77 -1.05, -0.49 54.3
Meat replacement <0.0001
Yes 3 -2.42 -2.80, -2.03 97.2
No 5 -0.83 -1.14, -0.52 63.5
Soy type 0.692
Nut 4 -1.41 -1.77,-1.05 96.5
Protein 4 -1.50 -1.83,-1.18 91.3
LDL-C
Country 0.302
Asia 5 -0.79 -1.04, -0.55 69.0
Non-Asia 3 -0.56 -0.94, -0.17 70.1
Design 0.080
Parallel 6 -0.89 -1.17, -0.61 70.5
Cross-over 2 -0.52 -0.83, -0.21 0.0
Duration 0.437
<10 wk 3 -0.64 -0.94, -0.34 79.3
> 10 wk 5 -0.80 -1.09, -0.52 61.7
Meat replacement 0.341
Yes 3 -0.63 -0.91, -0.36 344
No 5 -0.85 -1.16, -0.53 75.9
Soy type 0.341
Nut 4 -0.62 -0.92, -0.33 64.0
Protein 4 -0.82 -1.11, -0.54 73.8
HDL-C
Country 0.657
Asia 5 0.06 -0.17, 0.30 65.8
Non-Asia 3 0.16 -0.21, 0.54 79.2
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Table 2 (cont.): Subgroup analysis for the effect of soy on serum lipids in patients with metabolic syn-

drome
No. of Mean
effect sizes difference
Design
Parallel 6 0.35
Cross-over 2 -0.26
Duration
<10 wk 3 -0.19
>10 wk 5 0.34
Meat replacement
Yes 3 -0.18
No 5 0.43
Soy type
Nut 4 0.02
Protein 4 0.15
Glycemic parameters

Combining a total of 190 patients in the
intervention group compared with 191 pa-
tients in the control group, derived from 4
RCTs with 7 effect sizes (Bakhtiari et al.,
2019; Simao et al., 2014; Azadbakht et al.,
2007) indicated that soy intake could signi-

ficantly reduce serum levels of FBS
(WMD: -0.90; 95 % CI: -1.12, -0.68 mg/dL;
Study (year) A
| |
Azadbakht L (2007) .
Azadbakht L (2007) & |
Simao ANC (2014) —
Simao ANC (2014) — T
Ruscica, M (2018) ——
Bakhtiari A (2019) D
_l_._.

Bakhtiari A (2019) !

Overall (I-squared = 88.5%, p= 0.00@

95 % P heterogeneity
confidence 12 between
interval groups
0.003
0.09, 0.61 56.5
-0.57, 0.04 5.8
0.009
-0.47,0.10 38.4
0.07, 0.62 65.1
0.003
-0.44, 0.09 13.7
0.13,0.73 61.3
0.531
-0.26, 0.31 82.9
-0.12, 0.43 17.2

I>= 88.5%), insulin (WMD: -1.06; 95 %
CI: -1.29, -0.84 pmol/ L; I>= 92.6 %) and
HOMA-IR (WMD: -1.08; 95 %
CI: -1.31, -0.85; I’=91.3 %) (Figures 3A-C).

The results of the subgroup analysis indi-
cated no effect of soy consumption on serum
insulin levels and HOMA-IR in non-Asian
countries (Table 3).

SMD (95% CI) Weight (%)
0.00 (-0.43, 0.43) 26.20
22.35(-2.91, -1.79) 15.34

-1.05 (-1.82, -0.28) 8.15
-0.50 (-1.22, 0.23) 9.06

-0.93 (-1.49, -0.36) 14.87

-1.71 (-2.36, -1.06) 11.30

-0.52 (-1.08, 0.05) 15.07
100.00

-0.90 (-1.12, -0.68)

-2.91 0

291

Figure 3: Forest plot showing the overall effect of soy consumption on fasting blood sugar (A)
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Study (year) B SMD (95% CT) Weight (%)
Azadbakht L (2007) - -2.08 (-2.61, -1.54) 18.34
Azadbakht L (2007) € -3.27(-3.93,-2.61) 12.01
Simao ANC (2014) —'—‘—' -0.58 (-1.31,0.15) 9.73
Simao ANC (2014) * -0.14 (-0.85, 0.58) 10.14
Ruscica, M (2018) —— -0.15 (-0.69, 0.38) 17.89
Bakhtiari A (2019) —"— -0.90 (-1.48,-0.31) 15.33
Bakhtiari A (2019) —*— -0.42 (-0.98, 0.14) 16.56
Overall (I-squared =92.6%, p = 0.000@ -1.08 (-1.31, -0.85) 100.00

I : T

-3.93 0 3.93

Study (year) C SMD (95% CI)  Weight (%)
Azadbakht L (2007) —— 197 (2.50.-1.45) 1858
Azadbakht L. (2007) — -2.63 (-3.21,-2.04) 14.80
Simao ANC (2014) —**— -0.86 (-1.61,-0.11) 9.05
Simao ANC (2014) — 0.16 (-0.55, 0.88) 9.91
Ruscica, M (2018) — 0.00 (-0.54, 0.54) 17.57
Bakhtiari A (2019) —‘"— -1.18 (-1.78,-0.58)  14.04
Bakhtiari A (2019) —'— -0.50 (-1.07, 0.06) 16.05
Overall (I-squared =91.3%, p = 0.00@ -1.06 (-1.29,-0.84)  100.00

; .

-3.21 0

3.21

Figure 3 (cont.): Forest plot showing the overall effect of soy consumption on insulin (B) and HOMA

()

Anthropometric measures

According to our analysis on 4 studies
with 7 effect sizes in 210 patients in the inter-
vention group and 211 patients in the control
group (Ruscica et al., 2018; Simao et al.,
2014; Bakhtiari et al., 2012; Azadbakht et al.,
2007), we found no significant change in
weight (WMD: -0.00; 95 % CI: -0.20, 01.20
kg; I°= 0.0 %) and WC (WMD: -0.13; 95 %

CI: -0.34, 0.07 cm; I’= 0.0 %). A total of 5
comparisons derived from 3 studies (Ruscica
et al., 2018; Simao et al., 2014; Bakhtiari et
al., 2012) among 106 patients in the interven-
tion group and 107 patients in the control
groups showed no significant decrease in
BMI (WMD: -0.15; 95 % CI: -0.42, 0.12
mg/dL; I’= 0.0 %) (Figures 4A-C).
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Table 3: Subgroup analysis for the effect of soy on glycemic parameters in patients with metabolic
syndrome

No. of Mean 9§ % , P heterogeneity
effect sizes difference cqnfldence I between
interval groups
Fasting blood sugar
Country 0.697
Asia 4 -0.93 -1.20, -0.66 94.1
Non-Asia 3 -0.84 -1.22,-0.45 0.0
Design 0.811
Parallel 5 -0.92 -1.21, -0.64 55.6
Cross-over 2 -0.87 -1.21, -0.53 97.7
Duration 0.811
<10 wk 2 -0.87 -1.21, -0.53 97.7
>10 wk 5 -0.92 -1.21, -0.64 55.6
Meat replacement 0.868
Yes 3 -0.88 -1.18, -0.59 95.3
No 4 -0.92 -1.25, -0.59 66.7
Soy type <0.0001
Nut 4 -1.56 -1.89, -1.23 83.2
Protein 3 -0.38 -0.68, -0.09 70.7
Insulin
Country <0.0001
Asia 4 -1.57 -1.86, -1.29 94.1
Non-Asia 3 -0.26 -0.63, 0.11 0.0
Design <0.0001
Parallel 5 -0.44 -0.71, -0.16 6.0
Cross-over 2 -2.55 -2.96, -2.13 87.0
Duration <0.0001
<10 wk 2 -2.55 -2.96, -2.13 87.0
>10 wk 5 -0.44 -0.71,-0.16 6.0
Meat replacement <0.0001
Yes 3 -1.66 -1.99, -1.33 96.4
No 4 -0.54 -0.85, -0.22 0.0
Soy type 0.116
Nut 4 -1.27 -1.60, -0.94 94.0
Protein 3 -0.90 -1.22,-0.59 93.1
HOMA-IR
Country <0.0001
Asia 4 -1.58 -1.86, -1.29 90.0
Non-Asia 3 -0.17 -0.54, 0.20 55.1
Design <0.0001
Parallel 5 -0.46 -0.74, -0.19 67.4
Cross-over 2 -2.26 -2.65, -1.87 62.0
Duration <0.0001
<10 wk 2 -2.26 -2.65, -1.87 62.0
> 10 wk 5 -0.46 -0.74, -0.19 67.4
Meat replacement <0.0001
Yes 3 -1.48 -1.80, -1.17 95.8
No 4 -0.63 -0.95, -0.31 64.4
Soy type 0.062
Nut 4 -1.29 -1.61, -0.96 91.9
Protein 3 -0.86 -1.17,-0.55 93.0
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Study (year) A SMD (95% CI) Weight (%)
Azadbakht L (2007) . 0.17 (-0.26, 0.60)  22.10
Azadbakht L (2007) 0.06 (-0.37,0.49) 22.17
Simao ANC (2014) * 0.07 (-0.65,0.78)  7.92
Simao ANC (2014) * 0.25(-0.47,0.96) 7.86
Ruscica, M (2018) -0.49 (-1.04, 0.05) 13.56
Bakhtiari A (2019) 0.00 (-0.55,0.55) 13.20
Bakhtiari A (2019) -0.07 (-0.63, 0.48) 13.19
Overall (I-squared = 0.0%, p = 0.632) <> -0.00 (-0.20, 0.20)  100.00

] T

-1.04 0 1.04
Study (year) B SMD (95% CI) Weight (%)
Simao ANC (2014) * 0.04 (-0.68,0.76)  14.20
Simao ANC (2014) -0.26 (-0.98, 0.46) 14.08
Ruscica, M (2018) € -0.47 (-1.02,0.07) 24.38
Bakhtiari A (2019) -0.01 (-0.56,0.55) 23.67
Bakhtiari A (2019) -0.02 (-0.58,0.53) 23.67
Overall (I-squared =D.l]%,p=[l.709<>> -0.15 (-0.42, 0.12) 100.00

-1.02

0

1.02

Figure 4: Forest plot showing the overall effect of soy consumption on weight (A), body mass index (B)
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Study (year) C

SMD (95% CI) Weight (%)

Azadbakht L (2007) i

-0.09 (-0.52,0.34) 22.14

Azadbakht L (2007)

-0.17 (-0.60, 0.26) 22.08

Simao ANC (2014)

-0.15 (-0.87,0.56) 7.89

Simao ANC (2014)

Ruscica, M (2018) |

0.14 (-0.57,0.86) 7.89

-0.44 (-0.99, 0.11)

Bakhtiari A (2019) i

-0.04 (-0.59, 0.52)

Bakhtiari A (2019)

Overall (I-squared =0.0%,p= 0919)<>>

-0.09 (-0.64, 0.46)

-0.13 (-0.34, 0.07) 100.00

-.985 0

985

Figure 4 (cont.): Forest plot showing the overall effect of soy consumption on waist circumference (C)

Blood pressure

We included 4 studies with 7 effect sizes
to assess the effect of soy on systolic and di-
astolic blood pressure (Bakhtiari et al., 2019;
Ruscica et al., 2018; Simao et al., 2012;
Azadbakht et al., 2007). There were 190 pa-
tients in the soy group and 191 patients in the
control group. Using the random effects
model, there was no significant reduction in
SBP (WMD: -0.13; 95 % CI: -0.34, 0.07
mmHg; I>= 63 %, P= 0.013) in the interven-
tion group compared with the control group.
Similarly, no significant change was observed
in DBP (WMD: 0.08; 95 % CI: -0.13, 0.28
mmHg; I>= 77.4 %, P< 0.001) (Figures 5A
and 5B).

The subgroup analysis revealed a signifi-
cant decrement in SBP in parallel studies,
studies that lasted for more than 10 weeks,
and studies that did not replace red meat with
soy products. However, in cross-over trials,
longer studies and those which replaced red
meat with soy products, a significant increase
was found in DBP (Table 4).

Sensitivity analysis and publication bias
The sensitivity analysis revealed that the
removal of no specific studies significantly

changed the effect of soy intake on BPs, se-
rum lipids, glycemic status or anthropometric
characteristics. There was no evidence of
publication bias for studies examining the ef-
fect of soy consumption on SBP (Begg’s test,
P=0.37; Egger’s test, P=0.45), DBP (Begg’s
test, P= 0.18; Egger’s test, P= 0.34), TC
(Begg’s test, P=0.27; Egger’s test, P= 0.36),
TG (Begg’s test, P= 0.17; Egger’s test, P=
0.20), LDL-C (Begg’s test, P=0.39; Egger’s
test, P=0.27), HDL-C (Begg’s test, P=0.17;
Egger’s test, P=0.19), FBS (Begg’s test, P=
0.55; Egger’s test, P= 0.36), insulin (Begg’s
test, P=0.88; Egger’s test, P = 0.99), HOMA-
IR (Begg’s test, P= 0.88; Egger’s test, P=
0.57), weight (Begg’s test, P= 0.88; Egger’s
test, P=0.66), BMI (Begg’s test, P=0.81; Eg-
ger’s test, P=0.77) and WC (Begg’s test, P=
0.76; Egger’s test, P=0.61).

DISCUSSION

Although to date many systematic re-
views and meta-analyses have evaluated the
effects of soy on metabolic parameters, to the
best of our knowledge, this is the first one
summarizing its effect in patients with MetS.
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Study (year) A SMD (95% CI)  Weight (%)
Azadbakht L (2007) 'E_ 0.25(-0.18,0.68) 22.43
Azadbakht L (2007) —E"'— 0.00(-0.43,0.43) 22.60
Simao ANC (2014) ‘ 0.45(-027,1.18) 7.85
Simao ANC (2014) : -0.49 (-1.22,0.24) 7.32
Ruscica, M (2018) 0.00 (-0.54,0.54)  14.26
Bakhtiari A (2019) i i -0.90 (-1.49,-0.32) 12.16
Bakhtiari A (2019) ; -0.59 (-1.15,-0.02) 12.88
Overall (I-squared =63.0%, p =0.013) . P -0.13 (-0.34, 0.07)  100.00

I
1.49

-1.49 0

Study (year) B SMD (95% CI) Weight (%)
Azadbakht L (2007) 'E_"_ 0.39 (-0.04, 0.82) 22.47
Azadbakht L (2007) I_"'_ 0.39 (-0.04,0.82) 22.47
Simao ANC (2014) € -1.36 (-2.16,-0.56) 6.56
Simao ANC (2014) * 1.02(0.25,1.78)  7.19
Ruscica, M (2018) —’i_ 0.00 (-0.54,0.54)  14.45
Bakhtiari A (2019) _‘_'E -0.46 (-1.02,0.10) 13.27
Bakhtiari A (2019) —’_':_ -0.16 (-0.71,0.40) 13.59
Overall (I-squared = 77.4%, p = 0.000) <:> 0.08 (-0.13,0.28) 100.00

T * T

-2.16

(=]

2,1®

Figure 5: Forest plot showing the overall effect of soy consumption on systolic blood pressure (A) and

diastolic blood pressure (DBP) (B)

The findings of the current meta-analysis
demonstrated that soy products decreased
glycemic markers (FBS, serum insulin levels,
and HOMA-IR) and improved serum lipids
(TG, TC, and LDL-C) in patients with MetS
independent of any change in BMI or WC. No
significant change was found in HDL-C, sys-
tolic and diastolic blood pressures following

soy consumption. The subgroup analysis in-
dicated that results for BMI, WC, FBS, TC,
and LDL-C were not influenced by any con-
founders; however, other metabolic parame-
ters were affected by geographical region or
replacing meat with soy or soy type or study
design and duration.
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Table 4: Subgroup analysis for the effect of soy on anthropometric measures and blood pressure in
patients with metabolic syndrome

No. of Mean 95_ % , P heterogeneity
effect sizes difference cqnfldence | between
interval groups

Weight

Country 0.373
Asia 4 0.06 -0.18, 0.30 0.0
Non-Asia 3 -0.14 -0.52, 0.23 34.2

Design 0.322
Parallel 5 -0.09 -0.36, 0.18 0.0
Cross-over 2 0.11 -0.19, 0.41 0.0

Duration 0.322
<10 wk 2 0.11 -0.19, 0.41 0.0
> 10 wk 5 -0.09 -0.36, 0.18 0.0

Meat replacement 0.751
Yes 3 -0.03 -0.29, 0.23 46.5
No 4 0.04 -0.27, 0.35 0.0

Soy type 0.453
Nut 4 0.07 -0.21, 0.35 0.0
Protein 3 -0.08 -0.37,0.21 42.5

Waist circumfer-

ence

Country 0.652
Asia 4 -0.10 -0.34, 0.13 0.0
Non-Asia 3 -0.21 -0.58, 0.16 0.0

Design 0.968
Parallel 5 -0.14 -0.41,0.13 0.0
Cross-over 2 -0.13 -0.43, 0.17 0.0

Duration 0.968
<10 wk 2 -0.13 -0.43, 0.17 0.0
> 10 wk 5 -0.14 -0.41,0.13 0.0

Meat replacement 0.435
Yes 3 -0.20 -0.47, 0.06 0.0
No 4 -0.04 -0.35, 0.27 0.0

Soy type 0.614
Nut 4 -0.08 -0.37,0.20 0.0
Protein 3 -0.19 -0.48, 0.10 0.0

BMI

Country 0.344
Asia 2 -0.02 -0.41, 0.38 0.0
Non-Asia 3 -0.28 -0.65, 0.09 0.0

Meat replacement 0.188
Yes 1 -0.47 -1.02, 0.07 -
No 4 -0.05 -0.36, 0.26 0.0

Soy type 0.493
Nut 3 -0.06 -0.44, 0.31 0.0
Protein 2 -0.25 -0.64, 0.14 21.4

SBP

Country 0.436
Asia 4 -0.01 -0.38, 0.36 38.4
Non-Asia 3 -0.19 -0.43, 0.06 75.7

Design 0.026
Parallel 5 -0.34 -0.62, -0.07 62.3
Cross-over 2 0.12 -0.18, 0.43 0.0
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Table 4 (cont.): Subgroup analysis for the effect of soy on anthropometric measures and blood pressure

in patients with metabolic syndrome

No. of Mean
effect sizes difference

Duration

<10 wk 2 0.12

>10 wk 5 -0.34
Meat replacement

Yes 3 0.09

No 4 -0.46
Soy type

Nut 4 -0.22

Protein 3 -0.04
DBP
Country

Asia 4 0.13

Non-Asia 3 -0.06
Design

Parallel 5 -0.18

Cross-over 2 0.39
Duration

<10 wk 2 0.39

>10 wk 5 -0.18
Meat replacement

Yes 3 0.30

No 4 -0.24
Soy type

Nut 4 0.02

Protein 3 0.13

In line with our findings, numerous meta-
analyses have confirmed beneficial effects of
soy on cardiovascular risk factors. In a recent
umbrella review of systematic reviews and
meta-analyses of observational studies and
clinical trials, an inverse association was
found between soy intake and serum levels of
total cholesterol, LDL-C, and TG (Hemati et
al., 2020). The exact mechanisms underpin-
ning reductions in serum cholesterol levels
following soy intake are not clear (Lovati et
al., 2000). It is probable that peptides derived
from soy protein digestion regulate choles-
terol homeostasis in hepatic cells (Lovati et
al., 2000). Indeed, soy protein decreases se-
rum LDL-C through both intrinsic and extrin-
sic (displacement) mechanisms, and it is one
of few foods that reduces serum cholesterol
either when added to the diet or when ex-
changed for saturated fatty acids and choles-
terol (Jenkins et al., 2010). Moreover, even

95 % P heterogeneity
confidence 12 between
interval groups
0.026
-0.18, 0.43 0.0
-0.62, -0.07 62.3
0.009
-0.17, 0.36 0.0
-0.78, -0.14 64.8
0.379
-0.51, 0.06 70.4
-0.33, 0.25 62.2
0.421
-0.11, 0.37 63.0
-0.44, 0.33 88.8
0.007
-0.45, 0.10 79.1
0.09, 0.70 0.0
0.007
0.09, 0.70 0.0
-0.45, 0.10 79.1
0.011
0.03, 0.56 0.0
-0.56, 0.08 83.9
0.602
-0.27, 0.31 87.3
-0.16, 0.42 254

though soy products are a rich source of iso-
flavones, it seems that their beneficial effects
on serum cholesterol are not related to their
isoflavones (Lovati et al., 2000), but to other
nutrients such as poly unsaturated fatty acids,
fiber, stanols and sterols, and micronutrients
content (Sacks et al., 2006; Liu et al., 2014).
Despite a consensus regarding the effects
of soy on serum TC and LDL, debates remain
in terms of the effects of soy on HDL-C, an-
thropometric measures and blood pressure.
Our results, in consistent with some meta-
analyses (Moradi et al., 2020; Anderson et al.,
1995), revealed no significant change in se-
rum HDL-C. However, Simao et al. reported
that higher soy intake led to a mean increase
of 1.1 mg/dL in serum HDL-C concentrations
(Simao et al., 2014). Similar inconsistencies
have also been found for blood pressure.
Whilst higher soy isoflavones intake lowered

681



EXCLI Journal 2021;20:665-685 —ISSN 1611-2156

Received: January 02, 2021, accepted: March 10, 2021, published: March 16, 2021

systolic and diastolic blood pressures in hy-
pertensive individuals in a meta-analysis, it
had no significant effect on normotensive
subjects (Liu et al., 2012). Our results are
compatible with the earlier meta-analysis be-
cause mean SBP was less than 140 mmHg (as
the cut-off point for hypertension) in all in-
cluded studies in our meta-analysis. However,
when we categorized studies according to the
cut-off point for elevated blood pressure
(130 mmHg), we observed that soy intake
could effectively reduce SBP only in studies
in which mean SBP was less than 130 mmHg.
Given that soy can improve blood pressure
through various mechanisms like improving
flow mediated dilation (FMD) (Li et al.,
2010), inhibiting inflammatory processes
(Nasca et al., 2008), and stimulating NO pro-
duction (Mahn et al., 2005), difference in
these factors may influence the results. There-
fore, future studies are warranted to clearly
explore the association between soy and
blood pressure as well as the potential mech-
anisms underlying these associations.

We identified no association between soy
and BMI and WC. These associations were
also independent of geographical region, sub-
stitution for meat, and types of soy products.
Consistently, earlier meta-analyses demon-
strated a null association between soy prod-
ucts and obesity-related anthropometric
measures (Akhlaghi et al., 2017; Mu et al.,
2019); nevertheless, they showed that this as-
sociation may vary by the geographical region
and resulted in a significant reduction in body
weight, BMI and WC in Asians but not West-
erners, and with stronger effects in non-men-
opausal women (Mu et al., 2019) or even led
to an increase in body weight in short-term in-
terventions (1-3 months), in obese individuals
and in studies which supplemented with
> 40 g/d soy protein (Akhlaghi et al., 2017).
In comparison with these meta-analyses, all
included studies in our meta-analysis were
conducted among overweight or obese sub-
jects, supplemented with <40 g/d soy prod-
ucts for less than 3 months, and all except for
one enrolled postmenopausal women or men.

It is worth mentioning that functions of en-
zymes and pathways involved in fatty acids
metabolism are different between premeno-
pausal and postmenopausal women (Misso et
al., 2005; Edwards et al., 2013). Therefore, it
is probable that non-significant associations
found in our meta-analysis are, at least partly,
explained by the menopause status of partici-
pants, and further RCTs are required in this
context.

Soy products consumption had favorable
effects on FBS, HOMA, insulin, and serum
TG concentrations. After subgroup analysis
based on geographical region, the associa-
tions for HOMA, insulin, and TG remained
significant only in Asians but not in Western-
ers. The beneficial effects of soy products on
glycemic parameters might be attributed to
soy-derived isoflavones and genistein (Glisic
et al., 2018). Isoflavones are known as selec-
tive estrogen receptor modulator since they
prefer binding to and stimulating estrogen re-
ceptor beta rather than estrogen receptor alpha
(Oseni et al., 2008). Some studies indicated
that phytoestrogens play an important role in
the glucose and lipid metabolism through reg-
ulating peroxisome proliferator activator re-
ceptor (PPAR)-regulated genes, the sterol
regulatory element binding protein (SREBP)
(Mullen et al., 2004; Ronis et al., 2009),
downregulation of genes involved in glucone-
ogenesis (Quinn and Yeagley, 2005), upregu-
lation of glucose homeostasis genes (Talaei
and Pan, 2015), and even at cellular levels in
pancreatic islet cells, hepatocytes and intesti-
nal cells (Vedavanam et al., 1999;
Mackowiak et al., 1999; Szkudelska et al.,
2000). The difference between Asians and
Westerners might be related to higher preva-
lence of S-equol producers among Asians
compared with Westerners (Sekikawa et al.,
2019). S-equol, a metabolite of daidzein pro-
duced by gut microbiota, leads to the most an-
tiatherogenic effects among isoflavones
(Zhang et al., 2012).

Our meta-analysis has several strengths.
First, our search strategy included various
types of soy products which made this re-
search more instructive; nevertheless, to date,
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only soy protein and nut have been investi-
gated in this regard. Second, we performed
several subgroup analyses to explore the
source of heterogeneity. Third, our results
were robust according to the sensitivity anal-
ysis and there was no evidence of publication
bias between the studies. However, the limi-
tations of the present meta-analysis must be
kept in mind when interpreting the results.
Our meta-analysis included only a few RCTs
with small sample size and short follow-up
duration. Furthermore, all studies, but not one
(Ruscica et al., 2018), were conducted only
among women, particularly postmenopausal
women that may differently respond to soy
supplementation. Finally, studies included in
our meta-analysis predominantly examined
the intrinsic effects of soy products rather
than the extrinsic effects. It is likely that re-
placement of meat with soy products (the ex-
trinsic effects) are more helpful in comparison
with adding soy products to the usual diet.

In summary, this meta-analysis suggests
that supplementation with soy products in pa-
tients with MetS is a helpful dietary interven-
tion to reduce TG, TC, LDL-C, FBS, serum
insulin, and HOMA-IR. Although most of the
studies followed participants for 12 weeks,
beneficial effects of soy consumption were
also observed in studies that lasted for eight
weeks. These effects were independent of
BMI and WC change. Due to the paucity of
studies in this regard, further studies with
longer duration examining various types of
soy products in both men and women are ex-
pected to explore the effects of soy products’
supplementation in patients with MetS.
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