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Abstract

Introduction. The main goal is to test the efficacy of a synbiotic product which consists of the selected probiotic
strains (Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus acidophilus, Bifidobacterium longum,
Bifidobacterium bifidum), inulin, pectin, and fish collagen in adults diagnosed with metabolic syndrome.

Materials and methods. This double-blind placebo-controlled trial was conducted among 180 participants aged
25 to 75 years. Subjects with and without metabolic syndrome were randomly assigned to receive synbiotic or
placebo daily for three months. 134 of 180 participants completed the study.

Results. Compared with the placebo group, the synbiotic group had significantly decreased total cholesterol
(TC) from 5.16+0.95 to 4.86+0.86 mmol/L, due to lowering the levels of LDL and triglyceride (p <0.0005). The
present findings suggest positive influence of the tested synbiotic on controlling excess weight and in treating some
metabolic disorders in adults.

Conclusion We conclude that the presented synbiotic formulation here has potential within efforts to reduce the
risk and progression of the metabolic syndrome. This trial suggests beneficial effects of a synbiotic supplement for
controlling excess weight, as well as the progression of some metabolic disorders, as determined from circulating
levels of risk factor biomarkers among adults.

Key words: synbiotic, metabolic syndrome, lipid profile.
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Institutes:
! National Laboratory Astana, Hazap6aeB YHuBepcurtet, Hyp-CyntaH, Pecny6nuka KasaxcTaH;
KasaxctaHckoe ob6uecTBo uccnegBoatenen Mukpob6uoma uenoBeka, Hyp-CyntaH, Pecny6nuka

KasaxcTaH;
8 LleHTp aKcnepuMMeHTaNnbHbIX U KIIMHUYECKUX UCCefoBaHUN B Koonepauuu ¢ LLlapute YHuBepcuteTckas
MeauumHa BepnuHa u LleHTp MonekynsapHon meguuuHbl Makc Oenb6pyka, 13125 BepnuH, FepmaHus;
* lWapute YHuBepcuTeTCcKan MeauumHa BepnuHa, kopnopaTUBHbLIN YneH CBOGOAHOrO yHMBepcUTeTa B
BepnuHe, Nym6onbaTckoro yHuBepcuteta B BepnuHe u BepnuHckoro uHctutyta 3a0poBbs, 10117
BepnuH, N'epmaHus;

LlenTp monekynsipHon meauumHbl Makca Oenb6proka npu Accoumauum Menbmronbua, 13125 Bepnuh,
FepmaHus;
6 EBponeiickaa nabopatopusi MonekynsipHou 6uonorum (EMBL), otaen CTPyKTypHOM U BbIYUCTIUTENIbHOWN
6uonoruwn, Neaens6epr, NepmaHus;
" BonbHuua MeanumMHckoro Llentpa YnpaBneHus Odenamu MMpe3unpeHta Pecny6nukmn KasaxcrtaHn, Hyp-
CynraH, Pecny6nuka Kasaxcrah;
8 "Kazaxckuin HaunoHanbHbIn MeauuMHCKUA yHuBepcuteT umeHn C. O. AcdeHpusipoBa, Anmarbl,
Pecny6nuka KasaxcTaH;
o University Medical Center, Hazap6aeB YHuBepcuteT, Hyp-CynTtaH, Pecny6nuka KasaxcTaH.

BeepeHue. OcHoBHas Lenb - NpoBepuTb 3PEKTUBHOCTb CUHOMOTUMYECKOTO NMPOAYKTA, KOTOPbLIA COCTOMUT W3
oTobpaHHbIX NpobuoTudeckux wTammoB (Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus
acidophilus, Bifidobacterium longum, Bifidobacterium bifidum), WHynuH, NEKTUH U PbIOHLIA KOnMareH cpeau
B3POCIOr0 HAaCENEHMS C AMarHOCTUPOBAHHBIM MeTabosIM4ecknum CUHOPOMOM.

Martepuanbl n meToabl. ITO ABOMHOE crenoe nnauebo-KOHTponMpyemoe uccnefoBaHue Obino npoBeaeHo
cpean 180 yyacTHukoB B Bo3pacte oT 25 no 75 net. CyObekTbl ¢ MeTabonmyeckum CUMHAPOMOM U 6e3 Obinu
CnyyanHbiM 06pa3oM pacnpegeneHbl Ha npuem cuHGMoTMKa unu nnaue6o. MpogykT NpUHUManW exenHEBHO B
TeyeHue Tpex mecsues. 134 3 180 yyacTHUKOB 3aBepLUMIIN UCCNEOBAHME.

PesynbTathbl. [0 cpaBHeHuto ¢ nnauebo, B rpynne, NpuHMMaBLUEN CUHOWOTUKM, 0OLLMI YPOBEHb XONECTEPUHA
(TC) 3HaumTenbHO cHuauncs ¢ 5,16 + 0,95 o 4,86 + 0,86 mMmonb / n 3a cyeT cHwxeHus yposHs JIMHIM n
Tpurmuuepuzos (p <0,0005). MNonyyeHHble faHHble CBUAETENBCTBYIOT O MOSIOKUTENIbHOM BIUSIHAN TECTUPYEMOrO
CMHOMOTWMKA Ha KOHTPOSb M3DLITOYHOrO BECA W NEYEHNE HEKOTOPbIX HApYLLEHU OOMeHa BELLECTB Y B3POCTbIX.

3aknoyeHue. Mbl NpULLNK K BbIBOAY, YTO UCCNEAYEMbIA CUHBMOTUK UMEET NOTEHLMAN MO CHUXKEHUIO pucka W
MporpeccnpoBaHnst MeTabonuyeckoro cuHapoma. Hacrosiee nccnenoBaHue onpeaennno nosuTUBHLIR addekT
MPYMEHEHUICMHONOTMKA B KayeCTBE BCMOMOraTeslbHOM Tepanuu Ans KOHTpons u3bbITOYHOTO Beca, a TaKkke
MPOrpeccpoBaHme HEKOTOPbIX METABONMYECKIX HAPYLLIEHUIA.

Kntodeeble cnosa: cuHbuomuk, memabonudeckull CUHOPOM, UNUOHbIG NPogUIb.
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Institutes:
! National Laboratory Astana Hasap6aeB YHuBepcureTi, Hyp-CyntaH, KasakctaH Pecny6nukaceoil;

Apam MukpoGuomachbiH 3epTTeywinepaiH KasakcTaHAablk Kofambl, Hyp-CynTtaH, KasakctaH
Pecny6nukacsi;
3 BepnuHHiH Charite University Medicine xaHe Makc [enGpyk Monekynanbik MeguuuHa opTanbifbIMEH
Giprece oTbIpbIN 3KCNEPUMEHTTIK XX9He KIUMHUKanbIK 3epTTeynep opTanbifbl, 13125 BepnuH, FepmaHus;
4 BepnuHHiH Charite University Medicine, BepnuHHiH epkiH yHuBepcuTeTiHiH, BepnuHHiH MNym6onbaT
!HMBepCMTeTiHiH *9He BepnuH aeHcaynbIK caKktay MHCTUTYTbIHbIH, 10117 BepnuH, Nepmanus;

Makc OdenGpiok Monekynsapnbik MegauuvHa opTanbifbl, enbMronbl KaybimpacTtbiFbl, 13125 Bepnuh,

FepmaHus;

Monekynanblk ©OuonorusinbiH Eyponanbik 3eptxaHacbl (EMBL), KypbinbiMablKk XaHe ecenTtey
ouonoruscol 6enimi, lenpaenb6epr, FepmaHus;
! KasakctaH Pecny6nukacbl Npe3ngenTi Ic 6ackapmackl MeauunHanbik opTanbifbiHbIH AypyxaHachbl, Hyp-
CynTaH, KasakcTtaH Pecnybnukachi;
. CcXK AcdengusapoB artbiHaarbl Kasak ynTTblK MeauuuHa yHuBepcuteTi, Almaty, KasakctaH
Pecnybnukachbl;
o University Medical Center, Hazap6aeB YHuBepcuteT, Hyp-CynTtaH, Kazaxctan Pecny6nukachi.

Kipicne. Heriari makcat - TaHaanfas npobuoTtukanslk wrammaapaaH (Lactobacillus plantarum, Lactobacillus fermentum,
Lactobacillus acidophilus, Bifidobacterium longum, Bifidobacterium bifidum), uHynuH, nekTuH xaHe GanblK konnareHiHeH
TypaTbiH CUHOMOTUKANBIK OHIMHIH, TMIMAinITiH MeTabonmkanbiK CMHAPOM AWarHo3bl KOWbIFaH epecek TyPFbiHAAp apacbiHaa
TeKcepy.

Matepuangap meH agictep. byn Kocapnbl xacklpblH nnale6o-0akbinaHatbiH 3epTTey 25-TeH 75 xacka aerinri 180
KaTbICyLbinapabliH, apackiHga xyprisingi. Metabonukanbik cuHOpOMbl 6ap eHe XOK CyObekTinep CUMHOMOTMK Hemece
nnauebo kabbingayFa kesneicok OeniHreH. ©HIM KyH caliblH YW ai iwiHae kabbingaHosl. 180 KaTbiCywwbiHbIH, 134-i
3epTTeyai asKTagbl.

Hatmxenep. lNnauebomeH canbicTbipFaHaa, cuMHOWOTMKTEPH KabbingaraH Tonmta TTJIM MeH ywauunrnuuepuatep
LEHreliHiH, TomeHaeyi ecebiHeH xonectepuHHiH, (KX) xannbl geHreii 5,16 + 0,95-teH 4,86 + 0,86 mmonb/n-re geiiH (p
<0,0005) anTapnbikTail TemeHgeni. AnblHFaH MOMIMETTEP CblHanaTblH CUHOMOTWKTIH epecekTepae apTblK CanMakTbl
Bakpinayra xxeHe 3aT anmacyablH, keinbip Oy3binbICTapbiH eMAEYre OH SCepiH Janenaensi.

KopbITbIHABI. bi3, 3epTTeneTiH cMHOMOTUKTIH MeTabonukanblK CUHOPOMHbIH, KaTepiH xaHe YAeyiH asanTy aneyerti bap
[ereH KopbiTbiHabiFa kengik. Ocbl 3epTTey apTblk CanMakTbl Gakbinayha, coHpai-ak kenbip MeTtabonukanbik
Oy3binbICTapabIiH YaeYiHae KOChbIMLLA Tepanus peTiHae CUHOUOTUKTI KOnaaHyablH OH 8CepiH aHbIKTabl.

Hezizei ce3dep: curbuomuk, memabonukanbik cuHOpom, unudmep 6ediHi.
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Introduction

A recent meta-analysis performed by Shoumeng
Yan and collegues demonstrated that the use of
probiotics improves lipid metabolism [26]. However,
among the populations of Asia, high heterogeneity of
lipid concentrations was noted, which requires
additional research. This study shows for the first time
the effect of probiotic products on health indicators in
metabolic syndrome among a population of Central
Asia. The most active area of research in the market of
functional products is probiotic fermented milk
products. Such probiotic products are able to restore
digestive functions, improve the tolerance of lactose,
and increase the resistance to infectious agents by
modulating the host microflora [7]. Majority of the
studies indicate that the effectiveness of probiotics
depends on properties of the specific strain used,
furthermore, other recent advances suggest that
efficacy will vary depending on the microbiome of the
recipient as well as on the nature of disorders[10].
Since ancient times nomadic people consume probiotic
functional foods, such as saumal (mare's milk),
koumiss, etc. Koumiss is a fermented dairy product
made from mare’s milk, common among the people of
Central Asia. Medicinal properties of koumiss have
been claimed with regards to tuberculosis, malnutrition,
diseases of the pulmonary and cardiovascular systems
as well as the gastrointestinal tract, also for anemia,
allergies, immunodeficiency and cancer[5]. A new
synbiotic yoghurt named NAR developed in our
laboratory, contains microbial strains isolated from the
koumiss as a basis for probiotic action, and
supplemented by prebiotic components was used to
investigate possible properties on metabolic syndrome
patients [15].

The present study aimed to evaluate the effects of
the intake of this synbiotic yoghurt as an auxiliary in the
treatment of metabolic disorders such as obesity,
insulin  resistance, diabetes mellitus and their
comorbidities.

The metabolic syndrome can be characterized as a
pandemic of the 21st century. It consists of four main
components: obesity, high blood pressure, high blood
glucose and high levels of hard digestible fatty acids in
the blood. These components interplay and reinforce
each other, and eventually lead to functional shifts in
organs and systems of the human organism. Moreover,
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over time, it drives the progression of various other
metabolic and cardiovascular diseases, with sudden,
premature death as a possible endpoint. Patients
diagnosed with metabolic syndrome have 3-6 times
higher risk of coronary heart disease, myocardial
infarction, stroke, and diabetes [3, 11].

According to the Kazakh Statistics Committee for
2017, the incidence of type 2 diabetes per 100 000
inhabitants in urban Kazakh districts was 204,2,
compared with 188.4 in 2013[1]. In rural areas these
figures were only 225.1 and 133.3 respectively,
suggesting that factors of the urban lifestyle (diet,
stress, etc.) strongly increase this risk. Epidemiological
studies from 2016 showed, the overall prevalence of
type 2 diabetes in Kazakhstan is 12.5% [23]. According
to the data obtained in cross-sectional study [21] 17,9%
(95% confidence interval (Cl)) 14.7-21.1) and 15,3%
(95% CI 10.7-19.9) women and men, respectively, are
suffering from the metabolic syndrome in South
Kazakhstan [9]. Previous studies reviewed in[4 , 25]
have demonstrated that probiotics have beneficial
effects in the prevention and treatment of metabolic
disorders, through a variety of different mechanisms.
These include modulation of host responses, inhibition
of pathogens and beneficial interaction with the
intestinal microbiota [6, 13].

Materials and methods

Study design and participant recruitment

We performed a randomized, double-blind,
placebo-controlled trial in Nur-Sultan, Kazakhstan. The
study was carried out following the principles of the
Helsinki Declaration and good clinical practice
guidelines. All participants signed the consent
documents. The study protocol and consent documents
were approved by the Ethics Committee of the Center
for Life Sciences National Laboratory Astana
Nazarbayev University with ethical approval number
311/2537  (IORG0006963) and registered in
http://www.isrctn.com with number ISRCTN37346212.

Using the database of the Medical Centre Hospital
of President’s Affairs Administration of the Republic of
Kazakhstan, Nur-Sultan, divisions of registered patients
with diagnosed metabolic syndrome and patients
without information on metabolic syndrome, the
randomization was conducted by computer with two
subsets of possible participants’ results. As a result,
180 patients accepted the invitation. Eligible patients
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were ranged between 25-75 years of age. Adults with
an acute illness or fever at the time of recruitment, who
tested positive for HIV, hepatitis B or C, or for human
papillomavirus (HPV), or who had anamnesis for
surgery of the gastrointestinal tract, including any bowel
resection, or who were pregnant or breastfeeding, were
not included in the study. In addition to the above,
participants were excluded who had used the following
medications during the last 6 months: antibiotics,
antifungal,  antiviral  or  antiparasitic  drugs;
corticosteroids; cytokines; commercial probiotics; or
vaccines. The clinical trial duration was 90 days, and
the participants of both groups received similar
counselling for lifestyle modification regarding dietary

habits. Enrolled patients (either with metabolic
syndrome or healthy with regards to it) were randomly
allocated by computer to the synbiotic group or the
placebo group, respectively. The flowchart in Figure 1
shows the flow of the study from recruitment until its
end. Among 162 participants who took part in the
study, 134 individuals completed it whereas 13
volunteers stopped consuming the synbiotic during the
study. 15 volunteers participated as a control group to
exclude seasonal factors. All participants who
completed the study exhibited good compliance with
the synbiotic consumption and no adverse effects were
reported.
Stool consistency and frequency

Assessed for eligibility (n=180)
Declined to participate (n=18)
Enroliment (n=162)

Placebo group

Synbiotic group

| |

| |

initial clinical and laboratory examination, survey

' 4 -

. '

Metabolic

Metabolic

Haakhy ne2s syndrome n=47

Healthy n=25 syndrome n=52

Duration of symbiotic/placebo taking is 3 months
The product produced in the dairy plant

therapy, long time business trip

Discontinued intervention n=13 due to iliness and antibiotic

Lost to follow-up n=15

l

repeated clinical and laboratory examination, survey

|

|

Placebo group: subjects completed n=61

Synbiotic group: subject completed n=73

Figure 1. Overview of the design of the study.

Stool consistency was assessed according to the
Bristol Stool Form Scale (BSS), classified into seven
consistency categories with the highest scores
corresponding to loose stools and fast transit, while
lower scores represent hard stools and longer colon
transit times. Stool frequency was assessed on a 5-
point scale, where each point corresponds to the
following: 1 - two-three times a day; 2 - once daily; 3 -
every other day; 4 - 1 time per week; 5 - at least 1 time
per week [8, 25].

Physical examination

All anthropometric measurements were made by
the same trained person and under the supervision of
the same physicians. Physical examination was
conducted under standard protocols through calibrated
instruments at the beginning and end of the trial.
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Bodyweight was measured with a digital floor scale to
100g accuracy, without shoes, and with minimum
clothing. Height was measured to 1 mm accuracy, with
a non-elastic tape. Waist and hip circumferences were
measured with a non-elastic tape. Waist circumference
was measured at a point midway between the lower
border of the rib cage and the iliac crest at the end of
normal expiration. Hip circumference was measured at
the maximum girth of the buttocks, and the waist-to-hip
ratio was calculated.

Biochemical measurements

Blood samples were taken from the antecubital
vein. Blood glucose, glycosylated hemoglobin, TC,
LDL, HDL, triglycerides, C-reactive protein were
measured by Abbott Architect ¢c8000 analyzer.
Hemoglobin, erythrocytes, leukocytes, platelets were
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analyzed by Sysmex XN3000. ESR was measured by
Abbott Alifax test 1 in the Medical Center under the
Office of the Kazakh President, Nur-Sultan, Kazakhstan.

Subpopulation composition of lymphocytes and its
quantitative ratio was studied by flow cytometry:
CD3+CD19- (T-lymphocytes),
CD3-CD19+ (B-lymphocytes),
CD3+CD4+ (T-helper),
CD3+CD8+ (T-cytotoxic lymphocytes),
CD3-CD(16+56+) (NK-natural killer),
CD3+CD(16+56+) (TNK-lymphocytes),
CD3+HLA-DR+ (activated T-lymphocytes),
CD3-HLA-DR+ (activated B-lymphocytes),
CD4+/CD8+ ratio (immunoregulatory index).

Participant questionnaire

The participant questionnaire developed based on
Food frequency questionnaire (FFQ) and included more
than 200 questions, including issues related to nutrition,
general health, past illnesses, as well as marital status,
parenthood and education. The questions related to
nutrition included a comprehensive list of different kinds
of food and meals adapted according to common
Kazakh dietary habits. These data were converted to
macro- and micronutrient quantifications.

Synbiotic administration

Synbiotic and placebo were manufactured in the
same dairy plant, packaged and labelled identically.
Synbiotic containing bacteria to a concentration of 108
CFU/daily dose. It contains a combination of S.
thermophilus, L. lactis, L. plantarum, L. fermentum, L.
acidophilus, B. longum, and B. bifidum, derived from
koumiss starter cultures and human isolates from
donors (healthy individuals according to WHO
definitions), with additional prebiotics added, namely
inulin (2%), pectin (0.2%), and fish collagen (0.3%). It
further contains vitamin C, A, D, E, B3, B12, B2, B1, as
well as a complex of essential trace elements and
amino acids. The placebo contained S. thermophilus
only, with taste and smell identical to that of NAR. The
participants were instructed to take two cups (200
gram) a day for three months of either synbiotic or
placebo. Packaging the label of the synbiotic and
placebo product was identical. Whereas patients and
physicians allocated to the intervention group were not
aware of the allocated arm, outcome assessors and
data analysts were kept blinded to the allocation.

Stool sample collection

synbiotic and placebo groups at baseline and on day
90 of the trial. Samples were kept refrigerated before
they were transferred to the laboratory, where all
samples were maintained at -80°C until they were used
for metagenomic studies.

Statistical analysis

Statistical analysis was performed using the
computer software Statistica 8.0. and RStudio 3.1.3.
The difference between study groups was considered
significant when p<0.05. Also, 95% confidence
intervals (Cl) were calculated for the outcome
measures wherever indicated. Statistical analysis of the
FFQ was performed using the FETA software[18].
Agglomerative hierarchical clustering has been
performed by the cluster library using Ward’s method.

Results

The characteristics of new synbiotic NAR

The synbiotic product is a complex of probiotic
bacteria, and also contains inulin as a prebiotic
component, pectin as a plant fiber, and fish amino
peptide collagen as a source of essential amino acids
and minerals. Previously probiotic strains were isolated
from traditional functional products of koumiss, shubat,
airan:  Lactobacillus  plantarum,  Lactobacillus
fermentum, Lactobacillus acidophilus, Bifidobacterium
longum, Bifidobacterium bifidum [16]. In vitro and
preclinical in vivo laboratory tests were performed. As a
result, it was found that the synbiotic drink obtained
according to this formula has antioxidant,
immunomodulatory properties and reduces cholesterol
due to the mechanisms of cholesterol degradation [17].

Independent control tests performed by the Kazakh
Academy of Nutrition by the order of the manufacturer’s
plant, the agrocompany "Rodina", demonstrated the
content of the following vitamins in mg /100 gram: B1-
0.061; B2 — 0.237; B3 — 0.134; B5 — 0.424; B6 — 0.043;
C - 1.615; E - 0.163; as well as folic acid — 3.7 mcg;
retinol — 16 mcg; Calciferol — 2.1 mcg. Along with
vitamins, the synbiotic NAR contains calcium
64.5£12.9 mg/100g, magnesium 19.5£3.9 mg/100g,
iron 4.35+0.87 mg/100g, zinc 1.96+0.14 mg/100g,
copper 0.241+0.0007 mg/100g. The product also
contains the full range of essential and non-essential
amino acids.

Baseline

The demographic and clinical characteristics of the
participants in the placebo and synbiotic groups were

Stool samples were collected from both the  similar at baseline (Table 1).
Table 1.
An overview of the demographic data of participants.
Synbiotic Placebo
Metabolic syndrome Healthy Metabolic syndrome Healthy
n=52 n=25 n=47 n=25
Age (y) 30-73 29-75 30-75 25-71
Gender (M/F) 10/42 5/20 8/39 8/17
BMI 30.70 22.91 30.42 22.46
Smoking habit (y/n) 5/47 0/25 7/36 718
Alcohalic drinks (y/n) 26/26 17/8 15/32 6/19
Coffee (y/n) 18/34 19/6 24/23 18/7
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Converting the dietary information available for
these samples into a uniform format, we calculated
macro- and micronutrient intake for each participant. As

Table 2 shows, the energy and nutrient consumption
was likewise similar between the synbiotic and control
groups at baseline.

Table 2.
An overview of energy and nutrient consumption in study participants.
synbiotic SE placebo SE P (synbiotic/
placebo)
Data for patients with metabolic syndrome
Energy, kcal 4388.11 444.53 5081.54 427.87 0.77
Protein, g 177.58 16.83 216.38 20.02 0.42
Fat - total, g 183.22 18.80 221.99 21.94 0.48
Carbohydrate - total, g 539.57 58.96 591.64 52.65 0.51
Cholesterol, mg 887.90 88.30 933.50 100.71 0.57
Data for healthy patients
synbiotic SE placebo SE P
Energy, kcal 4310.78 558.02 6309.67 423.52 0.59
Protein, g 164.35 21.52 206.64 16.53 0.67
Fat - total, g 198.26 37.59 294.09 25.29 0.37
Carbohydrate - total, g 497.90 54.03 756.77 53.67 0.80
Cholesterol, mg 711.59 77.21 1120.52 113.42 0.18

Shown are mean values and standard errors, as
well as P-values of t-tests for the difference between
synbiotic and placebo groups. No macronutrient differs
significantly with regards to intake in the two study
groups at baseline.

Clinical and laboratory data include anthropometric
measurements, cardiovascular status (systolic and
diastolic blood pressure, heart rate), lipid profile, levels
of inflammatory markers, immunologic status, general
analysis of feces (e.g. coprogram), and reports on stool

consistency and frequency. The baseline of clinical and
laboratory data of the 134 participants completing the
study are shown in Table 3. The findings suggest
significant differences in the main parameters among
patients with metabolic syndrome and healthy, and
clinically confirm that patients with metabolic syndrome
are overweight and hypertension, as well as the
majority of patients in the biochemical blood test, have
elevated glucose and characteristic signs of a lipid
disorder.

Table 3.

An overview of clinical and laboratory measurements for the 134 study participants. Shown are mean and standard
errors, as well as P-values for t-tests of significant differences between healthy and metabolic syndrome subcohorts.

Variables Total Metabolic Healthy P(Metabolic
syndrome syndrome/Healthy)

BMI 27.21+£0.43 29.11+0.39 22.99+0.41 2.292e-16
Waist, cm 88.81+1.74 94.20+1.35 76.78+3.88 0.0001
Hip, cm 81.13+1.74 82.9+3.25 77.1145.64
Stool frequency 1.8410.07 1.7540.08 2.0420.12
Stool consistency (BSS) 2.70+£0.19 2.68+0.21 2.73+£0.42
Hemoglobin, g/L 129.5840.12 131.93+3.28 124.3445.80
Blood glucose, mmol/L 5.13+0.86 5.22+0.14 4.93+0.23
Triglyceride, mmol/L 1.380.08 1.56+0.10 0.995+0.08
TC, mmol/L 4.874£0.12 5.03+0.12 4.52+0.28
HDL, mmol/L 1.20£0.05 1.15+0.05 1.30+0.11
LDL, mmol/L 2.88+0.09 3.01+0.10 2.60£0.19 0.0778
Systolic BP 118.86+2.4 124.942.24 105.3845.12 0.001315
Diastolic BP 76.6+14 80.08+1.21 68.84+3.38 0.00381
CRP 2.86+0.34 3.13+0.44 2.26+0.48
Immuno-regulatory Index 1.19+0.04 1.19+0.05 1.17£0.08
BMI: Body mass index BSS: Bristol Stool Form Scale TC: Total cholesterol
HDL: High density lipoprotein LDL: Low density lipoprotein CRP: C-reactive protein

From the initial results, the differences in the history
of patients with metabolic syndrome and healthy
volunteers were noted. Cluster analysis was performed
according to personal and familial disease anamnesis,
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including 22 features such as personal history of
pathologies of the digestive and circulatory systems, as
well as cancer, and also familial history of
cardiovascular and metabolic diseases (Fig 2).
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Figure 2. Cluster analysis.

As Figure 2 shows, samples shape two clusters, the
first containing participants with a history of diseases of
the digestive system, and the second containing
individuals with a history of cancer, or who have a family
history for diabetes or cardiovascular disease. It should
be noted that the majority of the project participants have
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become residents of urban Nur-Sultan merely within the
last two decades, due to the transfer of the capital and
the recruitment of experts from all regions of Kazakhstan
to this administrative centre.
Clinical aspects correlated to synbiotic administration
The use of synbiotics in the group with metabolic
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syndrome improves health outcomes. One main
indicator is body mass index which decreased from
29.11£0.39 to 27.97+2.55 (p<0,05). Similar results
were obtained for change of waist circumstances down
to 93.55+1.35 cm from 94.20+1.35 (p<1e-7), whereas
in the placebo group neither feature changed
significantly. On average, participants receiving
synbiotics had lower systolic blood pressure (metabolic
syndrome patients; 123.25+£13.23 mm Hg; p<0.05) and
lower diastolic blood pressure (77.50£8.16 mm Hg),
compared to the placebo group.

Interesting results were obtained in the analysis of
the frequency and characteristics of the stool. At the
baseline evaluation, there was no significant difference
between the mean stool frequency in the metabolic
syndrome and healthy groups (table 3), the same held
between the synbiotic and placebo groups (mean
differences of 0.14 points). However, mean stool
frequency increased significantly during the study in the
synbiotic group (metabolic syndrome patients)
compared with the placebo group (1.85+0.36, p =
0.005). Compared with the placebo group, the synbiotic
group thus had improved stool frequency. Prior to the
study 35.2%, participants of the synbiotic group with
metabolic syndrome and 23.8% of the healthy had
some stool disorders, such as constipation or
diarrhoea. After applying the synbiotic the percentage
of participants with normal stool increased from 64.8%
to 88.2% in the metabolic syndrome group, and in the
healthy group from 76.2% to 90.4%, while the rate in
the placebo group increased from 81.5% to 84.2% in
metabolic syndrome and from 61.1% to 72.2% in the
healthy group.

There was no significant difference between the
synbiotic and placebo groups in stool consistency at
baseline (mean difference of 0.10 (95% CI: -0.18-
0.39), p = 0.47). However, a significant difference (p =
0.08) was found in metabolic syndrome patients after 3
months of synbiotic consumption (3.79+1.03)[9], which
meant that stools were becoming less hard/more soft.

The frequency and consistency of the stool reflect a
very important indicator of a Bowel Transit Time. This
indicator is important for the architecture of intestinal
microbiome and microbiome dependent health
indicators. Additionally performed quantification of the

gut metagenomes of the participants by means of
lllumina shotgun sequencing are demonstrated that the
Kazakh population mostly characterized by Enterotype II.
Full results of this analysis are reported elsewhere [5].

In brief, however, no significant changes in gut
taxonomic composition were observed as a result of
the synbiotic treatment. This suggests that
considerable alteration of the gut community is not the
main driver of the positive health effects of the
treatment, though it is possible that subtle shifts in
strain composition may underlie some of the results.
Such shifts would not be possible to detect since the
specific bacterial strains of the synbiotic as yet have not
had their genomes sequenced. It is also possible that
effects occur through effects on the host either directly
or by modulating changes in diet e.g. through an effect
on perceived satiety.

Also, an important point of the study was to carry out
primary and re-survey of participants in the different
seasons (September and January, respectively). This
allows testing effects of climate and seasonal diet, which
are important factors in Kazakhstan. As a general rule,
winter is characterized by a sharp decline in temperature
to -25-30 °C, while in September it is warm with an
average temperature of 15-20 °C. Diet in winter is
characterized by high-calorie food items, compared to
the summer. Thus, our study also involved an additional
control group of 15 participants who did not use any
yoghurt, either synbiotic or placebo. Comparative
analysis of repeated clinical and laboratory parameters
for all groups are significantly different, with the main
features in Table 4. It is clear that the NAR synbiotic
improves anthropometric and biochemical parameters.
On the other hand, the non-yoghurt control group have
increased BMI, waist and thigh measurements in the
wintertime as well as a worsened lipid profile, likely as an
effect of seasonal diet.

Comparison of the effects of synbiotic and placebo
consumption on serum biochemical factors are presented in
Table 4. Compared with the placebo group, the synbiotic
group after adjusting for weight reduction had significant
improvements in lipid profile and blood glucose. This
improvement was characterized by decreased TG (p < 2e-
5) and elevated HDL-C (p<0.001) levels.

Table 4.

Effects of synbiotic consumption on serum biochemical factors. Shown are measurements before and after the

study, and a test for significant change.

mmol/l Synbiotic (before/after) Placebo (before/after)
TC 5.03+0.12 /4.86+0.86 5.03+£0.12/5.23+£1.15
HDL-C 1.1540.05 /1.22+0.28 1.1540.05/*1.10+0.30
LDL-C 3.01£0.10 /1.1240.28 3.01+0.10/3.30+0.59
Glucose 5.22+0.14 /4.74+0.69 5.22+0.14/5.27+0.87
HBA1C 4.43+0.97/ 3.89+0.75 4.43+0.97/*5.26+0.97

TC - Total cholesterol

HDL-C - high density lipoprotein

LDL-C - Low density lipoprotein

HBA1C - The hemoglobin A1c, glycated hemoglobin
HDL - High density lipoprotein
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Consumption of synbiotic twice daily over 3 months
significantly improved lipoprotein profiles for patients
with metabolic syndrome and also helped them with
weight management.

Values of TC after 3 months of the synbiotic
consumption decreased from 5.03+0.12 to 4.86+0.86
mmol/L, due to lowering the levels of LDL-C 1.12+0.28
mmol/l, and triglyceride levels were reduced by up to
1.45+0.67.

Regarding indices of blood glucose and Hba1C
(Glycated Haemoglobin) after treatment, these were
reduced in synbiotic patients whereas no change was
observed in the placebo group.

CRP is a non-specific marker, which of high levels
are associated with risk factors for dyslipidemia,
hypertension, diabetes mellitus, and obesity. Most
participants with metabolic syndrome had elevated
CRP levels prior to the study. 43 of the 52 synbiotic
recipients had increased baseline CRP (mean 3.87, SD
3.64, max 20.30, min 0.40), and 46 of the 47 in the
placebo group (mean 3.39, SD 2.48, max 10.00, min
0.60). In comparison with metabolic syndrome patients,
only 20 of the 50 healthy participants had elevated
CRP (mean 1.21, SD 0.77, p<1e-7). After treatment,
the synbiotic group showed a significant reduction in
CRP (mean 2.62, SD 1.69, max 8.10, min 0.60, p = 2e-
7). Only 3 of the placebo participants had elevated
circulating levels of CRP (mean 3.80, SD 3.26, max
12.10, min 0.60, p<0.09).

In our study, it was shown that CRP is positively
correlated with body mass index by waist
circumference and negatively correlated in HDL. At the
beginning of the study, only 38 synbiotic recipients fall
within the normal range of immunoregulatory index,
which reflects the ratio of T-helper to T- cytotoxic
lymphocytes (CD3+CD4+/CD3+CD8+) cells. In patients
with metabolic syndrome, the risks of complications are
associated with chronic inflammatory processes.

The study of the population and subpopulation
composition of lymphocytes in recipients did not show
statistically significant changes in the groups before
and after taking the synbiotic. This demonstrates an
immunoregulatory index; the ratio of T-helpers to T-
cytotoxic lymphocytes (CD4 + / CD8 +) is maintained in
all groups in the same range by the end of the study
(1.1-1.24).

The CD3-(CD16+56+) cell counts (natural killer
cells) in moda values show the multidirectional effect of
the synbiotic on individuals with metabolic syndrome
and healthy people. In the first group, these indicators
by the end of the study were increased 2 times (before
-11.20, after-24.80), in the second group they were
reduced 2 times (before-9.50, after-4.0). When
calculating average values, this indicator CD3-
(CD16+56+) is aligned with the original figures.

To assess the presence of a chronic inflammatory
process and the degree of its activity, the number of
activated T-lymphocytes with the CD3+HLA-DR+
phenotype, = TNK-cells  with  the  phenotype
CD3+(CD16+56+), and the number of activated B-
lymphocytes with the CD3-HLA-DR+phenotype are
included.
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As is known, HLA-DR cells are a marker of late and
prolonged activation of cells; they remain in the blood for a
long time [20]. A decrease in this indicator in the peripheral
blood indicates a decrease in the inflammatory reaction, an
increase indicates the activation of the inflammatory
process.

The results of our studies showed a decrease in
CD3 + HLA-DR+ and CD3-HLA-DR + (activated T and
B lymphocytes) by 6-8% in groups with metabolic
syndrome treated with synbiotic. In patients with
metabolic syndrome, there was a tendency to decrease
TNK cells with the CD3 + (CD16 + 56 +) phenotype by
18% in comparison with the initial data. These results
are based on statistical values of the mean and moda.
But these changes are not significant, therefore, we
can only talk about a tendency to decrease the number
of markers of late activation of HLA-DR +, CD3 +
(CD16 + 56 +) in people with metabolic syndrome when
taking a synbiotic, that is, a tendency to reduce the
chronic inflammatory process under the effect of taking
a synbiotic. This is confirmed by the comparative data
of the placebo group, where these figures did not
change at the end of the study.

Discussion

One of the important points in the treatment of
metabolic disorders is proper balanced nutrition and
consumption the therapeutic food products as an
adjunct therapy. Synbiotic is an affordable, easy to
digest and delicious food that provides the body with
important nutrients, which is particularly important for
older people with maldigestion. Recent studies have
shown that probiotic yoghurt consumption may have a
positive role in the regulation of body weight as well as
act to prevent cardiovascular diseases [14].

Our study is the first large clinical trial of probiotics
in Kazakhstan and the first study on the new synbiotic
yoghurt NAR. The synbiotic provides a complex effect
due to the content of probiotic and prebiotic
components. The uniqueness of this product lies in the
fact that it consists of probiotic component strains
isolated from a traditional Kazakh koumiss product. The
prebiotic component contains long-chain and short-
chain inulin polymers, which reduce intestinal transit
time and also promote the growth of beneficial
microflora. Primarily, the product is aimed at people
with digestive problems. Therefore, it is rich in easily
digestible trace elements and amino acids, essential for
the gut microbiota to flourish. We adhered to the best
practices for clinical ftrials to ensure that both
investigators and patients were blinded to the study
and that the data analysis was carried out by
independent statisticians.

The potential of synbiotic in the treatment of
metabolic disorders has not fully disclosed [12]. There
are a small number of manuscripts confirming the effect
of synbiotics and probiotics on atherosclerosis [22],
obesity [14], diabetes [24] and cardiovascular diseases
[2]. Our studies show a positive effect of a new
synbiotic product on the human body by reducing
weight, lowering TC, TG, LDL-C and normalization of
digestion.
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According to our data, the improvement of
metabolic syndrome occurred after the use of synbiotic
for 3 months. This is fully consistent with the data [12]
claiming that this time is enough to improve the
performance in metabolic syndrome. So in the study
group, there was a decrease in BMI, systolic and
diastolic pressure, there was an improvement in the
lipid profile, blood glucose level. These results also
agree with the data of other authors [19] investigating
synbiotics and supplements in the treatment of the
metabolic syndrome.

A metaanalysis of 23 randomized clinical trials [9]
showed that the use of synbiotics helps to reduce body
weight, however due to the limited number of
participants in most studies (4-38 respondents), in
some cases the short duration of the synbiotic
consumption (4-8 weeks), a clear effect on the index
bodyweight not detected. In present work, respondents
used the synbiotic for 90 days, and we demonstrated a
reliable effect not only on weight loss but also on body
mass index (decreased from 28.36+2.34 to 27.97+2.55
(p<1e-7)).

The demonstrated effect of the synbiotic on a
significant decrease in total cholesterol and low-density
lipoproteins among respondents from the Central Asian
population complements the meta-analysis, which
included 12 clinical studies from Japan, India, Iran,
Turkey, Denmark, Poland, Great Britain, Canada and
Australia. Additionally, this study has a significant
decrease in triglycerides. The improvement in the lipid
profile is explained by the cholesterol-binding property
of probiotics and as a consequence the decreased
absorption of cholesterol in the intestine, as well as the
ability of probiotics to reduce the intestinal-hepatic
circulation of bile acids, promoting the induction by the
liver of the re-synthesis of bile salts, thereby lowering
cholesterol. Thus, the consumption of synbiotics can
reduce the risk of complications from the
cardiovascular system.

The present study has a few limitations that
deserve discussion. First, during the study period, we
did not control for the consumption of any other
probiotic/synbiotic  products or fermented dairy
products. Second, we did not evaluate whether the diet
of participants changed during the study period. A third
limitation is that we have not conducted a genetic
analysis of probiotic strains in the NAR synbiotic
yoghurt; if genomes had been available we might have
been able to more clearly control for effective
compliance leading to presence of the probiotic strains
in the gut, and thereby control the product
consumption, whereas now we must rely on self-
reported compliance regarding probiotic consumption.
A fourth limitation of the present study is that most of
the participants are females. While we have no reason
to doubt the results generalize to males, we cannot
explicitly show this using the current data making
extrapolation to males less certain.

Conclusions
We conclude that the presented synbiotic formulation
here has potential within efforts to reduce the risk and

59

progression of the metabolic syndrome. This trial suggests
beneficial effects of a synbiotic supplement for controlling
excess weight, as well as the progression of some
metabolic disorders, as determined from circulating levels of
risk factor biomarkers among adults.

Confilicts of interest
There are no conflicts to declare.

Acknowledgements

Financial support for this study was carried out through a
system of program funding BR05236508) and scientific
grants AP05134659, AP05135277 of the Ministry of
Education and Science of the Republic of Kazakhstan.

References:

1. Health of the population of the Republic of
Kazakhstan and the activities of health organizations in
2017. Ministry of Health of republic of Kazakhstan. - Astana:
Medinform, 2018. - 358 c.

2. Bartolomaeus H., Balogh A., Yakoub M., Homann
S., Marké L., Héges S., Tsvetkov D., Krannich A.,
Wundersitz S., Avery E. G. Short-Chain Fatty Acid
Propionate Protects From Hypertensive Cardiovascular
Damage // Circulation. 2019. T. 139, Ne 11. C. 1407-1421.

3. Benberin V., Tanbayeva G. Metabolic syndrome
and medical and social mechanisms of its limitations in
elderly age // J Neurosci BM Mankovskyi. 2015. T.3, Ne3. C.
69-71.

4. Chiu Y.H., Lin S.L., Tsai J.J., Lin M.Y. Probiotic
actions on diseases: implications for therapeutic treatments
Il Food Funct. 2014. Apr. T.5, Ne4. C. 625-34.

5. Choi S.H. Characterization of airag collected in
Ulaanbaatar, Mongolia with emphasis on isolated lactic acid
bacteria // Journal of animal science and technology. 2016.
T.58. C. 10-10.

6. Cuevas-Sierra A., Ramos-Lopez O., Riezu-Boj J.1.,
Milagro F.I, Martinez J.A. Diet, Gut Microbiota, and
Obesity: Links with Host Genetics and Epigenetics and
Potential Applications // Adv Nutr. 2019. Jan 1. T. 10, Ne
suppl_1. C. S17-s30.

7. do Carmo M. S., Santos C. i. d., Aratjo M. C., Girén
JA., Femandes E.S., Monteiro-Neto V. Probiotics,
mechanisms of action, and clinical perspectives for diarrhea
management in children // Food & Function. 2018. T.9, Ne
10. C. 5074-5095.

8. Forssten S., Evans M., Wilson D., Ouwehand A.C.
Influence of a probiotic mixture on antibiotic induced
microbiota  disturbances  //  World  journal  of
gastroenterology. 2014. T. 20, Ne 33. C. 11878-11885.

9. Hadi A., Mohammadi H., Miraghajani M., Ghaedi E.
Efficacy of synbiotic supplementation in patients with
nonalcoholic fatty liver disease: A systematic review and
meta-analysis of clinical trials: Synbiotic supplementation
and NAFLD // Crit Rev Food Sci Nutr. 2019. T.59, Ne 15. C.
2494-2505.

10. lluzzi N., Galli R., Kushugulova A., Zhumadilov Z.,
Licciardello O., Marotta F. Expanding the Metchnikoff
postulate: oral health is crucial in a successful global aging
management strategy // Rejuvenation Res. 2014. Apr. T.17,
Ne 2. C. 172-5.

11. Kachur S., Lavie C.J., de Schutter A., Milani R.V.,
Ventura H.O. Obesity and cardiovascular diseases //
Minerva Med. 2017. Jun. T.108, Ne3. C. 212-228.



Original article

Science & Healthcare, 2020. (Vol. 22) 2

12. Kassaian N., Feizi A., Aminorroaya A., Amini M.
Probiotic and synbiotic supplementation could improve
metabolic syndrome in prediabetic adults: A randomized
controlled trial // Diabetes & Metabolic Syndrome: Clinical
Research & Reviews. 2018. C. 2991-2996

13. Ke X., Walker A., Haange S.B., Lagkouvardos I., Liu
Y., Schmitt-Kopplin P., von Bergen M., Jehmlich N., He X.,
Clavel T., Cheung P. C.K. Synbiotic-driven improvement of
metabolic disturbances is associated with changes in the
gut microbiome in diet-induced obese mice // Molecular
metabolism. 2019. T. 22. C. 96-109.

14. Kim M., Kim M., Kang M., Yoo H.J., Kim M. S., Ahn
Y.T., Sim J.H., Jee S.H., Lee J.H. Effects of weight loss
using supplementation with Lactobacillus strains on body fat
and medium-chain acylcarnitines in overweight individuals //
Food & Function. 2017. T. 8, Ne1. C. 250-261.

15. Kushugulova A., Forslund S.K., Costea P. I,
Kozhakhmetov S., Khassenbekova Z., Urazova M.,
Nurgozhin T., Zhumadilov Z., Benberin V., Driessen M.,
Hercog R., Voigt A. Y., Benes V., Kandels-Lewis S.,
Sunagawa S., Letunic 1., Bork P. Metagenomic analysis of
gut microbial communities from a Central Asian population
1/ BMJ open. 2018. T. 8, Ne 7. C. e021682-€021682.

16. Kushugulova A., Kozhakhmetov S., Supiyev A.,
Shakhabayeva G., Saduakhasova S., Sabitkyzy S.,
Gulayev A., Nurgozhin T., Zhumadilov Z., Sharm A.
Isolation and characterization of lactobacilli from traditional
Kazakh dairy products // International Journal of Probiotics
& Prebiotics. 2013. T. 8. C.95-100

17. Kushugulova A., Saduakhasova S., Kozhakhmetov
S., Shakhabayeva G., Tynybayeva I., Nurgozhin T., Marotta
F., Zhumadilov Z. Antioxidant activity of the probiotic
consortium in vitro // International Journal of Probiotics &
Prebiotics. 2014. T. 9, Ne 1/2. C. 55.

18. Mulligan A.A., Luben R.N., Bhaniani A., Parry-Smith
D.J., O'Connor L., Khawaja A.P., Forouhi N.G., Khaw K.T.,
Study E.P.-N.F. A new tool for converting food frequency
questionnaire data into nutrient and food group values:
FETA research methods and availability // BMJ open. 2014.
T.4, Ne3. C. e004503-004503.

19. Rabiei S., Hedayati M., Rashidkhani B., Saadat N.,
Shakerhossini R. The Effects of Synbiotic Supplementation

*Correspondence:

on Body Mass Index, Metabolic and Inflammatory
Biomarkers, and Appetite in Patients with Metabolic
Syndrome: A Triple-Blind Randomized Controlled Trial //
Journal of Dietary Supplements. 2019. 2019/05/04. T.16,
Ne3. C. 294-306.

20. Revenfeld A.L., Bk R., Jgrgensen M.M., Varming
K.S., Stensballe A. Induction of a Regulatory Phenotype in
CD3+ CD4+ HLA-DR+ T Cells after Allogeneic Mixed
Lymphocyte Culture; Indications of Both Contact-
Dependent and -Independent Activation // International
journal of molecular sciences. 2017. T. 18, Ne7. C. 1603.

21. Sadykova A., Shalkharova Z. S., Shalkharova Z. N.,
Sadykova K., Madenbay K., Zhunissova M., Nuskabayeva
G., Askarova S., Grjibovski A. M. Metabolic syndrome and
its components in southern Kazakhstan: a cross-sectional
study // Int Health. 2018. Jul 1. T. 10, Ne4. C. 268-276.

22. Santanna A.F., Filete P.F., Lima E.M., Porto M.L.,
Meyrelles S.S., Vasquez E.C., Endringer D.C., Lenz D.,
Abdalla D.S., Pereira T.M. Chronic administration of the
soluble, nonbacterial fraction of kefir attenuates lipid deposition
in LDLr~/- mice // Nutrition. 2017. T. 35. C. 100-105.

23. Supiyev A., Kossumov A., Kassenova A., Nurgozhin
T., Zhumadilov Z., Peasey A., Bobak M. Diabetes
prevalence, awareness and treatment and their correlates
in older persons in urban and rural population in the Astana
region, Kazakhstan // Diabetes Research and Clinical
Practice. 2016. T. 112. C. 6-12.

24. Tabrizi R., Moosazadeh M., Lankarani K. B., Akbari
M., Heydari S. T., Kolahdooz F., Asemi Z. The Effects of
Synbiotic Supplementation on Glucose Metabolism and
Lipid Profiles in Patients with Diabetes: a Systematic
Review and Meta-Analysis of Randomized Controlled Trials
I/ Probiotics and Antimicrobial Proteins. 2018. T.10, Ne2. C.
329-342.

25. Thushara R.M., Gangadaran S., Solati Z,
Moghadasian M.H. Cardiovascular benefits of probiotics: a
review of experimental and clinical studies // Food Funct. --
2016. Feb. 7.7, Ne 2. C. 632-42.

26.Yan S., Tian Z., Li M., Li B., Cui W. Effects of
probiotic supplementation on the regulation of blood lipid
levels in overweight or obese subjects: a meta-analysis /
Food Funct. 2019. Mar 20. T. 10, Ne 3. C. 1747-1759.

Kushugulova Almagul Rakhimberliyevna - MD, D.M.Sc., Head of Human Microbiome Laboratory, Center for Life
Sciences, National Laboratory Astana, Nazarbayev University, Nur-Sultan, Republic of Kazakhstan.
Mailing address: Republic of Kazakhstan, Nur-Sultan city, Kabanbay batyr ave, 53, block S1, 303.

E-mail: akushugulova@nu.edu.kz
Phone: +7 777 772 7813


mailto:akushugulova@nu.edu.kz

