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Abstract
Background: This investigation was carried out in order to
verify, in a specific sample (women, from the Northeast of
Brazil), the effect of probiotics with multiple strains
associated or not with a diet rich in fiber with prebiotic
action on weight and the metabolic markers investigated in
cases of metabolic syndrome, in order to compare what the
literature has been describing for more than ten years,
based on studies carried out with animals or humans,
whose population has never been so selected, in order to
be able to safely apply the use of probiotics for the
aforementioned purpose in the tested population.

Thus, the objective of this study was to compare the effect
of the use of probiotics with multiple strains associated with
a diet rich in fiber with prebiotic action and reduced in
sugars and fats with the effect of the same diet alone, in the
control of dysbiosis, weight and metabolic markers in
overweight women.

Introduction: Many animal studies have shown that
obesogenic mechanistic pathways can be modulated by
probiotics and prebiotics. This study aimed to compare the
effect of the use of probiotics with multiple strains
associated with a diet rich in fiber with prebiotic action and
reduced in sugars and fats for three months, with the effect
of the same diet alone, in the control of dysbiosis, weight
and of metabolic markers in overweight women.

Methods and Findings: This is a randomized, double-blind,
placebo-controlled clinical trial conducted with 72 patients
in Salvador, Bahia, Brazil. Patients were divided into two
groups and received either probiotic strains or placebo once
daily. Both groups received dietary guidelines for increasing
fiber. Anthropometric and laboratory assessments were
performed before and after the intervention, a
questionnaire was applied to screen the risks for dysbiosis
and food frequency.

Results: We evaluated 72 low-income women, with a mean
age of 55 years. There was adherence to the diet by
approximately 39% of the sample. In both groups there was
improvement in dysbiosis, significant weight loss in the test
group and slight gain in the placebo group. There was an

improvement in the lipid profile in both groups, with
significance only in the placebo group. There was no change
in the glycemic profile. The analysis of the results showed
efficiency of probiotics in weight control, probable efficiency
of fibers per si and of probiotics in controlling dysbiosis and
lipid profile, with no significant difference between GT and
GP, as there was an improvement in both, and no better
pattern was identified on glycemic control in both groups.

Conclusion: Confounding factors were identified during the
development of the research and, therefore, new studies
aimed at comparing the effectiveness of the use of
probiotics with or without prebiotics in controlling the
variables investigated here, aiming to contribute with
evidence that is sufficient to recommend the treatment of
intestinal dysbiosis, controlling for the possible biases
identified here.

Keywords: Dysbiosis; Obesity; Probiotic; Prebiotic; fibers;
Weight loss; Lipid profile.

Introduction
Obesity is a complex and multifactorial disease associated

with several factors, including host genetics, decreased physical
activity and excessive food intake [1]. In recent decades, the gut
microbiota has been proposed as an additional factor that favors
fat storage, weight gain, and insulin resistance. It inhibits the
release of Fasting-Induced Adipose Factor (FIAF), an inhibitor of
Lipoprotein Lipase (LPL) activity, resulting in the subsequent
storage of triglycerides in adipose tissue and liver, and influences
the development of metabolic endotoxemia and low-grade
inflammation [2,3]. Which culminates in obesity and its
comorbidities the synergy of the high-fat diet and the dysbiotic
gut microbiota initiates a recipe that epigenetically programs the
host for increased adiposity and poor glycemic control [4].

Thus, dysbiosis, characterized by the imbalance of the
intestinal microbiota, with a predominance of more virulent
microorganisms, leading to deleterious effects on the health of
the host, has been associated with several chronic pathological
conditions, such as obesity, type 2 diabetes (DM2), dyslipidemia
and atherosclerosis [5,6]. It is related to stress, factors
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associated with the modern lifestyle, including the consumption 
of foods low in fiber, pesticides, antibiotics, among others.

The intestinal microbiota is a complex community of 
microorganisms that inhabit the gastrointestinal tract and 
establish a close symbiotic relationship with the human host. It 
plays a crucial role in maintaining health, allowing the 
metabolism of indigestible food components and the synthesis 
of some vitamins, preventing the colonization of pathogens and 
contributing to the maintenance of the immune system [7]. 

It is mainly composed of two bacterial phyla, Firmicutes and 
bacteroidetes that represent more than 90% of the total 
community [3]. Studies show that the predisposition to increase 
body fat or obesity is determined by the Firmicutes: 
Bacteroidetes (F:B) ratio [8-10].

Obese microbiota exhibit significantly elevated F:B ratio 
compared to lean gut microbiota, even when food/energy 
consumption between groups is similar. Obese individuals show 
up to 50% less Bacteroidetes and more Firmicutes than lean 
individuals. On the other hand, the composition of Bacteroidetes 
in the obese microbiota is increased, while Firmicutes is reduced 
when there is weight loss and reduced consumption of a high-
fat/carbohydrate diet, which shows how diet can influence the 
characteristic of the microbiota [11,12]. In addition, many 
studies carried out mostly with animals have shown that, 
interestingly, these mechanistic obesogenic pathways that are 
transmissible from one generation to another can be modulated 
through the administration of probiotics and prebiotics [4].

However, these microbiota changes may not be observed in 
some cases due to confounding factors that affect the 
composition of the gut microbiota beyond the dietary content, 
including fasting, antibiotic use, age, geographic location, 
intensity and regularity of the diet. Exercise, genetic, technical 
and clinical factors [13-15].

According to the World Health and Food Organization and the 
United Nations, probiotics are live microorganisms that, when 
administered in amounts, confer a health benefit on the host 
[16]. Human studies have reported improvements in the lipid 
profile, in particular, decreased level of TC, LDL-c and plasma TG 
and increased HDL-c, also insulin sensitivity and therefore 
obesity resulting from hypothalamic control of food intake and 
insulin signaling [17]. Prebiotics, on the other hand, are defined 
as non-digestible food ingredients (usually polysaccharides) 
capable of selectively stimulating the growth and/or activity of 
the microbiota, especially lactobacilli and bifidobacteria, thus 
providing health-promoting effects on the energy balance of the 
host, being able to be fermented by bacteria, giving rise to Short 
Chain Fatty Acids (SCFA) [18,19].

The objective of this study was to compare the effect of the 
use of probiotics with multiple strains associated with a diet rich 
in fiber with prebiotic action and reduced in sugars and fats with 
the effect of the same diet alone, in the control of dysbiosis, 
weight and metabolic markers in overweight women.

Materials and Methods
This 12-week, randomized, double-blind, placebo-controlled 

clinical trial was conducted in a multi-professional public 
outpatient clinic specializing in the treatment of obesity, in 
Salvador, Bahia, with 80 patients. The clinical protocol was 
approved by the Ethics Committee and all included patients gave 
their written consent before being screened for the study, which 
was registered in the Brazilian Registry of Clinical Trials (REBEC) 
under the UTN number: U1111-1220-2109.

Female patients aged over 18 years, Body Mass Index (BMI) 
greater than or equal to 25 kg/ m² and Waist Circumference 
(WC) greater than 80 cm, participants of the Project for the 
study of excess were included [20]. Weight Management System 
(PEPE), with risk of dysbiosis detected by the DIS questionnaire 
(prepared by the researchers), by inviting the most assiduous 
patients from a universe of 250 patients and subsequent 
randomization. To calculate the sample size, a significance level 
of 5% and statistical power of 80% were considered for a 
minimum weight reduction of 500 g per week. The 95%
confidence interval was taken into account, according to data 
from previous studies.

Women whose level of understanding and communication 
compromised the accuracy of the answers to the applied 
questionnaires, pregnant or lactating women, patients 
undergoing chronic hemodialysis, those using estrogens, 
chemotherapy drugs, anorectics, antibiotics, insulin and anabolic 
steroids were excluded.

Patients included in the clinical trial were randomly allocated 
to receive probiotic supplementation (test group-GT), composed 
of 109 CFU of each of the following strains: Lactobacillus 
acidophilus, lactobacillus rhamnosus, lactobacillus paracasei and 
bifdobacterium lactis; or placebo, composed of insoluble fibers 
(placebo group-GP), packed in identical sachets. The eight-block 
randomization plan was generated by a professional not involved 
in any other phase of the research. Both groups received 
qualitative guidelines for a diet rich in fiber, with foods 
containing FOS (fructooligosaccharides), with reduced amounts 
of simple carbohydrates and fats.

The initial assessment took place after screening and 
acceptance of the invitation, when patients came to the 
outpatient clinic to sign the informed consent, answer the DIS 
questionnaire (prepared by the researchers) to assess the risk of 
dysbiosis (which includes information about lifestyle, age, 
surgery and/or use of antibiotics and anti-inflammatory drugs in 
the previous 30-day interval) and to the Qualitative Food Survey 
(IAQ), to verify eating habits, which is a food frequency 
questionnaire organized by food groups, and to be sent to the 
laboratory for blood collection for laboratory tests (fasting 
glucose, glycated hemoglobin, Total Cholesterol (TC) and 
fractions, triglycerides, determination of Homa-IR Index (insulin 
resistance being considered if greater than 4.65 alone or greater 
than 3 .60 and BMI greater than 27.5 kg/ m2, fecal pH and 
Dysbiosis Test (INDICAN), which is the result of the 
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decomposition of tryptophan I intestinal tract, being normally 
present in traces in the urine, identified from the Obermayer 
reaction [21-23]. According to the results of this examination, if 
dysbiosis is present, it can be classified as mild (+/ IV or ++/ IV), 
moderate (++/ IV) or severe (++++/ IV).

On the second visit, after the examinations were performed, 
the patient returned to the outpatient clinic for an 
anthropometric assessment, which included measuring weight, 
height, Waist Circumference (WC) and BMI calculation and to 
receive nutritional recommendations to be followed. , in a 
qualitative way (characterized by the removal of foods with high 
fat content (fried preparations and with apparent fat), red meat, 
sugars in general, industrialized and increase of regulating foods,
(sources of fiber, mainly soluble and water) and the 90 sachets, 
packed in brown envelopes, after being separated and identified 
with randomization, to start on the same day they received, 
considered as supplementation day 1. During the 90 days, 
patients were monitored by telephone, twice per week to check 
the quantity of available sachets.

The reassessment, called the third visit, took place on the first 
day of outpatient care after completion of supplementation, 
when patients were reassessed regarding anthropometric 
measurements (weight and WC) and IAQ (to verify adherence to 
dietary guidelines and referred to repeat the laboratory tests the 
day after the consultation.

The fourth visit was carried out 15 days after the exams were 
performed, when the new results were already available, to 
present the results to the patients.

The primary outcome measure consisted of a mean weight 
reduction of 500g per week. The secondary outcome consisted 
of the control of dysbiosis, lipid and glycemic profile.

Statistical analysis was performed according to intention to 
treat. The variables were described using absolute and relative 
frequencies (%) for the categorical and median and interquartile 
range to express the behavior of those of a quantitative nature, 
since the variables did not show a normal distribution. 
Afterwards, to verify the association of the results of the DIS 

questionnaire with those obtained from the INDICAN, the 
fisher's exact test was used. To compare the clinical and 
anthropometric variables between the groups, the non-
parametric Mann Whitney test was used.

Data were analyzed using the IBM SPSS Statistics program, 
version 22.0.

Results
Of the 80 patients included according to the pre-

established criteria, 72 completed the intervention period, 37 
from the GT and 35 from the GP. Three patients from the GT 
and five from the GP left the study (Figure 1).

Figure 1: Study flow describes the flow of the study, based on
a total of 250 patients who attended the outpatient clinic,
considering the women included and excluded, according to the
established criteria, as well as the complications during the
research.

Table 1 presents some of the general characteristics of the
patients studied. It is noteworthy that no significant differences
were found between the two groups in relation to the variables,
characterizing intergroup homogeneity (Table 1).

Variables Test (n = 37) Placebo (n = 35) P-Value

Age (years) 53 ± 12 56 ± 13 0,72

Average family income (R$) 800,00 ± 120,00 720,00 ± 115,00 0,53

BMI (kg/ m2) 35,9 ± 6,5 34,5 ± 5,8 0,13

Variables Test (n = 37) Placebo (n = 35) P-Value

Weight 98 [83.9:103.1] 96.6 [87: 107] 0.98

WC 105 [98:116] 108 [101: 117] 0.65

Fasting glucose 93.7 [90.8:101.1] 95.6 [89:119] 0.56

Glycated hemoglobin 6 [5.6:6.5] 6.1 [5.7:7.1] 0.75

TC 198 [171: 215] 183 [147:208] 0.45
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LDL 123.05 [92.05: 135.7] 110.2 [80.4:135.10] 0.43

HDL 46.2 [42:56.1] 43 [39.6:47.7] 0.41

TG 134 [98:164.5] 134 [86:180] 0.2

HOMA-IR Index 3,81 [2,45:6,39] 3,97 [2,02:7,23] 0,15

Table 1: Baseline general characteristics of the groups.

Regarding education, 69% reported having completed high
school and performing unpaid domestic activities; 99% declared
themselves to be black. All reported unsuccessful weight loss
attempts for more than five years. No difference was observed
between the groups regarding weight and waist circumference.

Regarding the eating habits identified through the IAQ, it was
found that 68.5% consumed large amounts of energy foods, rich
in carbohydrates and lipids (including fried foods and red meat)
in addition to having low intake of regulatory foods and water;
21.5% consumed regulating foods (rich in fiber), despite
maintaining energy foods in their daily diet and 10% reported
not consuming excess carbohydrates and fats. All consumed red
meat at least 02 times a week. Regarding physical activity, 35%
walked two to three times a week and 65% were sedentary. The
evaluation of the DIS results showed that more than half

(59.46%) of those who were part of the test group had medium
risk, while for the GP this percentage was 45.71%. Added to this
data are the results of the INDICAN parameter, as approximately
37% of the patients in both groups had dysbiosis (regardless of
the classification) at the first moment of the evaluation.

Table 2 presents a comparison of anthropometric data
between groups before and after the intervention. There was no
absolute difference between the mean weights at the end of the
study, but the analysis of the test group before and after
treatment shows a median loss of 4.3% of body weight, with the
difference in weight before and after the intervention
statistically significant, while in the placebo group there was
weight gain, without statistical significance (Table 2 & 3). No
change in waist circumference was observed, but it was noted
that the median of the GT was slightly smaller than the median
of the GP both at the beginning and at the end of the study.

Variable Start (M1)* P-value Mann
Whitney Test

After 3 months
(M2)**

P-Value Mann
Whitney Test

Test Placebo Test Placebo

Median (IIQ) Median (IIQ) Median (IIQ) Median (IIQ)

Weight 98 [83.9:103.1] 96.6 [87: 107] 0,12 93.8 [82.9:104] 97 [85.1:106.9] 0,65

WC 105 [98:116] 108 [101:117] 0,82 104.85 [100:115] 105 [101:116] 0,79

Table 2: Anthropometric assessment before and after the intervention-Intergroups. *Moment 1 and **Moment 2.

Variable Test Group P-Value paired
Wilcoxon

Placebo Group P-Value paired
Wilcoxon

Start After 3 months Start After 3 months

Median (IIQ) Median (IIQ) Median (IIQ) Median (IIQ)

Weight 98 (83.9; 103.1) 93.8 (82.9: 104) 0,02 96.6 (87: 107) 97 (85.1: 106.9) 0,15

WC 105 (98; 116) 104.85 (100:
115)

0,11 108 (101: 117) 105 (101: 116) 0,09

After providing guidance on food choices, there was a balance 
in relation to the adherence or not of patients between the 
groups, as 40% of the GT fully adhered against 37.84% of the GP. 
At the end of the study, 100% of the patients had a normal 
INDICAN. The analysis of the fecal pH results showed that both 
groups had a better profile (acid pH) after the intervention, as 
shown in Graphs 1 and 2, highlighting the best performance for 
the PG, however, without statistical significance.

Table 4 presents the laboratory parameters before and after
the intervention in each group. The HOMA-IR index was high at
the beginning of treatment in both groups, showing a high
prevalence of insulin resistance, with no change observed after
the intervention (Table 4). There was also no reduction in blood
glucose or HbA1c. As for the lipid profile, it was possible to
observe a reduction in LDL and an increase in HDL after the
intervention in both groups, but with significance only in the
placebo group.
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Variable Test Placebo

Start After 3 months P-Value paired
Wilcoxon

Start After 3 months P-value paired
Wilcoxon

Median (IIQ) median (IIQ) Median (IIQ) Median (IIQ)

Fasting glucose 93.7 (90.8:101.1) 94.4 [87.3:117.3] 0,35 95.6 [89:119] 99.7 [89.2:129.3] 0,88

Glycated
hemoglobin

6 (5.6:6.5) 6.2 [5.7:6.7] 0,01 6.1 [5.7:7.1] 6.3 [5.8:6.9] 0,03

TC 198 (171:215) 190 [170:203] 0,15 183 [147:208] 170 [142:197] 0,06

LDL 123.05
(92.05:135.7)

113 [90:131] 0,11 110.2
[80.4:135.10]

95 [75:121] 0,02

HDL 46.2 (42:56.1) 47 [41: 58] 0,24 43 [39.6:47.7] 46 [40:54] 0,02

TG 134 (98:164.5) 123 [100:155] 0,20 134 [86:180] 131 [81:173] 0,81

HOMA-IR Index 3,81 [2,45:6,39] 4,37
[2,395:6,095]

0,12 3,97 [2,02:7,23] 3,74 [2,09:7,56] 0,26

Discussion
It was observed in the present study that the sum of total and 

partial adherence by the patients to the nutritional guidelines 
provided was 57.14% and 54.06%, for the GT and GP, 
respectively, which represents a change in eating habits with the 
inclusion of foods with higher fiber content, especially soluble 
ones such as inulin and Fructooligosaccharides (FOS), which 
exert prebiotic action: They are not digestible, are fermentable 
by beneficial bacteria in the colon and can change the 
composition of the microbiota to a healthier type [24]. The 
aforementioned adherence to a diet with higher fiber content 
may explain the absence of dysbiosis and the better results of 
fecal pH in both groups after the intervention. Studies describe 
the effect of dietary fiber interventions on the composition of 
the intestinal microbiota in healthy adults, resulting in greater 
abundance of Bifidobacterium spp. and Lactobacillus spp., as 
well as higher fecal levels of butyrate production compared to 
the low fiber counter group [25,26]. As the two groups showed 
similar results, it is assumed that in the present study the effect 
of the diet, and not the probiotic, was effective in controlling 
dysbiosis and fecal pH.

Fruits, vegetables and whole grains are the main sources of 
fiber in the human diet [27]. They undergo microbial 
degradation and subsequent fermentation to the final AGCC 
products (butyrate, propionate and acetate). Butyrate produced 
mainly by Firmicutes [27] from the consumption of 30 g of 
soluble fiber, is the main source of energy for colonocytes and 
plays an important role in maintaining the intestinal barrier 
[28,29]. A diet low in fiber helps to reduce numerous specific 
bacterial rates and reduces diversity, contributing to the 
emergence and maintenance of dysbiosis. High animal fats such 
as meat and cheese dramatically and immediately changed the 
community  structure  of  the  gut  microbiota  in  human 

participants in a short period of time (2 to 3 days) [30-32].

The main outcome investigated here was weight loss, 
identified, with a statistically significant difference in the Test 
Group. This result can be attributed to the use of the 
probiotic, since it was not found in the GP. The mean weight loss 
over the three months was 4.3% of body weight, close to 
the 5%considered successful intervention. Longer studies will 
be useful to better assess this effect.

The gut microbiota plays an important role in understanding 
the pathophysiology of obesity, which can be explained by 
the increased amounts of Firmicutes over Bacteroidetes, 
which result in methylation of genes related to obesity and 
other comorbidities in order to promote gene expression. And 
also to stimulate hormones that influence metabolic 
function by increasing the ability to capture energy. 
The intestinal microbiota influences the individual's 
metabolism, its ability to extract calories from food and its 
storage in adipose tissue, which predisposes an individual to 
obesity. Some mechanisms may explain this influence of 
the microbiota, such as the modulation of fat absorption 
and excretion, the reduction of endotoxemia and 
inflammation and the modulation of numerous genes 
involved in hepatic lipogenesis and/or adipose tissue lipolysis 
[33].

Other studies have revealed the importance of diet in the 
composition of the intestinal microbiota, genesis of obesity and 
the regulation of body weight. It has been observed that obese 
adults on a hypocaloric diet (both low-fat and low-carbohydrate) 
have increased fecal proportions of the phylum Bacteroidetes or 
subgroups of the genus Bacteroides, associated with weight loss 
and accompanied in some cases by reductions of the phylum 
Firmicutes or its subgroups. A lower proportion of Bacteroidetes 
and a higher proportion of Actinobacteria have also been
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associated with obesity, after comparing the fecal microbiota of
obese and lean individuals [34].

Studies also show that the introduction of fibers can lead to a
reduction in energy intake, which would lead to weight loss with
consequent improvement in metabolic parameters [35]. This
hypothesis could be verified by demonstrating that inulin
supplementation was able to neutralize the effect of the
increase in fat mass induced by the diet and in rats
supplemented with resistant starch that showed lower weight
gain and lower abdominal fat when compared to others that did
not receive the same supplementation [36-38]. In this study,
however, higher fiber consumption did not lead to weight loss as
did the use of probiotics. There was also no significant
difference between the groups regarding WC.

The analysis of the results of this research, referring to the
lipid profile before and after the intervention with probiotics
and the guidelines for a high-fiber diet, showed better results in
both groups, but with no statistically significant difference
between them, but significant in the placebo group before and
after the intervention regarding LDL-c and HDL-c. It is important
to highlight the hypolipidemic effect of fibers. Studies have led
to the hypothesis that FOS could reduce hepatic lipogenic
capacity by inhibiting gene expression of lipogenic enzymes,
resulting in reduced secretion of VLDL-c. This inhibition could be
achieved via SCFA production or via insulinemia modulation,
through unknown mechanisms [39]. Reduction of TC and LDL-c
was observed in obese patients after intervention with the use
of fibers [40]. Although the insulinemia modulation pathway has
already been described by studies through the use of fibers and
also probiotics, in this study a better intra- and inter-group
glycemic profile was not observed, despite specific cases having
been identified.

As there was no significant difference in metabolic control
between the groups at the two moments, the results found here
contradict what most publications say regarding the impact of
the use of probiotics aimed at controlling variables with a view
to the secondary outcome. However, other studies have also
failed to prove the benefits of using probiotics in isolation in
humans [41].

The fact that the profile of the microbiota of the patients has
not been defined, before and after the intervention, can be
considered as a bias, in order to verify the types of predominant
strains with a view to the F:B ratio, since it is known that specific
intestinal bacteria and its metabolites affect host metabolism
and feeding behavior and dysbiosis of this bio system can lead to
metabolic syndrome [42]. In addition, other confounding factors
that are difficult to control in research with humans can also be
mentioned as influencing the results described here: the
frequency of physical activity, the exact composition of the diet
throughout the period (as this depends on the patients'
acquisition), genetics, hormonal changes, the circadian cycle and
hours of sleep, which should be considered in studies like this.

Conclusion
The results of this study suggest a beneficial effect of the use

of probiotics with multiple strains associated with a diet rich in

fiber with prebiotic action and reduced in sugars and fats in
weight control, as well as demonstrating a positive effect of this
same diet per se without the association of probiotics in the
weight control, dysbiosis control and better lipid profile;
however, as described, and contrary to other publications,
neither probiotics nor dietary fibers alone were able to
contribute to the control of the glycemic profile.

Thus, it is suggested that there is a need for further studies
that aim to compare the effectiveness of the use of probiotics
with or without prebiotics in controlling the variables
investigated here, aiming to contribute with evidence that is
sufficient to recommend the treatment of intestinal dysbiosis,
controlling the possible biases identified here.
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