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Abstract

Introduction: older adults, probiotic supplementation is considered promising
for improving cognitive function and metabolic health, especially in conditions
such as diabetes, cardiovascular disease, and hypertension. However, the
extent and consistency of these effects are not yet well established in the
scientific literature. In older adults, probiotic supplementation is considered
promising for improving cognitive function and metabolic health, especially
in conditions such as diabetes, cardiovascular disease, hypertension and
neurodegenerative diseases like Alzheimer’s and Parkinson’s disease.

Objective: this study aims to evaluate the cognitive and metabolic effects of
probiotic use in older adults through a meta-umbrella review.

Methods: a meta-umbrella review was conducted following the JBI
methodology and the Reporting Guideline for Overviews of Interventions in
Health (PRIOR). A systematic search was performed in databases including
Web of Science, PubMed, Scopus, EMBASE, Cochrane, Epistemonikos, and
CINAHL. Studies included systematic reviews and meta-analyses evaluating
the cognitive and metabolic effects of probiotic supplementation in elderly
individuals. Data extraction, quality assessment (using AMSTAR and ROBIS
tools), and statistical analyses, including heterogeneity tests and meta-
analytical synthesis, were performed.

Results: from an initial pool of 287 studies, 24 systematic reviews and meta-
analyses were included. The findings suggest that probiotic supplementation
significantly improves cognitive function, particularly in individuals with
neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease
(SMD = 1.34, 95% CI: 0.51-2.16, p < 0.01). Regarding glycemic control,
probiotics led to a reduction in fasting glucose levels (MD = -0.98 mmol/L,
95% ClI: -1.17 to -0.78, p < 0.00001) and glycated hemoglobin (HbA1c) (MD
=-0.19%, 95% CI: -0.32 to -0.07, p = 0.003). Probiotic supplementation also
improved lipid metabolism by lowering total cholesterol (MD = -8.43 mg/dL,
95% ClI: -12.57 to -4.28, p < 0.001) and LDL cholesterol (MD = -5.08 mg/dL,
95% ClI: -7.63 to -2.53, p < 0.01), while increasing HDL cholesterol levels (MD
= +1.14 mg/dL, 95% CI: 0.28-2.00, p = 0.009). Blood pressure regulation
showed moderate benefits, with reductions in systolic blood pressure (MD =
-3.10 mmHg, 95% CI: -5.04 to -1.16, p = 0.002) and diastolic blood pressure
(MD = -1.98 mmHg, 95% CI: -3.84 to -0.12, p = 0.04). Additionally, probiotics
significantly reduced inflammatory biomarkers, including C-reactive protein
(CRP) (MD = -0.62 mg/L, 95% CI: -0.91 to -0.33, p < 0.001) and tumor
necrosis factor-alpha (TNF-a) (MD = -0.27 pg/mL, 95% CI: -0.49 to -0.05,
p = 0.02). Despite these promising findings, heterogeneity across studies
was moderate to high, with 1> values ranging from 40% to 85%, indicating
variability in study populations, intervention durations, and probiotic strains
used.

Conclusion: probiotic supplementation appears to be a promising
intervention for improving cognitive and metabolic health in older adults. The
modulation of the gut microbiota plays a key role in regulating inflammation,
energy metabolism, and neurotransmission, which may contribute to these
health benefits. However, due to variations in study designs and probiotic
formulations, further high-quality randomized clinical trials are needed to
establish optimal strains, dosages, and treatment durations.
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Authors summary

Why was this study done?

This study was conducted to evaluate the cognitive and metabolic effects of probiotic use in older adults through a meta-umbrella review.
It aimed to synthesize existing evidence on how probiotics impact cognitive functions, such as mental function and the prevention of
neurodegenerative diseases, and metabolic aspects, including glycemic control, blood pressure, and cardiovascular health. Given the
growing interest in probiotic supplementation for improving cognitive and metabolic health, particularly in conditions such as diabetes,
cardiovascular disease, and hypertension, the study sought to establish the extent and consistency of these effects, which remain
unclear in the scientific literature.

What did the researchers do and find?

The researchers conducted a meta-umbrella review to analyze the cognitive and metabolic effects of probiotic use in elderly individuals
by synthesizing evidence from systematic reviews and meta-analyses. They searched multiple scientific databases, including Web of
Science, PubMed, Scopus, EMBASE, Cochrane, Epistemonikos, and CINAHL, and included studies that focused on the impact of
probiotics on cognitive function and metabolic health indicators.

Findings:

1. Cognitive Effects:

- Probiotic supplementation showed potential benefits in maintaining cognitive function and reducing the risk of neurodegenerative
diseases such as Alzheimer’s and Parkinson’s disease.

- Probiotics may contribute to neuroprotection by modulating the gut-brain axis, reducing neuroinflammation, and maintaining the
integrity of the blood-brain barrier.

- Some studies reported improved memory, cognitive processing, and neurotransmitter regulation.

2.Metabolic Effects:

- Probiotic use was associated with improvements in glycemic control, including reduced fasting blood glucose, HbA1c levels, and
insulin resistance.

- It contributed to better lipid profiles, including lower total cholesterol, LDL cholesterol, and triglycerides.

- Probiotics helped regulate blood pressure, particularly in individuals with hypertension.

- They were found to reduce chronic low-grade inflammation, a key factor in metabolic disorders such as diabetes and cardiovascular
disease.

3. Other Findings:

- The heterogeneity among studies was high, meaning the effects varied based on probiotic strains, dosage, and duration of use.

- Some studies showed no significant effects on certain metabolic markers, emphasizing the need for further research.

- The quality of evidence ranged from moderate to high for some outcomes, but low for others, requiring more standardized clinical
trials to confirm findings.

What do these findings mean?

These findings suggest that probiotic supplementation may have beneficial effects on both cognitive and metabolic health in elderly
individuals, particularly those with chronic conditions such as diabetes, cardiovascular diseases, Alzheimer’s, Parkinson’s, and
depression. The results indicate that probiotics could serve as a potential non-pharmacological intervention to support aging-related

health challenges by influencing the gut-brain axis and metabolic pathways.

Bl INTRODUCTION

The aging population presents significant
challenges to public health, particularly concerning
the increasing prevalence of chronic conditions such as
cognitive decline[1], neurodegenerative diseases, and
metabolic disorders[2]. As life expectancy continues to
rise, so does the burden of age-related conditions, including
Alzheimer’s disease, Parkinson’s disease, diabetes,
cardiovascular diseases, and hypertension[3]. These
conditions not only compromise the quality of life for
elderly individuals but also pose economic and healthcare
system burdens. Given the growing need for effective and
accessible interventions, there is considerable interest in
non-pharmacological strategies that may mitigate these
health concerns and support cognitive and metabolic
health in aging populations[4].

Among these interventions, probiotics have
emerged as a promising area of research. Probiotics are
live microorganisms that, when administered in adequate
amounts, provide health benefits by modulating the gut
microbiota[5]. Increasing evidence suggests that probiotics
play a role in cognitive and metabolic health, potentially
influencing neuroprotection, inflammation, insulin
sensitivity, and lipid metabolism. Studies indicate that

probiotic supplementation may help maintain cognitive
function[6], reduce neuroinflammation, and support gut-
brain axis communication, which could be particularly
beneficial in preventing or slowing neurodegenerative
diseases[7]. Additionally, probiotics have been associated
with metabolic improvements, including glycemic
control, lipid profile regulation, and blood pressure
management[8]. Despite these potential benefits, the
extent and consistency of these effects remain uncertain
due to variations in study design, probiotic strains, dosage,
and duration of interventions[9].

To address these gaps, this study aims to
systematically evaluate the cognitive and metabolic
effects of probiotic supplementation in elderly individuals
through an umbrella review with meta-analysis and
evidence mapping. By synthesizing existing evidence
from systematic reviews and meta-analyses, this research
seeks to provide a comprehensive understanding of
the potential benefits and limitations of probiotic use in
aging populations. Furthermore, this study will assess
the methodological quality of existing reviews, explore
sources of heterogeneity, and identify research gaps that
need to be addressed in future studies. By consolidating
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findings from multiple sources, this umbrella review
aims to contribute to evidence-based recommendations
for the use of probiotics in the promotion of cognitive
and metabolic health among older adults. Therefore, this
umbrella review with meta-analysis aims to synthesize
existing evidence on the cognitive and metabolic effects
of probiotics in older adults, while assessing the quality of
the evidence and identifying gaps to guide future research
and clinical recommendations.

B METHODS

A Meta-umbrella review was conducted in
accordance with the JBI methodology and the Reporting
Guideline for Overviews of Interventions in Health
(PRIOR) [10]. To ensure comprehensive reporting,
the review followed the Preferred Reporting Items
for Systematic Review and Meta Analysis Protocols
(PRISMA-P) guidelines [11] and was prospectively
registered in Open Science Framework DOI 10.17605/
OSF.IO/ENJ8U.

A systematic search was performed in Web
of Science, PubMed, Scopus, EMBASE, Cochrane,
Epistemonikos, and CINAHL. Based on the established
research question, we developed a preliminary search
strategy for Medline/Pubmed using the ECUs (Extraction,
Conversion, Combination and Use) method steps. To
ensure the feasibility of the method, we followed the
guidelines of the Peer Review of Electronic Search
Strategies (PRESS) checklist [12].

What is the effectiveness of probiotics in improving
cognitive and metabolic outcomes in elderly individuals
with  Diabetes Mellitus, cardiovascular diseases,
Alzheimer’s, Parkinson’s and depression?

The PICO(S) framework used in this study
aimed to assess the effects of probiotic supplementation
in elderly individuals with chronic diseases. The target
population included older adults with Diabetes Mellitus,
cardiovascular  diseases, Alzheimer’s, Parkinson’s,
and depression, conditions that significantly impact
public health and are often associated with cognitive
and metabolic decline. The intervention analyzed was
probiotic supplementation, including different strains and
formulations, investigating its influence on gut microbiota
and potential connections to cognitive and metabolic
functions.

As a comparison, the study considered standard
treatments, including usual care and conventional therapies
for these conditions, to evaluate whether probiotics
provide additional benefits beyond traditional approaches.
The outcomes examined included cognitive effects, such
as improvements in mental function and the prevention
of neurodegenerative diseases, and metabolic effects, such
as glycemic control, lipid profile regulation, and blood
pressure management. To ensure methodological rigor,
the study exclusively included systematic reviews and
meta-analyses, offering a consolidated perspective on the
available literature.

The search strategy was designed to capture a
wide range of relevant studies by combining specific
terms for each PICO(S) component. The population was
identified using terms such as “elderly,” “older adults,”

www. jhgd.com.br
“aged,” and “seniors”, linked to conditions like diabetes,
cardiovascular  diseases, Alzheimer’s, Parkinson’s,
and depression. The intervention was searched using
descriptors like “probiotics,” “probiotic supplements,”
“probiotic therapy,” and “probiotic treatment”. For
the comparison, terms such as “standard care,” “usual
care,” and “conventional treatment” were included. The
outcomes were mapped using terms such as “cognitive
effects,” “cognitive function,” “metabolic effects,” and
“metabolic health”, ensuring the inclusion of studies
evaluating these impacts. The study types were identified
with descriptors such as “review,” “systematic review,”
“meta-analysis,” “overview,” and “scoping review”.

To ensure a comprehensive approach, the search
strategy should include terms related to the various
contexts of the health conditions involved. The final
search was:

(“elderly” OR “older adults” OR “aged” OR
“seniors”) AND (“diabetes mellitus” OR diabetes OR
“cardiovascular diseases” OR “cardiovascular disease”
OR “Alzheimer’s disease” OR “Alzheimer’s” OR
“Parkinson’s disease” OR “Parkinson” OR “depression”
OR “depressed patients”) AND (“probiotics” OR
“probiotic supplements” OR “probiotic therapy” OR
“probiotic treatment”) AND (review OR “systematic
review” OR “systematic literature review” OR “meta-
analysis” OR “meta analysis” OR overview OR “rapid
review” OR “integrative review” OR “scoping review”)

To develop the search strategy, four controlled
vocabularies were used: Medical Subject Headings
(MeSH), EMTREE from Embase, CINAHL Subject
Headings and Health Science Descriptors (DeCS). These
controlled terms were combined with free terms in natural
language together with the Boolean operators AND and
OR to increase the sensitivity of the search and obtain a
more comprehensive spectrum of relevant results [13].

The inclusion criteria ensured the selection
of high-quality studies that aligned with the research
objectives. Only systematic reviews with meta-analyses
evaluating the cognitive and metabolic effects of probiotic
supplementation in older adults were included. Studies
had to assess relevant health outcomes, such as cognitive
function, glycemic control, lipid profile, blood pressure,
and inflammatory markers. No restrictions were applied
regarding language or year of publication, ensuring a
comprehensive evaluation of the available evidence.
Additionally, included studies had to follow a clear
methodology, including a well-defined search strategy,
explicit inclusion criteria, and a quantitative synthesis of
results. Only reviews that included human participants and
provided a rigorous evaluation of the data were selected.

The exclusion criteria were applied to ensure that
only the most relevant and methodologically rigorous
studies were included in the final analysis. Studies were
excluded if they did not follow a systematic review with
meta-analysis design, ensuring that only comprehensive
syntheses of evidence were considered. Research that
focused on populations outside the scope, such as studies
that did not specifically assess older adults, was also
removed. Additionally, studies evaluating interventions
other than probiotics, including prebiotics, symbiotics, or
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general dietary modifications, were excluded. To maintain
the focus on cognitive and metabolic effects, studies that
assessed unrelated outcomes were not considered. Low
methodological quality was another exclusion factor,
particularly for reviews lacking a structured search
strategy, clear inclusion criteria, or a transparent synthesis
of findings. Studies that presented duplicated data without
providing new insights were removed, as well as outdated
reviews that had been superseded by more recent and
comprehensive systematic reviews or meta-analyses.

After the research was carried out, all identified
citations were compiled and entered into the Mendeley
citation management system, with the systematic removal
of duplicates.

Subsequently, the records were imported into the
Rayyan QCRI reference manager [14]. This tool allows
for fast and accurate processes, as it allows for the
removal of duplicate studies, selection and screening of
studies. In addition, it maintains methodological rigor and
transparency among examiners, because it allows blind
evaluation (Blind ON), thus avoiding possible biases [14].

In order to verify the agreement between the
evaluators in the other selection phases, the Cohen’s Kappa
Coefficient [15], presenting the following classification:
0-0.20, none; 0.21-0.39, minimal; 0.40-0.59, weak;
0.60-0.79, moderate; 0.80—0.90 strong; above 90, almost
perfect. If there is agreement less than or equal to 0.79,
training among the evaluators was carried out to increase
the reliability of the process. For this, 30 studies were
chosen to carry out the test with the evaluators.

Two review authors independently performed
extract data using a pre-defined data extraction form.
Where information from the reviews is unclear or missing,
we will contact the review authors.

The extracted data from the included reviews
covered general information such as authors, publication
year, and the number of primary studies included.
Population  characteristics included demographics,
average age, and prevalent health conditions like diabetes,
cardiovascular  diseases, Alzheimer’s, Parkinson’s,
and depression. Intervention data detailed the types of
probiotics used, including strains, dosages, frequencies,
and administration methods (e.g., oral, capsules, or
liquids). Comparators were analyzed based on the type
of control group (placebo or standard treatment) and their
characteristics. Cognitive outcomes were assessed using
standardized cognitive function measures (e.g., MMSE,
Montreal Cognitive Assessment), reporting improvements
or declines. Metabolic outcomes included key indicators
such as blood glucose, HbAlc, lipid profile, and blood
pressure, evaluating the effects of probiotics on glycemic
control, lipid metabolism, and overall metabolic health.
A considerable for reviews without meta-analysis, a
summary of the authors’ primary interpretation of the
results was extracted. For meta-analyses, we extracted
data on pooled effect sizes (e.g., rate ratio, risk ratio,
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odds ratio for dichotomous data, and mean difference or
standardized mean difference for continuous data), as well
as the corresponding 95% Cls and P values.

Systematic reviews exploring similar topics may
have considerable overlap in the included primary studies.
We created a citation matrix and calculate the corrected
coverage area (CCA) index to analyze the overlap in the
primary studies included in the reviews [16]. Based on
the guidance from Hennessy and Johnson (2020) [17],
we further examined the reasons for overlap based on
the CCA value. Reviews with complete or near-complete
overlap were analyzed to identify the causes of high
overlap and considered for exclusion, prioritizing higher-
quality studies (e.g. Cochrane reviews) and/or more recent
reviews (if ratings are similar) were retained.

Study selection and assessment were conducted by
two reviewers, using the JBI Critical Appraisal Checklist
for Systematic Reviews and Research Synthesis.
‘Assessment of multiple systematic reviews’ (AMSTAR)
[18]. The included reviews were descriptively synthesized
and then, if feasible, the data were meta-analyzed.

The REML model was used as an estimator between
the studies and a multivariate analysis was performed
between the outcomes. It is a statistical method used
to estimate parameters in variance-covariance models,
especially in mixed linear models [19]. For stratification
of the evidence, the number of studies, total number of
participants, number of cases, p-value of the outcomes,
inconsistency, imprecision, risk of bias and quality of
the meta-analysis, prediction and the outcomes of each
research were considered. The *“ metaumbrella ““ package
was used, applying some specific tests for analysis,
fixed-effect or random-effects meta-analysis, assessment
of inconsistency/heterogeneity (I?), tests for effects of
small studies and tests of excess statistical significance. If
publication bias analysis is possible, it was demonstrated
using the funnel plot graph, analyzed according to the
trend of results and size of the study. The result of the
inferential analysis was demonstrated using the forest
plot. The R 4.3.2 software was used.

When summarising the findings of the reviews,
we used the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) principles [20]
for an overall assessment of the quality of evidence in the
reviews for outcomes of interest. The quality of evidence
for a given outcome was graded as high, moderate or low
based on the overall quality of the systematic reviews
and the risk of bias in primary studies, as well as the
consistency of the results for an outcome.

B RESULTS

Initially, 287 studies were found, of which, after
applying the inclusion and exclusion criteria, 24 studies
were selected.
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Flowchart 1: Overview of Included Systematic Reviews and Meta-analyses.

Records removed bhefore
screening:
Duplicate records removed
(n=47)

Records excluded™
(n=0)

Reports not retrieved
(n=0)

Identification of studies via databases and registers
=
o
" Records identified from*:
o Databases (n = 5) >
- Registers (n = 283)
o
—
Records screened
—>
(n=236)
Reports sought for retrigval
g (n=236) ‘
i
: l
Reports assessed for eligibility
(n=236) >
‘ L J
b Studies included in review
B (n=24)
° Reports of included studies
E (n=24)

Reports excluded: (n = 212)
Inadequate Study Design — 45 studies
Population Outside the Scope — 38
studies
Unrelated Interventions — 32 studies
Inadequate Outcomes — 28 studies
Low Methodological Quality — 22
studies
Duplicated Data — 18 studies
Outdated Evidence — 15 studies
Lack of Quantitative Synthesis — 14
studies

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total

number across all databases/registers).
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Figure 1: Citation matrix between reviews.
The Systematic Review Citation Matrix (Figure evidenced by the fragmented pattern of markings, which
1) presented in the graph is a visual representation of the indicates that some reviews share data sources, while
overlap of primary studies included in different systematic others have separate studies. This analysis is useful for
reviews. Each row and column correspond to a specific assessing redundancies or independence between reviews,
systematic review, and the blue filled squares indicate that helping to determine the reliability of the evidence and the
a primary study was cited in both corresponding reviews. need for possible exclusions to avoid duplication bias in
The scatter of points suggests a moderate level of overlap, meta-analyses.
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Figure 2: Forest plot of probiotic effects.
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Figure 2 presents the Forest Plot summarizing the
effects of probiotics on cognitive and metabolic outcomes,
based on a meta-analysis of several studies. The vertical
axis lists the outcomes analyzed, including cognitive
function, Alzheimer’s disease, Parkinson’s disease,
depression, fasting glucose, HbAlc, lipid profile, blood
pressure, triglycerides, and C-reactive protein (CRP).
Each point on the plot represents the standardized mean
effect size (SMD), while the horizontal bars indicate the
95% confidence interval (95% CI). The dashed line in the
center marks the zero point, which represents the absence
of a significant effect. If the confidence interval for an
outcome crosses this line, it indicates that the results may
not be statistically significant.

Additional information about each outcome is
displayed on the right side of the graph. The “n-studies”
column indicates how many studies were included to
calculate the estimated effect of each variable. The “I?”
column represents the heterogeneity of the studies, that
is, the degree of variation between the results of the

www. jhgd.com.br
studies analyzed; higher values indicate greater variability
between the studies. Finally, the “Class” classification
categorizes the strength of the evidence based on the
methodological quality and consistency of the results,
ranging from Class II (moderate to high reliability) to
Class IV (low reliability).

The analysis of the results indicates that probiotics
have positive effects on cognitive function, reduction of
inflammatory biomarkers (CRP) and metabolic control
(HbAlc, glycemia, triglycerides and lipid profile). The
effect on depression and Parkinson’s, although positive,
has greater variability and uncertainty, reflected in the
wide range of the 95% CI. In addition, the outcomes with
high heterogeneity values (I?) suggest that the included
studies have methodological or population differences,
which may influence the reproducibility of the findings.
Overall, this Forest Plot highlights the importance of
probiotics as potential therapeutic interventions, but also
highlights the need for more rigorous clinical trials to
confirm their benefits in different health conditions.

0.00

0.05

o
[
o

(=]
=
w

0.20

Standard Error

0.25

0.30

0.35

0.40

|
|
|
|
|
|
i
¥
1
|
|

0

Effect Size (SMD)

Mean Effect Size (SMD)

—e— Sensitivity
=== Mean Effect {-0.93)

Naseri et al.
Ghorbani et a

Liu et al.

Hong et al.

Samah et al
Kriger et a
Ruiz-Gonzalez et a

Zhang et al,

Parna et al
Chenhuichen et al.
Custodero et al.

Jiang et al.

Ding et al.

Excluded Study

S om o o = o = oo
= 2" R R®RR® BB R
ot oo e ow P
T @ 3 @ T T ¥ T W
P ™ = a =
$§ 23 g% 2g¢g
£ 5§ E 8 2 £ 2 v &
€ 5 5 8 w § 3 § =
g @ g £ 82 £ g = “

= 2 =& 7 3=

S X I % 3

3 = g

Vaghef-Mehrabany et al.

Figure 4 : Sensitivity analysis of results.

J Hum Growth Dev. 2025; 35(1):135-157. DOI: 10.36311/jhgd.v35.17286

147



In the generated Funnel Plot (Figure 3), it is
observed that some points are distributed asymmetrically,
which may suggest publication bias or variability between
studies. The presence of smaller studies with large positive
effects and the absence of smaller studies with negative
effects may indicate that non-significant results were less
reported.

The sensitivity analysis (Figure 4) assesses how
the mean effect size (MDS) changes when each study is

W
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individually excluded from the meta-analysis. Each blue
dot represents the recalculated effect size when a specific
study is removed. The gray dashed line represents the
overall mean effect across all studies. If removing a study
significantly changes the effect size, this suggests that the
study has a strong influence on the results of the meta-
analysis. In this case, although there are some fluctuations,
no single study dramatically changes the overall effect,
indicating moderate robustness of the findings.
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Figure 5: Evidence map of outcomes.

The Evidence Map (Figure 5) shows the impact of
probiotics on different health outcomes, organized into six
categories: Cognitive Health, Mental Health, Metabolic
Health, Inflammatory Response, Gut Health, and
Cardiovascular Health. Each bubble represents an outcome
assessed, where the size indicates the strength of the
evidence (number of studies and robustness of findings),
and the color reflects the level of certainty, with green for
high certainty, yellow for moderate certainty, and orange
for low certainty. It is observed that cognitive outcomes,
such as cognitive function, Alzheimer’s, and Parkinson’s,
have moderate to high evidence, suggesting potential
benefits of probiotics in these aspects. In metabolic
health, there is mixed evidence, with strong support for
impacts on glycemic indexes, insulin resistance, and lipid
composition, but with some uncertainties, especially
in glucose control and glycated hemoglobin (HbAlc).
The effects on the inflammatory response and gut health
present robust evidence, indicating that probiotics can
help reduce inflammatory markers and microbiota
composition. In cardiovascular health, the findings
vary, with greater certainty for effects on LDL and HDL
cholesterol, but still some uncertainty for general markers
of cardiovascular risk. Overall, this chart highlights areas
where probiotics have strong scientific support and where
there are still gaps in the research, and is a useful tool
to direct future investigations and guide evidence-based
clinical decisions.

The table 2 presents an assessment of the certainty
of evidence regarding the metabolic and cardiovascular

J Hum Growth Dev. 2025; 35(1):135-157. DOI: 10.36311/jhgd.v35.17286

effects of probiotics compared to standard treatment, with
an average follow-up of 6 months. It includes 15 systematic
reviews of randomized clinical trials, with no serious risk
of bias, inconsistency, indirect evidence, or inaccuracy.
The sample consisted of 9,720 patients in the probiotics
group and 9,734 in the control group. The relative effect
suggests a 75% increase in the analyzed outcomes (95%
CIL: 64 to 80). The certainty of the evidence was rated
as high (++++), indicating reliable results with critical
clinical importance.

The table 3 presents an assessment of the certainty
of evidence regarding the cognitive effects of probiotics
compared to standard treatment, with an average follow-
up of 6 months. It includes 9 systematic reviews of
randomized clinical trials, with no serious risk of bias,
inconsistency, indirect evidence, or inaccuracy. The
sample consisted of 3,650 patients in the probiotics group
and 3,657 in the control group. The relative effect suggests
a 61% increase in the analyzed outcomes (95% CI: 58
to 78). The certainty of the evidence was rated as high
(++++), indicating reliable results with critical clinical
importance.

H DISCUSSION

The results of this review reinforce the growing
evidence on the beneficial effects of probiotics on
cognitive function and metabolism in elderly individuals
with chronic conditions such as diabetes mellitus,
cardiovascular disease, Alzheimer’s, Parkinson’s and
depression. The role of probiotics in modulating the
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intestinal microbiota and their influence on the gut-brain
axis has been increasingly studied, demonstrating their
ability to alter inflammatory processes, regulate oxidative
stress and neurotransmission. These findings support the
hypothesis that the composition of the intestinal microbiota
can directly influence the functioning of the central nervous
system, impacting aspects such as memory, cognition
and mood. However, despite the promising evidence,
the included studies showed significant heterogeneity
in terms of type of probiotic used, intervention time
and characteristics of the studied population, which
reinforces the need for more homogeneous and well-
controlled studies for a more precise understanding of the
mechanisms involved.

The relationship between gut microbiota and
cognition has been widely discussed in the scientific
literature, and the results of this meta-umbrella
indicate that probiotic supplementation may play a
neuroprotective role in the elderly [21], especially those
with neurodegenerative diseases. The central hypothesis
suggests that probiotics, by promoting a more balanced
intestinal environment, favor the production of short-
chain fatty acids, which are essential for maintaining the
blood-brain barrier and regulating neuroinflammation
[22]. Furthermore, the regulation of the gut microbiota
directly influences the release of neurotransmitters, such as
serotonin and gamma-aminobutyric acid (GABA), which
play fundamental roles in regulating mood and cognitive
functions [23]. Thus, the relationship between probiotics
and cognition can be explained by a complex interaction
between inflammatory, metabolic, and neurotransmitter
factors, as evidenced in the findings of this review.

The improvement in metabolic outcomes observed
with the use of probiotics can be explained by their role
in modulating glucose and lipid metabolism, determining
factors for maintaining metabolic homeostasis in elderly
individuals with chronic conditions. Studies suggest that
probiotic supplementation can improve insulin sensitivity,
reduce peripheral resistance, and promote better glycemic
regulation in patients with type 2 diabetes [24]. This
effect may be associated with the ability of probiotics
to reduce low-grade chronic inflammation, which is one
of the main characteristics of metabolic diseases [25].
Furthermore, the influence of probiotics on the modulation
of the intestinal microbiota may favor the production of
metabolites that regulate lipid metabolism, helping to
reduce total cholesterol and triglycerides, essential factors
for the prevention of cardiovascular diseases [26].

Metabolic syndrome (MS) has increasingly
been recognized as a significant risk factor for chronic
non-communicable diseases, such as type 2 diabetes
and cardiovascular diseases, particularly in vulnerable
populations. A cross-sectional study conducted with
artisanal fishermen in Tocantins identified a high
prevalence of MS, with abdominal obesity being the
most prevalent component. Additionally, factors such as
smoking and socioeconomic status showed a significant
association with the presence of the syndrome, indicating
that social determinants of health may directly influence
metabolic risk in this population[27].

Therelationship between probiotics and metabolism
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is supported by several physiological mechanisms,
including the reduction of intestinal permeability and
the modulation of the systemic inflammatory response.
Intestinal dysbiosis, a condition frequently observed in
the elderly [28]and individuals with chronic diseases,
is associated with an increase in intestinal permeability,
allowing the translocation of endotoxins into the systemic
circulation, resulting in chronic inflammation [29].
Probiotics help maintain the integrity of the intestinal
barrier, preventing this phenomenon and reducing the
levels of inflammatory biomarkers, such as interleukin-6
(IL-6) and tumor necrosis factor alpha (TNF-a). Thus, the
restoration of intestinal homeostasis can have systemic
effects that positively impact energy metabolism, resulting
in better regulation of blood glucose and serum lipids [30].

Publication bias analysis indicated that smaller
studies with positive results were more likely to be
published, which may influence the interpretation of the
findings. However, tests for excess statistical significance
and funnel plots demonstrated that, despite the existence
of publication bias in some reviews, the observed effects
remain consistent within the most rigorous analyses.
This reinforces the need for high-quality randomized
clinical trials, with larger sample sizes and standardized
methodologies, to confirm the effects of probiotics on the
cognitive and metabolic health of older adults.

Variability in the study population also represents
an important limitation. The presence of different
comorbidities in the participants of the primary studies
may have influenced the outcomes, since factors such as
systemic inflammation, medication use and nutritional
status can interfere with the response to probiotics [31].
Future studies should seek more detailed subanalyses to
determine whether the effects of probiotics vary according
to the clinical profile of patients, taking into account
factors such as degree of cognitive impairment, metabolic
status and composition of the basal intestinal microbiota
[32].

The duration of probiotic treatment has also been
shown to be a determining factor in obtaining significant
benefits. While some studies have reported improvements
within a few weeks [33], others have indicated that
positive effects only appear after months of continuous
supplementation [34]. This suggests that stabilization of the
intestinal microbiota may be a gradual process, requiring
prolonged interventions to obtain lasting clinical benefits.
Thus, defining the ideal duration of supplementation still
represents a challenge to be clarified in future studies [35].

The clinical applicability of the findings of this
meta-umbrella is a crucial aspect to be considered.
Probiotic supplementation stands out as an accessible and
low-cost intervention that can be easily incorporated into
care routines in older adults, especially those with chronic
diseases. However, for its effective implementation,
it is essential that health professionals consider the
individualization of treatment, taking into account the
patient’s characteristics, the choice of the most appropriate
probiotic strain and the association with other nutritional
and therapeutic interventions [36].

Increasing evidence suggests that the gut microbiota
may influence Parkinson’s pathogenesis through the
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gut-brain axis, a bidirectional pathway connecting the
central nervous system to the gastrointestinal tract [37].
Parkinson’s patients often present with gut dysbiosis,
characterized by a reduction in the diversity of beneficial
bacteria and an increase in the abundance of pro-
inflammatory microorganisms [38]. This alteration
is associated with a state of chronic inflammation,
which may exacerbate neurodegeneration and disease
progression [39]. Studies included in the present review
suggest that probiotic supplementation may help
restore the gut microbiota, reducing the production of
inflammatory cytokines and promoting the synthesis of
neuroprotective metabolites, such as short-chain fatty
acids [40]. Furthermore, there is evidence that probiotics
may improve non-motor symptoms of Parkinson’s, such
as gastrointestinal disturbances and mood alterations, both
of which are strongly correlated with disease progression
[41].

In the case of Alzheimer’s, the results of this
review reinforce the role of the intestinal microbiota
in the pathophysiology of the disease, which is
characterized by the abnormal accumulation of beta-
amyloid plaques and neurofibrillary tangles in the
brain [42]. Neuroinflammation has been identified as a
determining factor in the progression of Alzheimer’s,
and there is growing interest in understanding how the
intestinal microbiota can influence this process. Patients
with Alzheimer’s often present an altered intestinal
microbiota profile, with an increase in pathogenic bacteria
that produce lipopolysaccharides (LPS), which can cross
the intestinal barrier and trigger systemic inflammation
and neuroinflammation [43]. The reviewed studies
suggest that probiotic supplementation can modulate this
inflammatory environment, reducing LPS production and
promoting the integrity of the blood-brain barrier, thus
reducing neurotoxicity [44]. Furthermore, probiotics can
positively influence the synthesis of neurotransmitters
and neurotrophic factors essential for the maintenance of
synaptic plasticity, resulting in improved cognition and
reduced neurodegenerative decline [45].

Depression in the elderly is a multifactorial
condition that may be influenced by the composition of
the gut microbiota, considering that the gut houses most
of the serotonin-producing cells in the human body [46].
Dysregulation of the gut-brain axis has been associated
with a reduction in the availability of neurotransmitters
such as serotonin and dopamine, as well as an increase in
the systemic inflammatory response, both central factors
in the pathophysiology of depression [47]. The results
of this review indicate that probiotic supplementation
may act in mood regulation, promoting the production
of bioactive metabolites with antidepressant action and
reducing systemic inflammation [48]. Furthermore,
there is evidence that probiotics may modulate the
hypothalamic-pituitary-adrenal (HPA) axis, reducing
cortisol levels and attenuating the stress response, a key
factor in the persistence of depressive symptoms [49].
Therefore, the use of probiotics may represent a promising
complementary strategy for the management of geriatric
depression, reducing the need for isolated pharmacological
interventions [50].
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The relationship between anxiety and the gut
microbiota has also been widely studied, since changes
in the microbiota can directly affect the stress response
and emotional regulation [51]. The studies included in
this review suggest that probiotics may influence the
reduction of anxiety symptoms through modulation of the
inflammatory response and increased bioavailability of
inhibitory neurotransmitters, such as gamma-aminobutyric
acid (GABA) [52]. Furthermore, the reduction in intestinal
inflammation promoted by probiotics may improve the
integrity of the blood-brain barrier, reducing neuronal
hyperactivity associated with anxiety disorders [53].
Another proposed mechanism involves the modulation of
the HPA axis, decreasing cortisol release and promoting
a more balanced response to stress [54]. Although the
evidence is promising, there is a need for more clinical
studies evaluating the impact of specific strains on
reducing anxiety in older adults, considering individual
differences in microbiota composition and inflammatory
profiles [55].

In the context of metabolic disecases, probiotics
have demonstrated significant potential in regulating
glucose and lipid metabolism, contributing to improving
the metabolic profile in elderly individuals with chronic
conditions [56]. Gut dysbiosis has been associated with
increased insulin resistance, systemic inflammation, and
impaired energy metabolism, factors that contribute to
the development of metabolic diseases. The results of
this review indicate that probiotic supplementation can
improve glycemic homeostasis, promoting better insulin
sensitivity and reducing the production of inflammatory
mediators such as IL-6 and TNF-a. Furthermore, regulation
of the intestinal microbiota can directly influence nutrient
absorption and the production of metabolites essential for
energy balance [57], resulting in better modulation of lipid
metabolism and fat deposition [58].

In the specific case of type 2 diabetes mellitus,
the findings reinforce the importance of the intestinal
microbiota in the regulation of glycemia and insulin
resistance [59]. The intestinal dysbiosis observed in
diabetic patients is characterized by increased intestinal
permeability and endotoxin translocation, triggering a
systemic inflammatory response that aggravates insulin
resistance [60]. Probiotic supplementation has been
shown to reduce these inflammatory processes, restoring
the integrity of the intestinal barrier and promoting better
glucose uptake by peripheral tissues. Furthermore, some
specific probiotic strains have been associated with the
production of incretins, gastrointestinal hormones that
improve insulin secretion and glycemic regulation. These
findings suggest that probiotics may be an adjuvant
therapeutic strategy in the management of diabetes, helping
to reduce fasting glycemia and glycated hemoglobin
(HbAlc) [61].

Cardiovascular diseases, in turn, are directly related
to the individual’s metabolic and inflammatory profile,
and the intestinal microbiota plays a fundamental role in
this context [62]. Intestinal dysbiosis has been associated
with increased production of trimethylamine-N-oxide
(TMAO), a metabolite that contributes to the development
ofatherosclerosis and cardiovascular events [63]. Probiotic
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supplementation can modulate TMAO production [64]and
reduce LDL cholesterol and triglyceride levels, promoting
a more balanced lipid profile and reducing the risk of
cardiovascular complications [65]. Furthermore, there
is evidence that probiotics can exert hypotensive effects
by regulating nitric oxide bioavailability and improving
endothelial function, essential factors for vascular health
in the elderly [66].

Another relevant aspect to be discussed is the
interaction between the intestinal microbiota and obesity,
a condition frequently associated with unfavorable
metabolic outcomes. Regulation of the intestinal
microbiota through probiotic supplementation may
influence energy homeostasis, reducing the absorption of
short-chain fatty acids and promoting more efficient lipid
metabolism. Furthermore, some probiotic strains have
demonstrated the ability to modulate the expression of
genes related to thermogenesis and energy expenditure,
suggesting a possible impact on reducing visceral
adiposity and improving body composition in overweight
elderly individuals [67].

This umbrella review provides a comprehensive
synthesis of existing evidence on the cognitive and
metabolic effects of probiotics in older adults while
offering new insights into the patterns, contradictions, and
gaps that emerge from this extensive body of literature.
Unlike individual systematic reviews and meta-analyses,
which often focus on specific subgroups or outcomes, this
study integrates findings from multiple sources to provide
a more holistic understanding of the impact of probiotics.
The review highlights how probiotic supplementation
may influence cognitive function, metabolic parameters,
and inflammatory markers, identifying the most effective
probiotic strains and dosages. Additionally, it reveals
inconsistencies in reported outcomes, emphasizing
the need for standardized clinical trials to establish
more conclusive recommendations. By systematically
evaluating methodological quality, this study ensures that
conclusions are based on the highest levels of evidence,
reducing bias and enhancing the reliability of findings.

Beyond summarizing existing data, this review
contributes by identifying key research gaps and guiding
future investigations. One of its major strengths lies in
mapping the heterogeneity of included studies, allowing
for a nuanced discussion of why certain probiotics yield
inconsistent results across different populations and health
conditions. It also underscores the interaction between
probiotics and host factors, such as gut microbiota
composition, baseline metabolic health, and the presence
of comorbidities, which may influence their efficacy.
This review also provides a foundation for refining
clinical guidelines, helping healthcare practitioners and
policymakers make informed decisions about probiotic
use in older adults. By identifying areas requiring further
research, such as optimal intervention durations, specific
probiotic strains, and their role in multi-targeted health
interventions, this study plays a crucial role in advancing
the scientific understanding of probiotics as a therapeutic
strategy for aging-related conditions.

The results of this review also highlight the need
for clearer guidelines on the use of probiotics in older
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adults. Currently, there is no consensus on the optimal
dose, the best combination of strains, and the duration of
treatment for different health conditions. Standardizing
these variables could facilitate prescription and clinical
monitoring, ensuring greater efficacy and safety in the use
of probiotics as a therapeutic strategy.

The connection between the gut microbiota and
mental health has also emerged as a relevant aspect,
especially in relation to depression in the elderly [74]. The
bidirectional relationship between the gut and the brain
suggests that modulation of the microbiota may directly
influence depressive symptoms, regulating the production
of neurotransmitters and reducing inflammatory markers.
This opens new perspectives for the use of probiotics as
adjuvants in the treatment of geriatric depression, which
may represent a complementary approach to conventional
therapies.

l CONCLUSION

The findings of this review provide consistent
evidence that probiotic supplementation may play a
relevant role in improving cognitive and metabolic
outcomes in older adults with chronic conditions,
including diabetes mellitus, cardiovascular diseases,
Alzheimer’s, Parkinson’s and depression. Modulation of
the intestinal microbiota has emerged as a central factor
in the regulation of inflammatory processes, energy
metabolism and neurotransmission, suggesting that
probiotics may act through multifactorial mechanisms to
promote health benefits. However, despite the promising
evidence, the high heterogeneity among the included
studies imposes limitations on the interpretation of the
results, highlighting the need for greater standardization in
interventions, including the choice of probiotic strains, the
optimal dose and the duration of treatment. Furthermore,
the presence of publication bias and differences in the
population studied reinforce the importance of conducting
robust randomized clinical trials, with larger sample sizes
and rigorous methodological criteria, to validate and
expand the findings reported in this review.
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Resumo

Introdugado: em adultos mais velhos, a suplementacdo probidtica € considerada promissora para
melhorar a fungdo cognitiva e a saude metabdlica, especialmente em condicoes como diabetes, doencas
cardiovasculares e hipertensdo. No entanto, a extensao e a consisténcia desses efeitos ainda nao
estdo bem estabelecidas na literatura cientifica. Em adultos mais velhos, a suplementacéo probidtica
€ considerada promissora para melhorar a fungéo cognitiva e a saude metabdlica, especialmente em
condicdes como diabetes, doencas cardiovasculares, hipertenséo e doengas neurodegenerativas como
Alzheimer e Parkinson.

Objetivo: este estudo tem como objetivo avaliar os efeitos cognitivos e metabdlicos do uso de probidticos
em adultos mais velhos por meio de uma revisdo meta-guarda-chuva.

Método: uma metaumbrella foi conduzida seguindo a metodologia do JBI e a Reporting Guideline
for Overviews of Interventions in Health (PRIOR). Uma busca sistematica foi realizada em bancos de
dados, incluindo Web of Science, PubMed, Scopus, EMBASE, Cochrane, Epistemonikos e CINAHL. Os
estudos incluiram revisdes sistematicas e meta-analises avaliando os efeitos cognitivos e metabdlicos
da suplementagédo de probioticos em idosos. Extragdo de dados, avaliagdo de qualidade (usando
ferramentas AMSTAR e ROBIS) e analises estatisticas, incluindo testes de heterogeneidade e sintese
meta-analitica, foram realizadas.

Resultados: de um conjunto inicial de 287 estudos, 24 revisdes sistematicas e meta-analises foram
incluidas. Os resultados sugerem que a suplementacdo probiotica melhora significativamente a
fungao cognitiva, particularmente em individuos com doencas neurodegenerativas, como Alzheimer
e Parkinson (SMD = 1,34, IC de 95%: 0,51-2,16, p < 0,01). Em relagéo ao controle glicémico, os
probiéticos levaram a uma redugéo nos niveis de glicose em jejum (MD = -0,98 mmol/L, IC de 95%:
-1,17 a -0,78, p < 0,00001) e hemoglobina glicada (HbA1c) (MD = -0,19%, IC de 95%: -0,32 a -0,07, p
= 0,003). A suplementagéo probiética também melhorou o metabolismo lipidico ao reduzir o colesterol
total (MD = -8,43 mg/dL, IC de 95%: -12,57 a -4,28, p < 0,001) e o colesterol LDL (MD = -5,08 mg/dL,
IC de 95%: -7,63 a -2,53, p < 0,01), enquanto aumentou os niveis de colesterol HDL (MD = +1,14 mg/
dL, IC de 95%: 0,28-2,00, p = 0,009). A regulacédo da presséao arterial mostrou beneficios moderados,
com reducdes na pressao arterial sistolica (MD = -3,10 mmHg, IC de 95%: -5,04 a -1,16, p = 0,002) e
na pressao arterial diastolica (MD = -1,98 mmHg, IC de 95%: -3,84 a -0,12, p = 0,04). Além disso, 0s
probioticos reduziram significativamente os biomarcadores inflamatorios, incluindo a proteina C-reativa
(PCR) (MD = -0,62 mg/L, IC de 95%: -0,91 a -0,33, p < 0,001) e o fator de necrose tumoral alfa (TNF-a)
(MD = -0,27 pg/mL, IC de 95%: -0,49 a -0,05, p = 0,02). Apesar dessas descobertas promissoras, a
heterogeneidade entre os estudos foi moderada a alta, com valores de I? variando de 40% a 85%,
indicando variabilidade nas populagdes do estudo, duragbes das intervencdes e cepas probidticas
usadas.

Conclusao: a suplementagao probidtica parece ser uma intervengao promissora para melhorar a saude
cognitiva e metabdlica em adultos mais velhos. A modulagdo da microbiota intestinal desempenha um
papel fundamental na regulagdo da inflamagéo, metabolismo energético e neurotransmisséo, o que
pode contribuir para esses beneficios a saide. No entanto, devido a variagées nos desenhos de estudo
e formulagdes probidticas, mais ensaios clinicos randomizados de alta qualidade sdo necessarios para
estabelecer cepas, dosagens e duragdes de tratamento ideais.
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