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Abstract

Objective Type 2 diabetes mellitus (T2DM) is associated with an increased risk of cardiovascular diseases. This
study aimed to assess the effects of soymilk plus probiotics co-administration on cardiovascular risk factors in T2DM
patients.

Methods One hundred patients with T2DM (aged 40-75 years old) were randomly assigned into 4 groups
(soymilk + probiotics supplement, soymilk + placebo, conventional milk+ placebo, and probiotics supplement) for

6 weeks. Standard protocols were followed for the collection of fasting blood samples, dietary intakes, and anthropo-
metric measurements.

Results It was shown that soymilk+ probiotics consumption significantly decreased diastolic blood pressure (DBP)
(p=0.001), triglycerides (TG) (P<0.001), total cholesterol (TC) (p <0.01), and insulin (P < 0.003) levels and signifi-
cantly increased high-density lipoprotein cholesterol (HDL-C) (P=0.002) levels. Soymilk 4 placebo administration
significantly decreased DBP (p=10.01), insulin (p=0.006), and TG (p=0.001) levels and significantly increased HDL-C
(p=0.03) levels. A significant decrease in insulin (p =0.003) and systolic blood pressure (SBP) (p=0.01) levels and an
increase in HDL-C (p =0.04) levels were observed after supplementation with probiotics. Findings from between-
group comparisons showed a significant decrease in SBP levels in the probiotics supplement group compared to
conventional milk group (p < 0.05).

Conclusion Soymilk and probiotics consumption might improve some cardiovascular risk factors in patients with
T2DM. However, possible synergic effects while consumption of soymilk plus probiotics supplement didn't show in
this study which warranted further research.
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to impact on energy balance by aiding in the metabolism
of nutrients from the diet and contributing to the storage
and expenditure of energy [4]. There is evidence that pro-
biotics (live microorganisms or microbial mixtures) can
modify the composition of gut bacteria and benefit their
hosts [5]. It has been observed that different probiotic
strains had favorable effects on the indicators of T2DM
in animal studies [6—9]. However, in a systematic review
and meta-analysis, probiotics supplementation margin-
ally reduced the levels of fasting blood sugar (FBS) and
fasting insulin, but not the HbAlc or the homeostasis
model assessment of insulin resistance (HOMA-IR) [10].
It was also shown to improve some metabolic outcomes
in patients with T2DM statistically, but not clinically,
according to another meta-analysis [11].

Soy and soy products have been shown to have protec-
tive effects against a variety of outcomes, including car-
diovascular disease, kidney disease, bone loss, cancer,
and menopausal symptoms [12-17]. In a meta-analysis,
soy products and soy constituents (soy protein and soy
isoflavones) were associated with a lower risk of develop-
ing T2DM [18]. However, a meta-analysis study reported
that consumption of soy products had significant effects
in the reduction of some but not all cardiovascular risk
factors in patients with T2DM [19]. Among soy products,
soymilk is rarely used due to its bad taste [20]. In recent
years, however, soymilk has been shown to have positive
effects on diabetic variables [21-24]. Additionally, studies
have shown that soymilk has a higher absorption rate of
isoflavones than other soy products [25-27]. Moreover,
it has been suggested that the consumption of probiot-
ics with soy products could improve metabolic profiles
[28]. Nevertheless, previous studies have examined the
effects of soymilk fermented with probiotics on cardio-
vascular risk factors in patients with T2DM [21-24, 29],
and as far as we know no reports are available indicat-
ing the effects of soymilk plus probiotics supplements on
T2DM parameters. In addition, it seems there is a syner-
gistic effect between soy products and probiotics bacteria
[23]. Hence, we hypothesized that probiotic intake might
alter phytoestrogen metabolism and enhance the effects
of soymilk by altering the gut microbiota. Therefore, this
study sought to determine whether co-administration of
soymilk and probiotics have additive effects on anthropo-
metric measurements, plasma lipid parameters, and gly-
cemic indices in T2DM patients.

Methods

Design and participants

This study included patients with T2DM aged
40-75 years old who were referred to Motahari hospital
in Shiraz city, Iran. The patients were considered dia-
betic if they had an FBS level of 126 mg/dL or higher

Page 2 of 10

or were taking glucose-lowering agents or insulin
injections. They were not allowed to participate if they
were pregnant, lactating, using hormone replacement
therapy, drinking alcohol, or smoking cigarettes. Addi-
tionally, we did not include people with breast can-
cer, allergic to soy milk or cow’s milk, and people who
took antibiotics three weeks before or during the study
period. A patient who consumed food or products con-
taining probiotic bacteria three weeks before or during
the study period, who changed the dosage of oral anti-
diabetic drugs, insulin therapy or lipid-lowering drugs,
or who did not follow the recommended diet, was
excluded from study.

The sample size for this study was calculated based on
the results of a previously published study

28%(Z1_a +Z1-p)?
=—25-——) [30] where a=0.05, f=0.2, d=0.3,

d 2

standard (d)eviation (SD)1=12.6, and SD2=20.61.
Accordingly, 88 patients would be required to complete
the study. But to compensate for possible exclusions and
losses to follow-up, we recruited 100 diabetics. The study
was approved by the Research Council and Ethics Com-
mittee of Shiraz University of Medical Sciences (IR.
SUMS.REC.1394.62). In addition, this study was regis-
tered in the Iranian Registry of Clinical Trials (identifica-
tion number: IRCT2015080423495N1) (22/01/2016).

Study procedure

This double-blind randomized clinical trial was con-
ducted on T2DM patients who were referred to Motahari
hospital in Shiraz city, Iran. In the beginning, a partici-
pant’s disease was diagnosed with the help of an endocri-
nologist. Then, the study procedure was explained to the
participants and informed written consent was obtained
from all. After that, the participants entered a two-
weeks run-in period. During the run-in time, they had
to stop taking any soy product, probiotics food or pro-
biotics supplements. After the run-in time, the patients
were randomly allocated to 4 groups using the software
as follows; group 1; received soymilk (240 cc)+ probiot-
ics capsule, group 2; received soymilk + placebo capsule,
group 3; received conventional milk (240 cc)+ placebo
capsule, and group 4; received probiotics capsule. Also,
each participant’s energy intake was calculated using the
estimated energy requirement formula, and the weight
stability diet was written for all of them. Energy distribu-
tion for all subjects consisted of 55% carbohydrate, 18%
protein, and 27% fat. In group 4, the energy that groups
1 and 2 received through soymilk was compensated
through other food groups. All patients were asked to
maintain their usual diet and physical activity throughout
the study period.
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Interventions preparation and compliance to study
protocol

Soymilk and cow milk were respectively produced by
Soya Sun Company and Mihan-Dairy Company in Iran.
The amount of soymilk that should be consumed was
determined based on a study conducted in Iran [30].
In that study, one glass of this product improved some
factors in patients with T2DM patients without causing
any significant adverse effects. The probiotics capsules
(FamiLact®) were provided by the bio-fermentation
company of the Pharmaceutical Development Center of
the. The FamiLact © is a synbiotic formulation and con-
tains beneficial bacterial strains (Lactobacillus rham-
nosus, Lactobacillus casei, Lactobacillus bulgaricus,
Lactobacillus acidophilus, Bifidobacterium breve, Bifi-
dobacterium longum, and Streptococcus thermophilus)
plus fructooligosaccharides as prebiotic. The amount
and type of probiotics bacteria were also determined
based on a study conducted by Moroti et al. [31]. f Pla-
cebo capsules contained starch and were quite similar
to placebo probiotics capsules. The probiotics and pla-
cebo capsules were identically packed and coded by the
producer to guarantee to the blind. The participants
were asked to eat probiotics capsule (one capsule/day)
half an hour before soymilk consumption. The patients
were visited every two weeks and were evaluated for
their adherence to the prescribed diet and soymilk or
cow’s milk intake. Compliance with the interventions
and physical activity was monitored by the use of 24 h
diet recall and physical activity questionnaire every
2 weeks. We found no differences between the pre-
scribed amount and the reported dietary intake in 4
groups throughout the study.

Measurements

Anthropometric measurements, including height and
body weight, were assessed in all patients at baseline
and at the end of the study period. Standing and shoe-
less heights and body weight were measured while par-
ticipants were minimally clothed with no shoes using
digital scales. Body mass index (BMI) was calculated as
body weight (kg)/height® (m). Blood pressure was meas-
ured three times after the participants sat for 15 min and
the mean of the three times measurement was reported.
Blood samples were collected after 12 h of fasting over-
night. We measured FBS and lipid profiles by an enzy-
matic colorimetric method using standard kits (Pars
Azmoon co, Iran) by auto-analyzer BT1500. Fasting insu-
lin level was measured using monobind insulin ELISA kit
(made in USA) using a microplate reader machine (Stat
Fax, USA). The HOMA-IR was calculated based on the
previous research [32].

Page 3 of 10

Statistical analysis

Statistical tests were conducted using SPSS 22 and
P<0.05 were considered statistically significant. Kolmog-
orov—Smirnov test was used to test the normality of the
distribution of variables. One-way analysis of variance
(ANOVA) and chi-square tests were used for the com-
parison of quantitative and qualitative variables between
the groups, respectively. An analysis of covariance
(ANCOVA) and a Bonferroni post hoc test were used
for comparisons between the groups post-intervention
after adjusting for baseline values plus other confounders
such as age, sex, BMI, and physical activity. Paired sample
t-test was used to compare the changes in quantitative
variables in each group before and after the study.

Results

In this study, a total of 100 patients with T2DM,
40-75 years old, were enrolled and randomized to
receive one of the 4 dietary regimens for 6 weeks. During
the study period, two patients withdrew due to gastroin-
testinal problems following soymilk consumption. Also,
three patients were excluded due to no consumption
of more than 3 capsules of probiotics. Moreover, three
patients were omitted from the final analyses because
of incomplete dietary records. Accordingly, 92 partici-
pants (soymilk + probiotics =24, soymilk + placebo = 24,
conventional milk+ placebo=22, and probiotics cap-
sule=22) completed this study (A flow chart depicting
the study design is shown in Fig. 1).

At baseline, there were no significant differences
between the 4 groups in terms of sex, demographic sta-
tus (education and job), anthropometric measurements,
and blood pressure parameters (p “0.05). However, physi-
cal activity was significantly different between the groups
(p<0.03) (Table 1). The results showed no significant
differences between the 4 groups in terms of age, BMI,
systolic and diastolic blood pressure, and physical activity
levels during and at the end of the study (p"0.05) (data did
not show).

In Table 2, dietary intakes from each intervention
group are shown at the beginning, during, and after the
study. Accordingly, no significant differences were found
between the groups regarding dietary intakes in 3 time
periods (p°0.05). Also, paired sample t-tests did not show
any significant difference between the means of dietary
intakes in each group before and after the interventions
(p<0.05).

Changes in the BMI, SBP, DBP, and biochemical varia-
bles from baseline to the end of the study are summarized
in Table 3. Following soymilk + probiotics supplementa-
tion, DBP (p=0.001), TC (»p=0.01), TG (p<0.001), and
insulin (p=0.003) levels were significantly decreased, but
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Assessment for eligibility
(n=110) Excluded (n=10)
- Not meeting inclusion
criteria (n=7)
v Declined to participate
(n=3)
’ Randomized (n=100) ‘
v
Allocated to soymilk + | \ Allocated to probiotic
probiotic group (n=25) “\‘ \“ group (n=25)
v v
|
Allocated to soymilk + AIIoc'ated to' “
placebo group (n=25) conventional milk + ‘
placebo group (n=25) \‘
| | “‘
v | | |
v v v
Lost to follow-up (n=1) Lost to follow-up (n=1) Lost to follow-up (n=3) Lost to follow-up (n=3)
\ \ !
| \ \ \
' v ! v
Analyzed (n=24) Analyzed (n=24) Analyzed (n=22) Analyzed (n=22)
Fig. 1 Flowchart of the study
Table 1 General characteristics of the study participants in each group at baseline
Variables Soymilk + probiotic Soymilk + placebo Milk + placebo (n=25) Probiotic *P-value
supplement (n=25) (n=25) supplement
(n=25)
Age (y) 51.16£7.16 54.24+£6.58 520641142 5440+8.72 0.52
Weight (kg) 76.50+16.40 75924+12.02 7042+14.10 73.884+14.40 044
Body mass index (kg/m2) 29.06+5.67 28.55+4.46 26.98+£5.04 28.05+5.46 0.54
Systolic blood pressure (mmHg) 126.45420.87 129.604+17.07 132.004+18.20 1276041291 0.70
Diastolic blood pressure (mmHg) 80.41+£9.88 81.40+£941 81.40+£848 8340+7.72 0.69
Physical activity (Met/hour/day) 28.17+2.11 28644230 27.38+2.10 26994191 0.03
Gender 0.12
Female 5(20) 7 (28) 5(20) 10 (40)
Male 20 (80) 18 (72) 20 (80) 15 (60)
Occupation 0.29
Household/retired 6 (24) 9(36) 7(28) 12 (48)
Employed 19 (76) 16 (64) 18(72) 13(52)
Education 0.09
llliterate 20 (80) 23(92) 18 (72) 23(92)
literate 5(20) 2(8) 7 (28) 2(8)

Data are presented as mean = SD for quantitative and number (%) for qualitative variables

“ One-way analysis of variance (ANOVA) and chi-square tests were used for comparison of quantitative and qualitative variables between the groups
P<0.05 was considered statistically significant
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Table 2 Dietary intakes of the study participants at beginning, during, and at the end of the study

Variables Soymilk + probiotic Soymilk + placebo Milk + placebo Probiotic supplement *P-value

supplement

Energy (kcal/day) Week 0 1652.17+£782.72 1393.49+£408.35 1388.77 £546.22 1586.25+£860.03 0.44
Week 3 1.68+2.03 0.994+0.23 1.68+2.03 099+£0.23 0.85
Week 6 1.68+2.03 0.994+0.23 1.68+2.03 099+£0.23 0.98
“Pvalue 053 022 0.10 083

Protein (gr/day) Week 0 56.47 £35.57 47.04+£1642 43.05424.05 46.79421.80 033
Week 3 5347+23.14 50.72+£19.28 5406+34.17 5190%+15.10 0.97
Week 6 51.20£19.26 5263+£21.90 52.18+27.62 48204+17.94 091
“Pvalue 034 0.24 0.12 0.73

Carbohydrate (gr/day) Week 0 248.70+£114.08 214.09466.53 213.76+£76.65 247.164+93.04 0.36
Week 3 236.53+83.61 234.45470.90 252,07 £103.35 266.33+73.96 0.56
Week 6 237.54490.84 239.684+11042 2450847018 260.80£73.08 0.19
“Ppvalue 057 0.20 0.06 053

Fat (gr/day) Week 0 50.27 £32.66 40.82£17.09 42.60£24.28 482847092 0.85
Week 3 46.884+21.30 41.87+£16.94 49.65429.08 3692+ 1453 0.21
Week 6 49.18+£19.91 41524+16.94 455842321 3721+£16.31 0.81
“Pvalue 083 0.85 033 047

SFA (gr/day) Week 0 14.63£11.65 11.28+7.16 11.60+6.84 11674875 0.54
Week 3 1440+£8.69 13.22+£6.66 1515+£11.75 10.79+£549 0.35
Week 6 14.14+7.73 12.09+£6.29 13.83+944 1044477 0.30
“P-value 080 0.65 0.07 0.55

MUFA (gr/day) Week 0 14.574£1193 1205+7.71 1252+844 1247 +£14.30 0.86
Week 3 13.84£7.20 12354681 14.89£8.90 10.8645.82 0.38
Week 6 1452+6.16 12.55+£7.04 13.27+£7.70 11.09+£6.89 041
“Ppvalue 098 073 048 0.66

PUFA (gr/day) Week 0 1478 £11.85 11.66£4.38 14.24+£9.18 19.72£46.32 0.74
Week 3 13.50£7.69 10484391 14214885 10.254+3.92 0.10
Week 6 14.79£9.11 11904573 1248+£7.82 10.854£5.25 0.30
“Pvalue 099 083 0.19 0.38

Dietary fiber (gr/day) Week 0 11.07£4.97 13494562 12224522 14314+544 0.21
Week 3 13.16£5.68 11.16£4.11 1144 +£453 1429+£5.01 0.12
Week 6 1448+7.10 11394499 1097 +£4.13 13.18+6.08 0.14
“Pvalue  0.16 0.21 0.67 0.08

Cholesterol (mg/day) Week 0 170324158.10 129.814+106.92 161.714+£25143 109.024+108.46 0.58
Week 3 161.044+105.02 131.75+£87.91 209.854+185.70 132.70480.00 0.13
Week 6 194.714£129.01 156.124+111.00 15611413531 157.044+130.95 0.66
“Pvalue 048 0.65 0.89 0.08

Abbreviations: SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid

Values are expressed as means =+ SD. P < 0.05 was considered as statistically significant

“ One-way analysis of covariance (ANOVA) test was used for comparisons of quantitative variables between the groups

" Paired sample t-test was used for comparisons between the means before and after the interventions

P<0.05 was considered statistically significant

HDL-C (p=0.002) levels significantly increased. It was
also found that supplementation with soymilk + placebo
significantly decreased DBP (p=0.01), TG (p=0.001),
and insulin (p=0.006) levels, while significantly increas-
ing HDL-C (p=0.03) levels. The levels of HDL-C
(p=0.04) significantly increased and the levels of insulin

(p=0.003) and SBP (p=0.01) significantly decreased
when the participants received probiotics supplements.
Regarding between-group differences, the results
of the post-hoc analyses showed that probiotics sup-
plement significantly reduced SBP levels compared to
conventional milk. (p<0.05). There were no significant
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Table 3 The effects of supplementation with soymilk and probiotic on anthropometric measures and biochemical markers of patients

with T2D
Variables Group 1: Soymilk + probiotic Group 2: Group 3: Group 4: Probiotic *P-value
supplement (n =24) Soymilk + placebo Milk + placebo supplement (n=22)
(n=24) (n=22)
BMI (kg/m?) Before 29.06 567 28554446 26.9845.04 28264586 0.88
After 28164799 28464470 27734483 28024586
Mean change 0.10£035 0014033 0.10£042 0.10£0.34
“P-value 0.36 075 0.21 036
SBP (mmHg) Before 1264542087 129.60+17.07 132,004 1820 127.60412.91 001
After 1197941202 1240441479 129.09+17.08 119.324£3384°
Mean change -3.15+£12.15 -3.86+11.67 -3.52+11.79 -6.401+9.54
“P-value 0.07 0.06 0.29 0.01
DBP (mmHg) Before 80414988 81404941 81404848 83404773 0.02
After 727041073 73.69+£12.17 79.5449.50 79544485
Mean change 69541055 5434749 35241048 -6.02412.40
“P-value 0.001 0.01 035 0.05
FBS (mg/dI) Before 161.68+53.83 159.91 45559 170.61+£64.14 151.78+£41.33 0.69
After 162.29+64.96 162.68 45092 178.36+£69.14 153.05+32.25
Mean change 12943768 27742280 72745391 10943812
“P-value 087 0.57 0.53 0.90
TC (mg/dl) Before 166.20£4161 176.14 26,05 181.52426.05 161.83+£28.26 044
After 15867 4£39.51 167.77 £27.98 184.184£32.53 160.73 43207
Mean change -8.87+16.39 -836429.28 136418.29 -1.274£19.26
“P-value 0.01 0.19 0.73 0.76
LDL-C (mg/dl) Before 826442583 80.73427.27 889641736 76.78417.48 0.89
After 88,604 26.66 880443532 998642139 85.95422.05
Mean change 6.87 42395 73242136 1009+ 14.76 91441428
“P-value 033 0.12 040 0.07
TG (mg/dl) Before 1544445001 170.50 £ 76.20 127.74 45645 129.26 4342 0.12
After 117.67 £4563 139.00+73.89 123.68+£43.19 116.824£43.30
Mean change -40.20+26.63 -31.50439.37 -7.63 43060 -9.95+39.89
“P-value <0.001 0.001 0.25 0.25
HDL-C (mg/day) Before 44284883 44184622 486541042 42044880 094
After 49.7949.90 47684727 50644961 45184779
Mean change 5507.92 350£7.33 1954858 3.09£6.76
“P-value 0.002 0.03 0.30 0.04
Insulin (uU/ml) Before 222541782 16.054£9.75 156041171 15094481 0.21
After 10.85+6.63 9204426 142141255 105345.89
Mean change -1131£16.39 -6.85410.49 -1.61+£7.49 -4.38+6.25
“P-value 0.003 0.006 032 0.003
HOMA-IR Before 4584136 4344130 4614167 4124105 054
After 4274165 4244133 4754175 4044086
Mean change -0314£1.06 -0.10£0.50 0.14=£1.30 -0.814£0.90
“P-value 0.17 0.36 063 0.70

Abbreviations: BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FBS fasting blood sugar, TC total cholesterol, LDL-C low-density
lipoprotein cholesterol, TG triglycerides, HDL-C high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment for insulin resistance

Values are expressed as means =+ SD. P<0.05 was considered as statistically significant

" Analysis of covariance (ANCOVA) was used for comparisons between the groups post-intervention after adjusting for baseline values plus other confounders such as
age, sex, BMI, and physical activity

2 significantly different to group 3

" Paired sample t-test was used for comparisons between the means before and after the interventions

P <0.05 was considered statistically significant



Hasanpour et al. BMC Endocrine Disorders (2023) 23:36

differences between the groups in terms of other param-
eters (p”0.05).

Discussion
This randomized double-blind clinical trial aimed to
examine the effects of soymilk and probiotics supple-
ment co-administration on cardiovascular risk factors
in patients with T2DM. The results showed soymilk
plus probiotics supplement consumption significantly
improved DBP, TC, TG, HDL-C, and insulin levels after
6 weeks of treatment. Also, soymilk consumption had
significant beneficial effects on DBP, TG, HDL-C, and
insulin levels. Moreover, probiotics supplementation sig-
nificantly improved the levels of SBP, HDL-C, and insu-
lin. The results of between-group comparisons showed
that probiotics supplement significantly reduced SBP
levels compared to conventional milk. As far as we know
the majority of previous studies focused on fermented
soymilk with specific probiotics and no studies have been
conducted on soymilk plus probiotics co-administration.
In this study, we failed to show a significant difference
in the reduction of anthropometric measurements, blood
pressure, lipid profiles, and glucose tolerance indices by
soymilk between the study’s groups. However, within-
group comparison showed significant beneficial effects of
soymilk on DBP, TG, HDL-C, and insulin levels. A sys-
tematic review and meta-analysis investigated the effects
of soymilk consumption on cardiovascular risk factors
and reported inconsistent findings. Accordingly, soymilk
consumption significantly decreased SBP, DBP, TC, LDL-
C, waist circumference (WC), C-reactive protein (CRP),
and tumor necrosis factor-alpha compared to the con-
trol group. However, it was not effective in the reduc-
tion of other risk factors including body weight, BMI,
HDL-C, TG, FBS, and fasting insulin. The results differed
from ours because the authors did not take into account
the health status of the subjects and pooled data from
healthy and sick subjects in the analysis. Also, none of
the primary studies included in the meta-analyses were
performed on patients with T2DM [33]. In a randomized
crossover trial of T2DM patients with nephropathy, it
has been found that soymilk consumption had signifi-
cant beneficial effects on SBP and DBP levels, but not
other cardiovascular risk factors [34]. In contrast to our
study, the authors didn’t control the analyses for baseline
values and other possible confounders in that study and
that study had a crossover design of 4 weeks. In another
study, the researchers used soymilk as a control group
for probiotic soymilk. In that RCT, the authors found a
significant effect of soymilk consumption on BMI after
4 weeks of intervention [23]. As the authors reported in
another article, soymilk consumption was not effective
in the reduction of other cardiovascular risk factors [24].
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Accordingly, since that study considered soymilk as a
control group, whereas it was considered an intervention
group in our study, it is illogical to compare these results
with ours. Regarding other studies that have not exclu-
sively focused on soymilk, the results of a meta-analysis
study didn’t show the positive effects of soy protein con-
sumption on body weight and WC when compared to
casein/whole-milk protein. Also, this study showed that
soy isoflavones consumption had no significant positive
effects on BMI in the women population [35]. In contrast
to our results, a systematic review and meta-analysis of
RCTs indicated possible significant positive effects of
soy products on serum TG, TC, LDL-C, and CRP con-
centrations in patients with T2DM. In that study, soy
consumption was not effective in the reduction of other
cardiovascular risk factors. It should also be noted that
these results come from pooling data for each type of soy
product, but not exclusively for soymilk [19]. So, accord-
ing to available evidence, there are no possible benefi-
cial effects of soymilk on cardiovascular risk factors in
patients with T2DM, and further RCTs with larger sam-
ple sizes, longer durations, different soymilk dosages, and
considering a control group for soymilk are warranted.

In our study, probiotics supplementations significantly
improved the levels of SBP, HDL-C, and insulin after
6 weeks of intervention. The results of between-group
comparisons also showed that probiotics supplement sig-
nificantly reduced SBP levels compared to conventional
milk. In a systematic review and meta-analysis of 13
RCTs, the authors found that multi-strain probiotics sup-
plementation compared to the control group significantly
improved FBS, HOMA-IR, TC, TG, SBP, and DBP, but
not HbAlc, fasting insulin, HDL-C, and LDL-C [36]. In
contrast to our study, the control group for those primary
studies was a placebo capsule but not conventional milk
plus a placebo capsule. In addition, the findings from
subgroup analyses showed that the results may affect
by several parameters such as study duration, country
of study conduction, age, and baseline BMI. Moreover,
the significant results from that study don’t appear to be
clinically meaningful. Accordingly, the possible beneficial
effects of multi-strain probiotics supplementation on car-
diovascular risk factors in patients with T2DM patients
are not well confirmed based on the available evidence
and should be considered in future research.

Finally, this study indicated that soymilk plus probi-
otics supplement consumption significantly improved
DBP, TC, TG, HDL-C, and insulin levels after 6 weeks of
treatment. However, between-group comparisons didn’t
show significant differences. Few RCTs have investi-
gated the effects of fermented soymilk on cardiovascu-
lar risk factors [23, 24, 37, 38]. Accordingly, in a study,
intervention with fermented soymilk (200 ml/day) with
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L. Plantarum A7 significantly improved SBP, DBP, HDL-
C, and TG levels, but not serum levels of adiponectin,
LDL-C, FBS, some oxidative stress factors, inflammatory
markers, and anthropometric measurements compared
to pure soymilk (200 ml/day) in patients with T2DM
after 8 weeks [23, 24, 37]. In contrast to our study, that
research was conducted on diabetic patients with kid-
ney disease, had longer durations, and used single-strain
probiotics. Another crossover study in participants at
high risk for cardiovascular risk factors showed that
12 weeks of intervention with fermented soy powder ver-
sus sprouted brown rice powder significantly decreased
TC, LDL-C, and HDL-C concentrations [38]. Unlike
our study, in that study the study population was not
diabetic patients, the design of the study was crossover,
the intervention was soy powder but not soymilk, and
the study had a longer duration. Given our findings and
the inconsistencies in the literature regarding the lipid-
lowering potential of soy foods, it is of further interest
to explore what factors may have contributed to these
nonsignificant results. Baseline parameters status, sup-
plement type, supplement dosage, and duration of the
study are all potential confounding factors that have been
identified and are discussed below. Some studies sug-
gest that initial plasma levels are an important factor, as
hypocholesterolemic effects only occur in patients with
TC values of>270 mg/dl [39]. Another reason could be
because of the type and the amount of soymilk provided.
While according to evidence, about 20 g of soy protein
per day can lower non-HDL cholesterol and have favora-
ble effects on the cardiovascular system [40]. The amount
of protein in 240 ml of soymilk per day in this study may
have been insufficient to significantly improve blood lipid
levels and other parameters. The other explanation for
these null results is that the level of isoflavones in one
cup per day of soymilk was not sufficient to significantly
improve relevant cardiovascular risk factors. Regarding
isoflavone content, a recent meta-analysis indicated that
consumption of soy protein coupled with isoflavones
above 40 mg/day has lipid-lowering effects. Although the
isoflavone content of the soymilk used in our study was
not analyzed, Gardner et al. used a similar product and
showed that three cups of soymilk supply approximately
90 mg of isoflavones [41]. Furthermore, the absorp-
tion, metabolism, and bioavailability of isoflavones may
be affected by gut microbiota, ethnic origin, gut transit
time, fecal digestion rates, some dietary factors, and stor-
age conditions of soymilk [42, 43]. Finally, these factors
combined with the short duration of the study, the lower
dose of the probiotics supplement, and the type of probi-
otics bacteria in the supplement might have a role in not
seeing a significant effect in the majority of parameters in
this study.
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This study has some strengths. As far as we know
this study for the first time has investigated the effects
of soymilk plus probiotics supplement in patients with
T2DM. Also, in our study, the effectiveness of the main
group (soymilk plus probiotics supplement) was com-
pared with a control (conventional milk) and its two
components (soymilk and probiotics). Moreover, compli-
ance with the study protocol was assessed during and at
the end of the study, and major confounders were con-
trolled for in the analyses. Like any other study, our study
also has some limitations. First, our study seems to have
a short duration which resulted in non-significant results.
Second, the isoflavone content of the soymilks was not
assessed. Third, we haven’t evaluated the survival rate of
probiotics bacteria during passage through the gastroin-
testinal tract.

Conclusions

Our study showed that consumption of soymilk plus pro-
biotics supplement for 6 weeks didn’t improve cardio-
vascular risk factors compared to the conventional milk,
soymilk, and probiotics supplement. However, the results
showed the beneficial effects of probiotics supplemen-
tation in lowering SBP compared to conventional milk.
Accordingly, our results didn’t confirm the possible syn-
ergic effects of soy products along with probiotics bacte-
ria in the improvement of cardiovascular risk factors in
patients with T2DM. Therefore, due to the limitations of
this study and the inconsistent results of the available evi-
dence, studies with expanded settings are warranted.
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