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Introduction. Even with the ultimate medical management, more
than one-third of diabetic patients develop diabetic nephropathy.
To our knowledge, there is no study that has examined the effect
of probiotic soy milk on kidney function in type 2 diabetic patients
with nephropathy. This clinical trial aimed to assess the effects of
consumption of probiotic soy milk, compared with conventional
soy milk, on kidney-related indexes in patients with diabetic
nephropathy.

Materials and Methods. In a randomized double-blinded placebo-
controlled trial, 44 patients were randomly assigned to receive 200
mL/d of either soy milk containing Lactobacillus plantarum A7 or
conventional soy milk for 8 weeks. Primary endpoints included
urinary albumin excretion, estimated glomerular filtration rate,
interlukin-18, serum sialic acid, and serum creatinine. Fasting blood
samples and morning fasting spot urine samples were collected
at the beginning and after 8 weeks for evaluation of biochemical
parameters.

Results. Forty patients completed the study. Administration of
probiotic soymilk resulted in a significant reduction in albuminuria
(P =.03), serum creatinine (P < .001), serum interleukin-18 (P = .002),
and serum sialic acid (P =.001) compared with conventional soy
milk. Probiotic soymilk supplementation also led to a significant
improvement in estimated glomerular filtration rate (15.9 + 10.8
mL/min versus 3.2 + 8.4 mL/min, P <.001) compared with the
control group.

Conclusions. Probiotic soy milk was safe and well-tolerated by
patients with diabetic nephropathy for 8 weeks. Probiotic soy
milk also improved indexes of kidney function in type 2 diabetic
patients with nephropathy.

IJKD 2017;11:36-43
www.ijkd.org

Type 2 diabetes mellitus (DM) is a very common
noncommunicable disease, comprising more than
90% of 415 million adults who are suffering from
DM all over the world.! As a result of population
aging, urbanization, and cultural and socio-
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economic changes in human life in the 21st century,
the prevalence of DM is growing quickly globally
to form an epidemic disease. By the year 2040, the
total number of people living with DM is estimated
to reach 642 million and 1 in 10 adults will have
DM.! Diabetic nephropathy (DN), is defined as
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relentless albuminuria or constant impairment of
glomerular filtration rate (GFR).? Along with the
global increase in the prevalence of DM, DN, a
major complication of DM and the foremost cause
of end-stage renal failure (ESRD), is becoming a
bigger public health issue.’ Between 25% to 40%
of diabetic patients develop progressive DN,*
which is responsible for about 40% of the newly
diagnosed cases of ESRD.? In addition, DN not
only increases the risk of developing ESRD, it
is also associated with increment in the rate of
morbidity and mortality.*

Tight control of blood pressure along with
intensive glycemic control, lipid lowering agents,
and lifestyle interventions are the most common and
effective therapeutic strategies for renal protection
and hindering the progression of nephropathy in
diabetic patients.® Although the aforementioned
therapeutic interventions postpone the progression
of DN, the prevalence of DN and its comorbidities
remains very high, and most of patients with DN
continue to progress to ESRD.”

Although the consumption of probiotics for
their health benefits has a long history and the
biotherapeutic potential of probiotics has been
reported in gastrointestinal disorders, DM and
some infectious diseases,®® only very limited
number of studies have assessed the effect of
probiotic consumption on nephropathy. Lu and
colleagues’ study showed that Lactobacillus reuteri
may attenuate diabetic renal fibrosis due to
regulation of glucose tolerance and oxidative stress
in diabetic rats.!” Based on our search, no human
study has been conducted to evaluate the effect
of probiotics in diabetic patients, yet. However,
Ranganathan and coworkers have studied the effect
of probiotic supplementation on kidney function in
chronic kidney disease and reported some positive
effects.!! To our knowledge, our study was the
first to evaluate the effect of probiotic soy milk
in nephropathy to assess whether probiotic soy
milk could have an additive or interacting effect
on kidney function compared to soy milk.

The current study was a double-blinded
randomized control trial, which was reported
according to the Consolidated Standards of
Reporting Trials guidelines.'? Based on the sample

size formula suggested for controlled trials,
considering C-reactive protein (CRP) concentration
as a key variable,® a power of 80%, and a type I
error of 5% (o = 0.05), the required sample size was
calculated to be 20 individuals per group. Assuming
a 10% drop-out rate, the final sample size was
estimated to be 44 participants (22 participants per
group). The inclusion criteria for the current study
were an age of 25 years and older; proven type
2 DM for more than 1 year, with a fasting blood
glucose (FBS) higher than 126 mg/dL and a 2-hour
postprandial blood glucose higher than 200 mg/dL;
and microalbuminuria and an estimated GFR higher
than 60 mL/min. Patients with a prior history of
inflammatory bowel disease, infection, liver disease,
rheumatoid arthritis, smoking, alcoholism, recent
antibiotic therapy, and consuming multivitamins,
minerals, or omega-3 supplements, 1 month prior
to beginning of the intervention were excluded
from the study.

A total of 44 participants were randomly allocated
to the soy milk group (control) or probiotic soy
milk group who received 200 mL/d of soy milk or
probiotic soy milk for 8 weeks. At each study visit,
participants received sufficient bottles of soy milk
for a 3-day period until the next visit, in a double-
blinded design. Participants were asked to keep the
bottles refrigerated at 2°C to 4°C and were required
to return unused or empty bottles at the next
study visit to assess study intervention adherence.
Our protocol required a minimum intervention
adherence of greater than 90% (more than 50 out
of 56 bottles). Anthropometric measurements were
done by trained staff according to the World Health
Organization standards. The data were recorded
in a general form. Anthropometric measurements
were repeated again at the end of the 8th week
of the study. Participants were refrained from
consumption of any probiotic products 2 weeks
before beginning of the study. All of the participants
were instructed to consume a diet containing 0.8
g/kg of protein, 2000 mg of sodium, 2000 mg of
potassium, and 1500 mg of phosphorus. The dietary
intakes were assessed using 24-hour recall for 3
days (covered 2 weekdays and a weekend day).
These dietary intakes were then analyzed using
the modified version of Nutritionist-4 software
program and were used for checking the diet
compliance. If any correction was needed, after the
run-in period or during the intervention, it was
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made by a trained dietitian. Physical activity was
assessed using the International Physical Activity
Questionnaire (IPAQ). The study protocol was
registered at the Iranian Registry of Clinical Trials
(Register code: IRCT201601027479N2 available at:
http:/ /www .irct.ir).

Conventional and probiotic soy milk were
made available every 3 days and were dispensed
among the participants. The probiotic soy milk
contained 2 x 107 cfu/mL of Lactobacillus plantarum
A7, was sampled on the day of delivery, and
was microbiologically analyzed every 2 weeks.
An MRS Broth (MRS agar, Merck, Darmstadt,
Germany, and bile, Sigma-Aldrich, Reyde, USA)
and the pour plate method were used to evaluate
the total colony count of Lactobacillus plantarum
A7 in probiotic soy milk. The result of the colony
counting test indicated that the survival rate and
concentration of Lactobacillus plantarum A7 in
probiotic soy milk remained steady between the
1st day of production and the 3rd day at 2°C to
4°C. The nutrient composition of soy milk (per 100
mL) consumed by study participants, based on our
analysis, is shown in Table 1. The current study had
a 2-week run-in phase prior to the beginning of the
intervention, in which participants should avoid
from consumption of any fermented or probiotic
foods. They were also asked to avoid consumption
of any dietary supplement and report any change of
their medications to the researchers. Conventional
and probiotic soy milk were manufactured by
Isfahan Soy Milk Company (Isfahan, Iran).

To analyze biochemical factors of participants,
10 mL of venous blood were collected at baseline

Table 1. Nutrient Composition of Soy Milk Used in Trial

Nutrient Amount per 100 mL
Energy, kcal 30
Protein, g 2.8
Carbohydrate, g 1.8
Fat, g 1
Saturated fatty acids, g 0.4
Phosphorus, mg 48
Iron, mg 1
Sodium, mg 3
Genistein, mg 7
Magnesium, mg 15
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and after the 8th week of intervention in the early
morning after an overnight fast and within 1 to 2
hours, the blood samples were centrifuged at 3500
rpm for 10 minutes and the sera were put in a
—-80°C freezer until they were used for subsequent
biochemical analysis. Appropriate biochemical
analyses were used to assay concentration
of creatinine (alkaline picrate), phosphorus
(phosphomolybdate/UV) in sera (Biosystems
Analyzer A-15, Spain). Morning fasting spot urine
samples were used to measure urine albumin and
creatinine (Hitachi 902 Autoanalyzer, Boehringer
Mannheim, Germany); then, urinary albumin-
creatinine ratio was calculated on the basis of its
formula to estimate the daily albumin excretion.
An enzyme-linked immunosorbent assay method
was used to quantify the concentration of serum
interleukin-18 (IL-18; Boster, USA) and serum Sialic
acid (SSA; Eastbiopharm, China). All the tests were
performed in a blinded fashion, in pairs (before
and after the intervention) at the same time, in the
same analytic run, and in random order to reduce
systematic error and interassay variability. We
also assayed the adherence to the intervention by
measuring the serum concentration of genistein
by a time-resolved fluorescence immunoassay
method (Labmaster, Finland).Volunteers did not
know that adherence was determined by serum
concentration of genistein.

Before conducting any statistical test, the normal
distribution of variables was examined using the
Kolmogrov-Smirnov test. Log transformation was
conducted when the variables did not follow the
normal distribution. For quantitative variables,
mean and standard deviation were reported. The
independent sample ¢ test was used to determine
whether significant difference existed between the
control and the intervention groups. Furthermore,
the paired f test was used to compare the means
of each variable before and after the intervention
in each group. To adjust the confounding factors
and detect the effect of consumption of probiotic
soy milk on kidney-related indexes between the
two groups, the analysis of covariance was used.
Statistical analyses were conducted using the SPSS
software (Statistical Package for the Social Sciences,
version 23.0, SPSS Inc, Chicago, IL, USA), and a P
value less than .05 was reported significant.
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Forty-four patients participated, and 40
completed the study (20 patients in each group;
Figure). Two men in the probiotic group were
excluded because of hospitalization (n = 1) and
loss to follow-up (n =1). One man and 1 woman
in the control group were also excluded due to
poor adherence and loss to follow-up. The mean

body weight, body mass index, and age were
71.2 +10.9 kg, 26.63 + 3.1 kg/m? and 55.2 + 7.7
years, respectively. The baseline characteristic of
the patients are presented in Table 2. There were
no significant difference in the anthropometric
characteristics at baseline between the probiotic soy
milk and conventional soymilk groups. However,
dietary carbohydrate intake was significantly

Assessed for eligibility (n = 60)

Excluded (n = 16)

* Not meeting inclusion criteria (n = 16)

| Randomized (n = 44) |

l

Probiotic group (n = 22) |

|

| Control group (n = 22)

Lost to follow up (n = 1)
Hospitalization (n = 1)

Lost to follow up (n = 1)
Nonadherence the study protocol (n = 1)

Analyzed (n = 20) |

Flowchart of Random Allocation and Treatment of Participants

| Analyzed (n = 20)

Table 2. General Characteristics and Nutrient Intake of Study Participants Who Received Either Conventional Soy Milk or Probiotic Soy

Milk*
Characteristic Problotlc(:gyzl\él)llk Group Soy(h':lllkz?);'oup p

Age, y 56.9 + 8.1 53.6 +7.19 18
Duration of disease, y 8.7+2.1 6.9+4.9 46
Body weight, kg 70.8+10.7 71.6+11.4 .82
Height, cm 162.9+6.6 163.6 + 6.0 74
Body mass index, kg/m? 26.68 + 3.19 26.58 + 3.27 .92
Physical activity (%)

Low 16 (80) 13 (65)

Moderate 4 (20) 7 (35) .29
Calorie intake, kcal/d 2105.8 + 149.7 2173.4 + 143.6 15
Protein intake, g/d 61.6 £ 8.0 62.2+5.3 a7
Fat intake, g/d 90.5+ 8.6 929+ 11.6 A7
Carbohydrate intake, g/d 275+ 24.7 309.7 £ 29.2 .001
Dietary cholesterol intake, mg/d 271.2+19.8 279.2+25.2 .62
Dietary fiber intake, g/d 17627 18.7+3.7 .30

*All values are means + standard deviation except for physical activity, which is frequency (percentage).
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higher in the control group (P <.001) compared
with the probiotic soy milk group. Hence, the
probable effect of dietary carbohydrate intake was
adjusted using the analysis of covariance test. No
significant differences were detected in the other
dietary intakes or physical activity between the two
groups (Table 2). The baseline values of biochemical
factors, including serum creatinine, serum genistein,
urinary albumin-creatinine ratio, IL-18, and SSA
are also presented in Table 3. These values were
not markedly different between the two groups.
There were no significant changes either in body
weight, body mass index, or waist-hip ratio during
the study (Table 4).

Administration of probiotic soymilk, containing
Lactobacillus plantarum A7 resulted in a significant
reduction in albuminuria (-16.5 + 12.2 mg/d versus
-5.7 £ 15.04 mg/d, P = .03), serum creatinine
(-0.17 £ 0.11 mg/dL versus -0.03 + 0.08, P < .001),
serum IL-18 (-49.18 + 48.22 mg/dL versus
-9.03 £ 18.65 mg/dL, P =.002), and serum sialic

acid (-17.4 + 11.43 mg/dL versus -4.37 £ 9.91 mg/
dL, P =.001) compared with conventional soy
milk. Probiotic soymilk supplementation also
led to a significant improvement in estimated
GFR (15.9 + 10.8 mL/min versus 3.2 + 8.4 mL/
min, P <.001) and a marked increment in serum
genistein (17.6 + 15.3 mg/dL versus 4.5 + 2.3 mg/
dL, P =.003) compared with the control group.

Adherence to soy milk consumption was a
problem for some of the participants, especially at
the beginning of the study. However, adherence
was good in 90% of of the participants who
used at least 50 bottles out of 56 bottles of their
probiotic or conventional soy milk. These results
were also confirmed by measuring serum genistein
concentration, which showed an increment of
serum genistein in all of these participants. There
were only negligible complaints about flatulence
(4 people in the intervention group and 5 in the
control group) and the specific taste of soy milk
at the beginning of the intervention.

Table 3. Baseline Biochemical Factors of Study Participants Who Received Either Conventional Soy Milk or Probiotic Soy Milk*

Probiotic Soy Milk Group

Soy Milk Group

Characteristic (n = 20) (n = 20) P
Interleukin-18, pg/mL 286.14 + 207.80 335.14 + 266.65 .52
Serum sialic acid, mg/dL 223.60 +44.72 232.33 +40.79 .52
Serum creatinine, mg/dL 1.01+0.11 1.03+0.16 .51
Serum genistein, nmol/L 24.31+13.9 22.30 + 13.46 .65
Glomerular filtration rate, mL/min/1.73m?2t 715+95 72.1+9.1 84
Urinary albumin-creatinine ratio, mg/g 145.8 £ 291 147.0 £ 38.6 91

*All values are means * standard deviation.

tCalculated based on the CKD-EPI equation (2009) not adjusted for body surface

Table 4. Anthropometric Measures and Kidney Function Indices at Baseline and After Intervention in Study Participants Who Received

Either Conventional Soy Milk or Probiotic Soy Milk*
Probiotic Soy Milk Group

Soy Milk Group

(n =20) (n =20)
Parameter P
Before After Chanae Before After Chande
Intervention Intervention 9 Intervention Intervention 9
Body weight, kg 70.84 £+10.78 70.40+1042 -0.56+1.07 71.61+£11.43 71.21£11.45 -0.5+£0.51 .96
Body mass index, kg/m?  26.68 + 3.2 26.51 + 3.07 -0.17 £ 0.29 26.58 + 3.27 26.33 £ 3.34 -0.25+0.21 .31
Waist-hip ratio 1.52 £ 0.41 1.49 + 0.38 -0.03 £ 0.04 1.59 £ 0.51 1.54 +0.47 -0.05 +0.07 .35

Serum interleukin-18,
pg/mL

286.14 + 207.8 236.96 + 181.87 -49.18 £48.22 335.14 + 266.65

326.1 £260.34 -9.03+18.65 .002

Serum sialic acid, mg/dL  223.6 + 44.72 206.2 + 43.24

-17.4 £ 1143 232.33+40.79 227.95+40.5

-4.37 £9.91 .001

Serum creatinine, mg/dL 1.01+0.11 0.83+0.16 -0.17 £ 0.11 1.03+0.16 1.00+£0.14 -0.03+£0.08 <.001

Serum genistein, nmol/L  24.31 +13.9 41.9+16.0 17.6 +15.3 22.33+134 26.8+12.8 45+10.6 .003

Glomerular filtration rate, 71.5+9.5 87.5+14.2 15.9+10.8 72.1+91 754 +11.13 3.2+8.4 <.001
mL/min/1.73m?t

Urinary albumin- 145.8 +29.1 129.36 + 31.9 -16.5+£12.2 147.0 + 38.6 141.36 £ 37.9 -5.7+15.04 .03

creatinine ratio, mg/g

*All values are means * standard deviation.

tCalculated based on the CKD-EPI equation (2009) not adjusted for body surface
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This is the first time that the effect of
administration of probiotic soy products is
assessed and reported on kidney function of type
2 diabetic patients with nephropathy. Our findings
demonstrated the beneficial effects of consumption
of soy milk containing Lactobacillus plantarum A7
on kidney-related indexes among diabetic patients
with nephropathy for 8 weeks. Probiotic soy milk
significantly amended GFR and led to a significant
reduction in urinary albumin-creatinine ratio,
serum creatinine, serum IL-18, and serum sialic
acid concentrations. No significant differences were
detected in weight, body mass index, waist-hip
ratio, and physical activity among the intervention
and the control groups, during the study. Hence,
we concluded that the observed effects were not
associated with change of anthropometric indexes.

Serum genistein concentration was assessed to
detect the possible effect of Lactobacillus plantarum
A7 on bioavailability of bioactive compounds of
soy milk. Our results showed that the adherence
to the intervention was good and the increment of
serum genistein was 4.5 = 10.6 nmol/L (P = .07) and
17.6 £ 15.3 nmol/L (P < .001) for the control group
and intervention group, respectively. After adjusting
for baseline values the difference between the two
groups was significant (P = .003). In agreement
with our study, Kano and colleagues, Rekha and
colleagues, and Tsangalis and colleagues showed
that lactic bacteria glucosidase activity could
increase the bioavailability of soy isoflavones.!*1¢
This action is done by bioconversion of glycosidic
form of isoflavones into aglyconic form, which is
more bioavailable, more active and are absorbed
more rapidly and efficiently than glycosides."”

In the current study, administration of probiotic
soy milk containing Lactobacillus plantarum A7 and
conventional soy milk resulted in a significant
decrease in serum concentration of IL-18 in the
both groups. The between-group difference for
IL-18 was also significant in probiotic soy milk
group compared with the control group (P = .002).
Concentration of IL-18 in serum is positively
associated with the development of DN and can be
used as a reliable prognosticator of vulnerability
and progression of DN.'"® Additionally, it has
been stated that IL-18 is independently associated
with renal injury in type 2 diabetic patients with
nephropathy,'*?’ and targeting IL-18 or its receptor

can amend DN.2! In line with our results, Azadbakht
and associates, in a crossover clinical trial on 42
postmenopausal women with metabolic syndrome,
showed that soy nut consumption can significantly
reduce IL-18 compared with the control diet.?? The
underlying pathways is not understood well enough
to give an exact mechanism. However, it has been
suggested that soy isoflavones®?* or particular
polyunsaturated fatty acids® are related to a lower
concentration of pro-inflammatory cytokines. In
addition, it has been suggested that ingestion of
probiotic bacteria may have an independent effect on
reduction of pro-inflammatory cytokines,” but the
importance of anti-inflammatory role of probiotics
on systematic inflammation is still unknown.

Findings from the present study showed that
consumption of probiotic soy milk significantly
decreased serum sialic acid concentration compared
with conventional soy milk. Increased levels of
SSA has been used as a biochemical marker for
cell membrane injuries, particularly vascular
damages. Linberg and colleagues showed that
higher concentration of SSA was associated with
increased risk of microvascular complications
of DM such as DN and measuring of sialic acid
could be used in discovering of degenerative
complications of DM.?” Moreover, Nayak and
associates reported that increased SSA concentration
in diabetic patients with nephropathy was related
to renal tissue damage.? Crook and colleagues also
suggested that SSA concentration was a risk factor
for microvascular complication in diabetic patients
with microalbuminuria and clinical proteinuria
and it was possible to use it as a marker in these
pathological conditions.?”” Our findings suggested
that consumption of probiotic soy milk for 8 weeks
was able to significantly reduce SSA concentration,
maybe due to attenuation of kidney-related
microvascular complications of DM, decrement
of glomerular damage, or tubulointerstitial
fibrosis, compared with conventional soy milk.
These findings are in line with positive effects
of soy product on kidney function in previous
studies.’® %% These effects could be explained by
the influence of soy isoflavones on improvement
of inflammation, ' the effect of soy protein on renal
function,® or independent effect of probiotics to
reduce inflammation.*

The results indicated that soy milk containing
Lactobacillus plantarum A7 had a beneficiary
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effect on albuminuria. In line with our findings,
Azadbakht and colleagues showed that soy protein
consumption significantly improved proteinuria
in type 2 diabetic patients with nephropathy.?#
Ranganathan and colleagues, in a randomized
controlled trial, showed that kidney function was
improved as a result of probiotic administration
while no serious adverse effect was observed
in patients with chronic kidney disease.!! It has
been stated that beneficiary effects of probiotics
on inflammation and the possible effect of lactic
bacteria on reducing renotoxic metabolites of gut
bacteria might be responsible in the reduction of
urinary albumin excretion.*?* Moreover, probiotics
and soy products might have an additive effect to
attenuate albuminuria in type 2 diabetic patients.

Our findings indicated that taking probiotic
soy milk among type 2 diabetic patients with
nephropathy was associated with improvement
of GFR compared with conventional soy milk.
Probiotic soy milk also led to a significant
decrement in serum creatinine compared with
the control group. Regarding the findings of the
previous studies which have evaluated the effect
of probiotics or soy products on kidney function
in patients with nephropathy, it can be suggested
that probiotic soy milk might be able to improve
kidney-related indexes due to the effect of either
soy or lactic bacteria on reducing inflammation
and the pro-inflammatory cytokines, attenuating
glomerular injuries and tubulointerstitial lesions,
and decrement of renotoxic bacterial products
such as trimethylamine N-oxide, p-cresol, and
indoxyl sulfate which may have toxic effects on
renal tubules.® Moreover, it must be kept in mind
that soy and probiotic might have synergistic
biotherapeutic effects, too. Hence kidney function
indexes might be promoted by the aforementioned
mechanisms.!13313235 The effect of soy products
on improving kidney functions in type 2 diabetic
patients with nephropathy is well established.
However, the novel achievement of the current
study is that, it might possible to intensity the
beneficiary effects of soy by using it as medium
for probiotics.*” Therefore, patients with DN can
take more advantage of it, due to direct effect of
lactic bacteria on inflammation and its indirect
effect of probiotics to improve the bioavailability
of soy bioactive compounds.

Some limitations of our clinical trial need to
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be taken into account. Although, we did not find
any serious side effect, long-term consumption
of soymilk contacting Lactobacillus plantarum A7
must be investigated in future trials. Furthermore,
it would be helpful to assess the composition of
fecal residue and population of gut flora in the
future studies. Additional studies are needed to
confirm our results.

The key outcomes of this randomized controlled
trial included a significant improvement in urinary
albumin-creatinine ratio, GFR, and serum creatinine,
and lack of any serious side effects in probiotic
soy milk compared with conventional soy milk.
Administration of probiotic soy milk also resulted
in a significant decrease in IL-18 and SSA, which
are markers of progression of DN.

None declared.
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