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Abstract

Background: Probiotics was defined as living organisms by the World Health Organization. These organisms when consumed
as in food items or in the form of supplements, can lead to improvements in the health status of the host. Disturbances of
intestinal biology contribute to the development of DM. Many trials have shown that the gut microbiome plays a role in the
etiology and progression of type 1 and type 2 diabetes and its complications. This trial was designed to identify the effects
of multi-species of probiotic supplementation on fasting blood glucose, lipid profile, inflammatory biomarkers, and in type
2 diabetic patients. Participants and methods: 65 type 2 diabetics were divided into 2 groups T (trial) and C (control) or
placebo. The T group received daily one capsule of 14 differnt species of probiotic and C group received capsules filled
with roasted ground chickpea. Fasting blood glucose, Serum Tumor Necrosis Factor alpha (TNFa) and C Reactive Protein
(CRP), HDLC, LDLC, TG, TC levels were measured and anthropometric measurements such as weight, height, waist
circumference and BMI were recorded at beginning and the end of the study which lasted for 10 weeks.

Results and discussion: In the probiotic group, fasting plasma glucose decreased significantly (P <0.05) compared to
the control group, 131.1 + 10.1 vs 145.7 £ 9.8 (mg/dL). Furthermore, a significant reduction was also apparent TC level
in the trial group before and after supplementation (184 = 31 vs 199 + 21 ) the difference was significant (P < 0.05). The
group which received probiotic also showed significant reduction in TG (P < 0.05) compare to control group ( 128 + 23
vs 1 1 £ 32 respectively). Also, the LDL value, significantly reduced in the probiotic compared to the control group 137
+ 30 and 149 += 31 ( P < 0.05). Probiotic supplementation significantly increased HDL 41 + 13 vs 29.8 + 12 (P < 0.05).
Significant differences (P <0.05) in the serum levels of inflammatory markers at the end of the study were observed. Probiotic
supplementation decreases CRP (mg/dL) levels and TNFa (pg/ml) (2.11+ 4.3 vs 1.68 = 3.33 and 2.51 £2.3 vs 2.31 £ 3.6
respectively).. A significant reduction in TNF-o. level was observed. The level was 6.8 5.6 £ at the beginning of the trial
and reduced to 5.4+ 5.1 whereas in the control group TNF-a levels were 5.6 = 7.6 and 5.6 £+ 7.8 at the beginning and at
the end of the study respectively .Probiotics supplementations reduced significantly (P <0.05(BMI of participants in trial
group (27.6 £ 5.2 vs 33.8+10.1).

Conclusion: The results obtained from this study suggest that probiotic supplementation may have positive effects and
can be considered as method to control glucose levels, lipids, inflammatory biomarkers, and reduce body weight in type 2
diabetic patients.
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Introduction

Probiotics was defined by the World Health Organization as func-
tional foods. These microorganisms when ingested may support
the health status of their host beyond their normal basic nutrient
content [1]. The gut microbiome (GM) does not plays a role in
the development and progression of diabetes type 1 and 2 only
but also in their complications. Disorders in gut biology contribute

to the pathogenesis of DM. GM has been shown to affect drug
effectiveness. Prebiotics, probiotics and synbiotics, may improve
glycemic control as well as DM-related metabolic profiles. There
is preliminary evidence that it may even help treat the cardiovas-
cular, ophthalmic, neurological, and renal complications and even
aid in the prevention of DM. The role of gut microbiota in con-
trolling diabetes has been demonstrated. Several trials investigat-
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ed the effects of probiotics and prebiotics, which are widely used
to alter the gut microbiome, inflammatory factors and biomarkers
caused by oxidative stress in diabetic patients [2]. However, the
findings have been contradictory. They are naturally present in a
variety of foods such as fruits, raw vegetables, dairy products (es-
pecially fermented products), they are an important part of the gut
microbiota as part of the common flora. Main probiotic bacteria
can be used in the human nutrition are lactic acid bacteria such as
Lactobacillus and Bifidobacterium [3,4].

Comparing healthy subjects with patients diagnosed with chronic
inflammatory diseases, mainly rheumatoid arthritis (RA) and an-
kylosing spondylitis (SpA), patients with these health problems
have alteration in their gut bacteria and this is called biological
disorder. These alterations in addition to an increased permea-
bility allows cellular or bacterial antigens to interact more readily
with the immune system of the host [5]. This inflammation of the
intestines is associated with systemic inflammation and may be
responsible for the development of several autoimmune diseases
and affect their severity [6, 7, 8, and 9].

Evidence from studies performed on rats and humans have shown
that beneficial bacteria are created locally as well as systemic alter-
ation of the immune system, leading to a decrease in mucosal in-
flammation and proinflammatory cytokines [10]. In another study,
probiotics also lessened rheumatoid arthritis in mice [11]. They
can access the immune system of the intestinal lining, persist for a
while, and start some immune response. The interaction between
the types of beneficial bacteria and enterocytes is important for
the controlled production of cytokines and chemokines produced
by epithelial cells. It has been shown that some probiotic bacteria
can alter the in vitro expression of pro and anti-inflammatory mol-
ecules in a strain-dependent manner. Treatment with certain types
of Lactobacillus reduces intestinal permeability and reduces the
severity of arthritis [12, 13].

Modification of intestinal microorganisms can alter mechanisms
that include risk factors for heart disease, including disruption of
lipid metabolism [14]. The use of probiotics is linked to a variety
of beneficial effects on human health and changes the physiologi-
cal homeostasis of the intestinal microbiota [15].

Beneficial bacteria are often used to protect the host against harm-
ful microorganisms [16]. These probiotics are helpful in prevent-
ing antibiotic-induced diarrhea and traveler’s diarrhea and these
probiotics play a role in the control of gastritis caused by Heli-
cobacter pylori bacteria. In addition, the effectiveness of probiot-
ics has been demonstrated in the treatment of infectious diarrhea,
IBD, pouchitis and certain food allergies. They can also reduce the
severity of IBD symptoms and lactose intolerance. Lastly, it was
acknowledged that probiotics play an important role in inhibiting
cancer growth and the process of carcinogenesis [17].

The nutritional benefits of probiotics consist of protective and ben-
eficial effects against certain health problems have been demon-
strated in many randomized controlled trials which support the

evidence of its advantages, are growing [18]. The substantiation
for the favorable effects of probiotics to ease constipation and treat
hepatic encephalopathy has also been shown in numerous studies.
In other studies probiotics showed a proof of efficacy, including
prevention of colon cancer, intestinal infections, and relapses of
IBD [19]. There is strong evidence for the positive effects of the
beneficial bacteria or probiotics on improving symptoms of lac-
tose intolerance, antibiotic-induced intestinal disorders and gas-
troenteritis [20]. Recent studies have suggested protective effects
against occupation of bad gut microorganisms such as Helico-
bacter pylori and Clostridium difficile [21, 22, 23, and 24].

The purpose of this study was to evaluate the effects of probiot-
ic supplements on serum C-reactive protein (CRP) levels, TNF-a
biomarkers, fasting plasma glucose (FPG), lipid profile and an-
thropometric measurements changes among diabetic patients .

Participants and methods

A total of 64 participants (35 women and 30 men) were enrolled
in this study. Participants were diagnosed with type 2 diabetes and
were randomly assigned among patients to visit a private endo-
crine clinic. The included patients were aged 33 years to 56 years,
diagnosed with diabetes type 2. This research procedure was re-
viewed and approved by A’Sharqiyah University ethics committee
(code of ethics: ASU 21073). Informed consent was obtained from
each participant. The study was a double-blind, randomized study
which lasted for 12 weeks. The recruitment of the participants was
done by the researchers. Only the supervisor of this study was
aware of the content of the capsules provided (probiotics or chick-
pea) filled and patients in both groups and staff were blinded and
supplement contents were kept undisclosed until all participants
had completed the study.

During this study, all subjects of group (T), received a capsule
of probiotic once a day and Group C the control (or placebo) re-
ceived also a capsule once a day. Both capsules had a completely
similar appearance. The capsule which was given to T group had
the product (Pronutrition Advanced Probiotics 2 X 109 CFU/ per
capsule) that contained 14 different bacterial strains: Lactobacillus
acidophilus, Lactobacillus. delbrueckii ssp, Lactobacillus bulgar-
icus, Lactobacillus casei, Lactobacillus plantarum, Lactobacillus
rhamnosus, Lactobacillus salivarius, Lactococcus lactis ssp , Ba-
cillus subtilis, Streptococcus thermophiles, Bifidobacterium bifi-
dum, Bifidobacterium breve, Bifidobacterium infantis, and Bifido-
bacterium longum. The placebo capsule contained ground roasted
chickpea capsule. All other types of products rich in probiotic were
not allowed to consume during the study for both the trial and con-
trol group.

Anthropometric measurements were also taken from participants
in both groups at the beginning and end of the study. The measure-
ments were weight, height, waist and hip circumferences. Body
weight and height are measured by the digital beam balance of
the Tanita W 3000. BMI was immediately calculated by the same
balance. The waist circumference was measured using a standard
tape measure and the waist and hip circumference was calculated
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by dividing the waist circumference by the hip circumference. The  Patients in both groups were given an isocaloric diet consisting of
study required 2-day dietary recall and was collected from each 55% carbohydrates, 20% protein and 25% fat. The total caloric
patient prior to the start of the study to measure total energy intake.  content of the food eaten by both groups is shown in Table 1:

Table 1: Total calorie intake ((Kcal/day) of patients in trial and control diets

Total energy intake (Kcal/day) T(Trial) group Control (C or Placebo) group
299.7 £ 1725 1805+ 349.5

Results and discussion

The study sample included 64 patients with type 2 diabetes. The study group included 36 patients (16 women and 20 men) and the pla-
cebo group included 28 patients (13 women and 15 men) as shown in Figure 1.
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Figure 1: Gender distribution of participants in both groups

Furthermore, the data such as age, BMI, anthropometric measure-  groups of this study for anthropometric measurements as demon-
ments and energy intake of the groups of this study was recorded strated in Table2.
and there were no significant differences between patients of both

Table 2: Age and anthropometric measurements of participants in Trial and Control groups

Trial group Control group
Ages (Years = SD) 59.4+38.3 56.6 8.1
BMI (W/H2) 523+304 334+99
Weight (kg) 85.8+9.7 87.3+11.3
Height (cm) 166.8 +27.3 161.3+19.9
Waist circumferance (cm) 1289 +15.1 1342+ 153
Hip circumferance (cm) 99.9+23.5 121.5+25.4
Waist/Hip ratio 1.3+04 1.1+£0.3

The study has shown that supplementation of multispecies pro- A significant reduction in TNF-a level was observed. The level
biotics has significantly (P <0.05) decreased the CRP and TNF-a was 6.8 5.6 + at the beginning of the trial and reduced to 5.4+ 5.1,
in the trial group. CRP level was 4.3 =+ 2.11 at the beginning whereas in the control group TNF-a levels were 5.6 + 7.6 and
and decreased to 1.68 + 3.33 in trial group whereas in the control 5.6 + 7.8 at the beginning and at the end of the study respectively.
group CRP level was 2.512.3 + and reduced to 3.6 + 2.31 but the These data are presented in Table 3.

difference was not significant.
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Table 3: Alterations in inflammatory biomarkers of both groups at the beginning and at the end of the study

Inflammation biomarker Trial Group Control group

CRP (mg/dL) Before 43+2.11 2.3+£2.51
After 33 £1.68%* 3.6+231

TNF-a (pg/ml) Before 6.85.6+ 56+7.6
After *51+54 56+7.8

* Significant difference P<0.05

There are many studies which support our findings. Most of these
studies confirmed the beneficial effects of probiotics or synbiotics
on the circulating inflammatory marker (hs-CRP) in the serum and
plasma. Probiotic supplementation reduced hs-CRP the inflam-
mation biomarker (24). In another study which demonstrated that
probiotic consumption created a positive outcome in dropping the
levels of plasma inflammation markers, including tumor necrosis
factor-a (TNF-a) and C-reactive protein (CRP) when compared
with the control situation [25, 26].

Table 4: shows that probiotics supplementation of multispecies
probiotics to type 2 diabetics significantly reduced their fasting
plasma glucose. The effect of probiotics was significant of probi-
otics on FPG (P < 0.05). In the trial group, FPG at the beginning of
this study was 154.4 £ 11.6 and it was dropped to 131.1 + 10.1(mg/
dL) whereas the reduction in the control group was not significant
(147.7 £ 10.8 vs 145.7 £ 9.8). The data presented in Table 4. It has
also showed that supplementation of probiotics to type 2 diabet-
ics reduced their Total Cholesterol level. TC level (mg/dL) was
219 + 30 at the beginning of the study and decreased to 184 + 31
and the difference was statistically significant (P < 0.05) whereas
this difference was not significant in the control group. There was
also a significant decrease in Triglyceride level between Trial and
Control group after supplementation. The TG level was 150 + 39
mg/dL before supplementation and became 128+23 mg/dL and the

TG in Control group was 139 + 33 mg/dL and became 141 + 32
mg/dL before and after supplementation respectively. The LDL-C
had the same pattern as it decreased significantly after supplemen-
tation with probiotics. In Trial group LDL-C level was 158 + 35
mg/dL before supplementation and went down to 137 + 30 after
supplementation and the LDL-C level in Control group was 151 +
29 mg/dL before supplementation and became 149 +£31 mg/dL . A
significant difference was observed between the two groups after
supplementation (P < 0.05).

The effect of supplementation was strong on HDL-C level. Pro-
biotics supplementation significantly improved HDL-C level in
Trial group but not in Control group. HDL-C level went up in the
Trial group from 32.5+11.1 to 41.3 + 13 mg/dL and surprisingly
HDL-C decreased in Control group as HDL-C level was 31.7 +
12 mg/dL before supplementation and became 29.8 + 12.6 mg/dL
after supplementation. The difference was significant (P < 0.05)
between groups after supplementation. Probiotic supplementation
also improved C-HDL-C ratio . In trial group, the ratio decreased
from 6.7 £ 1.8 before supplementation to 4.6 + 1.1 after supple-
mentation and the difference was statistically significant (P < 0.05).
On the contrary, the ratio was not improved in the Control group.
However, statistically significant difference was observed between
both groups after supplementation with probiotics.

Table 4: Fasting plasma glucose, lipid profile and body weight changes for trial and control groups at the beginning and at the

end of this study
Indicator Trial group Control group
Fasting Plasma glucose level | Before 1544+ 11.6 147.7+10.8
(mg/dL) After 1311+ 10.1* 145.7+9.8
Total Cholesterol (mg/dL) Before 219+ 30 209 £ 27
After 184 £31* 199 £ 21
Triglycerides (mg/dL) Before 150 =39 139 £33
After 128 £23 * 141 £ 32
LDL-C (mg/dL) Before 158 +35 151 +29
After 137 £ 30* 149 + 31
HDL-C (mg/dL) Before 325+11.1 31.7+12
After 413+13 * 29.8+ 12
C/HDL ratio Before 6.7+ 1.8 6.5+1.9
After 46+1.1%* 6.7+1.8
BMI changes Before 523+304 334+99
After 27.6+52* 33.8+10.1
* Significant difference P<0.05
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Supplementation with probiotics had its effect on BMI. BMI sig-
nificantly improved after supplementation in Trial group as it was
5.23 + 30.4 before supplementaion and became 27.6 + 5.2 whereas
the improvement in BMI in Control group was not noticed. The
difference was statistically signifcantly between both groups (P
<0.05).

The results of this study were consistent with many other studies
regarding the effect of probiotic supplements on glucose levels.
In the study of Ostadrahimi et al 2015 found that the favorable
outcomes of consuming Kefir (a traditional collection of beneficial
microbes) were acknowledged on glycated hemoglobin (HbA1c)
readings, and weight loss among diabetic patients. In this study,
the patient consumed kefir as an addition of the glucose lowering
medication. The results showed that the patient lost about 4 kg
of bodyweight, and her HbAlc decreased from 7.9 to 7.1 after
90 days of consumption of kefir. Improvements were also record-
ed in sleep quality as reported by the patient [26]. Similar results
have been reported in many studies and comparable to the results
that we obtained from the current study showing that probiotics
supplements significantly lessened total cholesterol, LDL-c, and

triglycerides and increased HDL-c [27, 28, 29, and 30].

We attempted in this study to find out if there was any adverse
effect of consumption of probiotic supplements on gastrointesti-
nal health including bloating, constipation, GERD or allergies
on participants from both groups even though the patients in the
Control group did not ingest any amount of probiotics. We also
wanted to know the placebo effect on those patients. In Trial group
13 individual or (36.1%) did not have any symptoms comparing
with 14 individuals (50%) in the Control group. As for bloating,
3 individuals in Trial group reported bloating whereas 4 (14.3%)
reported the same symptoms in the Control group. The number of
individual who had constipation and GERD was similar 5(13.8%)
in Trial group but it was 5 (13.8 %) for constipation and 1(2.8%)
for GERD in Control group. More people reported allergies in Tri-
al group comparing with Control group. 6 (16.7%) vs 2 (5.6%).
For abdominal pain and diarrhea similar number reported in Trial
group 1 (3.6 %) and in the Control group 1 (2.8%) for abdominal
pain and diarrhea. The number of cases of GI complications is
summarized in Table 5:

Table 5: the number and percentage of GI complication after ingesting probiotics supplementation

GI complication Trial group (Number / %) Control group (Number / %)
None 13 (36.1 %) 14 (50 %)

Bloating 3 (8.3 %) 4 (14.3 %)

Constipation 5(13.9 %) 5(17.9 %)

GERD 5(13.9 %) 1(2.8 %)

Allergies 6 (16.7 %) 2 (5.6 %)

Abdominal pain 1 (3.6 %) 1(2.8 %)

Diahrrea 1 (3.6 %) 1 (2.8 %)

Conclusion 2 diabetes mellitus: a meta-analysis of 12 randomized con-

Probiotics supplements considerably decreased the levels of TC,
LDL-C, and TG and improved HDL-C. Other benefits such as gly-
cemic control, inflammation, and anthropometric measurements
were noticed on the patients. The results of this study propose that
probiotic supplements should be pointed out as accompanied man-
agement for diabetes type 2 and dyslipidemias. We recommend
that more studies should be carried out to find out any long-term
role, as well as their impact with glucose lowering medications.
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