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Abstract
Previous studies have supposed that probiotic supplementation led to a positive effect on different health outcomes. Furthermore,
several studies indicated that probiotics supplementation improved antioxidant status, while some studies did not indicate these
effects. Hence, current systematic review and meta-analysis study was conducted to determine the effect of probiotic supplemen-
tation on some oxidative stress biomarkers among adult subjects.We searched four electronic databases PubMed, SCOPUS, ISIWeb
of Science, and the Cochrane Library till November 2017. Clinical trials that compared the effects of probiotic supplementation with
the control groupwere included. A random-effect model was used to pool weightedmean difference (WMD). Finding of 11 included
studies (n = 577) indicated that probiotic supplementation increased total antioxidant capacity (TAC) (WMD 77.30 mmol/L; 95%
confidence interval [CI] 2.60, 152.01; I2 = 88.3%) and reduced malondialdehyde (MDA) (WMD − 0.31 μmol/L; 95% CI − 0.54, −
0.08; I2 = 71.5%) significantly compared to the control group. However, its effects on glutathione (GSH) was not significant
(WMD= 19.32 μmol/L; 95% CI − 18.70, 57.33; I2 = 64.9%). The current meta-analysis revealed that probiotic supplementation
may result in increasing TAC and lowering MDA, which improve antioxidant status. However, due to high heterogeneity, findings
should be interpreted with caution. Further investigations are required to elucidate the effect of supplementation with probiotics on
biomarkers of antioxidants.
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Introduction

Reactive oxygen species (ROS) is a natural compound built
through the normal metabolism of oxygen. Although it acts as
a key factor in homeostasis and cell signaling and it is claimed

that have a role in killing micro-organism and cancer cells, it
may rise up and lead to oxidative stress due to the imbalance
between its production and antioxidant capacity [1].
Oxidation is a process in which an electron is given to an
oxidizing agent. The result of this reaction is the production
of free radicals having unpaired electrons that lead to a chain
reaction in which more free radicals including superoxide an-
ion and hydroxyl radical are being released. Oxidative stress is
known to have an effect on the progression of chronic diseases
like cancer, cardiovascular diseases, and diabetes [2, 3].
Antioxidants are known to play a preventive role against the
occurrence of oxidative stress by inhibiting the process of
oxidation. Since antioxidants degenerate during this action,
there is a perennial need to reload their stores [4]. Oxidative
stress could be measured by several oxidative stress markers
such as xanthine oxidase (XO), superoxide dismutase (SOD),
glutathione (GSH), malondialdehyde (MDA), and total anti-
oxidant capacity (TAC). Recently, the role of probiotics in
prevention of oxidative stress has been discussed.
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Probiotics, which are defined as the live microorganism,
have been considered to have significant health benefits if con-
sumed in the adequate amount [5]. Probiotics can be of clinical
use in chronic diseases such as gastrointestinal disorders, au-
toimmune illness, obesity, insulin resistance, type 2 diabetes,
and non-alcoholic fatty liver disease [6–8]. These effects are
conducted due to the elimination of pathogenic microorganism
because of a competitive environment formed by probiotics
[9]. Furthermore, probiotics have a potential role to improve
immune system function [10]. Lactobacillus and
Bifidobacterium are the most commonly used probiotics [11].
It has been reported that probiotics act as a protective agent
against oxidative stress by reducing the pH of gut, producing
some digestive enzymes and vitamins, producing antibacterial
substances such as hydrogen peroxide, diacetyl, acetaldehyde,
and lactoperoxidase, suppression of bacterial infections, re-
moval of carcinogens which leads to reduction of cytokine
level, high-sensitivity CRP, and superoxide and hydroxyl rad-
icals, and the increase of glutathione peroxidase [12–16].

Some studies indicated positive effects of probiotics on
antioxidant status, while others did not show such beneficial
effects. Since there is a controversy over this claim, we con-
ducted a systematic review and meta-analysis on trials inves-
tigations to evaluate the effects of probiotic supplementation
on antioxidant indices, including TAC, MDA, and GSH, to
determine whether probiotics have a protective role against
oxidative stress or not.

Methods

This meta-analysis and systematic review were conducted ac-
cording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [17].

Search Strategy

PubMed, SCOPUS, ISI Web of Science, and Cochrane data-
bases were searched by two investigators independently (BZ,
AS) using the following terms in titles and abstracts. The search
strategy was as follows: [probiotics OR microflora OR
microbiome OR Lactobacillus OR Bifidobacterium] AND
[Oxidative OR malondialdehyde OR MDA OR Superoxide
dismutase OR SOD OR glutathione peroxidase OR GPX OR
antioxida* OR anti-oxida* OR TAC]. In order to increase the
sensitivity of the search, the wild-card term ‘_’ was used. The
literature was searched from inception to November 2017 and it
was restricted to the English language.

Study Eligibility

To identify qualified studies the following criteria were used:
(1) randomized controlled clinical trial (either parallel or

cross-over design), (2) adult individuals (over 18 years old),
(3) reported antioxidant indices (TAC, MDA, and GSH) in
both placebo and treatment groups before and after the inter-
vention, (4) studies in which the patients were treated with
probiotics supplementation in comparison to a control group
whose participants received placebo or no supplementation at
all. Exclusion criteria were as follows: (1) other study design
except for clinical trial, (2) animal or in vitro study, (3) con-
ducted on children or adolescent, (4) did not have control
group, (5) studied enriched food with probiotic, (6) examined
the effect of probiotic supplementation along with other inter-
vention, (7) participants suffering from malignancy diseases
such as cancer, and (8) duration of interventionwas lower than
2 weeks.

Data Extraction

Based on pre-defined data extraction sheet, the following data
were extracted from eligible studies: (1) first author’s name,
(2) year of publication, (3) country in which the study was
conducted, (4) study design, (5) number of participants in the
probiotic and placebo group, (6) dosage, (7) treatment dura-
tion, (8) age, (9) gender, (10) body mass index (BMI) of par-
ticipants, and (11) mean and standard deviation of antioxidant
indices at baseline and at the end of study. When our interest
data were not reported in the papers, we contacted the authors
via email to obtain missing data. Data extraction was per-
formed by two reviewers independently (BZ, AS). Any dis-
agreement in all processes of the systematic review was
solved by discussion (LA). When measurements were repeat-
ed more than two times, only data at the baseline and at the
end of the study were extracted. Moreover, if more than one
paper on the same population was published, we only includ-
ed paper with larger sample size and longer duration of the
intervention.

Assessments of Risk Bias and Publication Bias

To examine the methodological quality of the included studies,
the Jadad score [18] was used independently by two researchers
(BZ, AS). This checklist includes five questions and the score
of 0 or 1 are given to each one of the following questions: (i)
randomization, (ii) appropriate method for randomization, (iii)
double-blinding, (iv) appropriate method for double-blinding,
and (v) description dropouts andwithdrawals. According to this
scale, the overall score of a study ranges between 0 and 5, and
the ones that obtain more than median (three) are considered as
high quality. Risk bias for the included studies also were exam-
ined using criteria as outlined in the Cochrane Handbook for
Systematic Reviews of Interventions [19]. The assessment in-
cluded seven items: sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective outcome
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report, and other sources of bias. We applied Egger regression
test to examine publication bias statistically. The present study
was supported by Tehran University ofMedical Sciences (grant
number : 97-03-161-40572).

Data Synthesis and Statistical Analysis

All data from included studies were extracted as mean difference
(MD) and standard deviation (SD) in both treatment and control
groups. Mean and SD imputed using the median and range in
some studies [17]. In addition, if standard error of the mean
(SEM) has been presented instead of the standard deviation, we
calculated SD using following formula: SD =SEM× √n (n is the
number of participants in each group). Furthermore, the random-
effects model (Dersimonian-Liard) were used to examine the
MD of the effect of probiotic supplementation on the oxidative
stress biomarkers. To examine heterogeneity between studies,
Cochran’s Q test at the level of significance of P < 0.1 and in
order to indicate the value of heterogeneity, I2 index were used.
To determine the source of heterogeneity, predefined subgroups
were performed based on following criteria: (1) age (< 50, ≥ 50),
(2) duration (≤ 8, > 8 weeks), and (3) sex. Sensitivity analysis
was performed to establish the effect of individual study on the
pooled mean difference. Egger regression test was applied to
investigate publication bias statistically. Stata software version
12 (Stata Corp., College Station, Texas, USA) was used to ana-
lyze and P < 0.05 was considered as significant.

Results

Study Selection

Figure 1 shows processes of study selection for the current
meta-analysis. We found 5633 articles in preliminary search
of electronic databases and one study from reference lists.
After excluding duplicates (n = 945), 4689 publication
remained for screening. Based on title and abstract, 4637 pub-
lications were excluded. In the full-text screening step, 55
articles were evaluated and 44 of them were excluded.
Reasons for excluding studies were as follow: probiotic forti-
fied foods (n = 14), mixed intervention (n = 13), did not have
control group (n = 3), did not report biomarkers of oxidative
stress (n = 11), critical condition (n = 1), and did not have
nesessary data (n = 2). When necessary data had not reported,
we asked the authors through emails in three reasonable inter-
val periods. Finally, 11 eligible articles were included in the
present study [20–30].

Systematic Review

Overall, 577 individuals participated in the included stud-
ies. Seven studies considered both genders [20–22, 24, 26,

29, 30], while the other included studies recruited only
women [23, 25, 27, 28]. The mean age of participants var-
ied from 27.1 to 62.6. In all studies, except one that sup-
plementation was along with dietary intervention in both
intervention and control groups [28], were not applied an-
other intervention. Most of the included studies in this
rev iew used two types of Bi f idobac ter ium and
Lactobacillus probiotic supplements with single or multi-
ple strains. Dosage of probiotic supplement ranged from
108 to 1010 CFU/day. The period of intervention ranged
from 6 to 12 weeks. Most of the participants were over-
weight or obese (BMI ranged from 25.4 to 31.7 kg/m2).
Participants of the studies were as follow: type 2 diabetes
[20, 21], rheumatoid arthritis [26], diabetic hemodialysis
[24], pregnant women [23], gestational diabetes [23], de-
pressive disorder [22], obesity women [28], multiple scle-
rosis [29], and diabetic foot ulcer [30]. Probiotic supple-
ment administered in two forms: capsule [20–27, 29, 30]
and sachet [28] (Table 1).

Among these studies, TAC and MDA were reported in
nine and GSH in eight studies. Of the nine studies that
measured TAC, eight studies used the ferric-reducing an-
tioxidant power (FRAP) method and one used Randox kit.
All of the studies used the thiobarbituric acid and Beutler
methods to measured MDA and GSH, respectively.
Furthermore, some studies reported additional indices
such as catalase (CAT), superoxide dismutase (SOD),
and glutathione peroxidase (GPx). Since the numbers of
the studies which reported the mentioned indices were not
enough to make the requirements, they were not involved
in this meta-analysis.

Risk Bias and Publication Bias

All studies except one [21] had high quality (total score >
3). All 11 studies applied randomized placebo-control trial
design and described the methods of randomization. Ten
studies had ‘double-blind design and one study [21] report-
ed single-blind design. Enough information about blinding
was given in nine studies. Only one study did not report
dropouts and their reasons [21]. Judgments of authors on
each risk of bias item for all of the included studies were
presented in Table 2. Egger’s test did not show any publi-
cation bias for TAC (P = 0.36), while the presence of pub-
lication bias was affirmed by Egger’s test (P = 0.01) for
MDA. To correct the effect size, we used the trim and
fill method. However, no study was added. We also
identified slight publication bias statistically by Egger’s
test (P = 0.02) for GSH. Three studies were imputed
after using trim and fill analysis. However, results
remained insignificant (− 5.93; 95% CI − 45.66, 33.79;
p = 0.77).
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Meta-Analysis

Total Antioxidant Capacity

Among nine studies that evaluated the effect of probiotics
supplements on the TAC, eight entered in the meta-analysis.
Overall increased of TAC was 77.30 mmol/L (95% confi-
dence interval [CI] = 2.60 to 152.01; p = 0.04) more in probi-
otic supplement than that in control group (Fig. 2). There was
high significant heterogeneity between included studies (I2 =
88.3%; p < 0.001). Furthermore, we conducted subgroup
analysis to examine the effect of age (< 50, ≥ 50 years), dura-
tion (≥ 8, > 8 weeks), and sex (both sex, female) on TAC.
Subgroup analysis of mentioned parameters did not show
between-study heterogeneity (Table 3).

We performed a sensitivity analysis to determine the effect
of each study on the overall mean difference. There was one

study with different BMI (> 30 kg/m2) and dosage (>
1010 CFU/day). The sensitivity analysis indicated that this trial
had no significant effect on overall effect size.

Malondialdehyde

This meta-analysis was executed in nine studies. Pooled
mean difference for effects of probiotic supplementation on
MDA compared to the placebo group was − 0.31 μmol/L
(95% CI − 0.54, − 0.08) with high heterogeneity (I2 =
71.5%; p < 0.001) (Fig. 3). A sensitivity analysis was carried
out to evaluate the effect of each study on the overall mean
difference. None of the included studies had a significant
effect on the overall studies. To identify the source of hetero-
geneity,we conducted subgroupanalysis according to age (<
50, ≥ 50 years), duration (≥ 8, > 8 weeks), and sex (both sex,
female). Duration of intervention > 8 weeks compared to ≤

Probiotics & Antimicro. Prot. (2020) 12:102–111 105

Records identified through database 

searching 

(n =5633)
Sc
re
en

in
g

In
clu

de
d

El
ig
ib
ili
ty

noitacifitnedI
Additional records identified through 

other sources 

(n = 1)

Records after duplicates removed 

(n =4689)

Records screened 

(n = 4689)

Full-text articles assessed for 

eligibility 

(n = 55)

Full-text articles excluded, 

with reasons 

(n = 44)

Outcome is not oxidative 

stress marker (11) 

Mixed intervention (13)

Not usable data reported (2)

Fortified foods (14)

Without control group (3)

Critical status (1)

Studies included in 

qualitative synthesis 

(n = 11)

Studies included in 

quantitative synthesis (meta-

analysis) 

(n = 11)

Records excluded irrelevant

papers based on title and abstract

(n =4634)   

Fig. 1 PRISMA flow diagram of study selection



Ta
bl
e
1

G
en
er
al
ch
ar
ac
te
ri
st
ic
s
of

in
cl
ud
ed

st
ud
ie
s

C
od
e
A
ut
ho
r
(y
ea
r)

C
ou
nt
ry

St
ud
y

de
si
gn

S
am

pl
e
si
ze

in
in
te
rv
en
tio

n
gr
ou
p

S
am

pl
e
si
ze

in
co
nt
ro
l

gr
ou
p

Po
pu
la
tio

n
st
ud
y
(s
ex
)

A
ge

(y
ea
rs
)

B
M
I
(k
g/

m
2
)

D
ur
at
io
n

(w
ee
ks
)

Pr
ob
io
tic

ty
pe

D
ai
ly

do
se

(C
FU

)
Ja
da
d

sc
or
e

1
A
se
m
i,
Z
.(
20
13
)

Ir
an

R
,D
B
,P
C

27
27

Ty
pe

2
di
ab
et
es

(F
/M

)
50
.5
1

31
.6
1

8
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

La
ct
ob
ac
ill
us
.r
ha
m
no
su
s,

La
ct
ob
ac
ill
us

bu
lg
ar
ic
us
,

B
ifi
do
ba
ct
er
iu
m
br
ev
e,

B
ifi
do
ba
ct
er
iu
m
lo
ng
um

,
St
re
pt
oc
oc
cu
s
th
er
m
op
hi
lu
s

3.
92

×
10

1
0

4

2
M
az
lo
om

,Z
.(
20
13
)

Ir
an

R
,S
B
,P
C

16
18

Ty
pe

2
di
ab
et
es

(F
/M

)
55
.4

27
.9
7

6
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

bu
lg
ar
ic
us
,

La
ct
ob
ac
ill
us

bi
fid

um
,

La
ct
ob
ac
ill
us

ca
se
i

1.
2
×
10

1
0

2

3
A
kk
as
he
h,
G
.(
20
16
)

Ir
an

R
,D
B
,P
C

20
20

D
ep
re
ss
iv
e
di
so
rd
er

(F
/M

)
38
.3

27
.6

8
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

B
ifi
do
ba
ct
er
iu
m
bi
fid
um

3
×
10

9
5

4
Ja
m
ili
an
,M

.(
20
16
)

Ir
an

R
,D
B
,P
C

30
30

Pr
eg
na
nt

w
om

en
(F
)

27
.1

25
.6

12
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

B
ifi
do
ba
ct
er
iu
m
bi
fid
um

3
×
10

9
5

5
So

le
im

an
i,
A
.(
20
16
)

Ir
an

R
,D
B
,P
C

30
30

D
ia
be
tic

he
m
od
ia
ly
si
s

(F
/M

)
54

25
.5

12
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

La
ct
ob
ac
ill
us

bi
fid

um

3
×
10

9
5

6
V
ag
he
f-
M
eh
ra
ba
ny
,E

.
(2
01
6)

Ir
an

R
,D
B
,P
C

22
24

R
he
um

at
oi
d

ar
th
ri
tis

(F
)

41
.1
4

27
.7

8
La

ct
ob
ac
ill
us

ca
se
i

1
×
10

8
5

7
Z
am

an
i,
B
.(
20
16
)

Ir
an

R
,D
B
,P
C

30
30

R
he
um

at
oi
d

ar
th
ri
tis

(F
/M

)
52
.2

29
.2

8
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

B
ifi
do
ba
ct
er
iu
m
bi
fid
um

3
×
10

9
5

8
B
ad
eh
no
os
h,
B
.(
20
17
)

Ir
an

R
,D
B
,P
C

30
30

G
es
ta
tio

na
l

di
ab
et
es

(F
)

28
.8

28
.3

6
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

B
ifi
do
ba
ct
er
iu
m
bi
fid
um

3
×
10

9
5

9
G
om

es
,A

c.
(2
01
7)

B
ra
zi
l

R
,D
B
,P
C

21
22

O
be
si
ty

(F
)

40
31
.7

8
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

La
ct
ob
ac
ill
us

la
ct
oc
oc
cu
s,

B
ifi
do
ba
ct
er
iu
m
bi
fid
um

,
B
ifi
do
ba
ct
er
iu
m
la
ct
is

2
×
10

1
0

5

10
K
ou
ch
ak
i,
E
.(
20
17
)

Ir
an

R
,D
B
,P
C

30
30

M
ul
tip
le

sc
le
ro
si
s
(F
/M

)
34
.4

25
.4

12
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

B
ifi
do
ba
ct
er
iu
m
bi
fid
um

,
La

ct
ob
ac
ill
us

fe
rm

en
tu
m

4
×
10

9
5

11
M
oh
se
ni
,S

.(
20
17
)

Ir
an

R
,D
B
,P
C

30
30

D
ia
be
tic

fo
ot

ul
ce
r

(F
/M

)
62
.6

26
.4

12
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s,

La
ct
ob
ac
ill
us

ca
se
i,

B
ifi
do
ba
ct
er
iu
m
bi
fid
um

,
La

ct
ob
ac
ill
us

fe
rm

en
tu
m

4
×
10

9
5

D
B
do
ub
le
-b
lin

de
d,
SB

si
ng
le
-b
lin

d,
PC

pl
ac
eb
o-
co
nt
ro
l,
R
ra
nd
om

iz
ed
,F

fe
m
al
e,
M

m
al
e

106 Probiotics & Antimicro. Prot. (2020) 12:102–111



8 weeks and age ≥ 50 years compared to > 50 years results in a
higher reduction in MDA, while these parameters were not
described between-study heterogeneity. Moreover, analysis
based on sex indicated that subgroup of studies with both sexes
result in significant reduction in MDA (− 0.45 μmol/L; 95%CI
− 0.77, − 0.13; I2 = 67.9%; p = 0.014) compared to females (−
0.11; 95% CI − 0.37, 0.15; I2 = 37.9%; p = 0.185) (Table 3).

Glutathione

Eight clinical trials reported the effect of probiotic supplemen-
tation on GSH levels. A pooled mean change in GSH was
found to be insignificant (WMD= 19.32 μmol/L; 95% CI −

18.70 to 57.33; I2 = 64.9%; p = 0.006 for heterogeneity)
(Fig. 4). To identify the effect of each study and the source
of heterogeneity on overall effect size, sensitivity analysis and
subgroup analysis were conducted. Based on results of sensi-
tivity analysis, the overall effect size did not depend on a
specific study. The subgroup analysis based on age (< 50, ≥
50 years), duration (≥ 8, > 8 weeks), and sex (both sex, fe-
male) were not a potential source of heterogeneity for GSH
(Table 3).

Discussion

Our meta-analysis demonstrated that probiotic supplementa-
tion induces a slightly significant increase in TAC level and
slight significant reduction in MDA level, while it did not
affect GSH level significantly.

Oxidative stress is associated with insulin resistance [31]
and chronic diseases such as diabetes, cardiovascular diseases,
and cancers [32, 33]. There are several studies that have eval-
uated the effect of probiotic supplementation on the oxidative
status. In line with our finding, Heshmati et al. concluded that
probiotics increased and decreased the serum levels of TAC
and MDA, respectively. Furthermore, they found that
probiotics increased the serum level of GSH, while we did
not find a significant association between probiotic supple-
mentation and GSH levels. One possible reason is including
symbiotic and fortified foods, in Heshmati et al.’s study, while
we considered supplements only [34]. Similar to our results, a
clinical trial by Mohammadi et al. indicated that probiotic
intake, whether as yogurt or capsule, results in improvement
of serum biomarkers of oxidative stress level in petrochemical
workers [35]. Moreover, a systematic review by Mishra et al.
suggested that probiotic consumption has a positive effect on

Table 2 Risk of bias for the included studies, assessed according to the Cochrane Risk of Bias Tool

Study Random
Sequence
Generation

Allocation
concealment

Blinding
of participants
and personnel

Blinding
of outcome
assessment

Incomplete
outcome data

Selective
outcome
reporting

Other
Sources
of bias

Overall
quality

Asemi, Z. (2013) L U L L L L L Good

Mazloom, Z. (2013) L L H H U L L

Akkasheh, G. (2016) L L L L L L L Good

Jamilian, M. (2016) L L L L H L L Good

Soleimani, A. (2016) L L L L U L L Good

Vaghef-Mehrabany, E. (2016) L L L L U L L Good

Zamani, B. (2016) L L L L L L L Good

Badehnoosh, B. (2017) L L L L U L L Good

Gomes, Ac. (2017) L L L L H L L Good

Kouchaki, E. (2017) L L L L L L L Good

Mohseni, S. (2017) L L L L L L L Good

L low risk of bias, H high risk of bias, U unclear risk of bias
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Fig. 2 Forest plot indicating pooledmean difference and 95% confidence
intervals for the effect of probiotic supplementation on tota antioxidant
capaity (TAC) levels



oxidative damage reduction and antioxidant enzyme, as well
as it is a proper approach to promote dietary antioxidant con-
tent [36]. On the other hand, Aqaeinezhad et al. failed to find
the notable effect of probiotic supplementation on serum level
of MDA and TAC in rheumatoid arthritis patients [37]. An
earlier meta-analysis by Samah et al. showed that probiotic

supplementation did not have antioxidative effects in individ-
uals with type 2 diabetes [38].

Although numerous studies were performed to evaluate the
effect of probiotic intake on health outcome, the cause of it has
not been yet proven, which may be due to antioxidant prop-
erties of probiotics [39]. To evaluate the influence of age, sex,
and duration on the meta-analysis results, subgroup analyses

Table 3 Subgroup analyses of probiotics supplementation on level of TAC, MDA, and GSH

TAC MDA GSH

N MD (95%CI) I2 (%) P
heterogeneity

N MD (95%CI) I2 (%) P
heterogeneity

N MD (95%CI) I2 (%) P
heterogeneity

Sex

Both sex 6 50.30
(− 37.70,
138.30)

89 < 0.001 5 − 0.45
(− 0.77,
− 0.13)

67 0.014 6 18.29
(− 34.98,
71.57)

69.8 0.005

Female 2 156.95
(54.48,
259.44)

71 0.062 4 − 0.11
(− 0.37,
0.15)

37 0.185 2 30.21
(− 4.44,
64.87)

0.0 0.558

Duration

≤ 8 weeks 4 27.12
(− 33.43,
87.68)

64 0.039 5 − 0.16
(− 0.40,
0.09)

52 0.076 4 55.31
(− 6.15,
116.78)

55.3 0.082

> 8 weeks 4 130.86
(− 8.14,
269.86)

93 < 0.001 4 − 0.44
(− 0.78,
− 0.10)

63 0.041 4 − 5.94
(− 48.26,
36.39)

60.2 0.057

Age

< 50 years 4 78.68
(− 9.57,
166.93)

85 < 0.001 5 − 0.17
(− 0.40,
0.06)

54 0.068 4 19.27
(− 40.14,
78.68)

79.9 0.002

≥ 50 years 4 74.46
(− 66.39,
215.31)

92 < 0.001 4 − 0.58
(− 1.06,
− 0.10)

75 0.006 4 19.20
(− 30.04,
68.44)

35.6 0.198

TAC total antioxidant capacity, MDA malondialdehyde, GSH glutathione, MD mean difference, CI confidence interval
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Fig. 3 Forest plot indicating pooledmean difference and 95% confidence
intervals for the effect of probiotic supplementation on malondialdehyde
(MDA) levels

Fig. 4 Forest plot indicating pooledmean difference and 95% confidence
intervals for the effect of probiotic supplementation on glutathione (GSH)
levels



were conducted. However, none of the mentioned variables
result in a significant effect on TAC level. Subgroup analysis
according to sex showed that probiotic supplementation led to
significant reduction in MDA level in both sex subgroups,
while did not decrease MDA level significantly in females.
It may be interpreted by the fact that probiotic supplementa-
tion has more beneficial effects in men rather than women.
However, population studies of men are needed to determine
these effects. In our meta-analysis, supplementation with
probiotics did not affect GSH level. There was high heteroge-
neity between studies, which source of heterogeneity was not
identified after stratifications based on predefined criteria in
most subgroups. A possibility is that heterogeneity is due to
other variables such as limited studies, health condition, sam-
ple size, and baseline characteristics. Most of the included
studies used multistrain probiotic except one which used only
lactobacilli casei strain. Although overall meta-analysis dem-
onstrated that probiotic supplementation decreased serum lev-
el of MDA and increased TAC, in the study by Vaghef-
Mehrabany et al., the level of MDA and TAC did not alter
after the intervention [25]. Consistent with our results,
Chapman et al. concluded that supplementation with
multistrain probiotic showed more beneficial effect than sin-
gle strain [40]. Also, most of the included studies used a nar-
row range of probiotic dosages (109 CFU/day) except two
studies which dosage of supplementation was 1010 CFU/day.
However, the biomarkers of TAC, GSH, and MDA changed
significantly in the aforementioned studies and some studies
suggested that greater dosage of probiotics led to greater ther-
apeutic effect [41]. After excluding, the pooled mean differ-
ence did not change significantly. Due to limited studies, we
could not perform subgroup analysis to clarify the effect of
different dosage.

Antioxidants effects of probiotics are exemplified by several
mechanisms. Some studies suggested that probiotics could im-
prove absorption of polyphenols in the intestine. Some poly-
phenols are inactive as glycosylated, which could not be
absorbed in the upper part of gastrointestinal system. When
these compounds are transformed into the large intestine, they
will be decomposed by probiotics and then polyphenols will
convert to their active form and become absorbable [42].
Probiotics can produce some of vitamins B group [43], which
have antioxidant properties [44]. Also, probiotic can decrease
pathogenic bacteria via competitive behavior, which conse-
quently reduces endotoxins. High level of endotoxins can stim-
ulate secretion of pro-inflammatory cytokines such as tumor
necrosis factor-α (TNF-α) and interleukin-1 (IL-1) [45, 46].
Furthermore, probiotics have an important role in scavenging
superoxide and hydroxyl radicals [47]. Probiotics modulate
production of short-chain fatty acids [48], which via inhibiting
production of pro-inflammatory and upregulation of antioxi-
dant enzyme improve inflammation and oxidative stress status
[49]. Some bioactive peptides are generated by probiotics,

which have antioxidant and radical scavenging activities [50,
51]. The serum level ofMDA is correlated to oxidation of lipids
in body. Several studies illustrated that probiotics could alter
lipid profile. Thus, the reduction effect of probiotics on MDA
may be due to improvement of lipid profile.

It is necessary to present some limitations in this meta-
analysis. The number of studies and population of studies
were relatively small, which undermine the results of the stud-
ies. Most of the included studies were conducted in Iran;
hence, the results could not be applied to other populations.
Because of the similarity in the BMI of the subjects and dos-
ages of probiotic supplementations, the subgroup analysis
could not be executed based on these two variables.
Furthermore, there was high heterogeneity between studies,
which may be due to health status. The requirement for further
investigation is felt by supplementation of probiotics accord-
ing to specific health status and particular strain of probiotic.

Conclusion

Overall, the finding of this meta-analysis suggested that pro-
biotic supplementation may improve oxidative stress condi-
tion, which could lead to beneficial effects in prevention of
some chronic diseases. However, the results should be
interpreted with great caution because of high heterogeneity.
Future investigations are required with larger sample size,
different doses, and strains of probiotics, and healthy condi-
tion to evaluate the effect of probiotic supplementation on
oxidative stress biomarkers.
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