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Abstract

Objective: Gut flora imbalance characterizes patients with chronic kidney disease (CKD). 

Although biotic supplementation has been proposed to lessen inflammation and oxidative stress 

and, thus, reduce the risk of progressive kidney damage and cardiovascular disease, the effects 

remain controversial. We conducted a meta-analysis to assess the therapeutic benefits of biotics in 

CKD.

Methods: PubMed, Embase, and Cochrane databases were systematically searched for 

randomized controlled trials that evaluated any biotic (prebiotic, probiotic, synbiotics) 

supplements in patients with CKD (CKD, stage 3–4 to end-stage renal disease). Primary endpoints 
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included changes in renal function, markers of inflammation, and oxidative stress. Secondary 

endpoints included changes in levels of uremic toxins and variations in lipid metabolism.

Results: Twenty-three eligible studies included 842 participants. In a pooled-analysis, biotics 

did not change estimated glomerular filtration rate (mean difference [MD] = 0.08, P = .92) or 

serum albumin (MD = −0.01, P = .86), although prebiotics reduced serum creatinine (standardized 

mean difference [SMD] = −0.23, P = .009) and blood urea nitrogen (MD = −6.05, P <.00001). 

Biotics improved total antioxidative capacity (SMD = 0.37, P = .007) and malondialdehyde (SMD 

= −0.96, P = .006) and reduced the inflammatory marker interleukin-6 (SMD = −0.30, P = .01) 

although not C-reactive protein (SMD = −0.22, P = .20). Biotic intervention reduced some uremic 

toxins, including p-cresol sulfate (SMD = −2.18, P <.0001) and indoxyl sulfate (MD = −5.14, P 
= .0009), which decreased in dialysis-dependent patients. Another toxin, indole-3-acetic acid (MD 

= −0.22, P = .63), did not change. Lipids were unaffected by biotic intervention (total cholesterol: 

SMD = −0.01, P = .89; high-density lipoprotein: SMD = −0.08, P = .76; low-density lipoprotein: 

MD = 3.54, P = .28; triglyceride: MD = −2.26, P = .58).

Conclusion: The results highlight the favorable influence of biotics on circulating markers 

of creatinine, oxidant stress (malondialdehyde, total antioxidative capacity), inflammation 

(interleukin-6), and uremic toxins (p-cresol sulfate) in patients with CKD. Biotics did not affect 

estimated glomerular filtration rate, albumin, indole-3-acetic acid, or lipids in either predialysis or 

dialysis patients.

Introduction

CHRONIC KIDNEY DISEASE (CKD) is a global health problem affecting more than 9% 

of the world population, a percentage that continues to increase each year.1,2 The mortality 

rates in patients with CKD at every level of renal impairment are much higher than those 

of the general population (117.9/1000 vs. 47.5/1000).3 The increased risk of death has 

been linked to a chronic state of inflammation/oxidative stress and malnutrition and a high 

prevalence of hypertension, diabetes, and cardiovascular disease (CVD).4,5

Reduced renal function causes accumulation of urea that is hydrolyzed by intestinal 

microenzymes producing ammonia.6 This process results in uremic enterocolitis and leads 

to an abnormal gut flora composition.7 Increase in uremic toxins caused by CKD-associated 

intestinal microbiome dysbiosis, in turn, contributes to CKD progression and other untoward 

consequences of CKD, most notably, CVD.8 As CKD is well established as a strong 

modifier of the composition and metabolism of intestinal microbiome, there has been 

considerable interest in interventions to restore normal intestinal biotics, to lessen uremic 

toxins and inflammatory/oxidative stress factors, and to slow CKD progression and CVD 

risk. Interventions have included the use of biotics,9 including probiotics, defined as 

living microorganisms that add to the population of good bacteria10; prebiotics, which 

are a nondigestive food ingredient that induces the growth and activity of intestinal 

beneficial bacteria; and synbiotics, which include both. These interventions are thought 

to act by competing with harmful flora for nutrients, inhibiting their adhesion, and 

protecting the integrity of the intestinal barrier; they may also limit immune activation 

and proinflammatory signaling.11 Support for these mechanisms comes from animal studies 

showing a positive effect of biotics in animal models of CKD.12,13 However, results from 
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human studies have been controversial, and randomized clinical trials (RCTs) have studied 

only limited populations and reached different conclusions.

Previous meta-analyses have been limited by including only one stage of CKD and/or one 

type of biotic intervention. For example, Tao et al.,14 Thongprayoon et al.,15 and Liu Tet 

al.16 explored only the effects of probiotics on patients with CKD stage 3 to end-stage renal 

disease (ESRD). Rossi et al.17 and March DS et al.18 found biotic supplementation reduced 

serum indoxyl sulfate (IS) and p-cresol sulfate (p-CS) of dialysis-dependent patients. The 

effectiveness of biotic intervention on a larger pre-ESRD and dialysis-dependent population 

is unclear. In view of the limited therapies to slow progressive kidney damage and associated 

adverse consequences, we conducted a meta-analysis to determine the possible beneficial 

utility of biotics in patients with CKD across a range of kidney dysfunction.

Materials and Methods

This meta-analysis was performed according to the preferred reporting items for systematic 

reviews and meta-analyses (PRISMA) guideline.

Data Source and Search Strategy

Two authors independently identified relevant articles by doing a systematic search in 

PubMed, Embase, and Cochrane databases without time or language restriction up to 31 

September 2020. The search strategies are provided in Appendix A. In addition, the authors 

manually screened the reference lists of relevant articles for additional eligible articles.

Selection Criteria

All eligible articles met the following criteria: (1) randomized-control study on humans; (2) 

patients diagnosed with at least stage-3 CKD (estimated glomerular filtration rate (eGFR) 

< 60 mL/min/1.73 m2) through ESRD requiring renal replacement therapy by hemodialysis 

(HD) or peritoneal dialysis (PD); and (3) in the intervention group, patients were treated 

with biotic supplements (prebiotics, probiotics, or synbiotics) for at least 4 weeks. 

The control subjects received placebo or standard treatment. Studies with the following 

characteristics were excluded: (1) compared different dosages of the same intervention; 

(2) used the same population data in multiple studies or were repetitive publications; (3) 

crossover RCTs that failed to provide baseline data or to provide data for each study period; 

(4) failed to provide data on outcomes of interest (renal function: eGFR, serum creatinine 

[SCr], blood urea nitrogen [BUN], and albumin; uremic toxin: p-CS, indole-3-acetic acid 

[IAA], and IS; inflammation markers: interleukin-6 [IL-6] and C-reactive protein [CRP]; 

antioxidative markers: total antioxidative capacity [TAC] and malondialdehyde [MDA]; lipid 

metabolism index: total cholesterol [TC], triglyceride [TG], high-density lipoprotein [HDL], 

and low-density lipoprotein [LDL]).

Data Extraction

Two authors extracted data independently using a data-collecting form. Study 

characteristics, including title, name of first author, year of publication, country, type of 
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study, sample size, type of intervention, duration, and follow-up period were recorded. 

Patient characteristics including age, sex, CKD stage, and dialysis type were also recorded.

Data Analysis

Two authors analyzed the data using Review Manager (RevMan, version 5.4; the Nordic 

Cochrane Center, the Cochrane Collaboration, Copenhagen, Denmark) and Stata/SE 

(version 15.1; StataCorp LP, College Station, TX). Meta-analyses were conducted for 

outcomes reported by more than 2 studies. Fixed-effects models were initially applied to 

combine pooled data, while random-effects models were used when heterogeneity was 

present. Outcomes were assessed as mean difference (MD) or MD of preintervention 

value minus postintervention value with 95% confidence interval (CIs) (standardized mean 

differences [SMDs]). The outcomes are presented as SMD if they were measured in a 

variety of ways.

After assessment by Cochran’s test I2 statistic, heterogeneity across the studies were defined 

as insignificant (I2 ≤ 25%), low (25% < I2 ≤ 50%), moderate (50% < I2 ≤ 75%), and 

high (I2 >75%) heterogeneity. To identify the source of heterogeneity, sensitivity analyses 

were performed according to the size of the population, dosage, type of biotics, intervention 

duration, and follow-up period. Subgroup analyses were performed to assess the possibility 

that heterogeneity stems from ESRD patients undergoing dialysis versus predialysis patients 

with CKD. Additional sensitivity analyses were conducted to explore the impact of a single 

article on the results. In addition, 2 reviewers (J.L. and H.Y.) performed quality assessment 

by using Cochrane Collaboration methodology19 to investigate possible bias of single RCTs, 

including potential selection bias, performance bias, detection bias, attrition bias, and other 

sources of bias.

Results

Search Results

We found 244 articles (241 by electronic search and 3 by manual search). Of these, the 

review team excluded 211 articles from the initial screening. After assessing the remaining 

33 full text articles for eligibility, we eliminated 6 additional articles that failed to meet 

preset criteria. Reasons for exclusion included the use of various interventions (n = 1); 

readouts that differed from preset outcomes (n = 2); inability to access the full text (n 

= 1); and studies that were not RCTs (n = 2). Twenty-four studies were reported in 27 

articles, and a subsequent exclusion process yielded 23 randomized controlled trials (in 26 

articles). These were then subjected to qualitative and quantitative analyses. A diagram of 

the selection and exclusion process is illustrated in Figure 1.

Search Characteristics

Of the 23 studies, four were conducted in the United States,20–23 four in Brazil,24–27 three 

in China,28–30 six in Iran,31–36 two in Italy,37,38 one in Japan,39 one in Australia,40 one 

in France,41 and one in Mexico.42 In total, the studies enrolled 842 patients with CKD. 

The mean age spanned 30.6 ± 9.5 to 69.0 ± 10.0 years, and the percentage of males 

ranged from 27.27% to 86.67%. Study patients were diagnosed with CKD stage 3–4 in 7 
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RCTs.22,27,36–38,40,41 Fourteen RCTs20,21,23–26,29,31–35,39,42 were performed in patients on 

maintenance HD for at least 3 months, and 2 articles28,30 reported data in a PD population 

maintained for at least 1 month. Follow-up duration ranged from 1 to 6 months with a mean 

of 2.38 months (Supplemental Table 1).

Risk of Bias Among Studies

Fifteen studies20,22,24,27–31,33–35,37,39,40 provided information of random sequence, and 15 

studies20,21,24,25,27–30,33,35,37,39,40,42 provided information on allocation concealment. Seven 

studies were triple-blinded,24,29,30,39,40,43,44 3 studies were single-blinded,21,26,45 and 13 

had a double-blind design.22,23,27,28,32–37,41,42 Five articles23,24,26,39,43 reported a high 

drop-out rate (>21%). Reporting bias was low in all studies. Five studies20,26,29,39,42 had a 

high bias because of funding source while another 10 studies21,22,27,30,31,33,37,39,40 reported 

no source of funding. Six of the 15 studies were at low risk of bias,27,30,33,37,40 10 studies 

had high risk of bias,20,21,23,24,26,29,31,36,39,42 and in the remaining 7 studies, the bias risk 

was unclear22,25,28,32,34,35,41 (Figure 2).

Effects of Biotics on the Primary Outcomes

Renal Function—Four parameters of renal function were assessed: SCr, eGFR, serum 

albumin, and BUN. Biotic intervention did not affect SCr in predialysis cohorts (SMD = 

−0.17, 95% CI: −0.47, 0.13, P =.27), while Scr decreased in dialysis subgroup (SMD = 

−0.26, 95% CI: −0.47, −0.05, P 5 .02) (Figure. 3A).21,22,24,25,27–30,32,35,36,39,42 Dialysis 

population showed moderate heterogeneity which could not be adjusted by sensitivity 

analysis. Similarly, biotic intervention did not affect eGFR (MD = 0.08, 95% CI: −1.44, 

1.60, P = .92). This analysis had no heterogeneity in the predialysis population (Chi2 = 

0.85, P = .84, I2 = 0%) (Figure. 3B).27,36,40 Analysis of the effects of biotic intervention 

on BUN in all subjects revealed a decrease in treated versus untreated groups (MD = 

−6.05, 95% CI: −7.95, −4.14, P <.00001), with a relative insignificant heterogeneity (I2 = 

19%)20–22,27,28,32,34,36,39,41,42 (Figure 3C).

The effect of biotic intervention on serum albumin was assessed in the 9 

trials.20,25,27,29,30,32,35,39,42 No significant change in serum albumin level was found (MD = 

−0.01, 95% CI: −0.07, 0.06, P =.86, I2 = 0%) (Figure. 3D).

Inflammatory Index—CRP level in 408 patients before dialysis and with ESRD-D 

in 10 studies20,22–24,26,29,33,35,38,42 showed no significant difference between treated and 

untreated groups (SMD = −0.22, 95% CI: −0.55, 0.12, P = .20) (Figure 4A). This 

comparison had moderate intergroup heterogeneity (Chi2 = 25.21, P = .003, I2 = 64%) that 

was not linked to the type of treatment, duration of treatment, degree of renal impairment, 

or type of renal replacement. IL-6 was reported only in ESRD-HD. While meta-analysis 

showed that biotics decreased the IL-6 level (SMD = −0.30, 95% CI: −0.54, −0.06, P = .01), 

with a low heterogeneity (Chi2 = 8.59, P = .20, I2 = 30%) (Figure 4B).

Biomarkers of Oxidative Stress—Analysis of oxidative stress markers in 222 patients 

in 4 studies found that biotic treatment significantly improved TAC (SMD = 0.37, 95% CI: 

0.10, 0.63, P =.007). There was no heterogeneity (Chi2 = 1.1, P = .78, I2 = 0%) (Figure 
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5A).26,32,34,35 Analysis of MDA was also significantly reduced by biotic intervention (SMD 

= −0.96, 95% CI: −1.65, −0.28, P =.006). Subgroup analysis identified the biotic type as the 

source of high intergroup heterogeneity (Chi2 = 17.29, P = .00006, I2 = 83%). Both prebiotic 

subgroup (SMD = −2.25, 95% CI: −3.02 to −1.48, P <.00001) and probiotic and synbiotic 

subgroup (SMD = −0.59, 95% CI: −0.90 to −0.29, P = .0001, I2 = 0%) showed a significant 

decrease in MDA level (Figure 5B).

Effects of Biotics on the Secondary Outcomes

Uremic Toxins—Effects of biotic intervention were analyzed across the entire 

CKD population (predialysis and ESRD). Biotics significantly reduced serum p-CS 

concentration (MD = −2.18, 95% CI: −3.26, −1.10, P <.0001) (Figure 6A) across the 

CKD population20,24,25,27,29–31,37,40 (Figure 6A). IAA level was not affected by biotic 

intervention (MD = −0.22, 95% CI: −1.12, 0.68, P = .63) (Figure 6B).24,27 Neither p-CS 

nor IAA analysis showed heterogeneity. In contrast, biotic treatment significantly reduced 

IS (MD = −2.81, 95% CI: −5.77, 0.15, P =.06, I2 = 48%). This benefit was observed in 

the dialysis group20,24,25,29,30,32 (MD = −5.14, 95% CI: −8.20, −2.09, P =.0009, I2 = 0%) 

although not in predialysis-CKD population27,40 (MD = 0.05, 95% CI: −1.17, 1.27, P =.94) 

(Figure 6C).

Lipid Metabolism—Available lipid data included TC, TG, LDL, and HDL. Data on 

TC change were reported for 359 participants in 8 trials.27,29,32,34,35,38,39,42 The pooled 

analysis found no significance in total cholesterol difference between treated and untreated 

groups (SMD = −0.01, 95% CI: −0.22, 0.19, P = .89, with no heterogeneity I2 = 0%) 

(Supplemental Figure 1A). Biotic intervention also did not cause a consistent change in 

HDL levels (SMD = −0.08, 95% CI: −0.59, 0.43, P = .76). The considerable heterogeneity 

was not linked to the type of treatment, duration of treatment, degree of renal impairment, or 

type of renal replacement (Chi2 = 28.02, P <.0001, I2 = 79%)27,32,34,35,42,46 (Supplemental 

Figure 1B). Assessment of LDL suggested no significant difference between the treated and 

untreated groups (LDL: MD = 3.54, 95% CI: −2.88, 9.96, P = .28; Supplemental Figure 

1C).27,35,42,47 Biotics also did not affect TG levels (Supplemental Figure 1D); MD = −2.26, 

95% CI: −10.20, 5.68, P = .58).27,29,32,35,38,42,47 Both analysis of LDL and TG showed no 

heterogeneity (LDL: P = .74, I2 = 0%; TG: P =.51, I2 = 0%).

Discussion

This meta-analysis of 15 RCTs of 605 subjects with various degrees of kidney dysfunction 

revealed biotics improve several parameters associated with CKD. Biotics reduced the 

uremic toxin, P-cresol, and, in the dialysis cohort, IS. Biotic intervention lessened markers 

of oxidative stress as well as the inflammatory marker IL-6. Biotic intervention also 

reduced CRP in the predialysis but not dialysis patients. Biotics did not affect markers 

of renal function in these population. Most of the RCTs used prebiotics, which appeared 

more effective in reducing the adverse markers than probiotics. Indeed, treatment with 

prebiotics, but not probiotics, reduced levels of BUN and IL-6 in both predialysis and 

dialysis populations.
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Renal disease, even a mild reduction in kidney function, leads to profound and functional 

changes in the gastrointestinal structure flora.38 The contributing mechanisms include 

restricted diet,48 slowed intestinal transit,49 contraction in the total richness of the microbial 

community,50 and antibiotic exposure.48 The consequences of these modifications are 

complicated by CKD-induced disruption in the intestinal barrier functions that can lead 

to bacterial translocation and endotoxemia, which in turn initiate an innate immune response 

and proinflammatory signaling characterizing the microinflammatory state prevailing in 

CKD.8 In the last 10 years, the gut microbiota and its bioactive metabolites have been 

recognized as having a key role in progressive kidney damage and adverse extrarenal 

consequences, most notably, CVD.51–53 It has been shown that targeting the intestinal 

microbiome with oral biotics can lessen inflammation and oxidant stress and reduce 

progressive CKD and CVD. Recently, Sueyoshi et al. showed oral administration of 

prebiotics for 1 month in CKD rats reduced the uremic toxin IS.54 Biotic treatment 

also has benefits on CVD through improving colonic epithelial dysfunction, which has 

been shown to predict incidence of CVD.55 However, other studies have not supported 

these observations.20,24,27 Thus, the effectiveness of biotic intervention on progressive 

deterioration of renal function, inflammation, oxidant stress, and their consequences is 

unsettled.

Biotics intervention attenuated systemic markers of oxidant stress and inflammation, which 

characterize kidney disease and prevail at all levels of renal dysfunction. Endogenous 

and exogenous uremic toxins contribute to increasing reactive oxygen species expression 

in patients with CKD.56 Oxidative stress is a potential trigger for many complications, 

including CVD,57 endothelial dysfunction,58 anemia,59 and encephalopathy.60 TAC was 

increased across the entire CKD and ESRD population. Similarly, biotics reduced circulating 

levels of MDA across the entire CKD population, and all RCTs involving patients with 

ESRD reported this reduction. Consistent with our finding, Karimi et al.61 and Kwak et 

al.62 observed that prebiotics improved MDA concentration and augmented TAC in patients 

with prediabetes and diabetes, respectively. Vaziri et al. were the first to use prebiotics to 

ameliorate oxidative stress in chronic nephropathy rats.63 Increasing beneficial flora, such 

as Bifidobacteriaceae and Lactobacilli, after using biotics reduces free radicals generation, 

which can partly explain this advantageous effect.64,65 Another proposed mechanism to 

explain the action of biotics on patients with CKD was through hindering lipid peroxidation 

and improving antioxidative enzymes activity.66

CKD-related oxidant stress is usually accompanied by increased inflammatory markers 

thought to amplify the common adverse consequences of CKD. The underlying mechanisms 

involve a biotic imbalance in the gut flora, which disrupts the colonic epithelial barrier, 

permitting entry of toxic luminal contents into circulation and leading to inflammation.63 

Kieffer et al.67 reported prebiotic treatment of rats with CKD reduced blood levels of 

gut microbe–derived metabolites. Prebiotics and probiotics also serve as substrates for 

fermentation that produces short-chain fatty acids (SCFAs), including butyrate, which 

preserve colonic mucosa and support beneficial regulatory T cells.68–70 By inhibiting 

production of tumor necrosis factor and proinflammatory cytokine, butyrate has been used 

for treating colonic inflammation in patients with Crohn’s disease.71 Our analysis showed 

prebiotic supplement significantly reduced IL-6 compared with the control group. CRP was 
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also reduced in the predialysis cohort, although not in the ESRD cohort. Ma et al.72 found 

that in postmenopausal women, prebiotic intervention reduced IL-6 expression but not levels 

of CRP. As CRP generation is downstream from IL-6, it is possible that IL-6 may be more 

sensitive to prebiotics treatment than CRP. Indeed, Cesari M et al. proposed that IL-6 level 

is a stronger predictor of cardiovascular events than CRP.73 Another reason may relate to 

high doses (>1 × 109 CFU) of probiotics used in the included studies. Previous reports 

showed low-dose probiotics have better curative effect on CRP, while high-dose prebiotics 

are not as effective.74,75 Indeed, another meta-analysis not focusing on CKD showed the 

CRP decreased with low doses (108 ~109 CFU) of probiotics.76

Meta-analysis reported by Yang HL et al. found decreased IS, p-CS, and BUN after fiber 

supplementation in patients with CKD, while creatinine unchanged.77 Similarly, our meta-

analysis found that biotics do not improve the classical markers of renal function including 

eGFR or albumin in predialysis patients, reflecting the complexity of factors underlining 

progressive kidney disease and the short duration of treatment undertaken in these studies. 

Although biotics would not be expected to affect renal function in ESRD, prebiotic 

decreased BUN within the ESRD cohort. This reduction may reflect extra-renal influences 

(e.g., hepatic production of urea). Indeed, biotics reduced the levels of several uremic toxins 

that reflect both renal elimination and generation and metabolism of molecules. Thus, our 

analysis showed a beneficial effect of biotics in reducing p-CS in both predialysis and 

dialysis-requiring patients, which may reflect decreasing p-CS-producing bacteria in the 

gut of biotic-treated patients, as eGFR remained unchanged. Probiotics contain normal 

microbiome, at same time, prebiotics promote these non–p-CS-producing flora that may 

ultimately compete with and replace p-CS-producing bacteria. Another toxin, IS, was also 

reduced by biotic intervention in dialysis but not predialysis subjects. This distinct effect 

may relate to lower levels of IS prevailing in predialysis versus dialysis patients and, 

thus, more easily modulated by therapeutic interventions.20,24,25 Also, while >90% of IS is 

protein-bound and, therefore, not dialyzable, the small non-protein-bound fraction may be 

dialyzed and contribute to salutary effects of biotic treatment.78,79 Food intake, especially 

the ratio of protein and fiber, is an important potential effect on uremic toxin. IS and p-CS 

were derived from protein fermentation in colon, while fiber limits this process.80 However, 

this important factor is seldom reported, and our analysis does not include this parameter. 

Future RCTs should provide the type and amount of nutrition during the course of the 

studies.

Our analysis showed that type of biotics is a consistent source of between-groups 

heterogeneity. Furthermore, we showed that prebiotics have greater beneficial effects on 

BUN, IL-6, and MDA concentrations than probiotics. One reason may be prebiotics not only 

selectively stimulate the quantity and quality of Bifidobacteria and Lactobacilli species but 

also inhibit the increase of harmful flora.81 Colon microbes can break fiber into SCFAs, 

which nourish the intestinal flora growth.82 Thus, under the stimulation of fiber, microbes 

prefer to use amino acids for growth rather than transforming them into toxic materials.81

This study has some limitations. These include the relatively small sample size and short 

duration of intervention and follow-up periods. Three to 4-week intervention may be 

too short to achieve significant changes in humans. Future studies should consider free 
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concentration of uremic toxins, as these are more likely to interact with body tissues than 

protein-bound toxins.46,83 As SCFA is a vital intermediary in the reduction of urea as 

well as the improvement of systemic inflammation and oxidative stress,84,85 future studies 

should report SCFA levels. Another limitation relates to the low-to-moderate heterogeneity 

among the studies, although the subgroup and sensitivity analysis was conducted to reduce 

the effect of this limitation. The strength of this meta-analysis is a narrow selection range 

that includes only RCTs, excluding cross-over RCTs that failed to provide data of baseline 

and each period. We also assessed a large number of outcomes without restrictions of 

follow-up period, intervention type, and CKD stage. Through these criteria, we maximized 

the collected information while minimizing selection bias and other potential bias.

Conclusions

Biotics supplementation reduces circulating several markers of oxidant stress (MDA, TAC) 

and inflammation (IL-6) in predialysis CKD as well as in ESRD patients requiring dialysis. 

However, biotics do not affect eGFR, creatinine, albumin, lipids, and other uremic toxins 

(p-CS, IAA). Studies of longer period and with larger scales are advocated to further 

understand the relationship between biotics and renal disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of the literature search process.
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Figure 2. 
Risk of bias in analyzed studies. Unclear risk of bias: “?”, low risk of bias: “−”, and high 

risk of bias: “+”.
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Figure 3. 
Effect of biotic intervention on renal function. (A) Effect of biotics on eGFR; (B) effect of 

biotics on SCr; (C) effect of biotics on BUN; (D) effect of biotics on albuminuria. BUN, 

blood urine nitrogen; eGFR, estimated glomerular filtration rate; SCr, serum creatinine.
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Figure 4. 
Effect of biotic intervention on the inflammatory index. (A) Effect of biotics on CRP; (B) 

effect of biotics on IL-6. CRP, C-reactive protein; IL-6, interleukin-6.
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Figure 5. 
Effect of biotic intervention on antioxidative capacity. (A) Effect of biotics on TAC; (B) 

effect of biotics on MDA. MDA, malondialdehyde; TAC, total antioxidative capacity.
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Figure 6. 
Effect of biotic intervention on uremic toxins. (A) Effect of biotics on p-CS; (B) effect of 

biotics on IAA; (C) effect of biotics on IS. IAA, indole-3-acetic acid; IS, indoxyl sulfate; 

p-CS, p-cresol sulfate.
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