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Previous studies have suggested that soy products may be beneficial for cardiometabolic health, but current evidence regarding their effects in type
2 diabetes (T2D) remains unclear. The aim of this systematic review and meta-analysis was to determine the impact of soy product consumption on
cardiovascular risk factors in patients with T2D. PubMed, Scopus, Embase, and the Cochrane library were systematically searched from inception to
March 2021 using relevant keywords. All randomized controlled trials (RCTs) investigating the effects of soy product consumption on cardiovascular
risk factors in patients with T2D were included. Meta-analysis was performed using random-effects models and subgroup analysis was performed
to explore variations by dose and baseline risk profile. A total of 22 trials with 867 participants were included in this meta-analysis. Soy product
consumption led to a significant reduction in serum concentrations of triglycerides (TGs) [weighted mean difference (WMD): =24.73 mg/dL; 95%
Cl: =37.49,-11.97], total cholesterol (WMD: =9.84 mg/dL; 95% Cl: -15.07, -4.61), LDL cholesterol (WMD: -6.94 mg/dL; 95% Cl: -11.71,-2.17), and C-
reactive protein (WMD: -1.27 mg/L; 95% Cl: -2.39,-0.16). In contrast, soy products had no effect on HDL cholesterol, fasting blood sugar (FBS), fasting
insulin, glycated hemoglobin, HOMA-IR, systolic blood pressure (SBP) and diastolic blood pressure, or BMI (all P > 0.05). In subgroup analyses, there
was a significant reduction in FBS after soy consumption in patients with elevated baseline FBS (>126 mg/dL) and in those who received higher
doses of soy intake (>30 g/d). Moreover, soy products decreased SBP in patients with baseline hypertension (>135 mm Hg). Our meta-analysis
suggests that soy product consumption may improve cardiovascular parameters in patients with T2D, particularly in individuals with poor baseline
risk profiles. However, larger studies with longer durations and improved methodological quality are needed before firm conclusions can be reached.
Adv Nutr 2022;13:455-473.

Statement of Significance: Several studies have investigated the effects of soy products on cardiovascular risk, but the findings were
conflicting. We conducted a comprehensive systematic review and meta-analysis of published randomized controlled trials to evaluate the
effects of soy product consumption on cardiovascular risk factors in patients with type 2 diabetes.
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Introduction

Diabetes mellitus is a global health concern, representing the
seventh leading cause of death (1), with high morbidity and
mortality rates (2). The International Diabetes Federation
has estimated that, globally, 425 million adults aged 20-79 y
had diabetes in 2015, with approximately half (50%) being
undiagnosed. This number is estimated to increase to 629
million by 2045 (3). Type 2 diabetes (T2D) represents over

90% of all diabetes cases (4, 5). Poorly controlled T2D is
associated with hyperglycemia, chronic inflammation, and
dyslipidemia, which, over time, can lead to microvascular
complications (nephropathy, neuropathy, retinopathy) and
macrovascular complications including atherosclerosis and
cardiovascular diseases (CVDs) (6, 7). People with T2D
have a 2-fold excess risk of CVDs and premature mortality
from cardiovascular causes (8). The mechanisms of the
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pathogenesis of CVD in diabetes are linked to epigenetic, ge-
netic, and cell-signaling deficiencies in interrelated metabolic
and inflammatory pathways (9). There is strong evidence
to suggest that T2D and CVD can be prevented by lifestyle
modification, including a healthy diet, physical activity,
and avoidance of smoking and alcohol (10-13). Specific
ingredients of plant-based foods have also been proposed to
have important benefits in relation to cardiometabolic health
(14, 15).

Soy foods are the main source of plant protein, dietary
fiber, PUFAs, and phytoestrogens (16). Previous studies have
reported that soy products may have a positive impact
on glucose metabolism, due to soy being a rich source of
isoflavones, such as genistein and daidzein, which have well-
established antidiabetic effects (17-19). It seems that soy
isoflavones can increase serum insulin by enhancing insulin
signaling, and eventually improve the glucose uptake (20).
Numerous studies have also reported inverse associations
between the intake of soy protein and its isoflavones with
risk factors for CVD, including hypertension, dyslipidemia,
glycemic control, arterial stiffness, and endothelial function
(16, 21-24). A study by Hermansen et al. (25) showed
that consumption of soy protein for 6 wk in patients with
T2D had a positive effect on cardiovascular risk markers,
including LDL cholesterol, total cholesterol (TC), LDL- to
HDL-cholesterol ratio, apoB100, triglycerides (TGs), and
homocysteine. Soy protein may exert the lipid-lowering effect
through reducing the activity of lipoprotein lipase (26).
Consuming soy products can also decrease postprandial
glycemia, inflammatory markers, and other cardiovascular
risk factors, although current evidence is inconsistent (27-
29). For instance, some studies report that soy consump-
tion exerts positive effects in modulating proinflammatory
cytokines (30, 31), whereas others do not (32, 33). Dietary
intake of soy protein has also been shown to reduce body
weight in overweight and obese individuals, compared with
diets using animal protein (34, 35). However, the benefits
of soy protein in reducing overall fat mass, abdominal
adiposity, and circulating adipokine concentrations remain
controversial (36, 37).

Due to the effects of a soy-based diet in reducing TC, LDL
cholesterol, TGs, body weight, and postprandial glycemia
and in increasing HDL cholesterol, several nutritional rec-
ommendations have been suggested to increase the dietary
intake of soy products for the prevention and management
of T2D (38, 39). However, there is no comprehensive study
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to investigate the effect of soy products on cardiovascular risk
factors in patients with T2D.

Findings of 2 previous meta-analyses in adults indicated
that soy protein consumption had a significant effect on
serum lipoprotein concentrations (40, 41). In these studies,
subgroup analysis was not performed based on participants’
health status. Another recent meta-analysis did not show
significant effects of overall soy product consumption on
concentrations of C-reactive protein (CRP) in adults (42).
However, subgroup analysis indicated that natural soy
products may reduce plasma concentrations of CRP. In
this research, the effect of soy products on CRP in T2D
was not evaluated. Moreover, in a systematic review and
meta-analysis of 8 trials published before 2010, it was
concluded that soy products have beneficial effects in T2D
patients in relation to serum lipids without a significant
effect on fasting glucose, insulin, and glycated hemoglobin
(HbAlc) (43). In this investigation, only a few databases
were searched and comprehensive subgroup analysis was not
performed.

Given the discrepancies in the current body of evidence,
there is still no clear understanding of the effects of soy
products on cardiovascular risk factors in patients with
T2D. To address this gap in knowledge, we conducted
a comprehensive systematic review and meta-analysis of
published randomized controlled trials (RCTs) to evaluate
the effects of soy product consumption on cardiovascular risk
factors in patients with T2D.

Methods

Search strategy and study selection

The present meta-analysis was designed based on the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (44), with a protocol devel-
oped a priori (registered on PROSPERO: CRD42021226508).
Two investigators (OA and SPM) performed a systematic
search of articles from inception to March 2021 in electronic
databases including PubMed, Scopus, Embase, and the
Cochrane Library without any date or language restrictions.
Databases were searched using the following Medical Subject
Heading (MeSH) and non-MeSH terms as outlined in
Supplemental Table 1: (Soy OR “Soy protein” OR Isoflavones
OR “Soy products”) AND (“Iype 2 diabetes” OR “T2DM”
OR “diabetes” OR “insulin-independent diabetes” OR “in-
sulin resistance” OR “diabetic patients”). Two independent
reviewers (OA and SPM) screened records based on title and
abstract to determine eligibility for inclusion; then retrieved
all potentially eligible articles and reviewed these articles
in full text. In addition, we conducted a manual search
via Google Scholar, and reference lists of relevant articles
and previous reviews were checked to identify any missing
eligible papers.

Eligibility criteria
Studies that met the following criteria were included: 1) RCT
design (parallel or crossover), 2) evaluating the effects of soy


mailto:p_moosavian@yahoo.com
https://academic.oup.com/advances/

products (soy protein, isoflavones, soy bean, and/or soy milk)
of any dose on cardiovascular risk factors [lipid and glycemic
profiles, blood pressure (BP), inflammatory biomarkers, and
BMI], 3) with a control or comparator group (as placebo,
animal or milk protein, or other diet/dietary components),
4) in adult patients with T2D, 5) with a duration of >1 wk,
and 6) with outcomes reported at baseline and at the end of
the intervention.

Animal studies, observational studies, reviews, commen-
taries, or RCTs without a control group were excluded, as
were studies that lacked the required data (i.e., CVD risk
factors) at baseline or follow-up, studies in children (<18 y
old), or those in individuals without T2D.

Data extraction

Data were extracted from eligible full-text articles and
included the following: first author’s name, publication year,
study design, study location, sample size in intervention
and control groups, duration and dose of intervention,
supplement type, and aggregate baseline and follow-up
outcome measurements along with SDs and/or changes
(delta values) in outcome measures from baseline to the end
of the trial. If a study provided multiple data at different time
points, only data from the latest time points were extracted.
Also, data from the first period were extracted from crossover
trials.

Quality assessment

The quality of studies was assessed using the Cochrane
risk-of-bias tool (45) by 2 reviewers (OA and SPM) and
any disagreement was resolved through discussion. The
assessment consists of 7 criteria to evaluate risk of bias at the
study level. These criteria are as follows: random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other biases. These
domains were classified as low or high risk for bias or unclear.
The overall risk of bias of individual studies was regarded as
low risk (low risk for bias for all items), moderate (unclear
risk of bias for >1 key domains), or high risk (high risk of
bias for >1 key domains).

Data synthesis and statistical analysis

The data were analyzed by using Stata version 12.0 (Stat-
aCorp). Mean change and SD of the relevant outcomes
were used to estimate the overall effect size. Effect sizes
for all variables are reported as weighted mean differences
(WMDs) and 95% Cls derived from random-effects models.
A random-effects model was selected because there is
significant heterogeneity between studies in terms of the
study methods, measures, and population characteristics. If
the SD change was not reported in studies, we calculated
the SD change as per the formula provided by the Cochrane
Collaboration (45), which is as follows: SD = square root
[(SD baseline) . + (SD ﬁnal) ’- (2R X SDpaseline X SDﬁnal)]’
where the correlation coefficient (R) = 0.8. Statistical
heterogeneity between studies was assessed by Cochrane’s

Q test (significance point at P < 0.1) and the P index
(significance point at I > 40%). Publication bias assessment
was performed using visual inspection of funnel plots and
statistically using Egger’s regression test and Begg’s test (46).
Subgroup analyses were performed on factors presumed to
cause variation in outcomes based on previous evidence (47,
48), and these included study duration (<8 or >8 wk), soy
types (soy protein, isoflavones, soy bean, soy milk), soy dose
(<30 or >30 g/d) and baseline BMI (kg/m?; 25-29.9 or >30).
Baseline risk profiles were also examined in relation to each
outcome [e.g., for meta-analysis of TGs, subgroups with high
(>150 mg/dL) and low (<150 mg/dL) TGs at baseline were
explored] (46).

Results

Study selection

The process of study selection is shown in Supplemental
Figure 1. The primary search yielded 3275 records. Dupli-
cates were removed and 1920 articles remained, which were
screened by title and abstract. At this stage, 1873 articles were
excluded, and the remaining 47 records were reviewed in full
text to confirm eligibility. Of these, 25 articles were excluded
due to lack of desired outcome data—that is, CVD risk factors
(n = 23) and/or not having a control group (n = 2). In total,
22 trials with 897 participants met the inclusion criteria and
were included in this meta-analysis (26, 27, 30, 49-67).

Characteristics of the included studies

The general characteristics of the included studies are
summarized in Table 1. Trials were published between 1998
and 2019 and were carried out in Canada (26, 57), China
(58), Iran (30, 51, 54, 55, 59, 60, 62, 64, 65, 67), Korea
(27), Mexico (56), Qatar (66), the United Kingdom (50, 53,
63) and the United States (49, 52). Out of these 22 RCTs,
9 were of parallel design (27, 30, 54, 58, 63-67) and 13
were randomized crossover trials (26, 49-53, 55-57, 59-62).
Follow-up durations ranged from 4 wk to 4 y. Intervention
doses varied between 17.8 and 69 g/d. Fourteen studies were
performed in both genders (26, 27, 30, 51, 54-57, 59, 60,
64-67), whereas 4 studies were performed only in females
(50, 58, 61, 62) and 4 studies were in males (49, 52, 53,
63). Participants used both antidiabetic and antihypertensive
medications (30, 55, 65), both antidiabetic and lipid-lowering
drugs (66), or antidiabetic drugs only (27, 49, 67). However,
15 trials did not report any information on the use of
medications (26, 50-54, 56-61, 63, 64). In the case of the
overall diet in the included studies, patients were following
a diabetic diet (26, 49, 50, 53, 57, 66), usual diet (27, 52,
56, 58-63), low-calorie diet (54), weight-maintenance diet
(65), TLC (Therapeutic Life Style Changes) diet (67), a diet
containing 0.8 g/kg protein (30, 51, 55), or a diet containing
55% carbohydrate, 15% protein, and 30% fat (64). Control
diets consisted of a habitual diet (67), cow milk (59, 60),
bread (61, 62), animal protein (30, 49, 51, 55), soy protein
(63, 66), red meat (64, 65), milk protein (26, 57, 58), banana
starch (56), low-calorie diet (54), a diabetic diet (27), casein
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WMD (mg/dL) WMD (mg/dL) Weight
Study Intervention vs. control with 95% CI with 95% CI (%)
Soy protein
Anderson et al. 1998 (49) (USA) Soy protein (8 wk) vs. Animal protein — -70.80 [ -88.82, -52.78] 7.15
Jayagopal et al. 2002 (50) (United Kingdom) 30 g soy protein + 132 mg isoflavone/day (12 wk) vs. Placebo (cellulose) —a— -17.70 [ -55.51, 20.11] 4.81
Azadbakht et al. 2003 (51) (Iran) 0.8 g Soy protein/(kg day) (7 wk) vs. Animal protein E -13.10[  -20.13, -6.07] 8.13
Teixiera et al. 2004 (52) (USA) 0.5 g soy protein/(kg day) (0.2 mg isoflavone/g soy protein) (8 wk) vs. Casein —— -443[ -38.75, 29.89] 5.20
Noroozi et al. 2008 (54) (Iran) 30 g soy protein + 45 mg isoflavone/day + low calorie diet (4 wk) vs. Low calorie diet o 12.00[ -80.33, 104.33] 1.55
Pipe et al. 2009 (26) (Canada) 40 g soy protein + 88 mg isoflavone/day (4 wk) vs. Milk protein [ ] 531 287, 1775] 831
Heterogeneity: T = 489.22, I’ = 94.36%, H = 17.74 <> 1874 -39.92, 2.45]
Test of 6; = 6;: Q(5) = 88.71, p=0.00
Isoflavone
Gonzélez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) —— 0.23[ -25.18, 25.64] 6.26
Azadbakht et al. 2008 (30) (Iran) 0.8 g Soy protein/(kg day) (208 wk) vs. Animal protein - -15.00[ -32.31, 231] 7.23
Sathyapalan et al. 2016 (63) (United Kingdom) 15 g soy protein + 66 mg isoflavone (12 wk) vs. Soy protein (without isoflavone) —ll— -76.03[ -95.90, -56.16] 6.93
Konya et al. 2019 (66) (Qatar) 15 g soy protein + 32 mg isoflavone/day (8 wk) vs. Soy protein (without isoflavone) —i— 15.05[ -19.55, 49.65] 5.17
Heterogeneity: T = 1461.61, I' = 91.50%, H' = 11.77 e 2016[ -59.62, 19.31]
Test of 6; = 6;: Q(3) = 35.30, p=0.00
Soy bean
Chang et al. 2008 (27) (Korea) 69 g soybean/day + diabetes diet (4 wk) vs. A diabetes diet E 3 -37.30 [ -48.46, -26.14] 7.84
Salari Moghaddam et al, 2014 (62) (Iran) 120 g Soy bean Flour Enriched Bread/day (6 wk) vs. Bread - -16.00[ -32.62, 0.62] 7.30
Hassanzadeh-Rostami et al. 2019 (65) (Iran) 2 serving Soy bean/day (8 wk) vs. Red meat —i— -38.00[ -67.14, -8.86] 5.81
Sedaghat et al. 2019 (67) (Iran) 60 g Soy bean/day (8 wk) vs. Usual diet | | -12.81[ -20.27, -535] 8.11
Heterogeneity: T = 167.99, I' = 79.24%, H' = 4.82 > 2445 -3939, -9.51]
Test of 0 = 0;: Q(3) = 14.45, p = 0.00
Soy milk
Ble-Castillo et al. 2010 (56) (Mexico) 24 g soy milk/day (4 wk) vs. Native Banana Starch —— -65.00[ -101.18, -28.82] 4.99
Miraghajani et al. 2013 (60) (Iran) 240 cc Soy milk/day (4 wk) vs. Cow’s milk —a— 38.60[ -72.88, -432] 520
Heterogeneity: T = 25.09, I' = 7.20%, H’ = 1.08 i S1.14[  -76.98, -25.30]
Test of 6; = 6;: Q(1) = 1.08, p=0.30
Overall L 2 2473 -37.49, -11.98]
Heterogeneity: T = 508.29, I' = 93.43%, H' = 15.21
Test of 6 = 0;: Q(15) =228.21, p=0.00
Test of group differences: Qy(3) =4.16, p=0.24

00 50 0 50 100

Random-effects DerSimonian-Laird model

FIGURE 1
type 2 diabetes. TG, triglyceride; WMD, weighted mean difference.

(52), and placebo (cellulose) (50, 53). All the 22 included
trials had an appropriate controlled design, and the only
difference between the control and treatment groups was the
soy product intervention.

Quality assessment

Based on random-sequence generation, most studies had an
unclear risk of bias (26, 27, 30, 49-52, 54-57, 59-62, 64, 67),
whereas 5 studies had low risk of bias (53, 58, 63, 65, 66).
In relation to allocation concealment, 7 studies demonstrated
low risk of bias (50, 56, 58, 63-66), and the rest showed high
(26, 49, 52-54, 57, 59, 60, 64) or unclear (27, 30, 51, 55, 59,
60) risk. With the exception of 5 studies (49, 54, 59, 60, 64), all
studies had low risk of bias (26, 27, 30, 50-53, 55-58, 61-63,
65-67) for the selective reporting criteria. Only 7 studies (26,
50, 53, 57, 58, 63, 66) reported blinding of participants and
personnel, whereas blinding of outcome assessors was noted
in 8 studies (26, 50, 53, 57, 58, 63, 64, 66). In nearly all the
trials, there was a low risk of incomplete outcome data (26,27,
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30, 49-63, 65) and other sources of bias (26, 27, 30, 49-67).
Opverall, 18 trials were judged as high risk, 2 had moderate
risk, and 2 studies were low risk. The quality assessment of
the included studies is presented in Supplemental Table 2.

Meta-analysis
Effect of soy products on lipid profiles.

Effect of soy products on TG concentrations. Sixteen
studies (26, 27, 30, 49-54, 56, 60, 62, 63, 65-67) reported
TGs as an outcome measure. Overall, results from the
random-effects model indicated that consumption of soy
products resulted in a significant reduction in TGs (WMD: -
24.73 mg/dL; 95% CI: -37.49, -11.97; I = 93.4%) (Figure 1).
In subgroup analysis, the effect of soy product consumption
on TGs was no longer significant in groups that received low
doses (<30 g/d) or who were supplemented with soy protein
or isoflavones, as well as in subgroups with normal serum
TG concentrations at baseline (<150 mg/dL) (Supplemental
Table 3).



‘WMD (mg/dL) WMD (mg/dL) Weight

Study Intervention vs. control with 95% CI with 95% CI (%)
Soy protein
Anderson et al. 1998 (49) (USA) Soy protein (8 wk) vs. Animal protein - -18.15[ -24.20, -12.10]  8.26
Jayagopal et al. 2002 (50) (United Kingdom) 30 g soy protein + 132 mg isoflavone/day (12 wk) vs. Placebo (cellulose) —i— -15.10[ -27.32, -2.88] 6.16
Azadbakht et al. 2003 (51) (Iran) 0.8 g Soy protein/(kg day) (7 wk) vs. Animal protein —— -16.20[ -26.81, -5.59] 6.72
Teixiera et al. 2004 (52) (USA) 0.5 g soy protein/(kg day) (0.2 mg isoflavone/g soy protein) (8 wk) vs. Casein —— -10.42[ -20.00, -0.84] 7.08
Noroozi et al. 2008 (54) (Iran) 30 g soy protein + 45 mg isoflavone/day + low calorie diet (4 wk) vs. Low calorie diet ——— 095[ -17.28, 19.18] 436
Pipe et al. 2009 (26) (Canada) 40 g soy protein + 88 mg isoflavone/day (4 wk) vs. Milk protein || 279 -4.90, -0.68] 9.15
Heterogeneity: T = 68.25, I' = 83.80%, H' = 6.17 - <1072 -18.45, -2.98]
Test of 6; = 6;: Q(5) = 30.86, p = 0.00
Isoflavone
Gonzélez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) —i— 0.00[ -12.76, 12.76] 5.98
Azadbakht et al. 2008 (30) (Iran) 0.8 g Soy protein/(kg day) (208 wk) vs. Animal protein —— -33.00[ -52.48, -13.52] 4.06
Sathyapalan et al. 2016 (63) (United Kingdom) 15 g soy protein + 66 mg isoflavone (12 wk) vs. Soy protein (without isoflavone) E = -733[ -13.49, -1.17] 823
Konya et al. 2019 (66) (Qatar) 15 g soy protein + 32 mg isoflavone/day (8 wk) vs. Soy protein (without isoflavone) —— -12.80[ -27.35, 1.75] 5.41
Heterogeneity: T = 65.89, I = 63.64%, H' =2.75 g -10.96 [ -21.18, -0.74]
Test of 6; = 6;: Q(3) = 8.25, p=10.04
Soy bean
Chang et al. 2008 (27) (Korea) 69 g soybean/day + diabetes diet (4 wk) vs. A diabetes diet - 109 [ 427, 17.53] 8.08
Salari Moghaddam et al, 2014 (62) (Iran) 120 g Soy bean Flour Enriched Bread/day (6 wk) vs. Bread —— -22.20[ -36.15, -8.25] 5.59
Hassanzadeh-Rostami et al. 2019 (65) (Iran) 2 serving Soy bean/day (8 wk) vs. Red meat — -18.92[ -43.83, 599] 299
Sedaghat et al. 2019 (67) (Iran) 60 g Soy bean/day (8 wk) vs. Usual diet —— -20.00 [ -28.30, -11.70] 7.53
Heterogeneity: T = 374.52, I’ = 92.78%, H' = 13.85 — T S11.78 [ -32.04, 8.48]
Test of 6; = 6;: Q(3) =41.55, p=10.00
Soy milk
Ble-Castillo et al. 2010 (56) (Mexico) 24 g soy milk/day (4 wk) vs. Native Banana Starch —— 1.50[ -10.43, 13.43] 6.26
Miraghajani et al. 2013 (60) (Iran) 240 cc Soy milk/day (4 wk) vs. Cow’s milk —— -9.72[ -28.86, 9.42] 4.14
Heterogeneity: T = 0.00, I’ = 0.00%, H = 1.00 ~ -1.64[ -11.76, 8.48]
Test of 6; = 6;: Q(1) =0.95, p=10.33
Overall . 4 984 -15.08, -4.61]
Heterogeneity: t’ = 76.74, I' = 82.12%, H' = 5.59
Test of 0; = 0;: Q(15) = 83.90, p = 0.00
Test of group differences: Qu(3) =2.40, p =0.49
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FIGURE 2 Forest plot of a random-effects meta-analysis of the effect of soy products on circulating TC concentrations in patients with
type 2 diabetes. TC, total cholesterol; WMD, weighted mean difference.

Effect of soy products on TC concentrations. Pooled data
from 16 studies (26, 27, 30, 49-54, 56, 60, 62, 63, 65-67)
indicated that TC concentrations were reduced significantly
in those receiving soy products compared with controls
(WMD: —9.84 mg/dL; 95% CI: -15.07, -4.61; I’ = 82.1%)
(Figure 2). Subgroup analysis showed that this effect on
TC concentrations was not significant in studies with short
durations (<8 wk) or in those that used soybean or soy-milk
products (Supplemental Table 3).

Effect of soy products on LDL-cholesterol concentrations.
Meta-analysis of data from 14 studies (26, 27, 30, 50-54, 60,
62, 63, 65-67) demonstrated that soy product consumption
led to a decrease in LDL-cholesterol concentrations (WMD: —
6.94 mg/dL; 95% CI: -11.71, -2.17; > = 85.0%) (Figure 3). In
subgroup analyses, the effect of soy product consumption on
reducing serum LDL cholesterol was only significant in stud-
ies with longer durations (>8 wk) and lower doses (<30 g/d),

in studies that used soy protein as the intervention, or in
those that included participants with elevated concentrations
of LDL cholesterol (>130 mg/dL) at baseline (Supplemental
Table 3).

Effect of soy products on HDL-cholesterol concentrations.
The effects of soy product consumption on HDL cholesterol
were evaluated in 15 studies (26, 27, 30, 50-54, 56, 60,
62, 63, 65-67). Combined results indicated that HDL-
cholesterol concentrations did not change significantly fol-
lowing soy product consumption compared with control
(WMD: 1.01 mg/dL; 95% CI: -0.31, 2.33; P = 75.5%)
(Figure 4). In subgroup analyses, results remained nonsignif-
icant across all subgroups (Supplemental Table 3).

Effect of soy products on glycemic control.
Effect of soy products on fasting blood sugar. A to-
tal of 14 studies (27, 30, 50, 53, 55-58, 60-62, 65-67)
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WMD (mg/dL) WMD (mg/dL) Weight

Study Intervention vs. control with 95% CI with 95% CI (%)
Soy protein
Jayagopal et al. 2002 (50) (United Kingdom) 30 g soy protein + 132 mg isoflavone/day (12 wk) vs. Placebo (cellulose) —— -16.59[ -28.30, -4.88] 631
Azadbakht et al. 2003 (51) (Iran) 0.8 g Soy protein/(kg day) (7 wk) vs. Animal protein — -830[ -14.04, -2.56] 8.90
Teixiera et al. 2004 (52) (USA) 0.5 g soy protein/(kg day) (0.2 mg isoflavone/g soy protein) (8 wk) vs. Casein —— -3.08[ -9.50, 3.34] 8.62
Noroozi et al. 2008 (54) (Iran) 30 g soy protein + 45 mg isoflavone/day + low calorie diet (4 wk) vs. Low calorie diet —— -1.80[ -16.67, 13.07] 5.1
Pipe et al. 2009 (26) (Canada) 40 g soy protein + 88 mg isoflavone/day (4 wk) vs. Milk protein [ | -3.51[ -5.14, -1.88] 10.10
Heterogeneity: © = 6.77, I’ = 43.72%, ' = 1.78 <> 5441 -9.04, -1.83]
Test of 6; = 0;: Q(4)=7.11,p=0.13
Isoflavone
Gonzélez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) —a— 3.86[ -7.59, 1531] 642
Azadbakht et al. 2008 (30) (Iran) 0.8 g Soy protein/(kg day) (208 wk) vs. Animal protein —i— -26.00 [ -35.39, -16.61] 7.31
Sathyapalan et al. 2016 (63) (United Kingdom) 15 g soy protein + 66 mg isoflavone (12 wk) vs. Soy protein (without isoflavone) - -6.17[ -11.31, -1.03] 9.13
Konya et al. 2019 (66) (Qatar) 15 g soy protein + 32 mg isoflavone/day (8 wk) vs. Soy protein (without isoflavone) ~———l—— -10.04[ -26.77, 6.69] 4.51
Heterogeneity: T = 121.71, I’ = 83.87%, H' = 6.20 —— 970 -21.80, 2.40]
Test of 6; = 6;: Q(3) = 18.60, p = 0.00
Soy bean
Chang et al. 2008 (27) (Korea) 69 g soybean/day + diabetes diet (4 wk) vs. A diabetes diet - 11.70[ 670, 16.70] 9.18
Salari Moghaddam et al, 2014 (62) (Iran) 120 g Soy bean Flour Enriched Bread/day (6 wk) vs. Bread —— -1480[ -26.35, -325] 6.38
Hassanzadeh-Rostami et al. 2019 (65) (Iran) 2 serving Soy bean/day (8 wk) vs. Red meat — -18.40[ -37.68, 0.88] 3.81
Sedaghat et al. 2019 (67) (Iran) 60 g Soy bean/day (8 wk) vs. Usual diet —— -15.00[ -21.58, -8.42] 8.55
Heterogeneity: T = 286.97, I = 94.09%, H' = 16.92 = -837[ -25.92, 9.18]
Test of 6; = 6;: Q(3) = 50.76, p = 0.00
Soy milk
Miraghajani et al. 2013 (60) (Iran) 240 cc Soy milk/day (4 wk) vs. Cow’s milk —a— 1.48[ -11.85, 14.81] 5.67
Heterogeneity: T = 0.00, I’ = %, H = e — 148 -11.85, 14.81]
Test of 6; = 0;: Q(0) =0.00,p=.
Overall > 6.94] -11.69, -2.18]
Heterogeneity: T = 57.61, I’ = 84.88%, H' = 6.61
Test of 6 = 0;: Q(13) = 85.99, p = 0.00
Test of group differences: Qy(3) = 1.62, p = 0.66
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FIGURE 3
patients with type 2 diabetes. WMD, weighted mean difference.

investigated the effects of soy products on fasting blood
sugar (FBS) concentrations. Pooled results from the random-
effects model indicated that FBS concentrations did not
change significantly after soy product consumption (WMD:
~4.67 mg/dL; 95% CI: -9.44, 0.09; I> = 87.9%) (Figure 5).
However, subgroup analysis showed that soy products had a
significant decreasing effect on FBS concentrations in studies
of patients with elevated FBS at baseline (>126 mg/dL) or
with an overweight BMI status, as well as in studies that used
high soy doses (>30 g/d) or soy milk as the intervention
(Supplemental Table 3).

Effect of soy products on fasting insulin. Fasting insulin
was reported as an outcome in 10 studies (50, 53, 56-
58, 60, 62, 63, 65, 66). Pooled analysis demonstrated that
soy product consumption did not significantly affect fasting
insulin concentrations in patients with T2D (WMD: -
0.04 mIU/L; 95% CI: -1.56, 1.48; I’ = 71.4%) (Figure
6). Subgroup analysis also did not reveal any significant
effects of soy product consumption on fasting insulin
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concentrations compared with control groups (Supplemental
Table 3).

Effect of soy products on HOMA-IR. HOMA-IR did not
change significantly following soy product consumption
compared with control in a meta-analysis of 6 studies (50,
53, 58, 61, 63, 66) (WMD: —0.29; 95% CI: -1.41, 0.82;
77.8%) (Figure 7). These results remained nonsignificant in
subgroup analysis (Supplemental Table 3).

Effect of soy products on HbAlc. There was no effect on
HbAIc after soy product consumption based on the overall
pooled analysis of 11 studies (27, 50, 52, 53, 56, 57, 60, 62,
63, 65, 66) (WMD: —0.35%; 95% CI: —0.77, 0.06; I = 96.6%)
(Figure 8). Subgroup analysis revealed that soy product
consumption significantly reduced HbAlc in studies that
used low doses (<30 g/d) or that enrolled obese participants
(BMI >30) or participants with HbAlc >6.5% at baseline
(Supplemental Table 3).



WMD (mg/dL) WMD (mg/dL)  Weight
Study Intervention vs. control with 95% CI with 95% CI (%)
Soy protein
Jayagopal et al. 2002 (50) (United Kingdom) 30 g soy protein + 132 mg isoflavone/day (12 wk) vs. Placebo (cellulose) —— -0.38[ -4.18, 3.42] 597
Azadbakht et al. 2003 (51) (Iran) 0.8 g Soy protein/(kg day) (7 wk) vs. Animal protein —— 2.00[ -1.89, 5.89] 5.84
Teixiera et al. 2004 (52) (USA) 0.5 g soy protein/(kg day) (0.2 mg isoflavone/g soy protein) (8 wk) vs. Casein - 0.35[ -2.86, 3.56] 6.96
Noroozi et al. 2008 (54) (Iran) 30 g soy protein + 45 mg isoflavone/day + low calorie diet (4 wk) vs. Low calorie diet —lt— 0.10[ -4.02, 422] 551
Pipe et al. 2009 (26) (Canada) 40 g soy protein + 88 mg isoflavone/day (4 wk) vs. Milk protein H -0.43[ -1.04, 0.18] 11.45
Heterogeneity: T = 0.00, I’ = 0.00%, H' = 1.00 ) 034[ -0.92, 0.24]
Test of 6; = 6;: Q(4) = 1.70, p = 0.79
Isoflavone
Gonzalez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) —— 0.00[ -3.98, 3.98] 5.70
Azadbakht et al. 2008 (30) (Iran) 0.8 g Soy protein/(kg day) (208 wk) vs. Animal protein 2.00[ -8.63, 12.63] 138
Sathyapalan et al. 2016 (63) (United Kingdom) 15 g soy protein + 66 mg isoflavone (12 wk) vs. Soy protein (without isoflavone) [ | -1.15[ -2.59, 0.29] 1031
Konya et al. 2019 (66) (Qatar) 15 g soy protein + 32 mg isoflavone/day (8 wk) vs. Soy protein (without isoflavone) —=——22.00[ 10.56, 33.44] 1.21
Heterogeneity: t = 23.84, I = 81.10%, H’ = 5.29 -~ 3.28[ -2.55, 9.12]
Test of 6; = 6;: Q(3) = 15.87, p = 0.00
Soy bean
Chang et al. 2008 (27) (Korea) 69 g soybean/day + diabetes diet (4 wk) vs. A diabetes diet | ] 3.00[ 141, 4.59] 10.05
Salari Moghaddam et al, 2014 (62) (Iran) 120 g Soy bean Flour Enriched Bread/day (6 wk) vs. Bread . 3 530[ 298, 7.62] 8.64
Hassanzadeh-Rostami et al. 2019 (65) (Iran) 2 serving Soy bean/day (8 wk) vs. Red meat —— -0.77[ -4.84, 3.30] 5.58
Sedaghat et al. 2019 (67) (Iran) 60 g Soy bean/day (8 wk) vs. Usual diet E 3 -1.50[ -3.54, 0.54] 9.20
Heterogeneity: T = 8.47, I' = 86.64%, H = 7.48 > 1.65[ -148, 4.77]
Test of 6; = 6;: Q(3) =22.45, p=0.00
Soy milk
Ble-Castillo et al. 2010 (56) (Mexico) 24 g soy milk/day (4 wk) vs. Native Banana Starch — 2.00[ -1.43, 543] 6.8
Miraghajani et al. 2013 (60) (Iran) 240 cc Soy milk/day (4 wk) vs. Cow’s milk —— 096[ -3.07, 499] 5.63
Heterogeneity: T = 0.00, I' = 0.00%, H> = 1.00 L 4 1.56[ -1.05, 4.17]
Test of 6; = 6;: Q(1) =0.15, p=0.70
Overall * 1.01[ -031, 2.34]

Heterogeneity: T =3.90, I' = 75.45%, H' = 4.07
Test of 6; = 0;: Q(14) = 57.03, p = 0.00

Test of group differences: Qu(3) = 4.66, p=0.20

Random-effects DerSimonian-Laird model

FIGURE 4 Forest plot of a random-effects meta-analysis of the effect of soy products on circulating HDL-cholesterol concentrations in

patients with type 2 diabetes. WMD, weighted mean difference.

Effect of soy products on CRP.

In total, 5 studies (30, 53, 59, 63, 64) evaluated the effects
of soy products on CRP. The overall results indicated that
intervention with soy products significantly reduced serum
concentrations of CRP (WMD: -1.27 mg/L; 95% CI: -2.39,
-0.16; P = 99.4%) (Figure 9). Subgroup analyses showed
that these effects remained significant only in studies that had
longer durations (>8 wk), used soybean or isoflavones as the
intervention (not soy milk) irrespective of the dose used, or
included overweight or obese patients with higher baseline
CRP concentrations (>3 mg/L) (Supplemental Table 3).

Effect of soy products on BP.

BP was assessed in 10 studies (30, 50, 53, 55, 60, 62, 63,
65-67). Combined results indicated that both systolic BP
(SBP) and diastolic BP (DBP) did not change significantly
following soy product administration (WMD: -2.51 mm Hg;
95% CI: -5.12, 0.08; I’ = 61.6% for SBP; WMD: -1.21 mm
Hg; 95% CI: -3.17,0.75; I = 73.6% for DBP) (Supplemental

Figures 2 and 3, respectively). In subgroup analysis, SBP was
significantly reduced after soy consumption when studies
used soy protein or soy milk as the intervention or were
conducted in patients with high SBP at baseline (>135 mm
Hg). In the subgroup analysis for DBP, a significant reduction
in DBP was seen only in studies that used soy milk as the
intervention (Supplemental Table 3).

Effect of soy products on BMI.

Pooled data from 7 studies (52, 53, 56, 57, 61, 63, 66)
did not indicate a significant change in BMI following soy
consumption (WMD: 0.21; 95% CI: —0.22, 0.65; > = 62.5%)
(Supplemental Figure 4) in patients with T2D.

Publication bias

Based on Begg’s test, there was no indication of publication
bias for TGs (P = 0.26), TC (P = 0.68), LDL cholesterol
(P = 0.38), HDL cholesterol (P = 0.23), FBS (P = 0.44),
fasting insulin (P = 0.85), HbAlc (P = 0.27), HOMA-IR
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WMD (mg/dL) WMD (mg/dL) Weight

Study Intervention vs. control with 95% CI with 95% CI (%)
Soy protein
Jayagopal et al. 2002 (50) (United Kingdom) 30 g soy protein + 132 mg isoflavone/day (12 wk) vs. Placebo (cellulose) —— -4.68[ -14.27, 4911 7.80
Azadbakht et al. 2009 (55) (Iran) 17.8 g soy protein/day (7 wk) vs. Animal protein L | 8.10[ 443, 11.77] 10.65
Gobert et al , 2010 (57) (Canada) 40 g soy protein + 88 mg isoflavone/day (4 wk) vs. Milk protein —— 5.58[ -2.73, 13.89] 8.46
Liu et al. 2010 (58) (China) 15 g soy protein + 100 mg isoflavone/day (24 wk) vs. Milk protein | | 1.80[ -1.70, 5.30] 10.71
Heterogeneity: T = 15.17, T’ = 68.56%, H' =3.18 L 4 3.54[ -1.30, 8.39]
Test of 0 = 0;: Q(3) = 9.54, p=0.02
Isoflavone
Gonzalez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) —— 0.00[ -8.10, 8.10] 8.56
Azadbakht et al. 2008 (30) (Iran) 0.8 g Soy protein/(kg day) (208 wk) vs. Animal protein —— -30.00[ -50.93, -9.07] 3.57
Konya et al. 2019 (66) (Qatar) 15 g soy protein + 32 mg isoflavone/day (8 wk) vs. Soy protein (without isoflavone) —l— 1134[ -1.62, 2430] 6.19
Heterogeneity: T = 194.04, I’ = 81.53%, H = 5.42 e -4.08[ -21.83, 13.68]
Test of 6 = 0 Q(2) = 10.83, p = 0.00
Soy bean
Chang et al. 2008 (27) (Korea) 69 g soybean/day + diabetes diet (4 wk) vs. A diabetes diet —i— -45.10[ -57.84, -32.36] 6.28
Salari Moghaddam et al, 2014 (61) (Iran) 120 g soy bean Flour Enriched Bread/day (6 wk) vs. Bread || -2.03[ -295 -1.11] 1131
Salari Moghaddam et al, 2014 (62) (Iran) 120 g Soy bean Flour Enriched Bread/day (6 wk) vs. Bread — -11.90 [ -30.87, 7.07] 4.07
Hassanzadeh-Rostami et al. 2019 (65) (Iran) 2 serving Soy bean/day (8 wk) vs. Red meat E 3 -3.50[ -8.55, 1.55] 10.08
Sedaghat et al. 2019 (67) (Iran) 60 g Soy bean/day (8 wk) vs. Usual diet —— -23.10[ -33.92, -12.28] 7.18
Heterogeneity: T = 130.92, ' = 93.21%, H = 14.74 - -15.88[ -26.96, -4.81]
Test of 6; = 6;: Q(4) = 58.95, p=0.00
Soy milk
Ble-Castillo et al. 2010 (56) (Mexico) 24 g soy milk/day (4 wk) vs. Native Banana Starch —®&—— 3.00[ -21.60, 27.60] 2.83
Miraghajani et al. 2013 (60) (Iran) 240 cc Soy milk/day (4 wk) vs. Cow’s milk —————=————— 000[ -27.95, 27.95] 232
Heterogeneity: T = 0.00, ' = 0.00%, H = 1.00 g 1.69[ -16.77, 20.16]
Test of 6; = 6;: Q(1) =0.02, p=0.87
Overall <& -4.68[ -9.46, 0.10]
Heterogeneity: T = 52.30, ' = 87.89%, H' = 8.26
Test of 6; = 6;: Q(13) = 107.39, p=0.00
Test of group differences: Qu(3) = 10.18, p = 0.02
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FIGURE 5 Forest plot of a random-effects meta-analysis of the effect of soy products on circulating FBS concentrations in patients with
type 2 diabetes. FBS, fasting blood sugar; WMD, weighted mean difference.

(P=10.70), SBP (P = 0.85), DBP (P = 0.47), CRP (P = 0.46),
or BMI (P = 0.36). In addition, Egger’s regression test
showed no significant publication bias for TGs (P = 0.15),
TC (P = 0.60), LDL cholesterol (P = 0.43), HDL cholesterol
(P = 0.28), FBS (P = 0.51), fasting insulin (P = 0.57),
HOMA-IR (P = 0.61), SBP (P = 0.23), DBP (P = 0.79), and
CRP (P = 0.06), but there was significant publication bias
found for HbAlc (P = 0.008) and BMI (P = 0.03). Funnel
plots (Supplemental Figures 5-16) indicated no evidence
of asymmetry in the effects of soy product consumption on
cardiovascular risk factors, except for HbAlc and BML

Sensitivity analysis by study quality

To find out if studies with different qualities affect the
overall results, we stratified the studies based on quality
(low risk, moderate risk, and high risk) and then analyzed
them (Supplemental Table 3). For TGs we found that when
low- and high-risk studies were removed, the overall results
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changed to nonsignificant (WMD: -0.40 mg/dL; 95% CI:
-32.44, 31.64). Also, after removing studies with low and
moderate risk, the overall effect of soy products on FBS
(WMD: -7.49 mg/dL; 95% CI: -13.80, -1.19) and SBP
(WMD: -3.39 mm Hg; 95% CI: -6.50, -0.28) significantly
changed. With regard to HbA1c, when moderate- and high-
risk studies were deleted, the overall effect size significantly
changed (WMD: -4.80%; 95% CI: -5.57, -4.02). In relation to
CRP, after removing low-risk studies, the result significantly
changed (WMD: -0.94 mg/dL; 95% CI: -2.21, 0.32).

Discussion

In this meta-analysis, we evaluated the effects of soy products
on CVD risk factors including lipid and glycemic profiles,
BP, CRP, and BMI among patients with T2D. According
to the results of this study, soy product consumption was
associated with reductions in TG, TC, LDL cholesterol, and
CRP, without any significant alterations in HDL cholesterol,



WMD (mIU/L) WMD (mIU/L) ‘Weight

Study Intervention vs. control with 95% CI with 95% CI (%)
Soy protein
Jayagopal et al. 2002 (50) (United Kingdom) 30 g soy protein + 132 mg isoflavone/day (12 wk) vs. Placebo (cellulose) - -4.00[ -6.83, -1.17] 10.71
Gobert et al , 2010 (57) (Canada) 40 g soy protein + 88 mg isoflavone/day (4 wk) vs. Milk protein ] -0.05[ -1.55, 1.45] 14.57
Liu et al. 2010 (58) (China) 15 g soy protein + 100 mg isoflavone/day (24 wk) vs. Milk protein | 0.50[ -0.76, 1.76] 15.21
Heterogeneity: T = 2.32, I' = 75.45%, H' = 4.07 < 0.79[ -2.82, 1.23]
Test of 0; = 0;: Q(2) =8.15, p=0.02
Isoflavone
Gonzélez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) —- 240[ -0.77, 5571 9.77
Sathyapalan et al. 2016 (63) (United Kingdom) 15 g soy protein + 66 mg isoflavone (12 wk) vs. Soy protein (without isoflavone) —l— -10.26 [ -15.96, -4.56] 5.03
Konya et al. 2019 (66) (Qatar) 15 g soy protein + 32 mg isoflavone/day (8 wk) vs. Soy protein (without isoflavone) —— 7.08[ -0.27, 1443] 343
Heterogeneity: T = 57.07, I’ = 88.96%, H' = 9.06 e 036[ -9.50, 8.77]
Test of 0; = 6;: Q(2) = 18.11, p = 0.00
Soy bean
Salari Moghaddam et al, 2014 (62) (Iran) 120 g Soy bean Flour Enriched Bread/day (6 wk) vs. Bread : 3 -0.70 [ -2.90, 1.50] 12.52
Hassanzadeh-Rostami et al. 2019 (65) (Iran) 2 serving Soy bean/day (8 wk) vs. Red meat E & 1.60[ -0.54, 3.74] 1271
Heterogeneity: T = 1.42, I' = 53.51%, H = 2.15 L 2 047[ -1.79, 2.72]
Test of 0, = 0: Q(1) =2.15, p=0.14
Soy milk
Ble-Castillo et al. 2010 (56) (Mexico) 24 g soy milk/day (4 wk) vs. Native Banana Starch 5 5 1.80[ -0.26, 3.86] 12.96
Miraghajani et al. 2013 (60) (Iran) 240 cc Soy milk/day (4 wk) vs. Cow’s milk —— 036[ -7.48, 820] 3.09
Heterogeneity: t = 0.00, I" = 0.00%, H’ = 1.00 L 4 L71[ -0.28, 3.70]
Test of 0; =0;: Q(1)=0.12,p=0.73
Overall L 2 -0.04[ -1.56, 1.49]
Heterogeneity: T= 3:57, r'= 71.43%, H'=3.50
Test of 0; = 0;: Q(9) =31.51, p=10.00
Test of group differences: Qy(3) = 3.01, p=10.39
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FIGURE 6 Forest plot of a random-effects meta-analysis of the effect of soy products on circulating fasting insulin concentrations in

patients with type 2 diabetes. WMD, weighted mean difference.

glycemic responses (FBS, insulin, HbAlc, and HOMA-
IR), BP (SBP and DBP), or BMI when compared with a
control group. Meanwhile, subgroup analyses based on study
duration showed that soy consumption had more favorable
effects on lipid profiles when interventions were longer
than 8 wk. Moreover, patients with T2D with dyslipidemia
at baseline (TGs >150 mg/dL; TC >200 mg/dL; LDL
cholesterol >130 mg/dL; and HDL cholesterol <40 mg/dL)
were more likely to have improved lipid profiles following
soy consumption compared with patients with normal lipid
concentrations. Soy products also showed more favorable
anti-inflammatory effects in individuals with T2D with a
higher baseline CRP concentration (>3 mg/dL), compared
with patients with lower concentrations (CRP <3 mg/dL)
(68). Similarly, soy consumption decreased FBS and SBP in
patients with T2D with less than ideal glycemic control (FBS
>126 mg/dL) or with baseline hypertension (SBP >135 mm
Hg), respectively, suggesting that soy consumption may be
more beneficial in patients with poorer baseline risk profiles.

In recent years, the health benefits of soy products in
patients with T2D have been rigorously reported (69). A
large number of observational studies showed the positive
effects of various soy products on risk factors for diabetes

as well as diabetes complications (70-72). Moreover, some
studies showed hypolipidemic, hypoglycemic, and anti-
inflammatory effects of soy products in patients with T2D.
In 2011, a systematic review and meta-analysis of 8 RCTs
showed that intake of soy products improves lipid profiles
by decreasing TGs, TC, and LDL cholesterol and increasing
HDL cholesterol, without any significant effects on FBS,
insulin, or HbA1c (43). This is in agreement with the present
study, which shows that soy products have favorable effects
on lipid profiles, but not on BMI or glycemic profiles.
Moreover, our results indicate that soy intake may have
potential inflammatory-modulating effects via decreasing
CRP concentrations.

Numerous epidemiological studies have reported that
dyslipidemia is associated with an increased risk of CVD in
patients with T2D (73-75). Current recommendations based
on the American Diabetes Association, the European As-
sociation for Cardiovascular Prevention and Rehabilitation,
and the National Cholesterol Education Program guidelines
are to use lipid-lowering agents to prevent CVD in diabetic
patients with dyslipidemia (76-78). These hypolipidemic
agents have been shown to decrease the risk of CVD events
in patients with T2D (79, 80). Our findings revealed that
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WMD WMD Weight

Study Intervention vs. control with 95% CI with 95% CI (%)
Soy protein
Jayagopal et al. 2002 (50) (United Kingdom) 30 g soy protein + 132 mg isoflavone/day (12 wk) vs. Placebo (cellulose) - -1.55[ -2.81, -0.29] 19.03
Liu et al. 2010 (58) (China) 15 g soy protein + 100 mg isoflavone/day (24 wk) vs. Milk protein | 021[ -0.25, 0.67] 24.07
Heterogeneity: T = 1.31, I’ = 84.89%, H' = 6.62 - -0.57[ 228, 1.15]
Test of 6; = 0;: Q(1) = 6.62, p=10.01
Isoflavone
Gonzalez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) —— 0.57[ -0.86, 2.00] 17.83
Sathyapalan et al. 2016 (63) (United Kingdom) 15 g soy protein + 66 mg isoflavone (12 wk) vs. Soy protein (without isoflavone) —————— -5.20[ -8.84, -1.56] 6.87
Konya et al. 2019 (66) (Qatar) 15 g soy protein + 32 mg isoflavone/day (8 wk) vs. Soy protein (without isoflavone) —— 286[ 056, 5.16] 12.16
Heterogeneity: T = 7.82, I’ = 85.12%, H' = 6.72 —~——  0.26[ -3.74, 3.22]
Test of 6; = 6;: Q(2) = 13.44, p = 0.00
Soy bean
Salari Moghaddam et al, 2014 (62) (Iran) 120 g Soy bean Flour Enriched Bread/day (6 wk) vs. Bread - -0.70 [ -1.82, 0.42] 20.04
Heterogeneity: T = 0.00, ' = %, H' = > -0.70[ -1.82, 0.42]
Test of 6; = 6;: Q(0) =-0.00, p=".
Overall > -0.29[ -1.41, 0.83]
Heterogeneity: T = 1.30, I’ = 77.76%, H = 4.50
Test of 6 = 8;: Q(5) = 22.48, p = 0.00
Test of group differences: Qy(2) = 0.06, p=0.97
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FIGURE 7 Forest plot of a random-effects meta-analysis of the effect of soy products on HOMA-IR in patients with type 2 diabetes. WMD,

weighted mean difference.

soy products may act as lipid-lowering agents by reducing
TGs, TC, and LDL cholesterol in patients with T2D. Our
results are consistent with previous meta-analyses showing
the hypolipidemic properties of soy products in different
nondiabetic populations (40, 81). For example, Anderson
and Bush (41) reported that regular consumption of 1
to 2 servings of soy protein daily (15 to 30 g) has a
significant favorable impact on serum lipoprotein risk factors
for coronary artery disease (41). The mechanisms underlying
the lipid-lowering effects of soy products remain unclear.
However, we postulate 4 possible reasons for the relation
between soy products and lipid profiles in our meta-analysis.
First, isoflavones contained in soy products may serve as
a natural selective estrogen receptor modulator (SERM)
due to structural similarity to 178-estradiol (82) and could
therefore exert an effect on lipid metabolism through their
biological similarities to estrogens and estrogen-receptor-
dependent gene expressions (83, 84). Second, soy products
containing isoflavones may have positive effects on hepatic
lipase activity and adipose tissue (85). Hepatic lipase has
emerged as a key player in the metabolism of both LDL
and HDL cholesterol (86) and its lower activity results in
overall improved lipid profile via increasing HDL cholesterol
and decreasing LDL cholesterol (86, 87). Third, it has
been shown that soy protein peptide chains may upregulate
LDL-cholesterol receptors and induce gene expression of
several enzymes and proteins important in lipid metabolism
(88-93). Finally, studies have reported that soy protein
peptides may regulate cholesterol homeostasis in HepG2 cells
(94). While these data are intriguing, there is a need for
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additional studies to confirm and further define the possible
mechanisms underlying the effects of different kinds of soy
products on lipid profiles in patients with T2D.

It has been previously suggested that soy-rich diets may
improve the management of patients with T2D (95-97).
Several animal studies demonstrate that consumption of
soy protein and its isoflavones improves glucose control in
diabetic rats (98-100). It seems that the protective effects of
soy-based diets in animals may occur via increasing insulin
sensitivity and decreasing insulin requirements (91, 101,
102). However, there remains some controversy regarding
the effects of soy products on glycemic profiles in humans.
In an RCT by Sedaghat et al. (103), a 60-g soy nut diet as
a part of daily protein for 8 wk improved FBS in patients
with T2D. In contrast, other intervention studies did not
show any beneficial effects (104, 105). For example, a study
revealed that an increase in dietary intake of isoflavones
(>150 times the standard Western dietary intake) for 4 wk
did not lead to any significant improvements in glycemic
profiles in postmenopausal women with T2D (106). This
is consistent with our pooled analysis of data from up to
14 human RCTs, which showed no significant effects on
glycemic profile following soy product interventions. Since
all but one of the included studies in our analysis were
of <3 mo duration, it is possible that this did not allow
sufficient time to observe the beneficial effects of soy on
glycemic control, if any. Our findings also suggest that soy
products may decrease FBS in patients with T2D with less
than ideal glycemic control (FBS >126 mg/dL) and when
using higher doses of soy intake (>30 g/d). Given the ongoing



WMD (%) WMD (%) Weight

Study Intervention vs. control with 95% CI with 95% CI (%)
Soy protein
Jayagopal et al. 2002 (50) (United Kingdom) 30 g soy protein + 132 mg isoflavone/day (12 wk) vs. Placebo (cellulose) | -0.11[ -0.31, 0.09] 9.86
Teixiera et al. 2004 (52) (USA) 0.5 g soy protein/(kg day) (0.2 mg isoflavone/g soy protein) (8 wk) vs. Casein [ | 0.46[ 0.39, 0.53] 10.04
Gobert et al , 2010 (57) (Canada) 40 g soy protein + 88 mg isoflavone/day (4 wk) vs. Milk protein || 0.96[ 0.74, 1.18] 9.81
Heterogeneity: T = 0.16, I' = 96.19%, H’ = 26.24 L 2 0.43[ -0.04, 0.90]
Test of 6 = 6;: Q(2) = 52.49, p=0.00
Isoflavone
Gonzalez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) [ ] 0.00[ -0.25, 0.25] 9.74
Sathyapalan et al. 2016 (63) (United Kingdom) 15 g soy protein + 66 mg isoflavone (12 wk) vs. Soy protein (without isoflavone) —Jll— -4.80[ -5.58, -4.02] 7.50
Konya et al. 2019 (66) (Qatar) 15 g soy protein + 32 mg isoflavone/day (8 wk) vs. Soy protein (without isoflavone) [ | -0.14[ -0.41, 0.13] 9.68
Heterogeneity: T = 2.00, ' = 98.53%, H' = 68.11 i -1.58[ -3.20, 0.05]
Test of 6; = 0;: Q(2) = 136.21, p=0.00
Soy bean
Chang et al. 2008 (27) (Korea) 69 g soybean/day + diabetes diet (4 wk) vs. A diabetes diet k3 -0.80[ -1.20, -0.40] 9.25
Salari Moghaddam et al, 2014 (62) (Iran) 120 g Soy bean Flour Enriched Bread/day (6 wk) vs. Bread - -0.40[ -0.94, 0.14] 8.65
Hassanzadeh-Rostami et al. 2019 (65) (Iran) 2 serving Soy bean/day (8 wk) vs. Red meat - 0.20[ -0.38, 0.78] 8.46
Heterogeneity: T = 0.19, I’ = 74.56%, H' = 3.93 > -036[ -0.94, 021]
Test of 6; = 0;: Q(2) = 7.86, p=0.02
Soy milk
Ble-Castillo et al. 2010 (56) (Mexico) 24 g soy milk/day (4 wk) vs. Native Banana Starch B 0.10[ -0.26, 0.46] 9.39
Miraghajani et al. 2013 (60) (Iran) 240 cc Soy milk/day (4 wk) vs. Cow’s milk —- -0.37[ -1.12, 0.38] 7.61
Heterogeneity: T = 0.02, I’ = 18.06%, H' = 1.22 L 4 -0.01[ -0.41, 0.38]
Test of 6; = 0;: Q(1) =122, p=0.27
Overall < -035[ -0.78, 0.07]
Heterogeneity: T = 0.46, I’ = 96.58%, H' =29.22
Test of 6 = 0 Q(10) = 292.21, p = 0.00
Test of group differences: Qy(3) = 8.44, p =0.04
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FIGURE 8 Forest plot of a random-effects meta-analysis of the effect of soy products on circulating HbA1c concentrations in patients
with type 2 diabetes. HbA1c, glycated hemoglobin; WMD, weighted mean difference.

controversies and sparse data currently available, additional
large-scale studies in patients with a diverse range of risk
profiles are needed, ideally using higher soy doses for longer
durations, to delineate the impact of soy on glycemic profiles
in patients with T2D.

Chronic inflammation can exacerbate the CVD events
by developing atherosclerotic plaque (107). CRP is one of
the most well-documented biomarkers of emerging CVD in
patients with T2D (108). Available evidence supports the
favorable effects of soy products in moderating proinflamma-
tory cytokines, such as CRP (109). However, a recent meta-
analysis in the general population did not show significant
effects of overall soy product consumption on concentra-
tions of CRP (42). Yet, their subgroup analyses suggested
that natural soya products may have anti-inflammatory
properties by reducing CRP concentrations. Based on our
findings, it appears that soya products may decrease con-
centrations of CRP in patients with T2D, with the anti-
inflammatory effects of soy products possibly being related
to soy isoflavones (107). Beyond isoflavones, soy products
are a good source of PUFAs (110) and fiber (111), which
may contribute to the anti-inflammatory health benefits of

soy-based products (112). Moreover, soy products contain a
class of phytoestrogens belonging to the flavonoid family, and
the 3 most active isoflavones (daidzein, genistein, glycitein)
are structurally similar to mammalian estrogen (113). It has
been shown that these isoflavones modulate the production
of proinflammatory biomarkers by inhibiting inducible NO
synthase (iNOS) gene expression and NO production (114).
Furthermore, some animal studies showed that daidzein and
genistein reduced inflammation by different mechanisms
such as inhibiting NF-« B activation (115-117). The NF-«B
pathway is a potent immunomodulatory pathway and its
suppression results in decreasing proinflammatory cytokine
concentrations such as IL-6. Since IL-6 can induce CRP gene
expression, inhibiting the NF-«B/IL-6 pathway decreases
circulating concentrations of CRP (118). In another possible
mechanism, soy isoflavones may have anti-inflammatory
properties via their estrogen-like biological activities (119).
Some studies have reported the possible antihypertensive
effects of soy products, attributing these effects to their
isoflavone components (120, 121). However, epidemiological
and intervention studies have reported mixed effects with
regard to BP (122, 123). A meta-analysis of 14 RCTs by Taku
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WMD (mg/dL) WMD (mg/dL)  Weight

Study Intervention vs. control with 95% CI with 95% CI (%)
Isoflavone
Gonzélez et al. 2007 (53) (United Kingdom) 132 mg isoflavone/day (4 wk) vs. Placebo (cellulose) L -0.50[ -3.58, 2.58] 9.07
Azadbakht et al. 2008 (30) (Iran) 0.8 g Soy protein/(kg day) (208 wk) vs. Animal protein . -1.80[ -1.86, -1.74] 29.16
Sathyapalan et al. 2016 (63) (United Kingdom) 15 g soy protein + 66 mg isoflavone (12 wk) vs. Soy protein (without isoflavone) —i— -242[ -3.57, -1.27] 2231
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00 [ -1.80[ -1.86, -1.74]
Test of 6; = 0;: Q(2) = 1.80, p=0.41
Soy bean
Hematdar et al. 2018 (64) (Iran) 40 g Soy bean/day (8 wk) vs. Red meat [ | -0.30[ -0.39, -0.21] 29.12
Heterogeneity: t = 0.00, I’ = %, H = . 4 -030[ -039, -0.21]
Test of 6; = 0;: Q(0) =0.00,p=.
Soy milk
Miraghajani et al. 2012 (59) (Iran) 240 cc Soy milk/day (4 wk) vs. Cow’s milk L -0.77[ -3.56, 2.02] 10.34
Heterogeneity: T = 0.00, ' = %, H' =. e (.77 [ -3.56, 2.02]
Test of 6; = 6;: Q(0) =-0.00,p=.
Overall —— 128 -2.39, -0.16]
Heterogeneity: T = 1.11, I' = 99.43%, H' = 175.13
Test of 6; = 6;: Q(4) = 700.53, p = 0.00
Test of group differences: Qu(2) = 698.72, p = 0.00
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FIGURE 9 Forest plot of a random-effects meta-analysis of the effect of soy products on circulating CRP concentrations in patients with
type 2 diabetes. CRP, C-reactive protein; WMD, weighted mean difference.

et al. (124) showed that soy isoflavone extracts significantly
decreased SBP but not DBP in adult humans. In another
meta-analysis, Liu et al. (125) revealed that 15 g soy protein
for 24 wk had hypotensive properties only in patients with
existing hypertension, but not in normotensive subjects.
In line with these 2 previous meta-analyses, our results
showed that soy products only decreased SBP in hypertensive
subjects. It is posited that soy products may reduce the
risk for hypertension via targeting mechanisms involving
vasodilation and inhibiting key enzymes involved in the
regulation of BP (107). In particular, soy may interact with
the estrogen-response element of genes related to increasing
endothelial NO synthase (eNOS), which can be responsible
for enhancing eNOS expression and endogenous NO pro-
duction, which improves brachial artery flow (126). A study
by Colacurci et al. (127) showed that 6 mo of soy isoflavone
(30 mg genistein and 30 mg daidzein) treatment may improve
endothelium-dependent vasodilation and reduce plasma
adhesion molecules in postmenopausal women, such as
intercellular adhesion molecule 1, vascular cell adhesion pro-
tein 1, and E-selectin. Furthermore, angiotensin-converting
enzyme (ACE) inhibitory peptides exist in plant proteins, and
soy may reduce BP by acting as an angiotensin II receptor
blocker and decreasing its vasoconstrictive effects while
enhancing the vasodilatory effects of bradykinin (128). In
support of these findings, animal studies have shown that soy
isoflavones increase renal blood flow and sodium excretion,
and affect the renin-angiotensin-aldosterone system (RAAS)
by interacting with estrogen receptors to inhibit ACE activity
(129). Importantly, the hypotensive effects of soy isoflavones
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and their ability to alter endothelial function may be related
to the individual capacity to metabolize daidzein into equol
(130). We were unable to confirm any hypotensive effects
of soy in the present meta-analysis, which may be due to
the high heterogeneity between studies or interindividual
differences in the study populations. Nevertheless, additional
studies are warranted to clarify the effects of soy on BP in
patients with T2D and the possible mechanisms underlying
these effects.

It has been previously hypothesized that soy products
may contribute to improving body weight (131). Previous
studies have shown that a diet high in protein (132) and
fiber (133) may lead to suppressed appetite and decreased
caloric intake. Therefore, due to the high protein and fiber
content of soy, soy-based meal replacement formula is used
as a weight-loss diet (134-136). Furthermore, it has been
revealed that soy isoflavones may decrease food intake in
animals (137, 138). However, human studies have generally
failed to show significant improvements in body weight and
BMI following soy product interventions (139-141), which is
consistent with our findings in patients with T2D where we
observed no change in BMI after soy consumption compared
with controls. It should be noted that this is based on a meta-
analysis of 7 trials, with relatively small sample sizes; hence,
results should be interpreted with caution.

It is well known that dietary factors such as negative
energy balance, macro- and micronutrient intake, as well
as dietary fiber are related to cardiovascular risks. From
all 22 included studies, 14 studies reported the between-
group differences in dietary intakes following interventions



(26,27, 51, 52,55, 57-60, 62, 64, 65, 103, 142). No significant
difference was shown between the interventions regarding
the amount of calorie and macronutrient intake, except for
carbohydrate, which was significantly lower in the soy-milk
group compared with the cow-milk group in the Miraghajani
et al. study (60). However, a higher amount of dietary fiber
(27, 51, 55, 59, 60, 64, 103, 142) and lower amount of
saturated fats (26, 51, 55, 57) have been reported in some
included studies. However, some other studies failed to see
any between-group differences in the intake of fiber (26,
52, 57, 65) and saturated fats (52, 62, 142). Generally, soy
products are low in saturated fat or high in fiber (143).
Therefore, higher intake of fiber and lower intake of saturated
fat in some included studies can be because of higher
soy product intake and replacing animal sources with soy
products. Since almost all included studies that reported
dietary changes before and after the interventions did not
see any significant differences in calorie and macronutrient
intake, the cardiovascular risk decrement of soy may not
relate to lower calorie and/or different macronutrient intake.

It should be noted that most included studies have high
risk of bias. Of the 22 included studies in the present meta-
analysis, 9 did not describe the method used to conceal
the allocation sequence (26, 49, 52-54, 57, 61, 62, 67); a
lack of allocation concealment has been demonstrated to
inflate treatment estimates (144). Also, some of the trials have
been classified as high risk of bias with respect to selective
reporting (49, 54, 59, 60, 64), blinding of participants (27,
30, 49, 51, 52, 54, 55, 59, 60, 65, 67), and blinding of
outcome assessment (27, 30, 49, 51, 52, 54, 55, 59, 60, 67).
Selective reporting can potentially compromise the validity
of a trial and has an impact on the pooled summary in
systematic reviews, which can increase/decrease the overall
effect (145). In addition, Schulz et al. (144) reported that
trials that were not double-blinded produced larger estimates
of effects, compared with blinded trials. The randomization,
concealment, and blinding for most studies were judged as
having high or unclear risk of bias. Previous research has
demonstrated that high-risk judgments from the Cochrane
risk-of-bias tool are associated with increased effect sizes and
exaggerated treatment effect estimates (146, 147). It should
be noted that it potentially dilutes the generalizability and
impact of this finding (148).

Our present analysis is not without limitations. First,
since all but 1 trial lasted less than 3 mo, our analysis is
unable to show the long-term effects of soy products on
cardiovascular risk factors in patients with T2D. Sample
sizes of the included studies were also relatively small, with
only 2 studies including >100 participants. Half the studies
were performed in Iran, which limits generalizability. Factors
such as diabetes duration or smoking status may influence
cardiovascular risk but were not included in the analysis
due to poor reporting of these variables. Moreover, statistical
heterogeneity is apparent in our analysis. This may be at-
tributed to methodological diversity (different study designs)
and/or differences in treatment regimens (doses/durations)
or the soy products used (soy protein, isoflavone, soybean,

and soy milk) (149). Control or nonintervention groups were
different in the included trials in this meta-analysis; this
might tend to bias the findings toward the null. In the case
of the overall diet in the included studies, patients were
following different diets. Therefore, some of the changes in
CVD markers may be attributed to changed dietary intake,
such as micronutrient intake, rather than soy intake.

Notwithstanding these limitations, we conducted a com-
prehensive review of randomized trials, which are the
gold-standard study design for establishing causality. We
used a rigorous search with no limits on language or
year of publication, and we included multiple endpoints to
provide a comprehensive overview of the effects of soy on
cardiovascular risk in patients with T2D.

In conclusion, our findings show that soy products may
reduce CVD risk in patients with T2D, by decreasing TGs,
TC, LDL cholesterol, and CRP, but have no significant
effects on HDL cholesterol, glycemic outcomes (FBS, insulin,
HbA1lc, and HOMA-IR), BP (SBP and DBP), or BMI when
compared with a control group. The favorable effects on
lipid profiles and inflammation appear to be more prominent
when soy interventions last longer than 8 wk and/or
when administered to patients with existing dyslipidemia
or inflammation (indicated by a CRP >3 mg/dL). Similarly,
while there was no overall effect on glycemic outcomes
or hypertension, soy products may decrease FBS or SBP
when provided in high doses (>30 g/d) to patients with
T2D with poor glycemic control (FBS >126 mg/dL) or
with existing hypertension (SBP >150 mmHg), respectively.
Further studies with adequate sample sizes, diverse risk
profiles, and longer durations are needed to confirm our
findings and to establish if improvements in these risk factors
following soy consumption translate to reduced CVD risk in
the long term.
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