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ABSTRACT

Introduction To alleviate clinical symptoms of diabetic
nephropathy (DN), several dietary and non-dietary
strategies have been suggested. Probiotic-enriched

foods, through their effects on modulating microflora,
might help these patients control the adverse effects.

The current study will be done to examine the effects of
probiotic yoghurt consumption on albumin to creatinine
ratio, estimated glomerular filtration rate (eGFR) and
metabolic parameters in patients with type 2 diabetes with
nephropathy.

Methods and analysis Sixty patients with DN will be
recruited in this study. After block matching for sex, body
mass index and age, patients will be randomly assigned to
receive 300 g/day probiotic yoghurt containing 10% CFU/g
Lactobacillus acidophilus and Bifidobacterium lactis strains
or 300 g/day plain yoghurt daily for 8 weeks. Weight,
height and waist circumference will be measured at study
baseline and after the intervention. Biochemical indicators
including glycaemic measures (haemoglobin A1c (HbA1c),
fasting blood sugar (FBS)), inflammatory markers (high
sensitivity-C reactive protein), lipid profile (total cholesterol
(TC), triglyceride (TG), low-density lipoprotein (LDL),
high-density lipoprotein (HDL)) and finally renal makers
(creatinine, albumin to creatinine ratio, eGFR) will be
assessed at study baseline and at the end of the trial.
Discussion Improving the condition of a person with

DN is a serious clinical challenge. The use of probiotic
supplements has been considered in these people, but the
use of probiotic-enriched foods has received less attention.
Trial registration number Iranian Registry of Clinical
Trials (www.irct.ir) (IRCT20201125049491NT1).

BACKGROUND

Diabetic nephropathy (DN), a complication
of diabetes, is one of the main causes of end-
stage renal disease.'™ It often results from
an increase in base membrane thickness,
mesangial cell proliferation, deposition of
extracellular matrix proteins, and afferent

Strengths and limitations of this study
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» In this study, patients will be block matched with
each other in terms of several variables.

» This study will use probiotic strains available in the
food market and will not focus on specific strains
that may have different health effects.

» Compliance to the intervention will be assessed
throughout the study.

» It would be better to quantify urinary protein excre-
tion in a 24-hour urine sample; however, due to dif-
ficulties in the field, we would not be able to do this.
Instead, we will examine the protein excretion in a
spot urine sample in the early morning.

and efferent vascular hyalinosis, which even-
tually leads to glomerular fibrosis.” * ** In
2015, the number of people with diabetes
was about 415 million worldwide, and this is
anticipated to reach 642 million in 2040."*? It
has been estimated that 40% of patients with
diabetes eventually develop kidney disor-
ders."” Thus, it is important to consider the
significant impact of this condition on indi-
viduals and society.' **

Finding a cheap and appropriate strategy to
manage this condition is of great priority." !
Recent studies have shown that changes in
intestinal microflora might play a role in the
development of DN." An increase in the
number of harmful bacteria in the intestine
has been associated with elevated uraemic
toxins, such as NH3, amines, indoles, thiols
and phenols in individuals with gut micro-
biota dysbiosis."”” Some studies have admin-
istered probiotic supplements as a strategy
for modulating gut microflora and reported
favourable effects on renal function.'* ' For
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instance, supplementation with probiotics in patients with
nephropathy resulted in reduced serum concentration of
uric acid and blood urea nitrogen (BUN).''® However,
some studies failed to reach such a significant effect.
Borges et al administered probiotic supplements for 12
weeks in patients with chronic kidney disease and did not
show any significant effect on uraemic toxins and inflam-
matory markers.'? Some studies have shown that adminis-
tration of probiotics in high doses in the form of dietary
supplements might result in infection.” *' In addition,
prescription of these supplements would be associated
with additional cost to patients and their family.'® ** This
might result in discontinuing these supplements despite
their probable beneficial effects.

Introduction of probiotic-enriched foods might be a
good choice for taking benefits of these products among
patients. Despite a number of studies on the impact of
probiotic supplements on renal function, only a few
studies have looked at the impact of probiotic-enriched
foods. Abbasi et al, in a study on 44 patients with DN,
indicated the favourable effects of consuming soy milk
containing Lactobacillus plantarum A7 for 8 weeks on
albumin to creatinine ratio, creatinine and glomerular
filtration rate (GFR).! However, they did not report the
effects on glycaemic factors. In addition, L. plantarum was
rarely used in the available probiotic-enriched foods in
the market; rather most available foods have used Bifido-
bacterium lactis and L. acidophilus. In a 6-week clinical trial
on 64 patients with diabetes, consumption of probiotic
yoghurt resulted in a significant reduction in haemo-
globin Alc (HbAlc) and fasting blood glucose.”® Given
the limited evidence on this area, the present study aims
to examine the effect of probiotic yoghurt consumption
on renal, inflammatory and metabolic factors in patients
with DN.

PATIENTS AND METHODS

Participants

The present study will be a parallel and double-blind
controlled clinical trial among patients with DN (albumin
to creatinine ratio 30-299mg/g Cr, estimated GFR
(eGFR) >30mL,/min/1.73 m?),** aged 20-70 years with a
body mass index (BMI) <40kg/m®. The study is designed
to be done in the Diabetes Clinic of Imam Khomeini
Hospital in Tehran, Iran. The intervention will start in
June 2022 and will end in September 2022.

Inclusion criteria

In this study, we will recruit patients: (1) with DN
with microalbuminuria (albumin to creatinine ratio
30-299mg/g Cr, eGFR 230mL/min/1.73 m2); (2) aged
20-70 years; (3) with BMI less than 40 kg/mQ; (4) who
have a fixed plan for medication use during the last 3
months.

Non-inclusion criteria
Patients will not be included if they (1) have a history of
chronic diseases including inflammatory bowel disease

(IBD), liver disease, rheumatoid arthritis and other renal
disorders except for DN; (2) have a history of smoking
and alcohol use; (3) have a history of taking antibiotics
and Non-steroidal anti-inflammatory drugs (NSAIDs)
during the last month; (4) were taking omega 3, vitamins
E and C supplements during the last 3months; (5) were
consuming probiotic supplements or foods containing
probiotics during the last 3months; (6) were pregnant or
lactating women, individuals with lactose intolerance or
those planning to get pregnant in the next 3months.

Exclusion criteria
We will exclude the following patients: (1) those who
get pregnant throughout the study; (2) those who have
a weight change (+3kg) during the study; (3) those who
change the dose of medications during the study; (4)
those who are on a specific diet throughout the study.
All participants will read and sign the informed consent.
This study has already been approved by the ethics
committee of Tehran University of Medical Sciences (IR.
TUMS.MEDICINE.REC.1399.1132).

Sample size calculation

Considering type I error of 5% and type II error of 20%
and the study power of 80%, and urinary albumin as the
key variable,” we computed the required sample size
using the suggested formula for parallel clinical trials®:

2[(21_%41,3)2@}
- =

n=samplesize in each group.

According to the above calculations, 22 people in each
group (44 people in total) will be needed. Considering
the possible drop-out of 20% and non-compliance of indi-
viduals, 30 people in each group (60 people in total) will
enter this study.

Study design and intervention

A diagram of the study design is shown in figure 1. Indi-
viduals will be enrolled based on inclusion criteria. First,
all study participants will pass a 2-week run-in period,
during which three 24-hour food recalls (2 working days
and 1 weekend day) will be used to collect dietary infor-
mation. In addition, subjects will be requested to record
their physical activity for 2days (1 working day and
lweekend day) during this period. Information about
demographic characteristics, medical history, medication
use as well as socioeconomic status will be collected in this
period through the use of a questionnaire in a face-to-face
interview. Then, at the end of the run-in period, anthro-
pometric measures, glycaemic status, renal function, lipid
profile, inflammatory markers and blood pressure will
be evaluated. Participants will then be placed in blocks
based on age (+byears), gender (male/female) and BMI
(£2 kg/mg). Each block will consist of two persons almost
similar in terms of age and gender and BMI. Patients with
a prespecified code will then be randomly assigned to
the intervention and non-intervention groups by a third
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Figure 1

person, who is not aware of the study aim. Study inves-
tigators, participants and the laboratory team will all be
blind to the intervention. Patients in the intervention
group (n=30) will consume 300g probiotic yoghurt per
day (enriched with B. lactis and L. acidophilus strains at
a dose of 106CFU/g of live bacteria) for 8 weeks. Indi-
viduals in the non-intervention group (n=30) will take
300g plain yoghurt (without any added probiotics) per
day for this time period. The yoghurt used in both groups
will have the same flavour and appearance, and is hidden
from researchers. The yoghurts that will be given to both
groups will be packed in the same container to have the
same flavour and appearance and there is no label on the
container to identify the contents. Throughout the inter-
vention, subjects will be asked to refrain from changing
their daily diet and routine daily physical activity. Every
2weeks, participants will get yoghurt packages. To
examine compliance, a 24-hour dietary recall once every
2weeks will be completed. All study outcomes will be
examined again at the study end.

Adherence

Study subjects will be given a checklist to keep track of
their daily probiotic or normal yoghurt intake. They
will receive daily reminders on their mobile phones to
promote compliance and prevent forgetting to consume
probiotic or conventional yoghurt daily. In addition, each
time yoghurt packages are delivered, patients will be

Patient will complete the trial and analysis

Diagram of the study design. CONSORT, Consolidated Standards of Reporting Trials.

requested to return empty packages of consumed ones.
Additional packages of conventional yoghurt will be
offered to study participants for possible family members’
use to ensure that the yoghurts are consumed by the study
participants and not their family members.

Primary and secondary outcome measures

The primary study outcomes would be albumin to creati-
nine ratio. The study secondary outcome variables would
be eGFR, glycaemic factors (HbAlc, fasting blood sugar
(FBS)), inflammatory markers (high sensitivity-C reactive
protein (hs-CRP)), lipid profile (total cholesterol (TC),
triglyceride (TG), low-density lipoprotein (LDL), high-
density lipoprotein (HDL))

Dietary intake and physical activity assessment
To ensure the lack of change in dietary intakes of partici-
pants throughout the study, we will fill three 1-day dietary
recalls every 2weeks throughout the study. Dietary recall
format is presented in the online supplemental file A.
Due to the COVID-19 pandemic, dietary recalls will be
completed through phone calls. Based on the examina-
tion of these dietary recalls, we will calculate the dietary
intake of food and nutrients for study participants. Nutri-
tionist IV will be used to perform this calculation.
Subjects will also be requested to record their physical
activity for 2days in order to examine the difference in
activity between the two groups (one for a working day
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and one for weekend). All participants will be educated
on how to record their activities throughout the study
before the start of the trial. Furthermore, patients in both
groups will be asked not to change their physical activity
throughout the trial. In order to analyse physical activity
records, we will use Metabolic equivalent of task (MET)-
hour/day values for each type of physical activity, based
on published guidelines,?” considering the time spent
by each participant. The format of the physical activity
record is shown in the online supplemental file B. All
recalls and records would be reviewed immediately and
possible problems will be resolved by interview.

Anthropometric measures

Data on anthropometric measurements will be collected
at the study baseline and end of trial. Body weight will
be measured in a fasting state, without shoes, with
minimal clothing using digital scales (Seca, Hamburg,
Germany) to the nearest 100 g. Standing height will be
measured using a standard stadiometer without shoes
with an accuracy of 0.5cm. Waist circumference will be
measured using a tape measure at the distance between
the suprailiac bone and the last rib with an accuracy of
0.5cm at the beginning and end of the study. BMI will be
calculated using the measured height and weight (weight
(kg) /height (m?)).*

Assessment of biochemical indicators

At the study baseline and after the intervention, 10mL
blood sample will be taken from each person in a
fasting state (<12hours) and serum will be separated
from the whole blood by centrifugation for 10min at
3500 rpm. Fasting plasma glucose levels and HbAlc will
be measured at the sampling day using standard methods
by the commercial kits (Pars Azmoun Co, Tehran, Iran).
HbAlc will be measured in the whole blood by turbidim-
etry method using the AutoAnalyzer. For further analyses,
the serum will be immediately frozen at =70°C until the
relevant tests are performed. Serum TC and TG concen-
trations will be measured using laboratory methods
through enzymes such as cholesterol esterase, cholesterol
oxidase and glycerol phosphate oxidase, respectively, and
using standard kits. HDL-cholesterol will be measured
after the deposition of apolipoprotein B, which contains
lipoproteins with phosphotongistic acid. LDL-cholesterol
levels will be measured using Friedwald formulas.”’ In
order to measure inflammatory factors, after separating
the serum from the blood sample with the help of ELISA
kit, the serums will be stored in a freezer at —80°C until
the tests are performed. Serum levels of inflammatory
factors including hs-CRP will be measured. Serum levels
of inflammatory factor will be measured using a commer-
cial ELISA kit based on the Sandwich ELISA method.

Renal function

Before and after the intervention, spot urine samplesin the
early morning will be collected from patients in a fasting
state to examine biomarkers of renal function. Urinary

albumin will be quantified by Hitachi 902 AutoAnalyzer
(Boehringer Mannheim, Germany). BUN and creatinine
will be assessed using commercial kits available in the
market (Pars Azmoun) based on a 10mL blood samples
that will be taken from each person in a 12-hour fasting
state. The following formula will also be used to calculate
eGFR and urine albumin-creatinine ratio (UACR).
eGFR=GFR=141xmin  (Scr/x, 1)*xmax (Scr/x,
1)712%9%0.993%8x1.018 (if female)x1.159 (if black).

Scris serum creatinine (mg/dL), K is 0.7 for female and
0.9 for male, o is —0.329 for female and —0.411 for male,
min indicates the minimum of Scr/x or 1, and max indi-
cates the maximum of Scr/x or 1.

UACR (U)=urine albumin (mg/dL)/urine creatinine
(g/dL).

Blood pressure

Patients’ blood pressure is measured from the right hand
while sitting with the help of a mercury barometer cali-
brated by the Iranian Institute of Standards and Industrial
Research. Patients will be asked to refrain from smoking,
exercising or drinking tea/coffee for 1hour before the
measurement. They must also have an empty bladder
before measuring their blood pressure. The patient’s
blood pressure is taken twice at a 5-minute interval while
seated for bmin. The pressure measured after hearing
the first Korotkoff sound is equal to the systolic blood
pressure, and the pressure measured after the Korotkoff
sound fades is equal to the diastolic blood pressure. The
average of the two measurements will be used to calculate
the systolic and diastolic blood pressures.

Other variables

We will apply a general questionnaire to collect informa-
tion about participants’ age, sex, marital status (single/
married), level of education (below diploma/higher or
equal to diploma), supplement consumption status (yes/
no), family history of the disease (diabetes; cardiovascular
disease; cancer; liver disease; kidney, lung, thyroid disease;
and central nervous system disorders), tobacco use (non-
smoker/ex-smoker/current smoker), job (employee,
worker, freelancer), duration of diabetes (years) and
insulin injection (yes/no).

Adverse events

The adverse effects of the dietary intervention will be
asked to be reported by study participants. This will be
done in a weekly contact the investigators would have
with study subjects. All reported adverse effects will be
recorded and explained in the final report.

Statistical analysis

All analyses will be done using SPSS software V.26. First,
we will apply the Kolmogorov-Smirnov test to examine
the normality of the variable distribution. A logarithmic
transformation will be used if the variable was non-
normally distributed. The findings will be reported as
means+SDs or percentages, as appropriate. Baseline char-
acteristics of study participants will be reported separately
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by two groups. Differences in food and nutrient intake
throughout the intervention will be examined by the
use of Student’s t-test. The effects of probiotic yoghurt
consumption on outcome variables will be assessed using
repeated measures analysis of variance, in which we
will take into account the differences in baseline levels
of these variables as well as the probable difference in
dietary intake throughout the intervention. In addition to
considering means of variables in these analyses, changes
in outcome variables following the intervention will also
be assessed and reported. Furthermore, to simplify the
effect of the intervention, we will also compute per cent
changes in any outcome variable in the study. P<0.05will
be considered as statistically significant.

Patient and public involvement

The trial design, rationale and planned intervention have
been discussed and planned with consumers to ensure
acceptability. Patients approached for recruitment will be
asked to complete a short questionnaire to provide feed-
back on their concerns relating to nature of interventions
they would accept. Those participating in the trial will
also be asked for feedback on the trial intervention, the
trial process and any difficulties encountered. Informa-
tion regarding their attitudes towards the implementa-
tion of trial findings, if positive, will also be sought.

DISCUSSION

The average incidence of DN is high (3% annually) during
the first 10-20 years following the onset of diabetes.”
Hyperglycaemia, insulin resistance, oxidative stress and
lipid disorders play an important role in the pathogen-
esis of DN.”'** Dysbiosis (changes in the composition of
intestinal microbiota) appears to be a sensitive factor in
the developing and progressing chronic kidney disease.”
Probiotics might play a key role in modulating intestinal
bacterial flora and alteration of intestinal permeability.*®*’
In addition, given the role of inflammation in the patho-
genesis of DN, probiotics can ultimately lead to increased
insulin sensitivity, glycaemic control and reduced inflam-
mation through producing short-chain fatty acids.” *
Despite a number of studies on the impact of probiotic
supplements on renal function, only a few studies have
investigated the impact of probiotic-enriched foods." *’
However, some studies did not perform a blinded study
and some others have used bacterial strains that are not
routinely used in the production of probiotic-enriched
foods. In the current study, we aimed to evaluate the
effect of probiotic yoghurt consumption on albumin
to creatinine ratio, eGFR and metabolic parameters in
patients with type 2 diabetes with DN. In case of finding
an appropriate effect of commercially available probiotic-
enriched foods on outcome variables in the current study,
the inclusion of these foods in the dietary management of
patients with DN would be a cost-effective method to take
advantage of probiotics.
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