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INTRODUCTION

Many families of bacteria, unicellular eukary-
otes and other organisms live in the human 
body [1]. Several bacteria such as Bacte-

roidetes, Firmicutes, and Actinobacteria aff ect the 
humans’ gut [2]. The term “microbiota,” “microfl ora,” 
or “normal fl ora” is applied to designate the vast num-

ber of microbes that coexist with the host [3]. It is es-
timated that human microbiota contain 1014 bacterial 
cells, 10 times more than the number of human cells 
present in our body [4]. Almost every surface of the 
human body, from the skin surface to the genitouri-
nary tract, oral cavity, respiratory tract, ear, and the 
gastrointestinal tract is colonized strongly by diff erent 
bacteria species [3, 5, 6]. The most heavily colonized 

EFFECTS OF PROBIOTICS ON HUMAN HEALTH 
AND DISEASE: A REVIEW
A. Amiri1, F. Firoozeh2, M. Zibaei3, A. Khaledi4

1Faculty of Basic Sciences, Islamic Azad University, Sciences and Research Branch –Tehran, I.R. Iran
2Dietary Supplements and Probiotic Research Center, Alborz University of Medical Sciences – Karaj, I.R. Iran

3Evidence-based Phytotherapy and Complementary Medicine Research Center, 
Alborz University of Medical Sciences – Karaj, Iran

4Infectious Diseases Research Center, Kashan University of Medical Sciences – Kashan, I.R., Iran

Abstract. Alteration of the gut microbiome in order to achieve a balance in the normal fl ora 
of the intestine could be very benefi cial in maintaining the health of the human. Probiotics 
are living microbial supplements that are added to the diet and have benefi cial eff ects on 
the host by improving the balance of the intestinal microfl ora. The purpose of this study is to 
review previous studies on the eff ects of probiotics on human health and various diseases. 
The Farsi and English electronic databases such as, SID, Iranmedex, Magiran, Google 
Scholar, PubMed and ISI Web of Knowledge were searched and the published articles that 
have studied the eff ects of probiotics on the prevention and treatment of various diseases 
were included in the study. The review of published articles related to the subject showed 
that consumption of probiotics, prebiotics and proper diet have the signifi cant eff ects on 
the health of the digestive system and has reduced and improved symptoms of diff erent 
disorders and diseases. Further research is needed to better understand the underlying 
mechanisms of probiotic function and confi rm the role of the probiotics in preventing and 
treating various types of cancers and other diseases.

Key words: probiotics, gut microbiota, human health, dysbiosis, intestinal diseases, extra-intestinal 
diseases

Corresponding author: Farzaneh Firoozeh Ph.D, Dietary Supplements and Probiotic Research Cen-
ter, Alborz University of Medical Sciences, Karaj, Iran. P.O.Box: 3149779453, Tel: +98 26 32563318, 
Fax: +98 26 32563329, е-mail: ffi  roozeh@ut.ac.ir ORCID ID of corresponding author: https://orcid.
org/0000-0002-4026-4110

ACCEPTED: 11 July 2019

10.2478/AMB-2021-0015



96 A. Amiri, F. Firoozeh, M. Zibaei, A. Khaledi

organ is the gastrointestinal tract (GIT) which hosts a 
wide microbial ecosystem; the colon alone contains 
over 70% of all the microbes in the human body [4]. 
Intestinal microbial fl ora play a key role in human 
health and very important functions are attributed to 
them including: production of diff erent nutrition for 
their host, preventing the placement of pathogenic 
bacteria in intestinal mucosa, protection of epithelial 
cells barriers, precise maturity of the immune sys-
tem, the eff ects on metabolism of the body, and many 
other important actions [7]. GIT consists of the entire 
digestive system from the stomach to the anus. The 
colon is the preferred place for bacteria colonization. 
GIT is also rich in many molecules that can be used 
as nutrients by microbes. Therefore, diff erent harmful 
and benefi cial bacteria can heavily colonize the GIT 
[8]. The gastrointestinal tract mucosa is constantly 
exposed to a medium that is full of external materials; 
consists of food particles and microbial antigens [9]. 
Specifi c variations in the intestinal ecosystem might 
relate to the advancement of a specifi c disease. The 
imbalanced gut bacteria have been investigated in 
illnesses including infl ammatory bowel disease, an-
tibiotic-associated diarrhea, colon cancer, hypercho-
lesterolemia, and other intestinal and extra-intestinal 
disorders and diseases [10]. The studies have shown 
that modifi cation of the gut microbiome in order to 
achieve a balance in the normal fl ora of the intes-
tine could be very benefi cial in maintaining the health 
of the human [11]. Lactic acid bacteria, belonging to 
the genus Lactobacillus and Bifi dobacterium, had a 
positive infl uence on health. Hence, the study of the 
use of these bacteria (so-called “probiotics”) for the 
treatment and prevention of diseases should be ben-
efi cial. Probiotics were studied in diff erent regions for 
the treatment of various diseases [5]. Researches 
showed that probiotics were used to cure micro-
ecological problems of acute and chronic diseases 
such as gastrointestinal, gynaecological cardiovas-
cular and metabolic disorders [12]. In addition, most 
studies have shown the eff ects of probiotics on the 
treatment of digestive diseases like acute diarrhea in 
newborns and adults [13]. Recent evidence suggest 
that consumption of probiotics, prebiotics and proper 
diet has a signifi cant eff ect on the digestive system; 
moreover, they reduce and improve symptoms of dis-
orders such as depression, and stress [14]. Probiot-
ics also play an important role in the prevention and 
treatment of cancers and liver diseases and growth of 
tumoral cells derived from carcinogens [15]. Further 
research is needed to better understand the under-
lying mechanisms and confi rm the role of probiotics 
in preventing and treating various types of diseases. 
The purpose of this study is to review previous stud-

ies on the eff ects of probiotics on human health and 
various diseases.

PROBIOTICS

The most common probiotic microorganisms are di-
vided into three groups of bacteria, fungi and yeasts, 
some of these microorganisms are selective strains 
of Lactobacillus and Bifi dobacterium bacteria, al-
though strains of Enterococcus, and Escherichia 
coli are also used for this purpose [5, 16] (Table 1). 
Among the yeasts, Saccharomyces cerevisiae, and 
Saccharomyces boulardi can be mentioned [5]. Most 
of the bacteria of Lactobacillus and Bifi dobacterium 
were recognized as safe [17]. Although lactic acid 
producing bacteria, except for Streptococcus and 
Enterococcus, are rarely harmful for humans and 
animals and their use has long been proven to pro-
duce food products without causing adverse eff ects 
[5]. Most probiotics are common parts of the human 
intestinal tract and are consumed in large quantities 
in functional foods. For example, the population of 
Bifi dobacterium in the human gut can be 1011 cells/g 
of intestinal contents [6].

PREBIOTICS

Prebiotics are certain nutrients that are not easily 
digested or are less digested in the gastrointestinal 
tract but selectively stimulate the growth and activ-
ity of probiotics and benefi cial bacteria in the gut 
[17]. Low-digestible carbohydrates (LDCs) are an 
example of known prebiotics, leading to the growth 
of bifi dobacteria and some gram-positive bacteria 
in the small intestine [12]. Lactolose, galacto-oligo-
saccharides, fructooligosaccharide, inulin and their 
hydrolyzed metabolites, maltooligosaccharides are 
among the prebiotics that are commonly used in hu-
man nutrition [12]. The fi nal products of carbohydrate 
metabolism are short-chain fatty acids (such as ac-
etate, butyrate and propionate) that are used as host 
energy sources consumed by host organisms. Typi-
cally, oligosaccharides, inulin, and oligo-fructans are 
found in chicory, onion, garlic, asparagus, turnips, 
leeks, bananas and tomatoes [12]. These prebiotics 
are produced and marketed in three ways by extrac-
tion of plant material, microbial or enzymatic synthe-
sis and enzymatic hydrolysis of polysaccharides in 
industrial quantities [18]. 

SYNBIOTICS

Gibson introduced the synbiotic as the combination 
of probiotics and prebiotics [19]. Synbiotics infl u-
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ence the host health by promoting the survival of live 
microbial dietary supplements in the intestine [20]. 
Synbiotics were developed to overcome the probiotic 
survival problems. It seems that the use of synbiot-
ics increases the survival of probiotic bacteria during 
passage through the intestine [21]. Diff erent factors 
such as pH, H2O2, organic acids, oxygen and mois-
ture stress, aff ect the viability of probiotics [22]. The 
probiotic strains which are usually used in the formu-
lation of synbiotics consist of Lacbobacilli, Bifi dobac-
teria spp, S. boulardii, B. coagulans, and the most 
prebiotics are comprised of oligosaccharides like 
fructooligosaccharide (FOS), galactooligosaccharide 
(GOS), xyloseoligosaccharide (XOS), inulin, and nat-
ural prebiotics such as chicory roots [23]. The health 
advantages of synbiotics utilization by humans are: 
II) enhanced rates of lactobacilli and bifi dobacteria II) 
balanced gut microbiota, III) ameliorate of liver func-
tion in patients with liver disorders, IV) enhancement 
of immunomodulating ability, VI) decreased frequen-
cy of nosocomial infections in hospitalized patients, 
etc [24].

IMPORTANCE OF PROBIOTICS ON HUMAN HEALTH

Research has shown that probiotics are used to 
cure micro-ecological problems of acute and chronic 
diseases such as gastrointestinal, gynaecological, 
cardiovascular and metabolic disorders [12]. Probi-
otic bacteria, by preserving the intestinal microfl ora 
and controlling pathogenic microorganisms, reduce 
the risk of foodborne diseases. Probiotics aff ect in-
nate, humoral and cellular immune systems as well. 
Studies have shown that probiotics, by increasing the 
concentration of globulins, the number and activity of 
neutrophils and also, by reducing gut microfl ora such 
as coliforms, strengthen the immune system and pre-
vent the development of various metabolic and infec-
tious diseases [25]. 

THE EFFECT OF PROBIOTICS ON THE TREATMENT 
OF DIGESTIVE DISEASES

Most studies have shown the eff ects of probiotics on 
the treatment of digestive diseases like acute diar-
rhea in newborns. Allen et al. (2004) reviewed 23 
articles on the treatment of infectious diarrhea with 
probiotics and concluded that probiotics are an ad-
junctive treatment for infectious diarrhea in children 
and adults and can be used in conjunction with oral 
rehydration [13]. Correa et al. (2005) in a clinical trial 
showed that application of Bifi dobacterium lactis and 
Streptococcus thermophilus is eff ective in prevent-
ing of antibiotic-associated diarrhea in neonates [26]. 
Saccharomyces bullaria is also used as an eff ective 

medication in the treatment of antibiotic-induced di-
arrhea in some countries [27]. In a study, Guerra et 
al. (2011) showed that using probiotic yoghurt (con-
taining bifi dobacterium longum) improved defecation 
frequency and abdominal pain in children with func-
tional constipation compared to the control yoghurt 
[28]. A large number of controlled randomized trials 
and meta-analyses were conducted on the effi  cacy 
of probiotics in preventing antibiotic-associated diar-
rhea (ADD) and Clostridium diffi  cile-associated diar-
rhea (CDAD) in children and adults [29-31]. Overall 
23 randomized and controlled trials in 4213 patients 
including adults and children have been performed. 
The analysis showed that the probiotics can reduce 
the risk of developing CDAD by 64%, and Saccha-
romyces bullaria or Lactobacillus grammonosus GG 
are eff ective in preventing CDAD following antibiotic 
therapy [29-31].

THE EFFECT OF PROBIOTICS ON DEVELOPMENT 
OF CANCERS

Since uncontrolled cell proliferation and its resistance 
to programmed death are a major characteristic of 
cancer cells, the factors that cause apoptosis can 
be recognized as an anticancer agent. However, 
resistance to chemotherapy has been a main prob-
lem in recent decades. For at least half of the pa-
tients with cancer, a certain diet is recommended. In 
this regard, many of the nutritional compounds and 
natural products and their relationship with human 
health attracted the attention of many scientists. The 
anti-cancer eff ects of certain probiotics have been 
documented [15]. In many cases, cancer is created 
by activating abnormal genes that encode proteins 
that control cell growth and division. Recent evidence 
suggests that probiotics can be used to prevent the 
growth of tumoral cells derived from carcinogens 
[32]. Kim et al. (2003) investigated the eff ects of the 
cell components of ten diff erent probiotic species on 
eleven types of cancer. The results of these studies 
indicated that probiotics were eff ective in inhibiting 
cancer cells and this eff ect is attributed to their pepti-
doglycans [33]. Other studies suggest that induction 
of apoptosis in human breast cancer cells is due to 
their in vitro phagocytosis by the yeast [34]. In order 
to investigate the eff ect of probiotics on mutagenicity, 
in a study, Mobarez et al. (2007) observed that living 
cells of Lactobacillus acidophilus and Lactobacillus 
bulgaricus, isolated from yoghurt, have a strong anti-
mutagenic activity (64-98%) against 2-Nitrofl uorene 
mutagen [35]. However, the anti-mutagenic activ-
ity was reduced about 47-36% by heat (100° C for 
15 minutes) in these cells which indicates that anti-
mutagenic activity largely depends on the survival 
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of probiotics [35]. The formation of reactive oxygen 
species (ROSs) is mainly involved in development of 
cancers such as colon cancer by creating damage 
to the DNA. In a laboratory study, Koller et al. (2008) 
evaluated the detoxifi cation of ROSs using several 
probiotic species derived from gastrointestinal micro-
bial fl ora and commercial probiotic products [36]. The 
researchers multiplied the colon cells extracted from 
humans and eventually exposed them to 5-Hydroxy-
2-methyl-1, 4-naphthoquinone and hydrogen perox-
ide. The results showed that L.acidophilus VM33, 
Lactobacillus plantarum VM40, Lactococcus lactis 
VM25, Lactobacillus casei VM33 and Streptococ-
cus thermophilus VM44 reduced the DNA damage 
caused by 5-Hydroxy-2-methyl-1, 4-naphthoquinone 
and hydrogen peroxide [36]. Boniadi and colleagues 
showed that Saccharomyces cerevisiae and Saccha-
romyces boulardii inhibit the invitro growth of myeloid 
cancer cells [37]. An & Ha (2016) in a laboratory study 
showed that if FU-5 resistant colorectal cancer cells 
treated with Lactobacillus plantarum, some features 
of these cells, including the expression of specifi c 
cancer markers (CD44, 133, 166, and ALDH1), were 
inhibited [38]. Further research is needed to better 
understand the underlying mechanisms and confi rm 
the role of probiotics in preventing and treating vari-
ous types of cancers. 

THE EFFECT OF PROBIOTICS ON DEPRESSION

Nutrition psychiatry is a branch of psychiatry that 
examines the relationship between dietary patterns 
and psychiatric disorders and probiotics have been 
proposed as the new therapeutic strategy for modu-
lating the nervous system in the face of stress and 
depression [14]. Consumption of probiotics, prebi-
otics and proper diet have the signifi cant eff ects on 
the health of the digestive system and has reduced 
and improved symptoms of depression, stress and 
many digestive diseases [39]. The daily consump-
tion of probiotics in stressed rats causes a signifi cant 
decrease in the serum adrenocorticotropic hormone 
(ACTH) levels, which means reducing stress and 
subsequently reducing depression [40]. In addition, 
using probiotics prevents severe weight loss in rats 
exposed to severe stress, which emphasizes the 
eff ects of probiotics on stress [40]. Probiotics have 
the signifi cant eff ects on the improvement of depres-
sive symptoms through increasing the serotonin lev-
els and reducing infl ammation [41]. Research has 
shown that probiotics can aff ect the cortisol and se-
rotonin levels in the gastrointestinal tract through the 
microbiota-gut-brain axis and improve the several 
parameters such as mood and insomnia in patients 
with depression [41-43]. Studies by Wallace and col-

leagues on depression in humans have shown that 
depression increases the levels of pro-infl ammatory 
cytokines, such as interleukin 6 (IL-6), Interleukin 1 
beta (IL-1β), Interferon gamma (IFNγ) and C-reac-
tive protein (CRP), which leads to an increase in the 
symptoms of the disease [44]. The increased levels 
of infl ammatory cytokines reduce the level of neu-
rotransmitter precursors and alter their metabolism. 
This infl ammation also increases the permeability of 
the intestine, and allows the entry of toxic substanc-
es and other waste materials into the bloodstream. 
These gut-derived endotoxins contain the glycopro-
tein molecules of the outer membrane of gram-neg-
ative bacteria that activate the immune system via 
Toll-like receptor 4 (TLR4) [44]. 

In another study, Kawai et al. showed that probiotics 
have therapeutic eff ects on the nervous system and 
may reduce the infl ammation by creating integrity in 
the gastrointestinal membrane and reducing the per-
meability of leaked endotoxins into the bloodstream 
[45]. Finally, this reducing infl ammation regulates the 
gut-brain axis and neurotransmitters activity [45]. 
An altered profi le of gut microbiota in irritable bowel 
syndrome (IBS) which is a stress-related disorder 
of microbiota-gut-brain axis has been proven [46]. A 
signifi cant number of patients with IBS are also suf-
fering from depression. In these patients an altered 
Firmicutes: Bacteroidetes ratio has been illustrated 
[46]. It has been shown that in mice treated with pre-
biotics such as alacto-oligosaccharides (GOS) the 
increased intestinal permeability what is happening 
in IBS, has improved [46].

THE EFFECTS OF PROBIOTICS ON LIVER DISEASES

Probiotics also play an important role in the preven-
tion and treatment of liver disease. In a study in rats, 
Savcheniuk et al. (2014) showed that administra-
tion of various probiotics during the life of newborns 
could signifi cantly reduce the risk of fatty liver and 
obesity [47]. In a survey, on rats with fatty liver, Ritz 
et al. (2014) assessed the eff ect of probiotic (Lacto-
bacillus rhamnosus) administration for 8 weeks and 
stated that this treatment reduced infl ammation and 
liver enzymes [48]. In an experimental study by Ma 
et al. (2008) with mouse model, the benefi cial eff ects 
of the probiotic mix (VSL # 3) on fat profi le, insulin 
resistance, weight gain and hepatic steatosis have 
been documented [49]. In another study by Seo et 
al. (2013), a signifi cant decrease in the lipid accu-
mulation in the liver of rats was achieved following 
administration of probiotics for 12 weeks [50]. In addi-
tion, signifi cant results have been reported on the im-
provement of lipid metabolism in this group of probi-
otic-treated rats at the molecular level [50]. In a study 
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conducted by Endo et al. (2013) in rats, administration 
of probiotics (butyrate-producing microorganisms, 
Clostridium butyricum MIYAIRI 588) signifi cantly re-
duced or stopped the development of fatty liver [51]. 
Nonalcoholic fatty liver disease (NAFLD) is the situ-
ation that known through excessive triglycerides ac-
cumulation in the liver [52]. The disease may lead to 
fi brosis, cirrhosis, and hepatocellular carcinoma. In a 
study, Sepideh et al. (2015) evaluated the infl uences 
of probiotic (Multi-strain) treatment on glycemic and 
infl ammatory indexes in 42 patients with nonalcoholic 
fatty liver disease (NAFLD) for 8 weeks. They stated 
that consumption of probiotic signifi cantly reduced tu-
mor necrosis factor alpha (TNF-α), IL-6, fasting blood 
sugar (FBS), insulin and insulin resistance. In their 
study, fat profi le was not investigated [52]. Zhang et 
al. (2015) declared that probiotics could inhibit ste-
atosis and liver damage in the NAFLD [53]. Liang et 
al. (2014) also found that the pathogenesis of NAFLD 
is due to hepatic natural killer T (NKT) cells and gly-
colipids of probiotics may alter the function of hepatic 
NKT cells which led to reduction of steatosis [54]. 

CONCLUSION

Eventually, probiotics are living microbial supple-
ments that are added to the diet and have benefi cial 
eff ects on the host by improving the balance of the 
intestinal microfl ora. Researches showed that probi-
otics used to cure micro-ecological problems due to 
acute and chronic diseases and metabolic disorders. 
Recent evidences suggest that consumption of pro-
biotics, prebiotics and proper diet have the signifi cant 
eff ects on the health of the digestive system and has 
reduced and improved symptoms of depression, 
stress and many other diseases like Alzheimer’s, 
heart and diabetes diseases. Probiotics also play 
an important role in the prevention and treatment of 
cancers, liver diseases and growth of tumoral cells. 
Further research is needed to better understand the 
underlying mechanisms and confi rm the role of probi-
otics in preventing and treating various types of can-
cers and other diseases.
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