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Abstract

Introduction: Systemic inflammation contributes to chronic diseases, and synbiotics may
modulate these pathways via gut microbiota. This systematic review and meta-analysis evaluates
synbiotic supplementation effects on adult inflammatory and anti-inflammatory markers.
Methods: A comprehensive search of PubMed/MEDLINE, Web of Science, Scopus, Embase, and
CENTRAL, supplemented by Google Scholar and manual reference-list searches, identified 63
randomized controlled trials involving 3,725 participants. Eligible studies administered synbiotics
for at least 3 weeks. Data were pooled using random-effects models to calculate standardized
mean differences (SMDs). Risk of bias was assessed using the Cochrane risk-of-bias tool, and the
certainty of evidence was evaluated using the GRADE approach.

Results: Synbiotic supplementation was associated with a reduction in C-reactive protein (CRP)
(SMD: -0.49, 95% CI: -0.67 to -0.31), interleukin-6 (IL-6) (SMD: -0.33, 95% CI: -0.61 to -0.05),
IL-8 (SMD: -0.62, 95% CI: -1.15 to -0.09), and tumor necrosis factor-a (TNF-a) (SMD: -0.38, 95%
CI: -0.65 to -0.11). Conversely, anti-inflammatory IL-10 significantly increased (SMD: 0.30, 95%
CI: 0.002 to 0.59). No significant changes occurred in IL-1p, IEN-y, lipopolysaccharide (LPS), or
adiponectin. Publication bias was detected for CRP, and evidence certainty ranged from very low
to low.

Conclusion: Synbiotic appears to modulate inflammatory status by reducing key pro-inflammatory
biomarkers (CRP, IL-6, IL-8, and TNF-a), and increasing the anti-inflammatory cytokine IL-
10. Nevertheless, the strength of these conclusions is limited by the low to very low certainty of
the available evidence, as well as potential publication bias affecting the CRP estimate. Future
standardized, adequately powered RCT's are required to validate these clinical findings.
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Introduction

Probiotics, which are live microorganisms, could bear
health-promoting effects when they are consumed in
sufficient amounts. The beneficial effects of probiotics
are pertinent to their protective effects against various
metabolic or cognitive diseases, cancers, and the like,
through improving gut microbiota."* Moreover, synbiotic
supplementation (the combination of prebiotics and

probiotics) may affect the gastrointestinal microbiota more
effectively than the single supplementation of probiotics
or prebiotics.”

Various healthful effects of probiotics include
immunomodulatory effects,® anti-inflammatory properties
(by a reduction in inflammatory cytokine levels and
suppression of Toll-like receptor 4 (TLR-4) activation),”
weight modulation,® and other related conditions. On the
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other hand, it was asserted that synbiotic consumption in the
form of foods or supplements could positively affect various
processes, including gut microbiota, lipid metabolism,
liver enzymes, and insulin sensitivity, to a greater extent
than probiotics or prebiotics alone.” Anti-inflammatory
properties of the synbiotics could improve various diseases
as well.'* It was reported that gut microbial dysbiosis and
higher translocation bacteria and their components in
the intestine could promote systemic inflammation."" It
was mentioned that synbiotic consumption could slow
down the inflammatory process by modulating the gut
microbiome."? The prebiotics present in synbiotics, such
as inulin, can be fermented, which leads to the formation of
short-chain fatty acids (SCFAs). These SCFAs could reduce
the expression of genes related to inflammation, such as
cyclooxygenase-2, interleukin-8, and interleukin-6."?
Moreover, these compounds could also increase IL-18
expression,'* which can in turn reduce hepatic C-reactive
(CRP) production. Moreover, some compounds with anti-
inflammatory properties from the methylketone family are
produced following synbiotic consumption."

Considering the anti-inflammatory characteristics of
synbiotics, various studies evaluated the effects of synbiotics
alone or compared to probiotics on inflammatory markers.
However, there has been some disagreement among
studies considering the anti-inflammatory effects of pro/
synbiotics. A meta-analysis by Kazemi et al assessed the
effects of pro/synbiotics on inflammatory markers and
concluded that these supplementations had promising
effects only on CRP and tumor necrosis factor-alpha
(TNF-a) in healthy and unhealthy individuals. They
found that pro/synbiotic supplementation could effectively
alleviate inflammation in inflammatory bowel disease
(IBD), arthritis, and fatty liver.' In addition, Naseri and
colleagues showed decreasing trends in CRP and TNF-a
after synbiotic supplementation in pre-diabetes and type
2 diabetic patients.'”” However, a recent meta-analysis did
not find any changes in IL-6 and CRP following synbiotic
supplementation in healthy adults.'® Therefore, given the
potential beneficial effects of synbiotics on inflammation
and the controversial findings on this topic, the present
systematic review and meta-analysis aimed to address this
gap by assessing the effects of synbiotic supplementation
on both inflammatory and anti-inflammatory markers in
healthy and unhealthy individuals.

Materials and Methods

The present systematic review was conducted and reported
in compliance with PRISMA protocols' and is registered
in the PROSPERO database (registration number:
CRD42024616716).

Search strategy

In order to find relevant randomized controlled trials
that met the study inclusion criteria, a comprehensive
systematic search was conducted in PubMed/MEDLINE,
Web of Science, SCOPUS, Embase, and the Cochrane
Central Register of Controlled Trials (CENTRAL). The

search strategy was designed to be highly inclusive to
minimize the risk of omitting relevant trials. Peer-reviewed
articles published up to March 2026 and written in English
were included. The systematic search, conducted according
to PRISMA guidelines, utilized a combination of keywords
and MeSH terms including: “Synbiotic supplementation”,

» « » o«

“probiotic AND prebiotic”, “Inflammatory markers”, “anti-
inflammatory”, “interleukin*”, and “gut microbiota”.
Additionally, reference lists of similar review articles were
manually searched and screened, and an additional search
was performed using Google Scholar, with the first 200

results sorted by relevance screened.

Study selection

Following the PICO (Population, Intervention, Comparator,
Outcome) framework (Table 1), studies were included
based on the following criteria: (1) randomized controlled
trials (RCTs) with either a crossover or parallel design;
(2) a minimum of 3 weeks of synbiotic supplementation;
(3) differentiation between placebo and intervention
groups solely by the use of the synbiotic supplement; (4)
participants aged 18 years or older, including both healthy
individuals and those with health-related conditions; (5)
reported effects of synbiotic supplementation on assessment
criteria, including baseline and follow-up values along with
their corresponding standard deviations (SDs), standard
errors (SEs), or 95% confidence intervals (CIs) for the
intervention and placebo groups; (6) oral administration
of the synbiotic supplement; and (7) publication in peer-
reviewed journals.

The following studies were excluded if they met one or
more of the following criteria: (1) observational studies,
animal studies, or review articles; (2) lack of baseline and/
or follow-up data for the specified assessment criteria; (3)
trials with acute duration or short-term supplementation;
(4) retracted publications; (5) non-English language
publications; (6) studies with unspecified probiotic strains
or prebiotic types; (7) studies involving pregnant women;
and (8) Studies in which the independent effect of synbiotic
supplementation could not be isolated.

Data extraction
The identification of eligible trials, data extraction, and risk
of bias assessment was independently performed by two

Table 1. Population, intervention, comparison, outcome, and study design
(PICO) criteria for inclusion and exclusion of studies

Parameter Criteria
Participant Adults
Intervention Synbiotic

Comparator Matched control group

CRP, IL-1B, IL-6, IL-8, IFN-y, TNF-a, LPS, IL-10,
Outcomes . }

Adiponectin
Study design Controlled clinical trial

Abbreviations: CRP, C-reactive protein; IL-1B, Interleukin-1 beta;
IL-6, Interleukin-6; IL-8, Interleukin-8; IFN-y, Interferon-gamma;
TNF-a, Tumor necrosis factor-alpha; LPS, Lipopolysaccharide; IL-10,
Interleukin-10.
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researchers (B.S. and Z.A.). Any conflicts were resolved
through discussion with a third investigator (T.S). The
following data were extracted from the included articles:
name of the first author, article title, year of publication,
sample sizes of the intervention and placebo groups, study
location, study design, participants' health status, gender
distribution, the mean age at baseline, body mass index
(BMI) of the individuals, details of the synbiotic supplement
(daily dose, prebiotic type and dose, probiotic strain and
colony count), supplementation duration, placebo type,
and any co-interventions.

Quality assessment

The Cochrane quality assessment tool was utilized to
evaluate the quality of the studies included in this analysis,
classifying them into low, high, or unclear risk categories
based on identified biases. To assess the overall quality
and certainty of evidence across studies, the GRADE
(Grading of Recommendations Assessment, Development,
and Evaluation) approach was employed. GRADE uses
methodologically sound and transparent criteria to evaluate
recommendations and evidence, categorizing the quality
of evidence as High, Moderate, Low, or Very Low. The
certainty of evidence can be downgraded due to factors such
as: (1) publication bias, (2) imprecision, (3) inconsistency,
(4) indirectness, and (5) risk of bias. Conversely, it can be
upgraded in specific circumstances, such as when a large
magnitude of the effect is observed, there is a dose-response
gradient, or all plausible confounders or other biases
increase confidence in the estimated effect. The GRADE
approach ensures systematic assessment and rating of
evidence, guiding the development of recommendations
that balance the benefits and harms of interventions with
clarity and confidence.”

Statistical analysis

The effects of synbiotic supplementation on the predefined
outcomes were quantified using a random-effects
model and presented as standardized mean differences
(SMDs) and their corresponding 95% ClIs. The use of
SMDs was considered appropriate because the included
studies employed heterogeneous laboratory assays and
reported outcomes in different measurement units,
thereby precluding meaningful pooling using weighted
mean differences (WMDs). For this review, the mean
differences (MDs) and SD of inflammatory biomarkers,
including IL-1p, IL-8, IL-6, TNF, IL-10, and IFN-y, as well
as metabolic and adipose-related biomarkers such as CRP
and LPS, before and after the intervention were calculated.
Additionally, the changes in the anti-inflammatory
biomarkers, including IL-10 and Adiponectin, were
assessed to evaluate changes in the inflammatory and Anti-
inflammatory balance following supplementation.

In instances where a mean difference was not reported
in the article, it was calculated using the following formula:
(value at the endpoint of the synbiotic group - value at
the baseline of the synbiotic group) and (value at the
endpoint of the placebo group - value at the baseline of the

placebo group). For missing SDs of mean differences, the
following formula was used: SD = v [(SD pre-treatment)?
+ (SD post-treatment)® - (2 Rx SD pre-treatment x SD
post-treatment)], where R (correlation coefficient) of
0.8 was assumed.” For studies reporting standard error
of the mean (SEM) instead of standard deviation, SD
was calculated using the formula: SD = SEM x \Vn, where
n is the number of participants in the group. Between-
study heterogeneity was assessed using Cochran’s Q test
and the I? statistic, with P<0.05 and I*>50% considered
indicative of significant heterogeneity.”” A predefined
subgroup analysis was conducted to identify potential
sources of heterogeneity, considering the study location,
characteristics of participants (mean BMI, health status,
mean age and sex composition), intervention features
(colony types, prebiotic types, and duration of intervention)
and duration, and study quality levels.

Egger's regression tests, and funnel plots were used to
detect potential publication bias in the included studies.
If publication bias was detected, the trim-and-fill method
and fail-safe N method were applied to adjust for it. #
Sensitivity analysis was performed according to the leave-
one-out sensitivity analysis to assess the influence of each
included effect size on the overall effect size. Statistical
analyses in this meta-analysis were performed using Stata
version 17 (Stata Corp, Texas, USA). A p-value of less than
0.05 was considered statistically significant for all tests.

Results

Flow and characteristics of included studies

As presented in Fig. 1, there were 19081 initial
identifications. Upon removing duplicate articles
(n=6817), 12264 articles remained. 12187 articles were
excluded after reviewing their titles and abstracts because
they were not RCT's or directly related to the inclusion
criteria. As a result, 77 articles were selected that may be
relevant for further full-text evaluation. 18 more articles
were excluded for the following reasons: Retracted articles
(n=6),** No measurements of the factors (n=3),3*3¢
short-term synbiotic supplementation (n=4),** limited
data on supplementation (n=4),”** and studies involving
pregnant women (n=1).* Additionally, four studies were
found by performing a manual search of the literature.**
Following the inclusion criteria, 63 qualified RCTs were
selected for analysis.!42103

Characteristics of included studies
Across 63 eligible studies encompassing 69 treatment
arms, a total of 3,725 individuals were randomly allocated
to receive either synbiotic supplementation (n=1,876)
or a placebo/control (n=1,849) (Table S1). Sample sizes
ranging from 10% to 221 participants.’! The probiotic
colony dosage varied from 11x10° to 4x 10 CFU.
Prebiotics used in the studies included dextran, inulin,
oligofructose, arabinogalactan, xylo-oligosaccharides, FOS
(Fructooligosaccharides), galactooligosaccharides, dietary
fiber, and barley -glucans.

Studies included in the analysis were published between
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[ Identification of studies via d and regi S ] [ Identification of studies via other methods ]
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5

Fig. 1. PRISMA 2020 flow diagram illustrating the study selection process from database searches, trial registries, and other sources

2006 and 2026 and were from a variety of countries: Iran
(n — 28)’42,44,53,56,57,59,63—67,70,71,73,74,76,80,81,83,84,86,89,93,94,96—98,103 Brazil
(n=6), 6062727 Ttaly (n=4),**#%7 the United Kingdom
(n=3),°%521% Japan (n = 2),*¢”” Spain (n=2),*% Mexico
(n=2),>* India (n=2),"*% Indonesia (n=2),>* China
(n=2),% Serbia (n=2),""*? Ireland (n = 1), Thailand
(n=1),”® Chile (n = 1),” Finland (n = 1),”® Turkey (n =
1),% Denmark (n = 1),” the United States (n = 1),'°! and
Egypt (n = 1).!2 The mean age of participants ranged from
20.66 % years to 79.5 years.”? Two trials involved only male
participants,®>*® nine trials were exclusively conducted on
female participants,®768081.83899097.101 gnd the remaining
trials included both genders.

The duration of supplementation ranged from 3 weeks™
to 51 weeks.!”" Three studies employed a crossover
design,***2% while the remaining 60 studies were conducted
using a parallel design. In terms of blinding, four studies
were open-label or unblinded,””'*! two were single-
blinded,**® five were triple-blinded RCTs,*>808284% and
the others were double-blinded RCTs.

In terms of the participant population, 13 studies
involved healthy participants’43,46,50-52,54,61,69,72,75,82,88,100
while nine studies targeted patients with liver diseases,
including non-alcoholic fatty liver disease (NAFLD),*
1453575998 non-alcoholic steatohepatitis,”® and metabolic
dysfunction-associated steatotic liver disease.’'® Also,
nine studies involved adults with overweight or obesity.>>
S8.6977,7850838789 Eight studies focused on patients with
diabetes.*064667L77949598 Seven focused on hemodialysis
or chronic kidney disease patients,'>%577078091 and
six studies were conducted on patients with cancer

(including breast, colon, and nasopharyngeal cancer).””
7680839799 Additionally, five studies were conducted on
patients with metabolic syndrome,**7#% and two
studies involved individuals with ulcerative colitis.*5®
Other specific patient populations, each addressed in
a single study, included women with polycystic ovary
syndrome (PCOS),* individuals with recurrent aphthous
stomatitis,® HIV-infected individuals,* hypothyroidism,”
migraine sufferers,® systemic lupus erythematosus,®
heart failure,* coronary artery diseases,” postmenopausal
women,'”" dyslipidemia,” and Parkinson's disease.'®

Data quality
Table S2 presents the results of the Cochrane risk of bias
assessment for the 63 included studies. Based on the
evaluation, the studies were categorized into three quality
levels: Good, Fair, and Poor, according to the number of
domains with a low risk of bias. The majority of the studies
(n=47 studies) were classified as having good quality,
characterized by more than two domains exhibiting a low
risk of bias. These studies reflect a robust methodological
framework, enhancing the reliability of their findings. A
smaller subset of 4 studies was identified as fair quality,
with exactly two domains demonstrating a low risk of bias.
Lastly, 12 studies were determined to have poor quality,
with fewer than two domains indicating a low risk of bias.
These studies present a higher likelihood of methodological
limitations, necessitating careful consideration when
synthesizing their results.

The GRADE framework was used to assess the
certainty of evidence concerning the effects of synbiotic
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Table 2. GRADE profile of synbiotic supplementation on inflammatory and anti-inflammatory markers

Quality assessment Quality of
Outcomes Risk of bias Inconsistency Indirectness Imprecision Publication bias evidence
. o Very serious No serious No serious . N
CRP No serious limitation . .y I o o Serious limitations® ®O00
limitations® limitations limitations Very low
No serious No serious No serious
IL-1 I Serious limitations® S Serious limitations® L Low
B limitations limitations limitations ®®00
IL-6 No serious Very serious No serious No serious No serious ®DO0 Low
limitations limitations® limitations limitations limitations
IL-8 No serious Very serious No serious No serious No serious ®DOO Low
limitations limitations® limitations limitations limitations
IL-10 No serious Very serious No serious No serious No serious ®DOO Low
limitations limitations® limitations limitations limitations
No serious Very serious No serious . N No serious OO0
IFN- . I S Serious limitations® I
v limitations limitations® limitations limitations Very low
TNF-ol No serious Very serious No serious No serious No serious D00 Low
limitations limitations® limitations limitations limitations
LPS No serious Very serious No serious Serious limitations? No serious o000
limitations limitations® limitations limitations Very low
No serious Very serious No serious No serious No serious
Adiponectin |~ . Low
P limitations limitations® limitations limitations limitations ®e00

2There was high heterogeneity (1> 75%).

®There was significant publication bias.

¢Downgraded one level for substantial unexplained heterogeneity.
4There was moderate heterogeneity (50% < I> < 75%).

supplementation on inflammatory and anti-inflammatory
markers (Table 2). Overall, the certainty of evidence ranged
from low to very low across outcomes. CRP, IFN-y, and
LPS were classified as very low certainty OO0,
primarily due to very serious inconsistency and, in some
cases, imprecision or publication bias. IL-1p, IL-6, IL-8,
IL-10, TNF-q, and adiponectin were rated as low certainty
(BDOQ), with inconsistency being the main limiting
factor and imprecision contributing in some outcomes.
Overall, the evidence was limited mainly by heterogeneity
across studies, with additional concerns regarding
imprecision and publication bias for selected outcomes.

Meta-analysis
Findings from the meta-analysis of synbiotic supplementation
on pro-inflammatory markers
Effect of synbiotic supplementation on CRP
CRP levels were assessed in 41 studies encompassing 43
treatment arms. According to the pooled estimates from
the random-effects model, synbiotic supplementation
demonstrated a significant effect on reducing CRP levels
(SMD: -0.49, 95% CI: -0.67 to -0.31, P<0.001) (Fig. 2A).
However, substantial heterogeneity was detected among
the studies (I*=79.7%, P <0.001). Subgroup analysis
identified that the type of prebiotics (P-between=0.04) and
quality of studies (P-between=0.003) could be the source
of this heterogeneity. Also, the results of the subgroup
analysis were significant for all subgroups, except for
studies conducted in South America (P=0.13) and North
America (P=0.35), the unreported age group (P=0.23), the
specific strains of probiotic bacteria (L. casei, L. rhamnosus,
S. thermophilus, B. breve, L. acidophilus, B. longum, and
L. bulgaricus) (P=0.30), as well as for females (P=0.25),
obese individuals (P=0.14), and poor quality of studies
(P=0.60) (Table S3).

Effect of synbiotic supplementation on IL-1J3

IL-1B data were collected from eleven studies, which
included thirteen treatment arms. Using the pooled
estimates from a random-effects model, it was
determined that the decrease in IL-1P levels after
synbiotic supplementation was not statistically significant
(SMD: -0.25, 95% CI: -0.56 to 0.07, P=0.13) while the
heterogeneity among the studies was significant (I* = 73.5%,
P<0.001) (Fig. 2B). Subgroup analysis highlighted the role
of continents (P-between =0.03), age (P-between <0.001),
and quality of studies (P-between<0.001) as potential
determinants of the observed heterogeneity. Also,
considering subgroup analysis, significant reductions were
noted in studies conducted in Asia (P=0.02), fair quality of
studies (P<0.001), and among participants with a normal
BMI (P=0.01) (Table S3).

Effect of synbiotic supplementation on IL-6

A total of 30 studies, encompassing 31 treatment arms,
assessed the effects of synbiotic supplementation on IL-6
levels. According to the results of the random-effects
model, supplementation with synbiotics significantly
reduced IL-6 levels (SMD: -0.33, 95% CI: -0.61 to -0.05,
P=0.02), though there was considerable heterogeneity
among studies (I>=85.2%, P<0.001) (Fig. 2C). Subgroup
analysis of synbiotic supplementation on IL-6 is shown
in Table S3. Based on subgroup analysis, significant
reductions were observed in studies conducted in Asia
(P<0.001), participants aged <50 years (P=0.049), and
oother probiotic types (P=0.045), in populations including
both sexes (P=0.02), and among participants with a normal
BMI (P=0.04) (Table S3).

Effect of synbiotic supplementation on IL-8

IL-8 data were collected from six studies, which included
seven treatment arms. Using a random-effects model, the
meta-analysis determined that IL-8 levels were significantly
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Fig. 2. Forest plots showing the effect of synbiotic supplementation on inflammatory markers in adults: A. C-reactive protein (CRP), B. Interleukin-18 (IL-1B),
C. Interleukin-6 (IL-6), D. Interleukin-8 (IL-8), E. Interferon-gamma (IFN-y), F. Tumor necrosis factor-alpha (TNF-a), G. Lipopolysaccharide (LPS). Results
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reduced following the consumption of synbiotics
(SMD: -0.62; 95% CI: -1.15 to -0.09; P=0.02). However,
considerable heterogeneity was detected among the
studies (I*=76.0%, P<0.001) (Fig. 2D). Subgroup analysis
highlighted the role of quality of studies (P-between <0.001)
as a potential determinant of the observed heterogeneity.
In Table S3, a subgroup analysis of the effects of synbiotic
supplementation on IL-8 is presented. Based on subgroup
analysis, significant reductions were observed in studies
conducted in Europe (P=0.03), among individuals aged > 50
years (P<0.001), other probiotic types (P=0.03), among
unhealthy participants (P=0.03), among participants with
overweight (P<0.001), good (P=0.02) and poor (P<0.001)
quality of studies, and in populations including both sexes
(P=0.02) (Table S3).

Effect of synbiotic supplementation on IFN-y

IEN-y data were collected from seven studies, which
included eight treatment arms. Using the random effects
model, it was determined that synbiotic supplementation
did not result in a statistically significant reduction in IFN-y
levels (SMD: -0.21, 95% CI: -0.69 to 0.27, P=0.39) while the
heterogeneity among the studies was significant (I>=83.8%,
P<0.001) (Fig. 2E). Subgroup analysis highlighted the
role of continents (P-between=0.03), type of prebiotics
(P-between=0.02), and type of colony (P-between=0.01)
as potential determinants of the observed heterogeneity.
More pronounced effects were observed among studies
conducted in South America (P=0.01), trials with
intervention durations of <12 weeks (P=0.005), healthy
individuals (P=0.04), specific probiotic strains such as
L. paracasei, L. rhamnosus, L. acidophilus, and B. lactis
(P=0.01), as well as B. longum alone (P=0.04), use of inulin
as a type of prebiotic (P<0.001), and those with a BMI
classified as normal (P=0.01) (Table S3).

Effect of synbiotic supplementation on TNF-«

Across 31 studies including 35 treatment arms, the effects
of synbiotic supplementation on TNF-a levels were
systematically evaluated. According to the pooled estimates
from the random-effects model, synbiotic supplementation
demonstrated a significant effect on reducing TNF-a levels
(SMD: -0.38, 95% CI: -0.65 to -0.11, P=0.005). However,
substantial heterogeneity was detected among the studies
(I*=86.5%, P<0.001) (Fig. 2F). Subgroup analysis revealed
that the type of colony (P-between=0.03) and continents
(P-between =0.02) might serve as a potential source
of heterogeneity. As presented in Table S3, significant
reductions in TNF-a levels were observed in studies
conducted in Asia (P=0.009) and Africa (P<0.001), and
in trials with durations of <12 weeks (P=0.009). Notable
effects were also associated with the use of FOS (P=0.04)
and inulin (P=0.02) as prebiotics, specific probiotic strains
such as L. casei, L. rhamnosus, S. thermophilus, B. breve, L.
acidophilus, B. longum, and L. bulgaricus (P=0.001), as well
as B. longum alone (P=0.004). Furthermore, significant
reductions were observed among unhealthy individuals
(P=0.03), in both sexes (P=0.001), participants classified
as normal weight (P=0.03), and good (P=0.03) and fair
(P=0.02) quality of studies.

Effect of synbiotic supplementation on LPS

Across six studies involving six treatment arms, changes
in LPS levels following synbiotic supplementation were
evaluated. Results from the random-effects model
showed that synbiotic supplementation had no significant
impact on LPS levels (SMD: -0.01, 95% CI: -0.60 to 0.62,
P=0.97) with significant heterogeneity among the studies
(I*=87.2%, P<0.001) (Fig. 2G). Subgroup analysis revealed
that type of prebiotics (P-between <0.001) and continents
(P-between =0.04) might serve as a potential source of
heterogeneity. Based on the subgroup analysis, a significant
increase was observed in studies conducted in Europe
(P=0.001), with the use of Inulin + FOS as prebiotics
(P<0.001), and among unhealthy individuals (P<0.001)
(Table S3).

Findings from the meta-analysis of synbiotic supplementation
on Anti-inflammatory markers

Effect of synbiotic supplementation on IL-10

Changes in IL-10 levels after synbiotic supplementation
were evaluated in 15 studies comprising 18 treatment
arms. The results of the random-effects model showed
that supplementing with synbiotics resulted in a statistically
significant increase in the level of IL-10 (SMD: 0.30, 95%
CI: 0.002 to 0.59, P=0.048) and heterogeneity among the
studies was significant (I?=76.1%, P<0.001) (Fig. 3A).
Based on the subgroup analysis, a significant increase was
observed in studies conducted in Asia (P=0.01), trials with
durations of> 12 weeks (P=0.046), with the use of FOS
as a type of prebiotic (P=0.03), good (P=0.02) quality
of studies, and among individuals with a normal BMI
(P=0.008) (Table S3).

Effect of synbiotic supplementation on adiponectin

Three studies, comprising three treatment arms, measured
the changes in adiponectin levels following synbiotic
supplementation. According to the pooled results from
the random-effects model, synbiotic supplementation had
a non-significant effect on the adiponectin levels (SMD:
1.17, 95% CI: -0.44 to 2.78, P=0.15) with significant
heterogeneity among the studies (I*=96.3%, P<0.001)
(Fig. 3B).

Sensitivity analysis

Based on the sensitivity analysis, the pooled estimates for
adiponectin, LPS, TNF-a, IFN-y, CRP, and IL-1p were
robust, as no single study materially changed the overall
effect sizes. In contrast, the results for IL-6 were influenced
by the exclusion of Federico et al,*® and the findings for
IL-8 were sensitive to the removal of Stougaard et al.”” The
pooled effect for IL-10 was also affected by the exclusion of
several individual studies, including Salamat et al,”® Tirgar
et al,”” Fallah et al,* Li et al,* Chaiyasut et al,”® Quero et
al,*? Saneei Totmaj et al,* Angelino et al,* Louzada et al,*!
Xavier-Santos et al,®> Mimura et al, and Roller et al.*
Opverall, these findings suggest that most outcomes were
stable, although IL-6, IL-8, and IL-10 showed some degree
of sensitivity to individual studjies.
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Fig. 3. Forest plots showing the effect of synbiotic supplementation on anti-inflammatory markers in adults: A. Interleukin-10 (IL-10), B. Adiponectin. Results
are expressed as standardized mean differences between intervention and control groups

Publication bias

Egger's linear regression test indicated potential publication
bias for CRP (Egger’s test: P=0.001). Due to the significant
publication bias observed in studies assessing the effect of
synbiotic supplementation on CRP levels, a trim-and-fill
analysis was subsequently performed, which showed that no
missing studies needed to be imputed (number of imputed
studies =0, observed and adjusted effect size=-0.492, 95%
CI: -0.681, -0.303).

Conversely, no significant publication bias was
detected for the other biomarkers, as Egger's test yielded
non-significant P values for adiponectin (P =0.20),
LPS (P=0.74), TNF-a (P=0.10), IFN-y (P=0.92), IL-
1B (P=0.18), IL-6 (P=0.37), IL-8 (P=0.26), and IL-10
(P=0.82). The results of the funnel plots are provided in
Fig. S1.

Discussion
This meta-analysis is, to our knowledge, the most
comprehensive assessment of randomized controlled trials
investigating the effects of synbiotics on inflammatory
and anti-inflammatory markers. Systemic inflammation
is linked to the onset and advancement of various chronic
health issues. This encompasses some of the top causes
of death globally, including cancer, dementia, ischemic
heart disease, cerebrovascular disorders, and chronic
lower respiratory conditions.'**'”> These conditions are
characterised by persistent immune activation and the
production of pro-inflammatory mediators, including CRP,
TNF-a, IL-1p, and IL-6.1

This systematic review and meta-analysis of RCTs
suggests that synbiotic supplementation may reduce
selected pro-inflammatory markers, including CRP, IL-6,
IL-8, and TNF-a, while increasing the anti-inflammatory
marker IL-10. However, no significant effects were observed
for IL-1P, IFN-y, LPS, or adiponectin. The CRP finding
should be interpreted with caution because of potential
publication bias and the low certainty of evidence.

Earlier meta-analyses that looked into the effects of

synbiotics on these markers primarily concentrated on
probiotic strains and lacked thorough subgroup analysis
for prebiotics. Additionally, unlike previous analyses, more
recent relevant studies were incorporated.'®* Numerous
meta-analyses have been performed in this area, mainly
focusing on specific disease states. In contrast, the current
meta-analysis takes into account both healthy and
unhealthy conditions.

According to the present meta-analysis, CRP levels
showed a decrease in both healthy and unhealthy individuals,
which aligns with another meta-analysis examining the
effects of probiotic and synbiotic supplementation on
inflammatory markers, which reported that CRP decreased
in healthy individuals, and in patients with IBD, arthritis,
metabolic disorders, and critically ill patients, but not in
renal failure patients. Additionally, IL-1f levels remained
unchanged in healthy individuals and those with arthritis,
as the results of the present study showed that IL-1f levels
did not change significantly according to the health status
subgroup analysis. Additionally, IL-6 levels did not change
based on health status subgroup analysis in the present
study. Kazemi et al,*® reported that IL-6 levels did not vary
in healthy participants, metabolic disorders, or arthritis.
Healthy individuals, fatty liver patients, those with IBD, and
those with cirrhosis performed better in the study, while
diabetes, metabolic syndrome, polycystic ovary syndrome,
and arthritis participants did not perform as well.'s

Kazemi et al. found that probiotic and synbiotic
supplements had no impact on inflammatory markers in
their study, but their results are inconclusive and cannot
be used to make any clinical conclusions due to the fact
that each inflammatory marker was evaluated according to
a specific disease.'® Therefore, we examined the included
studies within both healthy and unhealthy subgroups in
the present study. In the current study that the decrement
in IL-6 levels was significant in Asians, participants aged
<50 years, and normal-weight individuals. Similarly, the
reduction in TNF-a was significant in Asian and African
participants, intervention durations of <12 weeks, specific
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types of prebiotic and probiotic, unhealthy subjects, and
normal weight individuals.

Moreover, the findings of the present study were
consistent with those of another meta-analysis, which
indicated that probiotic consumption by colorectal cancer
patients post-surgery significantly reduced CRP levels,
although it did not affect IL-6 levels.!** Additionally,
studies involving patients with diabetes have reported that
the intake of probiotics and synbiotics led to a decrease in
inflammatory markers.?7-1%¢

The reduction of CRP in many disease conditions could
possibly be attributed to its higher serum levels compared
to cytokines, which can more accurately indicate changes
in systemic inflammation.'® In hepatic cells, the primary
pro-inflammatory cytokines that stimulate CRP production
are IL-1p, IL-6, and IL-17."° Thus, the notable decrease
in CRP, even in the absence of changes in IL-1f, may be
driven by IL-6 and IL-17.

According to the results of the present study,
supplementing with synbiotics significantly increased the
level of IL-10, which was observed in studies conducted
in Asia, trials with durations of > 12 weeks, with the use of
FOS as a type of prebiotic, and among individuals with a
normal BMI.

While the mechanism of anti-inflammatory actions of
probiotics and synbiotics has yet to be fully understood,
it has been proposed that SCFAs produced by these
compounds may play a significant role in lowering
inflammation."'"'* Despite the fact that prebiotic and
synbiotic supplementation may produce anti-inflammatory
properties, other mechanisms may also play a role.
SCFAs may help reduce the inflammatory and oxidative
stress response by inhibiting hepatic CRP production
enzymatically.'"® It is reported that after eight weeks of
probiotic supplementation in patients with ulcerative
colitis, inflammation was reduced through lower levels
of IL-6 and decreased levels of gene expression of tumor
necrosis factor-alpha and nuclear factor kappa B (NF-kB).
Reduced NF-«B levels could lead to a decline in various
inflammatory markers."**

A combination of prebiotics and synbiotics has been found
to promote colon health by growing beneficial bacteria. It
has been shown that certain bacteria, including Lactobacillus
species, play an indirect role in regulating inflammation
by repairing and maintaining epithelial barriers, which in
turn reduces the effects of pro-inflammatory stimuli such
as LPS.' Additionally, commensal bacteria can enhance
the production of antimicrobial peptides that are crucial
for resolving inflammation. In addition, certain bacterial
species and their metabolic byproducts directly influence
pro-inflammatory signaling pathways, including nuclear
factor-kappa B, by acting as ligands for receptors of the
innate immune system, such as Toll-like receptors.'® There
is another potential mechanism for the anti-inflammatory
action of gut bacteria, which involves their influence on
dendritic cells, which enhances the production of cytokines
such as IL-10 by influencing their differentiation and
function."”!®

The theoretical benefits of combining prebiotics and
probiotics in a single product may be greater than using
them separately, and their synergistic effects could account
for the findings of subgroup analyses in this meta-analysis.
Varying strains or species and dosages of prebiotics may
operate through different mechanisms and produce
inconsistent results, but the impact of these variations on
inflammatory markers has not yet been fully explored.

It is important to emphasize the pooled findings
represent an average effect across heterogeneous synbiotic
interventions and should not be extrapolated to any
specific formulation or commercial product. While the
present meta-analysis demonstrates beneficial effects of
synbiotic supplementation on inflammatory and anti-
inflammatory markers, such effects should be attributed to
the synbiotic class as a whole rather than to any individual
product, brand, or formulation. This approach is based on
the premise that heterogeneous synbiotic formulations,
comprising different probiotic strains, prebiotic substrates,
dosages, and delivery formats, may exert overlapping
biological effects through partially shared mechanisms of
action, thereby allowing estimation of a potential class-
level effect. Nevertheless, such an inference does not imply
therapeutic equivalence across formulations, nor should it
be taken to suggest that all commercially available synbiotic
products are interchangeable or equally effective.

While the findings of the present study indicated that
synbiotics had significant effects compared to the control
groups, there was statistically significant heterogeneity in
the pooled results from the studies examining circulating
levels of IL-6, CRP, IL-8, IL-10, and TNF-a. We performed
subgroup analyses based on BMI, health status, duration
of intervention, and treatment dose. The diversity in
probiotics and prebiotics, along with variations in dosage
and duration of use, made it challenging to offer clear
therapeutic recommendations for clinicians, and it is
important to interpret the final results with caution.

However, despite the small number of studies with high
bias risks, the level of certainty of evidence varied across
different outcomes: CRP was rated with very low certainty,
and IL-1p, IL-6, IL-8, IL-10, TNF-a were rated as low
certainty, mainly due to high heterogeneity and significant
inconsistencies and limitations in precision. Consequently,
the predominantly low and very low certainty of evidence
for key outcomes dictates that these aggregated effect
sizes cannot easily be translated into definitive clinical
guidelines. The inconsistency, risk of bias, and imprecision
observed across trials underscore a critical gap in the
current literature.

In this study, no significant effects of synbiotic
supplementation on other inflammatory markers such
as IL-1pB, IFN-y, and LPS were observed. These non-
significant findings could possibly be attributed to the
limited number of studies included and the high level of
heterogeneity in the results. Further research is required
to clarify this effect, which aligns with findings from
previous meta-analyses.'®!**!2* Also, no significant effects
were observed on anti-inflammatory marker adiponectin
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following synbiotic supplementation in this study.

Strengths and Limitations

The present study has several important strengths. First,
to provide a comprehensive and balanced perspective on
immune modulation, we systematically analyzed both pro-
inflammatory and anti-inflammatory markers wherever
data were available. Second, our robust methodology
ensured the inclusion of the most contemporary and
relevant literature, while rigorously identifying and
excluding retracted studies to maintain the highest level of
data integrity and reliability. Third, unlike previous meta-
analyses that primarily focused on probiotic strains, our
study incorporated detailed subgroup analyses for both
prebiotics and probiotics, categorizing them by specific
types and strains whenever possible. Finally, we employed
the GRADE approach to rigorously assess the certainty of
our findings, and we conducted leave-one-out sensitivity
analyses to evaluate the influence of individual studies on
the pooled estimates.

Several limitations also complicate the interpretation of
the findings of the present study. Firstly, intervention details
varied widely across the included studies, encompassing a
broad range of probiotic strains, prebiotic types, colony
dosages, and intervention durations. As a result, this
considerable combinatorial diversity complicates the
attribution of the observed anti-inflammatory effects to
any specific synbiotic component or optimal dosage.

Secondly, some of the included trials had limitations
in design, execution, or data analysis. There was also
significant heterogeneity among the studies in terms of
supplement formulation, health status, study duration,
participants’ nationality, and BMI, which may have affected
the results. Thirdly, some asymmetry was observed in the
funnel plot for CRP, suggesting that the estimated effect
size may be slightly susceptible to overestimation. While
the broader evidence from other inflammatory markers
remains encouraging, we adopted a conservative approach
in interpreting the CRP findings, acknowledging that the
actual clinical impact may be more modest than the current
statistical estimate implies.

Most notably, our inclusion criteria encompassed
both healthy individuals and patients with a wide range
of pathologies, including NAFLD, diabetes, cancer,
and hemodialysis. This introduced substantial clinical
heterogeneity, as the underlying pathophysiological
mechanisms of systemic inflammation differ markedly
across these conditions. Although we attempted to address
this through subgroup analyses based on general health
status, i.e., healthy versus unhealthy, we acknowledge that
this approach only partially accounts for clinical variability
and may obscure disease-specific responses to synbiotics.
Importantly, even after extensive subgroup analyses,
substantial heterogeneity (I* >80%) persisted across several
pooled estimates. This unresolved heterogeneity suggests
that the aggregated effect sizes should be interpreted with
caution, particularly with respect to their precise clinical
magnitude. The persistent variance is likely driven by

complex, unmeasured factors inherent to microbiome
research, such as individual differences in baseline gut
microbiota profiles, genetic host-microbe interactions,
and highly strain-specific biological responses that meta-
regression techniques cannot fully isolate.

Moreover, background dietary nutrient intake may
influence systemic inflammatory biomarkers, thereby
complicating the attribution of observed effects to
supplementation alone. This factor should be considered
in the design of future studies; therefore, measuring
background dietary intake in future research is essential.
A formal dose-response analysis could not be performed
because the synbiotic formulations were too heterogeneous
to be placed on a single dose-response continuum.
Consequently, the present findings cannot determine
whether higher doses or specific combinations of prebiotics
and probiotics produce greater anti-inflammatory effects.
Future studies using standardized formulations and dose-
ranging designs are needed to clarify whether a dose-
response relationship exists and to identify the optimal
synbiotic composition for reducing inflammatory markers.

Conclusion

This systematic review and meta-analysis provides
evidence that synbiotic supplementation can significantly
reduce key inflammatory markers, including CRP, IL-
6, IL-8, and TNF-a, and increase IL-10 levels. However,
no significant effects were observed for other pro-
inflammatory markers, including IL-1p, IFN-y, and LPS,
or for the anti-inflammatory marker adiponectin. The
substantial and persistent heterogeneity across studies,
driven by variations in synbiotic formulations, dosages,
participant baseline characteristics, and host-microbiome
interactions, limits confidence in the precise magnitude of
the pooled effects. In addition, the CRP finding should be
interpreted with caution because of potential publication
bias. Consequently, although the overall trend suggests
an anti-inflammatory benefit, these findings do not allow
definitive conclusions regarding optimal intervention
strategies. Future research should prioritize well-defined
synbiotic formulations with clear reporting of probiotic
strains, prebiotic types, and dosages. Standardization of
study design and rigorous methodological quality are
essential to improve the reliability and comparability of
findings. Larger, longer-term, and high-quality RCT's are
needed to clarify the therapeutic potential of synbiotics in
managing systemic inflammation.
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