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A B S T R A C T

This systematic review and meta-analysis was performed to evaluate the effect of probiotics on serum high
sensitivity-C reactive protein (hs-CRP) and oxidative stress biomarkers among patients with Diabetic Nephropathy
(DN). Electronic databases were searched through May 10, 2020. Seven trials that included 340 patients were
identified for analysis. Meta-analysis indicated that probiotics significantly reduced hs-CRP (WMD ¼ -1.53 mg/L;
95% CI ¼ -2.38, -0.69; P < 0.001) and Malondialdehyde (MDA) (WMD ¼ -0.62 ɥmol/L; 95% CI ¼ -1.18, -0.06; P
¼ 0.030) levels in DN patients, whereas they increased Glutathione (GSH) (WMD ¼ 73.84 ɥmol/L; 95% CI ¼ 24.3,
123.29; P ¼ 0.003) and Total Antioxidant Capacity (TAC) (WMD ¼ 26.54 mmol/L; 95% CI ¼ 6.23, 46.85; P ¼
0.010). Therefore, probiotics may improve hs-CRP and oxidative stress biomarkers in DN population.
1. Introduction

Diabetic nephropathy (DN) is characterized by albuminuria (>300
mg/day) and a reduced Glomerular Filtration Rate (GFR) [1]; it is the
leading cause of the End-Stage Renal Disease (ESRD) worldwide. The
incidence of DN in patients with Type 2 Diabetes Mellitus (T2DM) is
20–40% [2]. Thickening of the glomerular basement membrane, glo-
merulosclerosis, and expansion of the mesangial cells lead to kidney
fibrosis in DN, however, the exact mechanisms implicated in the patho-
genesis of DN are complex [3].

One possible explanation for DN pathogenesis is change in the in-
testinal biochemical environment, which promote an inflammatory gut
dysbiosis based on gut-kidney axis interrelationships [4]. Also, several
recent studies have suggested that gut-derived endotoxin (lipopolysac-
charide, LPS) might be significantly involved in chronic inflammation,
one of the classical markers of DN [5].

Given the dysregulation of this axis in DN progression, new therapies
aim at restoring the balanced intestinal environment (eubiosis) using
dietary prebiotics, probiotics, or synbiotics administration. Probiotics are
defined as “living microorganisms that have beneficial effects on the host
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health”. Lactobacillus (L) spp., Bifidobacterium (B) spp., Streptococcus spp.,
Enterococcus spp., and Saccharomyces boulardii are the most conventional
strains for supplementation [6, 7]. Previous investigations have
confirmed that probiotics decrease Reactive Oxygen Species (ROS) and
pro-inflammatory cytokines production in renal patients [8].

The effect of probiotics supplementation on the reduction of oxidative
stress and the improvement of antioxidant biomarkers has been investi-
gated in interventional studies [9, 10, 11, 12]. A meta-analysis also
examined the effects of probiotics and synbiotics supplementation on
oxidative stress indices in healthy subjects; the authors concluded that
these supplements improve antioxidant resistance and increase the
amount of antioxidant enzymes in the human body [13]. Another
meta-analysis in Chronic Kidney Disease (CKD) patients indicated that
microbial therapies have significant beneficial effect on serum levels of
C-Reactive Protein (CRP), Total Glutathione (GSH), Malondialdehyde
(MDA), and Total Antioxidant Capacity (TAC) [14].

Recently, a systematic review concluded that probiotic supplemen-
tation might improve systemic inflammation and oxidative stress status
in subjects with DN without any considerable side effect [15]. Actually,
the limited number of studies that investigated the issue have shown
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controversial results. Therefore, the objective of this systematic review
and meta-analysis was to confirm the evidence that probiotics can alter
inflammation and oxidative stress parameters compared to placebo in DN
patients.

2. Materials and methods

2.1. Protocol registration

The review protocol has been registered in the International Pro-
spective Register of Systematic Reviews (www.crd.york.ac.uk
/PROSPERO) (Registration ID. CRD42020186189) and developed
based on the Preferred Reporting Items for Systematic Reviews andMeta-
Analyses (PRISMA) statement guidelines [16].

2.2. Search strategy

Systematic searches of the literature were conducted in the Ovid
MEDLINE In-Process and Other Non-Indexed Citations, Ovid MEDLINE,
Ovid Embase, Ovid Cochrane Central Register of Controlled Trials
(CENTRAL), Ovid Cochrane Database of Systematic Reviews, Google
Scholar, PubMed, ScienceDirect, ISI Web of Science, and Scopus up to
May 10, 2020.

Two reviewers independently searched the aforementioned databases
to identify RCTs, using the following MeSH and text keywords: ((“Dia-
betic Nephropathy”OR “Diabetic kidney disease”OR “DKD”) AND (“high
sensitivity-C reactive protein” OR “hs-CRP” OR “oxidative stress” OR
“total glutathione” OR “GSH” OR “malondialdehyde” OR “MDA” OR
“total antioxidant capacity” OR “TAC” OR “nitric oxide” OR “NO”) AND
(“Synbiotics” OR “Probiotics” OR “Prebiotics” OR “Probiotic”) AND
("Intervention Studies" OR "intervention" OR "controlled trial" OR "ran-
domized" OR "randomised" OR "random" OR "randomly" OR "placebo" OR
"assignment” OR "randomized controlled trial” OR "trial" OR "Clinical
Trial” OR "RCT")). Furthermore, all references of previous relevant meta-
analyses, systematic reviews, and selected Randomized Clinical Trials
(RCTs) were manually reviewed to find any additional trials that had not
been confined via online database searches.

2.3. Study selection criteria

Trial studies were included in our analyses if they met the following
criteria: (1) being a RCT in either parallel or cross-over design, and at
least two arms, (2) limited to DN patients aged �18 years and disease
duration between 2-20 years, and (3) those which investigated the effect
of probiotics (of any form, including capsule, milk, yogurt and honey) on
plasma/serum biomarkers of oxidative stress (MDA, TAC, GSH, NO) and
hs-CRP concentrations. The studies were excluded if: (1) outcomes had
not been clearly stated, (2) they had a nonexperimental (case studies,
case series, cross-sectional, case-control, cohort and other retrospective
studies) design without clear inclusion and exclusion criteria, (3) they
had uncontrolled body, and (4) they were preclinical studies with animal
models.

The relevance of articles and abstracts for inclusion was reviewed by
two independent reviewers. Then, one reviewer independently evaluated
the full text of potentially relevant non-duplicated articles. Disagree-
ments were resolved by discussion or third party opinion.

2.4. Data extraction

Two reviewers independently extracted data. Any discrepancies were
resolved by a third author. The following details were abstracted using a
standardized electronic abstraction form, including (1) study first author,
(2) publication year and study location, (3) study design and duration,
(4) baseline samples’ characteristics such as gender, disease duration,
mean Body Mass Index (BMI) and age, (5) composition and dose of
2

probiotics/placebo, and (6) outcome indicators. We contact the corre-
sponding author of included studies if any related questions existed.
2.5. Risk of bias (quality) assessment

Two reviewers independently evaluated the risk of bias for included
studies by using the Cochrane Risk-of-Bias (RoB) tool (version 5.0) [17].
The assessment included selection bias (method for random sequence
generation and allocation concealment), performance bias (blinding of
participants and personnel), detection bias (blinding of outcome assess-
ment), attrition bias (incomplete outcome data), reporting bias (selective
reporting) and other sources of bias. The reviewers’ judgment was clas-
sified as “Low risk,” “High risk” or “Unclear risk” of bias. Any discrep-
ancies were settled by a third assessor.
2.6. Statistical analysis

Meta-analysis was conducted using STATA software version 14 (Stata
Corp LP, College Station, TX, USA). The effect of probiotics on selected
parameters were analyzed usingmean difference with standard deviation
(SD); the random-effects model was used to compute Weighted Mean
Differences (WMD) with 95% Confidence Intervals (CI). The conversion
of median/range (or 95% CI) to the mean � SD values was performed
based on Hozo and colleagues [18]method. Forest plots showed themain
results.

Subgroup analysis and I-square (I2) test were used to evaluate the
between-study heterogeneity and to detect the source of heterogeneity by
the following variables: study duration (�10 vs. >10 weeks), disease
duration (�10 vs. >10 years), probiotics dose (�5 billion CFU vs. >5
billion CFU), and mean BMI (�30 vs. >30 kg/m2).

We also measured the potential for publication bias through the
“Begg rank correlation” and the “Egger weighted regression”methods. A
P-value of 0.05 was considered as level of statistical significance.

3. Results

3.1. Literature search

Figure 1 presents a diagram with the search strategy of the studies.
We identified a total of 156 citations, of which 87 records remained after
removing duplicates (n ¼ 25) and animal studies (n ¼ 44). After
screening via titles and abstracts, 45 articles remained for further eval-
uation, of which 38 were excluded for the following reasons: reviews
articles (n ¼ 5); irrelevant outcomes (n ¼ 3); Non-diabetic nephropathy
population (n ¼ 18) or insufficient data (n ¼ 12). Finally, four eligible
articles were entered in the data synthesis (220 participants) [9, 10, 11,
12] with publication range of 2017–2019; and three studies were just
systematically reviewed (Table 1) [19-21].
3.2. Study characteristics

3.2.1. Meta-analyzed studies
Table 1 presents the summary data of the selected studies for meta-

analyses. A total of 220 participants (110 as intervention group/110 as
controls) were included. The mean age of participants ranged from 55 to
60 years old with a mean disease duration of 8–18 years for all trials.
Mean BMI presented an overweight condition (25–30 kg/m2). Three
studies did not report sexual distribution [10, 11, 12], however, Sol-
eimani and colleagues [9] analyzed both sexes. All studies were con-
ducted in Iran, had two-arm parallel design, and were related to DN
patients [9, 10, 11, 12]. The study duration varied between 8 and 12
weeks. Three studies reported the number and percent of participants
who consumed the related drugs for DN treatment [9, 10, 21]; 25–50 %
of participants used exogenous insulin.
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Figure 1. Flow diagram of the included and excluded studies.
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The administered probiotics were L. plantarum [10], Bacillus coagulans
[12], and multistrain-based [9, 11]. Moreover, the daily dose of sup-
plementation was ranged from 2.5 to 8 � 109 CFU.

3.2.2. Only systematically-reviewed studies
The three studies were published between “2017 and 2019” [19, 20,

21]. A total of 120 participants were enrolled (n¼ 57 for male and n¼ 63
for female). Soy milk enriched with probiotics was administered for 8
weeks (L. plantarum; total 4 � 109 CFU per day) in all three studies. One
study reported the effects of supplementation on lipid profile and some
renal markers [20], however, other authors discussed anthropometric
measurements [19] and dietary factors [21]. The further characteristics
of systematically-reviewed studies are summarized in Table 1.

3.3. Risk of bias (quality) assessment

The outcome assessors were blinded in all studies. Among the seven
trials, adequate randomized sequence generation was reported for five
3

trials [9, 10, 11, 12, 21] but was unclear in the remaining two studies
[19, 20]. Four trials had a low risk of bias in allocation concealment [10,
12, 19, 22], whereas three trials had an unclear risk of bias [11, 20, 21].
While four trials had an unclear risk of bias in the blinding of participants
and personnel [10, 11, 12, 21], three had a high risk of bias [9, 19, 20].
Furthermore, two studies had high risk of attrition bias [19, 20]. In total,
two reports were assessed as high overall risk [19, 20], three as unclear
[10, 11, 21], and two as low risk of bias [9, 12]. More details were
presented in Figure 2.

3.4. Results of meta-analysis for serum oxidative stress markers

3.4.1. The effects of probiotics on GSH
In the pooled analysis of four studies with 220 participants (inter-

vention and control, each 110) [9-12], effect of probiotics on serum GSH
level (WMD ¼ 73.84 ɥmol/L; 95% CI ¼ 24.3, 123.29, P ¼ 0.003) was
statistically significant with a heterogeneity (I2) of 72.4 % (P ¼ 0.012)
(Figure 3a).



Table 1. Characteristic of randomized controlled trials that included for review; effects of probiotics on clinical manifestations of Diabetic Nephropathy.

First author
(publication
year)

Country Analyzed
Sample size
In/Co Male/
Female

Target
population

Disease
duration
M (SD)

BMI at
base (M)

Age (M) Study
design
Duration

Intervention, Dose Control,
Dose

Probiotic content and
numbers

Combined drug therapy,
Type and % of subjects

Investigated markers

Abbasi (2018)y Iran 20/20
19/21

Diabetic
Nephropathy

7.8 (3.5) 26.6 55.2 R, DB, PC
Parallel
8 wks

Probiotics soy milk
200 ml QD

soy milk
200 ml QD

lactobacillus plantarum A7
2 � 107 CFU/ml
Totally 4 � 109 CFU

NR TG, TC, LDL-C, HDL-C, non
HDL-C, Serum creatinine,
Serum phosphorus, Serum
genistein, eGFR

Abbasi (2017)y Iran 20/20
19/21

Diabetic
Nephropathy

7.8 (3.5) 26.6 55.2 R, DB, PC
Parallel
8 wks

Probiotics soy milk
200 ml QD

soy milk
200 ml QD

lactobacillus plantarum A7
2 � 107 CFU/ml
Totally 4 � 109 CFU

NR Body Weight, BMI, WHR, IL-
18, Serum sialic acid, Serum
creatinine, Serum genistein,
eGFR, Urinary albumin/
creatinine ratio

Miraghajani
(2019)y

Iran 20/20
19/21

Diabetic
Nephropathy

7.8 (3.5) 26.6 55.2 R, DB, PC
Parallel
8 wks

Probiotics soy milk
200 ml QD

soy milk
200 ml QD

Lactobacillus plantarum A7
(KC355240, LA7)
2 � 107 CFU/ml
Totally 4 � 109 CFU

1) Anti-diabetic medications
(In, 50 % of subjects; Co, 55 %
of subjects)
2) Hypolipidemic agents (In,
95 % of subjects; Co, 100 % of
subjects)
3) Hypertension drugs (In, 90
% of subjects; Co, 80 % of
subjects)
4) Insulin (In, 50 % of
subjects; Co, 45 % of subjects)

Calorie, Protein, Fat,
Carbohydrate, Fiber, Calcium,
Magnesium, Potassium,
NGAL, sTNFR1, Cys-C, PGRN,
Weight, WHR, BMI

Mafi (2018) Iran 30/30
NR

Diabetic
Nephropathy

18.1 (5.4) 25.8 59.9 R, DB, PC
Parallel
12 wks

Probiotic capsule
QD

Placebo capsule
(contained only
starch)
QD

Lactobacillus acidophilus strain ZT-L1,
Bifidobacterium bifidum strain ZT-B1,
Lactobacillus reuteri strain ZT-Lre, and
Lactobacillus fermentum strain ZT-L3
(each 2 � 109 CFU/g)
Totally 8 � 109 CFU per capsule

NR Body Weight, BMI, TAC,
MDA, hs-CRP, FPG, Insulin,
GSH, HOMA-IR, NO, QUICKI,
TC, TG, LDL-C, HDL-C, VLDL-
C, Hb A1C, TC/HDL ratio,
AGEs, BUN, Serum creatinine,
GFR, Urine protein, gene
expression (IL-1, TNF-α, TGF-
ß, PPAR-γ and LDLR)

Soleimani
(2017)

Iran 30/30
40/20

Diabetic
Hemodialysis

18.1 (5.4) 26.2 56.7 R, DB, PC
Parallel
12 wks

Probiotic capsule
QD

Placebo capsule
(contained only
starch)
QD

Lactobacillus acidophilus, Lactobacillus
casei, and Bifidobacterium bifidum
(each 2 � 109 CFU/g)
Totally 6 � 109 CFU per capsule

1) ACEI or ARB drugs (In, 96.7
% of subjects; Co, 96.7 % of
subjects)
2) Phosphate binder
“Sevelamer” (In, 26.7 % of
subjects; Co, 23.3 % of
subjects)
3) Phosphate binder “Calcium
carbonate” (In, 73.3 % of
subjects; Co, 76.7 % of
subjects)
4) Insulin (In, 25 % of
subjects; Co, 25 % of subjects)

Body Weight, BMI, MET, TAC,
MDA, hs-CRP, FPG, Insulin,
GSH, HOMA-IR, HOMA-B,
NO, QUICKI, TC, TG, LDL-C,
HDL-C, VLDL-C, Hb A1C, TC/
HDL ratio, BUN, Serum
creatinine, GFR, SGA score,
Albumin, TIBC, Na, K

Arani (2019) Iran 30/30
NR

Diabetic
Nephropathy

18.1 (5.4) 26.2 56.7 R, DB, PC
Parallel
12 wks

Probiotic honey
25 g QD

Control honey
25 g QD

Bacillus coagulans T4 (IBRC-N10791)
(108 CFU/g)
Totally 2.5 � 109 CFU

NR Body Weight, BMI, TAC,
MDA, hs-CRP, FPG, Insulin,
GSH, HOMA-IR, NO, QUICKI,
TC, TG, LDL-C, HDL-C, VLDL-
C, TC/HDL ratio, BUN, Serum
creatinine

Miraghajani
(2017)

Iran 20/20
NR

Diabetic kidney
disease

7.8 (3.5) 26.6 55.2 R, DB, PC
Parallel
8 wks

Probiotics soy milk
200 ml QD

soy milk
200 ml QD

Lactobacillus plantarum A7
(KC355240, LA7)

1) Anti-diabetic medications
(In, 50 % of subjects; Co, 55 %
of subjects)

Calorie, Protein, Fat,
Carbohydrate, Fiber,
Cholesterol, MUFA, PUFA,

(continued on next page)
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Due to heterogeneity, we conducted subgroup analysis to find
possible sources (Table 2). Any subgroup could not explain the between-
study heterogeneity. Unlike overall effect size, no subset was significant
across the probiotics dose (�5 billion CFU, P ¼ 0.082; >5 billion CFU, P
¼ 0.066).

3.4.2. The effects of probiotics on MDA
The efficacy of probiotics on MDA was reported by four studies with

220 participants (intervention, 110; control, 110) [9-12]. The significant
reduction was observed in patients who received treatment (WMD ¼
-0.62 ɥmol/L; 95% CI ¼ -1.18, -0.06, P ¼ 0.030). Results showed a sig-
nificant heterogeneity (I2 ¼ 94.7 %, P < 0.001) (Figure 3b).

According to subgroup analysis, the impact of probiotics on MDA
reduction towards the subsets of “study duration �10 weeks, disease
duration �10 years, and baseline BMI �30 kg/m2

” did not show any
significant trend. When this variable subgrouped by probiotics dosage, a
significant effect size was seen in those with >5 billion CFU (WMD ¼
-0.33; 95% CI ¼ -1.03, 0.36; P < 0.001) (Table 2).

3.4.3. The effects of probiotics on TAC
The pooled estimate demonstrated a significant improvement in

serum TAC levels as a result of probiotics intervention in 220 DN patients
(WMD ¼ 26.54 mmol/L; 95% CI ¼ 6.23, 46.85, P ¼ 0.010) [9-12]
(Figure 3c). No heterogeneity was recognized (I2 ¼ 0.0 %, P ¼ 0.544).

Subgroup analysis showed that the impact of probiotics on TAC to-
wards the subsets of “study duration >10 weeks”, disease duration >10
years and “probiotics dose>5 billion CFU” (WMD¼ 61.27; 95%CI¼ 2.66,
119.87; P¼ 0.040 for study and disease duration, andWMD¼ 73.21; 95%
CI ¼ -5.85, 152.28; P ¼ 0.070) was greater than overall results (Table 2).

3.4.4. The effects of probiotics on NO
There was no significant effect of probiotics on NO (WMD ¼ 0.45

ɥmol/L; 95% CI ¼ -1.91, 2.80, P ¼ 0.711) after analyzing three studies
with 120 participants (intervention, 60; control, 60) [9,11,12] with no
heterogeneity (I2 ¼ 23.6%, P ¼ 0.270) (Figure 3d). A higher
non-significant effect size was seen in those with >5 billion CFU pro-
biotics dose and�30 kg/m2 baseline BMI (WMD¼ 2.87; 95% CI¼ -1.06,
6.80; P ¼0.152) (Table 2).

3.5. Results of meta-analysis for serum hs-CRP

Three RCTs [9, 11, 12] investigated the impact of probiotics admin-
istration on hs-CRP (subjects ¼ 180; intervention, 90; control, 90).
Overall, probiotics could make a 1.53 mg/L reduction in serum hs-CRP
levels (95% CI ¼ -2.38, -0.69, P < 0.001) (Figure 4). The results were
significantly homogeneous (I2 ¼ 0.0%, P ¼ 0.878).

Subgroup analysis demonstrated that the impact of probiotics on hs-
CRP reduction towards the subsets of “probiotics dose �5 billion CFU
and baseline BMI >30 kg/m2

” (WMD ¼ -1.70; 95% CI ¼ -3.43, 0.03; P ¼
0.054) is not statistically significant (Table 2).

3.6. Sensitivity analysis and publication bias

Sensitivity analysis showed that the effect of probiotics on the level of
selected markers was not significant. Moreover, there was no evidence of
publication bias for studies examining the effect of probiotics on GSH (P
¼ 0.497 for Begg's test and P¼ 0.675 for Egger's test), MDA (P¼ 1.000 for
Begg's test and P ¼ 0.062 for Egger's test), TAC (P ¼ 0.052 for Begg's test
and P ¼ 0.081 for Egger's test), NO (P ¼ 0.602 for Begg's test and P ¼
0.536 for Egger's test), and hs-CRP (P ¼ 0.117 for Begg's test and P ¼
0.052 for Egger's test).

4. Discussion

Previous studies have reported that gut microbiota modification -
made by probiotics-may regulate systemic inflammation and oxidative



Figure 2. Risk of bias summary across the included studies. Each marker represents the level of risk: “þ”, low risk; “-”, high risk, “?”, unclear risk.
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stress in CKD patients [14]. Therefore, we systematically reviewed and
quantitatively synthesized seven RCTs involving a total of 340 DN pa-
tients; the results showed that probiotics supplementation have a
potentially beneficial effect on hs-CRP, GSH, MDA, and TAC. However,
NO levels did not show any significant improvement in comparison with
control group.

The reduction of pro-inflammatory cytokines via Nuclear Factor
kappa B (NF-κB) pathway [23] and lowering oxidative stress [24] are the
possible anti-diabetic effects of probiotics. Short-Chain Fatty Acids
(SCFAs) protect against DN through multiple potential mechanisms of
action [25]. SCFAs can decrease circulating endotoxins, and lowering
inflammation and oxidative stress [26]. SCFAs may also improve insulin
sensitivity via Glucose Transporter Type 4 (GLUT4) through the
up-regulation of 50-AMP-activated protein kinase signaling [27].

The mechanisms underlying the favorable effect of probiotics on DN
are varied [28]. Alterations in the redox state in DN are triggered by the
persistent state of hyperglycemia and the increase in Advanced Glycation
End products (AGEs), making chronic inflammation, glomerular and
tubular hypertrophy and favoring the appearance of oxidative stress
[29]. DN patients typically experience an imbalance between proox-
idant/antioxidant processes, and consequently higher level of ROS [30].
Recent evidence demonstrated that probiotics decrease ROS levels and
regulate Nuclear factor erythroid 2–Related Factor 2 (Nrf 2) expression
[31].

Based on our knowledge, this study is the first meta-analysis on the
antioxidant and anti-inflammatory effects of probiotics supplementation
in DN patients. Recently, a meta-analysis was conducted by AbdelQadir
and colleagues [32] in DN patients. They included three trials to evaluate
the effect of probiotics on hs-CRP and oxidative stress biomarkers.
Similar to our results, the overall effect size for hs-CRP, MDA and TAC
6

were significant. Unlike AbdelQadir and colleagues paper, we found
significant results for GSH, perhaps due to the inclusion of four studies in
the analysis.

Moreover, a systematic review was previously carried out and
concluded that more investigations are needed for evaluating the pro-
biotics on antioxidant and oxidative enzymes [33]. Our results showed
that probiotics might decrease serum hs-CRP concentrations, however,
Jia and colleagues [34] after evaluation of eight studies with 261 pa-
tients at CKD stage 3–5 with and without dialysis did not observe any
significant changes for serum CRP levels (P ¼ 0.55). Similarly, probiotic
supplements did not show any significant effect on uric acid, CRP, Cr,
and GFR of CKD patients [35]. The meta-analysis - conducted by
Ardeshirlarijani and colleagues [36] on T2DM-indicated that probiotics
intake results in significant improvement in serum levels of total anti-
oxidant status (TAS) [SMD: 0.33, 95% CI: (0.11, 0.55)], GSH [SMD:
0.41, 95% CI: (0.26, 0.56)] and MDA [SMD: -0.54, 95% CI: (�0.83,
�0.26)]. Similar to our results, no significant improvement was found in
NO [SMD:-0.24, 95% CI: (�1.10, 0.62)] levels. Although we did not
found any significant effect of probiotics for NO, a considerable change
was seen for serum hs-CRP and other oxidative stress markers in DN
patients.

It should be mentioned that in the subgroup analysis of trials based on
the dose of probiotics, we found that higher doses (>5 billion CFU) were
more effective in enhancing TAC/GSH levels than lower doses (�5 billion
CFU). This was similar to prior studies in which higher probiotic ad-
ministrations were beneficial for improving antioxidant activity in the
body [13].

The activation of inflammatory and oxidative stress mediators facil-
itates the progress of nephropathy to advanced stages [37, 38]. However,
there are few acceptable markers of oxidative stress in the diagnosis and



Table 2. Subgroup analysis to assess the effect of probiotics on hs-CRP and oxidative stress markers in diabetic nephropathy.

Sub group by No. of trials WMD (95% CI) P Value P for
heterogeneity

I2 (%) P for between
subgroup
heterogeneity

1 hs-CRP*

Total 3 -1.53 (-2.38, -0.69) <0.001 0.878 0.0

Probiotics Dose (billion CFU)

�5 1 -1.70 (-3.43, 0.03) 0.054 - - 0.827

>5 2 -1.48 (-2.45, -0.51) 0.003 0.644 0.0

Baseline BMI (kg/m2)

�30 2 -1.48 (-2.45, -0.51) 0.003 0.644 0.0 0.827

>30 1 -1.70 (-3.43, 0.03) 0.054 - -

2 GSH

Total 4 73.84 (24.3, 123.29) 0.003 0.012 72.4

Study Duration (Weeks)

�10 weeks 1 111.30 (76.04, 146.56) <0.001 - - 0.017

>10 weeks 3 57.21 (0.32, 114.10) 0.049 0.074 61.6

Disease Duration (Years)

�10 years 1 111.30 (76.04, 146.56) <0.001 - - 0.017

>10 years 3 57.21 (0.32, 114.10) 0.049 0.074 61.6

Probiotics Dose (billion CFU)

�5 2 71.26 (-8.99, 151.50) 0.082 0.004 88.1 0.799

>5 2 76.27 (-4.95, 157.49) 0.066 0.122 58.1

Baseline BMI (kg/m2)

�30 3 97.31 (57.08, 137.54) <0.001 0.213 35.3 0.005

>30 1 29.40 (-13.18, 71.98) 0.176 - -

(continued on next page)

NOTE: Weights are from random effects analysis

Overall  (I-squared = 72.4%, p = 0.012)

Study

Miraghajani 2 et al (2017)

Mafi et al (2018)

Soleimani et al (2016)

ID

Arani et al (2019)

73.84 (24.39, 123.29)

111.30 (76.04, 146.56)

111.70 (52.00, 171.40)

27.80 (-60.33, 115.93)

WMD (95% CI)

29.40 (-13.18, 71.98)

100.00

%

30.70

23.77

16.88

Weight

28.65

-171 0 171

NOTE: Weights are from random effects analysis

Overall  (I-squared = 94.7%, p = 0.000)

Soleimani et al (2016)

Mafi et al (2018)

Arani et al (2019)

Miraghajani 2 et al (2017)

ID

Study

-0.62 (-1.18, -0.06)

-1.30 (-2.12, -0.48)

-0.77 (-1.04, -0.50)

-0.70 (-0.99, -0.41)

0.01 (-0.06, 0.08)

WMD (95% CI)

100.00

17.75

26.98

26.66

28.61

Weight

%

-2.12 0 2.12

NOTE: Weights are from random effects analysis

Overall  (I-squared = 0.0%, p = 0.544)

Soleimani et al (2016)

Mafi et al (2018)

ID

Arani et al (2019)

Study

Miraghajani 2 et al (2017)

26.54 (6.23, 46.85)

103.70 (-18.25, 225.65)

51.10 (-52.75, 154.95)

WMD (95% CI)

46.70 (-40.61, 134.01)

21.80 (0.15, 43.45)

100.00

2.77

3.82

Weight

5.41

%

87.99

-226 0 226

NOTE: Weights are from random effects analysis

Overall  (I-squared = 23.6%, p = 0.270)

ID

Arani et al (2019)

Study

Soleimani et al (2016)

Mafi et al (2018)

0.45 (-1.91, 2.80)

WMD (95% CI)

-0.50 (-2.05, 1.05)

0.80 (-9.79, 11.39)

3.20 (-1.03, 7.43)

100.00

Weight

71.37

%

4.74

23.89

-11.4 0 11.4

a b

c d

Figure 3. Forest plot of randomized controlled trials investigating the effect of probiotics on serum oxidative stress markers “GSH (A), MDA (B), TAC (C), and NO (D)
in Diabetic Nephropathy patients. The area of each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% CIs. Diamonds
represent pooled estimates from fixed-effects analysis. GSH, total glutathione; MDA, malondialdehyde; TAC, total antioxidant capacity; NO, nitric oxide.
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Table 2 (continued )

Sub group by No. of trials WMD (95% CI) P Value P for
heterogeneity

I2 (%) P for between
subgroup
heterogeneity

3 MDA

Total 4 -0.62 (-1.18, -0.06) 0.030 <0.001 94.7

Study Duration (Weeks)

�10 weeks 1 0.01 (-0.06, 0.08) 0.792 - - <0.001

>10 weeks 3 -0.77 (-0.96, -0.58) <0.001 0.405 0.0

Disease Duration (Years)

�10 years 1 0.01 (-0.06, 0.08) 0.792 - - <0.001

>10 years 3 -0.77 (-0.96, -0.58) <0.001 0.405 0.0

Probiotics Dose (billion CFU)

�5 2 -0.89 (-1.32, -0.46) 0.352 <0.001 95.3 <0.001

>5 2 -0.33 (-1.03, 0.36) <0.001 0.230 30.5

Baseline BMI (kg/m2)

�30 3 -0.61 (-1.31, 0.10) 0.093 <0.001 94.9 <0.001

>30 1 -0.70 (-0.99, -0.41) <0.001 - -

4 TAC

Total 4 26.54 (6.23, 46.85) 0.010 0.544 0.0

Study Duration (Weeks)

�10 weeks 1 21.80 (0.15, 43.45) 0.048 - - 0.216

>10 weeks 3 61.27 (2.66, 119.87) 0.040 0.738 0.0

Disease Duration (Years)

�10 years 1 21.80 (0.15, 43.45) 0.048 - - 0.216

>10 years 3 61.27 (2.66, 119.87) 0.040 0.738 0.0

Probiotics Dose (billion CFU)

�5 2 23.24 (2.23, 44.25) 0.020 0.587 0.0 0.231

>5 2 73.21 (-5.85, 152.28) 0.070 0.520 0.0

Baseline BMI (kg/m2)

�30 3 25.39 (4.51, 46.27) 0.017 0.563 0.0 0.642

>30 1 46.70 (-40.61, 134.01) 0.294 - -

5 NO*

Total 3 0.45 (-1.91, 2.80) 0.711 0.270 23.6

Probiotics Dose (billion CFU)

�5 1 -0.50 (-2.05, 1.05) 0.526 - - 0.118

>5 2 2.87 (-1.06, 6.80) 0.152 0.680 0.0

Baseline BMI (kg/m2)

�30 2 2.87 (-1.06, 6.80) 0.152 0.680 0.0 0.118

>30 1 -0.50 (-2.05, 1.05) 0.526 - -

hs-CRP, high sensitive C-reactive protein; MDA, malondialdehyde; TAC, total antioxidant capacity; GSH, total glutathione; NO, nitric oxide.
* All the studies which assessed the hs-CRP and NO had a duration of 12 weeks, and disease duration of>10 years; so subgroup analysis was not performed across the

selected variables.
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early prognosis of DN. Therefore, future researches should decipher the
molecular aspects of oxidative stress in DN [39].

Three included studies reported the type and frequency of combined
drug therapy among DN participants. There is a concern about pharma-
cological drug interactions with probiotics, which should be considered
in relevant clinical trials. Some strains of probiotics have anti-diabetic
and anti-hypertensive property [40, 41, 42]; therefore, these alive mi-
crobes may increase the effects of anti-diabetic and anti-hypertensive
drugs such as exogenous insulin [43] and Angiotensin Converting
Enzyme inhibitors (ACEis) [44]. It is important to know some medica-
tions may interact with certain probiotics such as antibiotics and anti-
fungals (clotrimazole, ketoconazole, griseofulvin, and nystatin) [45].
4.1. Limitations

There are several important limitations in this meta-analysis. The
number of included studies was small and qualified trials were performed
in small sample sizes; three of seven trials were just systematically
8

reviewed and it could overestimate the pooled effects. Studies included
in this meta-analysis had follow-up periods ranging from 8 to 12 weeks,
which were relatively short-term. As this was only an analysis of studies
in age group between 50-60 years, it is unclear how probiotics affect
oxidative stress status in youngsters and children. Usual dietary intakes
were not assessed in terms of possible prebiotics and probiotics con-
sumption through the normal dietary patterns of participants; it might
introduce the high heterogeneity. The other causes of heterogeneity in
the current study were the intra-individual strain differences, optimal
dose of the probiotics, type of prebiotic used, and genotype of in-
dividuals. The methods and preparation of probiotic supplements in the
included studies were different and it might have an influence on pooling
the results. The response to probiotics intake might also have been
influenced by a number of within-study factors, such as antibiotic use
[46] and corticosteroid therapy [47]; moreover, the serum levels of
hs-CRP is influenced by corticosteroid drugs [48]. Anyway, none of the
seven included studies adjusted the mentioned confounders. Our evi-
dence is not applicable to all species of probiotics because the majority of



NOTE: Weights are from random effects analysis

Overall  (I-squared = 0.0%, p = 0.878)

ID

Arani et al (2019)

Soleimani et al (2016)

Mafi et al (2018)

Study

-1.53 (-2.38, -0.69)

WMD (95% CI)

-1.70 (-3.43, 0.03)

-2.14 (-5.11, 0.83)

-1.40 (-2.42, -0.38)

100.00

Weight

23.77

8.07

68.15

%

-5.11 0 5.11

Figure 4. Forest plot of randomized controlled trials investigating the effect of probiotics on serum inflammatory marker “hs-CRP” in Diabetic Nephropathy patients.
The area of each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent 95% CIs. Diamonds represent pooled estimates from fixed-
effects analysis. hs-CRP, high sensitive C-reactive protein.

J. Bohlouli et al. Heliyon 7 (2021) e05925
studies focused on one strain i.e. Lactobacillus. The subgroup analysis also
had some limitations. The limited number of included studies resulted in
the tiny subgroups, which weakened the generalizability of outcomes.

4.2. Strengths

The main strength of the current study is that we presented an
exclusive investigation for DN; the high quality score of included studies
also gave strength to the results. The prevalence of DN in now growing
worldwide and the treatments are very limited, therefore the reported
effects of probiotics can allow clinicians to use these compounds as
adjunct therapy. Probiotics are considered as safe (GRAS status: generally
recognized as safe) [49]. Moreover, it was found that the use of probiotic
did not have any negative effect on the renal functions [50].

5. Conclusion

Our meta-analysis showed that probiotics consumption has a bene-
ficial effect on inflammation and oxidative stress biomarkers by signifi-
cantly reducing hs-CRP and MDA as well as increasing GSH and TAC in
DN patients. However, there was no significant effect of probiotics on NO
levels. Subgroup analyses indicated that the overall effects of probiotics
on serum TAC levels may more be pronounced on probiotic dose >5
billion CFU/day. More trials with larger sample sizes are needed to
characterize specific alterations of the intestinal microbiota in DN and to
assess possible effects of probiotic, prebiotic, and synbiotic treatments in
this disease.
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