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Abstract

Purpose Recent trials have demonstrated the possible improvements in lipid profile & anthropometric indices after probiotics
supplementation. We aimed to reanalyze the related literature to explore the efficacy of probiotics in Diabetic Nephropathy (DN)
patients.

Methods PubMed, Embase, Web of science, google scholar, Scopus, and Cochrane Library databases were systematically
searched to find the related data on diabetic nephropathy population. All Randomized controlled trials (RCTs) that investigated
the effect of probiotics on serum lipid markers (High-Density Lipoprotein [HDL], Triglyceride, Total Cholesterol, TC-to-HDL
ratio, Low-Density Lipoprotein, Very Low-Density Lipoprotein) and anthropometric indices (Body Weight, Body Mass Index,
waist-to-hip ratio) were included (PROSPERO No.CRD42020186189). Meta-analysis was performed using the random-effect
model.

Results Of 156 studies, seven were eligible for inclusion. Lipid biomarkers had a marginal reduction (except for HDL; WMD =
2.59 mg/dl; 95% C1=-0.28, 5.47; P= 0.077); whereas anthropometric indices increased in a non-significant manner.
Conclusion There is limited evidence to support the efficacy of probiotics for the modulation of lipid profile and anthropometric
indices in DN patients.

Keywords Probiotics - Lipoproteins - Body weights and measures - Diabetic nephropathies - Meta-analysis - Systematic review

Introduction leading cause of End-Stage Renal Disease (ESRD) [1].

Researchers have shown that Individuals with DN represent
Diabetic Nephropathy (DN; also called Diabetic kidney dis-  a particularly high-risk group for adverse Cardiovascular
ease) occurs in approximately 30% of diabetic people as the ~ Disease (CVD) [2]. Dyslipidemia, defined by the presence
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of one or more abnormal serum lipid concentrations (Total
Cholesterol [3], Triglyceride [TG], Low-Density Lipoprotein
[LDL], and High-Density Lipoprotein [HDL]) and obesity
(especially abdominal obesity), are of the main risk factors
of DN and CVD [4-6]. Therefore, it is urgent to develop
therapeutic strategies for DN and its comorbidities such as
dyslipidemia and obesity; probiotic supplementation has high
potential for achieving this goal [7-9].

Probiotics are live microorganisms that, when administered
in adequate amounts, confer a health benefit on the host.
Lactobacillus (L) spp., Bifidobacterium (B) spp.,
Streptococcus spp., Enterococcus spp., and Saccharomyces
boulardii are the most common administered strains for sup-
plementation [10, 11]. Human clinical studies using various
probiotics have yielded inconsistent results. A randomized
trial reported that probiotics supplementation improves glyce-
mic control and anthropometric indices in adults with Type 2
Diabetes (T2D) [12]. Furthermore, probiotics supplement
consisted of 7 viable strains Lactobacillus, Bifidobacterium
and Streptococcus significantly reduced HDL without any
significant effect on TC, TG and anthropometric measure-
ments [13]. Results of two recent meta-analyses showed that
supplementation with probiotics improves the metabolic var-
iables such as TC, TG and HDL in T2D patients [14, 15]. In
contrast, Two meta-analyses did not find any significant effect
of probiotics on lipid profile [16, 17].

The effect of probiotic strains on Body Weight (BW) has
also been investigated. Certain Lactobacillus species, such as
L. fermentum, L. ingluviei and L. acidophilus induces weight
gain, while supplementation with L. gasseri and L. plantarum
resulted in weight loss in animal and human studies [18]. In
practice, the limited number of studies in this regard have
shown controversial results.

Recently, a systematic review by Vlachou et al. [19] indi-
cated that probiotic supplementation has beneficial impact on
systemic inflammation, oxidative stress and renal biomarkers
in subjects with DN, although the authors did not discuss the
possible effects on lipid profile and anthropometric measure-
ments. Although several studies have reported the beneficial
effect of probiotics in patients with T2D, a lot of their results
were marginally significant and inconclusive. Therefore, the
present study was planned to collect and reanalyze the avail-
able information and reach a conclusion on the effectiveness
of probiotics on lipid profile and anthropometric indices in
DN patients.

Materials & methods
Protocol registration

The review protocol has been published in the International
Prospective Register of Systematic Reviews (www.crd.york.

@ Springer

ac.uk/PROSPERO) (Registration ID. CRD42020186189;
submission date: July 05, 2020; last update date: November
30, 2020) and developed based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement guidelines [20]. PRISMA checklist of
the meta-analysis was presented in S1 Appendix.

Search strategy

The electronic search for the current systematic review and
meta-analysis was performed on material published through
May 10, 2020. The included databases were Ovid MEDLINE
In-Process & 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. One author searched the above elec-
tronic database. The gray literature including conference ab-
stracts, presentations, proceedings; regulatory data; unpub-
lished trial data; government publications; reports (such as
white papers, working papers, internal documentation);
dissertations/theses; patents; and policies & procedures were
not entered.

Two authors independently searched the aforementioned
databases to identify RCTs, using the following MeSH and
text keywords: ((“Diabetic Nephropathy” OR “Diabetic kid-
ney disease” OR “DKD”’) AND (“High-Density Lipoprotein”
OR “HDL” OR “Triglyceride” OR “TG” OR “Total
Cholesterol” OR “TC” OR “TC-to-HDL ratio” OR “Low-
Density Lipoprotein” OR “LDL” OR “Very Low-Density
Lipoprotein” OR “VLDL” OR “Body Weight” OR “Body
Mass Index” OR “BMI” OR “waist-to-hip ratio” OR
“WHR”) AND (“Synbiotics” OR “Probiotics” OR
“Prebiotics” OR “Probiotic”) AND (“Intervention Studies”
OR “intervention” OR “controlled trial” OR “randomized”
OR “randomised” OR “random” OR “randomly” OR “place-
bo” OR “assignment” OR “randomized controlled trial” OR
“trial” OR “Clinical Trial” OR “RCT”)). Also, all references
of previous relevant meta-analyses, systematic reviews, and
selected RCTs were manually reviewed to find any additional
trials that had not been confined via online database searches.

Study selection criteria

We included trials with English language and the following
characteristics: (1) Type of study: RCT with either parallel or
cross-over design, and at least two arms; (2) Participants: lim-
ited to DN patients aged >18 years and disease duration be-
tween 2 and 20 years; (3) Intervention: probiotic-contained
food products or supplements, compared with placebo for
more than two weeks; and (4) Outcomes: assessed blood pa-
rameters of lipid profiles (HDL, TG, TC, TC-to-HDL ratio,
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LDL, VLDL), and anthropometric indices (Body Weight
[BW], BMI, Waist-to-Hip Ratio [WHR]).

We excluded trials that reported: (1) studies without clear
inclusion and exclusion criteria; (2) outcomes that had not
been clearly stated; (3) uncontrolled studies; and (4) preclini-
cal studies with animal models.

The relevance of articles and abstracts for inclusion was
judged by two independent authors. Then, one reviewer inde-
pendently evaluated the full text of potentially relevant non-
duplicated articles. Any disagreement between investigators
was resolved by the third reviewer.

Data extraction

Two reviewers independently extracted data. Any discrepan-
cies were resolved by a third author. The following details
were extracted and tabulated: study first author publication
year & country, study design and duration, samples’ charac-
teristics such as gender, disease duration, mean BMI and age;
composition, and dose of probiotics/placebo and outcome in-
dicators. Corresponding authors of included studies, in which
published data had some ambiguous results, were contacted to
respond to the related questions.

Risk of bias (quality) assessment

The included studies were evaluated for bias by using the
Cochrane Risk-Of-Bias (RoB) tool (version 5.0) [21]. Each
included study was evaluated for the following biases: random
sequence generation (selection bias), allocation concealment
(selection bias), blinding of participant and personnel (perfor-
mance bias), blinding of outcome assessment (detection bias),
incomplete outcome data (attrition bias), selective reporting
(reporting bias) and other bias. The reviewers’ judgment was
classified as “Low risk,” “High risk” or “Unclear risk” of bias.

Statistical analysis

Using STATA software version 14 (Stata Corp LP, College
Station, TX, USA), statistical analysis was done. Data from
RCTs were analyzed using mean difference with standard
deviation (SD). Moreover, the random-effects model was used
to compute Weighted Mean Differences (WMDs) with 95%
confidence intervals (CIs) for all selected markers. The con-
version of median/interquartile range (IQR) (or 95%
Confidence Interval [CI]) to the mean = SD values was per-
formed according to Hozo et al. [22] method. In some states
where only the standard error of the mean (SEM) was avail-
able, the following formula was used to calculate SD [23]:

SD = SEM x square root of n(n;the number of subjects)

Therefore, the mean changes (difference of values before
and after the intervention) and SD were used to pool effect
sizes. Results were visualized using forest plots. The potential
for publication bias was measured through the Egger weighted
regression method. A P value of 0.05 was considered to be
statistically significant.

Results
Literature search

The study inclusion process was illustrated in Fig. 1. In total,
156 records were identified in a combined search of electronic
databases; of the 131 unduplicated papers, 124 were excluded
because they were animal studies (n =44), not relevant to the
topic (n=42), review articles (n=35), irrelevant outcomes
(n=3), non-diabetic nephropathy population (r = 18), or in-
sufficient data (n = 12). Finally, six eligible articles with pub-
lication range 0f 2017-2019 were entered in the data synthesis
(300 participants) [24-29] (Table 1). Miraghajani et al. [30]
study did not enter into quantitative analysis, because the mea-
sured variables in Miraghajani et al. study (2017) were differ-
ent from the other included trials. Therefore, it was just sys-
tematically reviewed.

Study characteristics

The characteristics of seven studies were summarized in
Table 1. A total of 340 participants (170 as intervention
group/ 170 as controls) were included. The mean age of par-
ticipants ranged from 55 to 60 years old with a mean disease
duration of 8—18 years for all trials. Mean baseline BMI was
under 30 kg/m?, representing an overweight state. Three pa-
pers did not report sexuality [26, 27, 30], however, others
were conducted on both sexes [24, 25, 28, 29].

All studies were performed in Iran, had parallel design, and
were related to nephropathy secondary to T2D. The study
duration varied between 8 and 12 weeks.

In four papers, probiotics were administrated with
soy milk [24, 25, 28, 30]. One study used probiotic
honey [26], and other trials prescribed probiotics cap-
sules [27, 29]. Lactobacillus plantarum A7 [24, 25,
28, 30], L. acidophilus [27, 29], Bifidobacterium
bifidum [27, 29], L. reuteri [27], L. fermentum [27],
L. casei [29], and Bacillus coagulans T4 [26] were con-
sidered for intervention. Besides, the daily dose of
probiotics ranged from 2.5 x 10° to 8 x 10° CFU.

Risk of bias (quality) assessment

Risk of bias was low in the following domains: selec-
tion bias (random sequence generation and allocation
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Fig. 1 Flow diagram of the
included and excluded studies

Articles identified through
databases searching (n = 156)

A 4

Identification

Duplicates removed (n = 25)
Animal studies removed (n = 44)

Records after removing (n = 87)

Articles removed by

A 4
Records screened (n = 87) /

title/abstract (irrelevant to the
topic) (n = 42)

v Articles removed after full-text

Full-text articles assessed for

review (n=38):

e Reviews (n=5)
®  Related outcomes not
measured (n = 3)

eligibility (n = 45)

) (o] (==

® Non-diabetic nephropathy
population (n = 18)
e Without sufficient data (n = 12)

\ 4

Included studies in qualitative

synthesis (n=7)
Articles just reviewed

systematically (n = 1)

A4

Included

Included studies in
quantitative synthesis (meta-

analysis) (n = 6)

concealment, five and four studies, respectively), perfor-
mance bias (three studies), detection bias (five studies),
attrition bias (one study), and reporting bias (four
studies).

Two studies seemed to be at a high risk of attrition
bias (through high loss to follow-up and no explanation
of how data were addressed), and in overall state, two
were rated as having a high risk of bias. However,
Soleimani et al. [29] and Arani et al. [26] had a low
overall risk.

Unclear risk of bias was recognized for selection bias
(random sequence generation and allocation conceal-
ment, two and three studies, respectively), performance
bias (four studies), detection bias (two studies), attrition
bias (four studies), and reporting bias (three studies).
Overall, two studies had unclear risk of bias. More de-
tails were presented in Fig. 2.

@ Springer

Results of meta-analysis for serum lipid profiles
The effects of probiotics on HDL

The efficacy of probiotics on HDL was reported by four
studies with 220 participants (intervention, 110; control,
110) [25-27, 29]. No significant improvement was ob-
served in patients who received treatment (WMD =
2.59 mg/dL; 95% C1=-0.28, 5.47, P=0.077) with no
between-study heterogeneity (I>=50.8%, P=0.107)
(Fig. 3a).

The effects of probiotics on TG
In the pooled analysis of four studies with 220 participants

(intervention, 110; control, 110) [25-27, 29], effect of
probiotics on serum TG level (WMD =-9.05 mg/dL; 95%
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Fig. 2 Risk of bias summary
across the included studies

1 | Abbasi etal (2018)
2 | Abbasi et al (2017)

3 | Mafietal (2018)

6 | Aranietal (2019)

CI=-26.08, 7.99, P=0.298) was not statistically signif-
icant with no study heterogeneity (I°=21.8%; P=
0.280) (Fig. 3b).

The effects of probiotics on TC

There was no significant effect of probiotics on TC (WMD =
=7.17 mg/dL; 95% CI=-15.30, 0.96, P= 0.084) after ana-
lyzing four studies with 220 participants (intervention, 110;
control, 110) [25-27, 29] with no heterogeneity (I2 =0.0%,
P=10.759) (Fig. 3c).

The effects of probiotics on TC-to-HDL ratio

The pooled estimate did not demonstrate any significant re-
duction in TC-to-HDL ratio as a result of probiotics interven-
tion in 220 DN patients (WMD =-0.63; 95% CI=-1.39,
0.14, P=0.107) [25-27, 29](Fig. 3d). Results showed a sig-
nificant heterogeneity (I2 =64.5%, P=0.038).

The effects of probiotics on LDL

Four clinical trials examined the effect of probiotics on
LDL (total subjects=220; intervention, 110; control,
110) [25-27, 29]. In the pooled analysis of selected
studies, a marginal non-significant reduction was ob-
served (WMD =-6.77 mg/dL; 95% CI=-13.87, 0.33,
P=0.062) without any study heterogeneity (I>=0.0%,
P=0.875) (Fig. 3e).

4 | Miraghajani et al (2019) .

5 | Soleimani et al (2017) ‘

7 | Miraghajani et al (2017) ‘

Blinding of participants and personnel

- Random sequence generation (selection bias)
(Performance bias)

. Low risk

?  Some concerns

. High risk

-~

.. . =Y - . . Allocation concealment (selection bias)

~ . . ~ . ‘ Selective reporting (Reporting bias)

_ S . =l D ‘.Incomplete outcome data (Attrition bias)
@ . . @ @ . '0verall risk of bias

-9~ -00
) . . ~ . . .Blinding of outcome assessment (Detection bias)

The effects of probiotics on VLDL

Probiotics supplementation could not decrease serum VLDL
levels in overall results of the three clinical trials (subjects =
180; intervention, 90; control, 90) (WMD =-2.08 mg/dL;
95% Cl=—6.66, 2.50, P=0.374; I’=47.1%, P=0.151)
[26, 27, 29].

Results of meta-analysis for anthropometric indices
The effects of probiotics on BW

Five RCTs [24, 26-29] investigated the impact of probiotics
administration on BW (subjects = 260; intervention, 130; con-
trol, 130). Overall, probiotics could not make significant re-
duction in BW (WMD =0.22 kg; 95% Cl =-2.28,2.72, P=
0.864) (Fig. 4a). No heterogeneity was recognized (I> = 0.0%,
P=10.999).

The effects of probiotics on BMI

Results of the meta-analysis indicated that probiotics could
not significantly improve BMI levels (WMD =0.12 kg/m?;
95% CI1=-0.77, 1.02; P= 0.784). After evaluation of five
studies with 260 participants (intervention, 130; control,
130) [24, 26-29], no heterogeneity was seen (I2 =0.0%, P=
0.999) (Fig. 4b).
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Fig. 3 Forest plot of randomized controlled trials investigating the effect
of probiotics on serum lipid profile “HDL (a), TG (b), TC (c), TC-to-
HDL ratio (d), LDL (e), and VLDL (f)” in Diabetic Nephropathy patients.
The area of each square is proportional to the inverse of the variance of

The effects of probiotics on WHR
Of the two RCTs investigating the impact of probiotics vs.

placebo on WHR in 80 patients (intervention, 40; control,
40), no one reported significant favorable effects [24, 28].
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the WMD. Horizontal lines represent 95% Cls. HDL, high-density lipo-
protein; TG, triglyceride; TC, total cholesterol; LDL, low-density lipo-
protein; VLDL, very low-density lipoprotein

Sensitivity analysis and publication bias

Sensitivity analysis showed that the effect of probiotics on the
level of selected markers was not significant except for TC-to-
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Fig. 4 Forest plot of randomized controlled trials investigating the effect
of probiotics on anthropometric indices “Body Weight (a), BMI (b), and
WHR (¢)” in Diabetic Nephropathy patients. The area of each square is

HDL ratio (WMD =-0.29; 95% CI, —0.61- 0.03; conducted
by Mafi et al. [27]).

Moreover, there was no evidence of publication bias
(assessed by Egger’s test) for studies examining the probiotics
on HDL (P= 0.056), TG (P= 0.337), TC (P= 0.684), TC-to-
HDL (P= 0.803), LDL (P= 0.795), VLDL (P= 0.464), BW
(P=0.767), and BMI (P = 0.424).

Discussion

The present study systematically reviewed and quantitatively
synthesized six RCTs to evaluate the effects of probiotics on
lipid profile and anthropometric measurements among pa-
tients with DN. The pooled analysis showed that supplemen-
tation with probiotics did not significantly affect the selected
biomarkers.

To date, there were no studies performing point-to-point
comparison in DN patients for clarification and these findings
should be interpreted with caution. One meta-analysis has

proportional to the inverse of the variance of the WMD. Horizontal lines
represent 95% Cls. BMI, body mass index; WHR, waist-to-hip ratio

shown the effects of probiotics on other clinical markers. Jia
et al. [31] included eight studies with 261 Chronic Kidney
Disease (CKD) patients (stage 3 to 5)- with and without dial-
ysis - and found a decrease of P-Cresyl Sulfate (PCS) and an
increase of IL-6 in the probiotics group. In addition, no sig-
nificant changes were obtained for serum Cr, BUN, and C-
reactive protein (CRP) (P =0.55). Thongprayoon et al. [3]
also reported that there were no significant differences in se-
rum Cr and GFR after probiotic therapy (Five RCTs with 161
CKD patients had been enrolled).

Based on our knowledge, this study is the first meta-
analysis investigated the potential effects of microbial
therapy on lipid profile and anthropometric indices in
DN patients. Recently, a meta-analysis was also con-
ducted by AbdelQadir et al. [32] in T2D and DN pa-
tients. They included three trials to evaluate the effect
of probiotics on lipid profile and anthropometric indices
(BW, BMI). Similar to our results, the overall effect
size for lipid profile (except for LDL) were not signif-
icant. Unlike AbdelQadir et al. meta-analysis, we did
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not find any significant results for BMI, perhaps due to
the inclusion of five studies in the analysis.

Resent meta-analysis on T2D patients showed that
probiotics significantly decreased the serum level of TC
(SMD =-0.57 mg/dL, 95% CI=-0.92 to 0.21), TG
(SMD =-0.66 mg/dL, 95% CI=-0.93 to 0.39) and LDL
(SMD =-0.40 mg/dL, 95% CI=-0.79 to 0.01) compared
with the placebo group. Apart from this, probiotics could sig-
nificantly improve HDL concentration (SMD =0.38 mg/dL,
95% CI=0.03 to 0.73) (11). Kocsis et al. (26) also showed a
significant effect of probiotics on reducing TC (—10.06 mg/
dL, 95% CI=-15.94 to —4.18; P=0.001) and TG
(—=17.18 mg/dL, 95% CI=-26.17 to —8.19; P<0.001) in
T2D subjects. However, similar to our results, they did not
observe a significant effect on BMI or LDL levels. Another
similarity was found by Yao etal. [17]; they did not detect any
significant changes for lipid profile after pooled analysis; 12
studies with 684 T2D patients were included.

Anthropometric measurements did not positively change in
the current meta-analysis, however, Koutnikova et al. [33]
reported positive results in overweight but not obese subjects.
Probiotics - mostly bifidobacteria (Bifidobacterium breve,
B. longum), Streptococcus salivarius subsp. thermophilus
and lactobacilli (L. acidophilus, L. casei, L. delbrueckii - in-
duced improvements in BW (WMD =—0.94 kg, 95% CI =
—1.17 to —0.70; P <0.05), BMI (WMD =—0.55 kg/m?, 95%
CI=-0.86 to —0.23; P < 0.05), waist circumference (WMD =
—1.31cm, 95% CI=-1.79 to —0.83; P <0.05), body fat mass
(WMD =-0.96 kg, 95% Cl=-1.21 to —0.71; P <0.05) and
visceral adipose tissue mass (WMD =—6.30 cm?, 95% Cl =
—9.05 to —3.56; P < 0.05).

Although we were unable to show the anti-dyslipidemic
and BW-modulatory effects of probiotics in DN patients,
some mechanisms were defined to describe these positive ef-
fects. It seems that careful targeting of Toll-Like Receptor 2
(TLR2), TLR4, and NOD-Like Receptor & Pyrin Domain-
Containing Protein 3 (NLRP3) signaling pathways can be
beneficial for the treatment of T2D and DN [34]. Probiotics
may reduce TLR4 activation which may explain their benefi-
cial impact on serum lipid profile [35, 36]. TLR4 is a trans-
membrane protein which is capable to produce inflammatory
cytokines [37]. In recent reports, probiotics were also consid-
ered as cholesterol-lowering agents [38].

We attempted to determine whether the observed heteroge-
neity in our outcomes was due to the differences in the study/
disease duration, baseline BMI or in the dose of probiotics
used. However, according to our subgroup analyses high het-
erogeneity still remained unknown.

Limitations

There are substantial limitations in our study. The num-
ber of analyzed studies was small and the included trials
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had been performed in small sample sizes. Many of the
analyzed studies used probiotic mixtures or food-based
probiotic products (e.g. dairy products, honey); the
food-supplement interactions might decrease the consis-
tency of results. Usual dietary intakes were not assessed
in terms of possible prebiotics and probiotics consump-
tion through the normal dietary patterns of participants.
The most probiotic interventions were limited to one
strain in our data, for example L. plantarum A7 was
administered in four included RCTs [24, 25, 28, 30].
Therefore, our evidence is not applicable to all probiotic
strains.

The included studies had follow-up periods ranging
from 8 to 12 weeks, which were relatively short-term.
The current meta-analysis was performed in age group
between 50 and 60 years, so it is unclear how
probiotics affect lipid profile and anthropometric mea-
surements in children. The most important limitation
was the heterogencity between studies, which might
stem from the intra-individual strain differences, dura-
tion of intervention, optimal dose of the probiotics,
and genotype of individuals, among other factors. The
responses to probiotic administration may also have
been influenced by a number of within-study factors,
such as antibiotic use [39] and corticosteroid therapy
[40].

The subgroup analysis also had some limitations. The re-
stricted number of included studies resulted in the tiny sub-
groups, which suggested that the evidence was not
generalizable.

Strengths

We performed an exclusive investigation for DN this is
the main strength of the current study. The prevalence
of DN is now growing worldwide and the treatments
are very limited, hence the probiotics-related studies
can allow clinicians to use these compounds as adjunct
therapy.

Conclusion

Our meta-analysis did not find any beneficial effect of
probiotics on lipid profile and anthropometric measure-
ments; however, there were marginal improvements in
some lipid markers such as TC (P=0.084), LDL (P=
0.062) and HDL (P=0.077). Subgroup analyses also
failed to show any significant subset across the selected
confounders (study duration, disease duration, probiotics
dose, baseline BMI). More trials are needed to character-
ize specific alterations of the intestinal microbiota in dia-
betic nephropathy and to assess possible effects of
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probiotic, prebiotic, and synbiotic treatments in this set-
ting. The authors suggest researchers to conduct more
special interventions (single strains of probiotics; prebi-
otics alone; synbiotics) in DN patients.
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