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ABSTRACT

Objective: Inflammation causes the progressive destruction of the supporting tissues around teeth
in patients with periodontitis. Therefore, this study aimed to investigate the immunological effects of
omega-3 polyunsaturated fatty acids (n-3 PUFAs) as adjunctive therapy in patients with periodontal
disease and identify potential biomarkers for the disease. Methods: This scoping review followed the
Preferred Reporting ltems for Systematic Reviews and Meta-Analyses guidelines to investigate the
impact of omega-3 therapy with or without acetylsalicylic acid on the immunological parameters of
periodontal treatment. Eligible studies included those conducted on patients with normoglycemia and
diabetes, published after 2002 in English, and containing relevant keywords. The exclusion criteria
included pre-2002 publications, literature reviews, animal studies, and articles without immunological
analysis. This review involved careful study selection by two double-blind researchers using the Rayyan
software, with data extraction and analysis performed by the third and fourth reviewers. Results:
Seven randomized clinical trials that compared control/placebo and n-3 PUFA groups or the follow-
ups of the n-3 PUFA groups were included. The concentration of inflammatory cytokines was reduced
following dietary supplementation with n-3 PUFA in the reviewed studies. Specifically, IL-1B, TNF-a,
IL-6, and RANKL levels were reduced after dietary supplementation with n-3 PUFA as an adjunctive
therapy for periodontitis. Changes in inflammatory outcomes were associated with the clinical benefits
of periodontitis. However, significant divergence in the evaluated inflammatory markers, samples, and
methods impairs direct comparisons and quantitative analyses in the available literature. Conclusion:
This study highlights the need for clinical trials to advance our understanding and assessment of
inflammatory outcomes in patients with periodontitis.
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INTRODUCTION

Periodontitis is a chronic inflammatory disease initiated by dysbiotic biofilms.
Inflammation is a disease marker that leads to the progressive destruction of
the supporting tissues around teeth, potentially resulting in tooth mobility and
loss.(® Subgingival instrumentation is the standard treatment for periodontal
disease because it mechanically disrupts and removes biofilm-derived
pathogens.®» However, some patients with periodontal disease do not respond
well to this treatment. This highlights the need for additional therapies to
promote periodontal and systemic health.®
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The predisposition of the host must be considered as
an inseparable factor for both periodontitis pathogenesis
and control to improve periodontal health. Individuals with
this disease exhibit a hyperreactive immunoinflammatory
profile and have hyperfunctional neutrophils, which
contribute to the increased release of pro-inflammatory
mediators.*” Moreover, tissue destruction provides an
ecological niche conducive to dysbiosis by promoting
the presence of periodontal pathogens.® Therefore,
immunological factors and lifestyle changes such as a
balanced diet, probiotic supplementation, and good
oral hygiene should be considered for the successful
control and prevention of periodontal disease.® Thus,
supplementation with omega-3 polyunsaturated fatty
acids (n-3 PUFAs), with or without acetylsalicylic acid
(ASA), has been suggested as an adjunctive therapy
that can modulate the host response to reverse the
exacerbated inflammation associated with the disease.®?

Omega-3 PUFAs are found in various foods and
have potential health benefits. Their modulatory
capacity has been observed in clinical studies of different
inflammatory conditions such as cardiovascular
disease and diabetes.''®» When fish oil is consumed,
eicosatetraenoic acid (EPA) and docosahexaenoic
acid (DHA) promote the release of specialized pro-
resolving mediators such as resolvins, maresins, and
proteins.®!9 These mediators play multiple roles in the
resolution of inflammation, including the inhibition

of leukocyte recruitment and neutrophil infiltration,
modulation of cytokine synthesis, and macrophage-
induced stimulation of phagocytosis.®!%1415 Low-dose
aspirin  ASA is occasionally included within certain
protocols, owing to the interaction between aspirin and
the metabolism of EPA and DHA. This interaction leads
to the generation of additional potent pro-resolving
mediators!!® that restore tissue homeostasis and initiate
the repair phase. Human studies have highlighted the
correlation between different host modulation methods
and their respective contributions to improvements in
clinical parameters in patients with periodontitis, such
as attachment level gain and probing pocket depth
reduction.("” However, the effects of n-3 dietary
supplementation on inflammatory outcomes have not
been critically reviewed.

Inflammatory mediators can indicate the severity
and progression of periodontal disease.®” Increased
levels of inflammatory markers such as cytokines and
prostaglandins reflect the immune response and extent
of tissue damage.®” Therefore, this scoping review
comprehensively screened current evidence from human
trials and discusses the significance and implications of
inflammatory outcomes following n-3 PUFA dietary
supplementation in patients with periodontitis. This
review further discusses possible future applications
of the current knowledge to unravel the modulatory
effects of n-3 PUFA in humans (Figure 1).
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Figure 1. lllustration of the pathogenesis, prevention, and treatment of periodontitis
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METHODS

Protocol

We performed systematic research in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA-ScR) guidelines for
Scoping Reviews (https://osf.io/m57xc).?Y The search
was conducted in March 2023 by two independent and
calibrated reviewers (ARC and BRB) using the Rayyan
software (Qatar Computing Research Institute, Doha,
Qatar) to select the paper filters in digital databases.®?

Focused question

This review sought to answer the following question:
“How does adjunctive n-3 therapy affect inflammatory
outcomes in patients with periodontitis?”

Type of studies and participants

The inclusion criteria were as follows: Studies in
patients with normoglycemia and diabetes mellitus;
randomized or non-randomized controlled clinical
trials; observational studies (analytical or descriptive);
studies with at least two keywords in their titles and
abstracts; and studies that collected biological samples
to evaluate the inflammatory outcomes of n-3 in
periodontitis. No restrictions on age or number of
patients were considered.

Exclusion criteria

The following exclusion criteria were applied: Letters to
the editor; literature reviews; case series; case-control
studies; conference abstracts and editorials; in vitro
studies; as well as studies that used animal models, did
not demonstrate immunological analysis, did not collect
biological samples for immunological analysis, and
included smokers or patients without periodontal disease.

Interventions and comparisons

The included studies had to promote protocols of
periodontal care in which patients would receive
oral hygiene guidance; supra-gingival scaling; as well
as referrals for other necessary dental treatments
(endodontics, restorations, extractions), scaling and
root planing (SRP), and host modulation therapy
based on n-3 PUFA with or without the addition of
ASA. Comparisons are analyzed in the Results section,
addressing similarities and differences between the
dosages used, whether administration occurred before
or after SRP, the type of biological material collected,
and how the changes in inflammatory markers were
assessed during the treatment period.

Outcome measures

The included studies reported the results of
immunological analyses to assess the inflammatory
outcomes of the adjunctive use of n-3 PUFA. These
results were expected to include the analysis of signaling
proteins (cytokines, soluble cytokines, chemokines, and
growth factors) with both pro- and anti-inflammatory
characteristics at baseline and subsequent time points
during treatment follow-up. The reviewed literature
further reported all steps of sample collection, storage,
laboratory analytical techniques, and statistical analyses.

Information sources

Several prominent digital databases known for their
extensive collection of medical and scientific literature
were selected. These were the National Library of
Medicine MEDLINE/PubMed, Embase, BVSalud,
Web of Science, and Cochrane Library.

Search strategy

A comprehensive search strategy was developed to
identify relevant studies on the relationship between
periodontitis and n-3 PUFA. This strategy was tailored
to each digital database to ensure inclusion of all
pertinent articles covering a broad spectrum of research.
Furthermore, filters for titles, abstracts, and keywords
were applied to all databases.

The keywords used for MEDLINE/PubMed, Web
of Science, and BVSalud were: “periodontitis” OR
“periodontal disease” AND “polyunsaturated fatty
acids omega 3” OR “®-3” OR “omega 3 therapy”.

The search in the Embase database incorporated
Emtree terms and free text to cover the terminology
used in the different studies. The following keywords
were used: “periodontitis” OR “periodontal disease”
AND “omega 3 therapy”. The keywords used for
the Cochrane Library were: “periodontitis” OR
“periodontal disease” AND “polyunsaturated fatty
acids omega 3” OR “®-3” OR “omega 3 therapy”.

The search focused on systematic reviews and
clinical trials to ensure the inclusion of high-quality
evidence. However, no articles from this database were
used because only systematic reviews were found.

Adapting the search strategy for each database
enabled the retrieval of relevant studies, ensuring a
comprehensive review of the role of omega-3 fatty
acids in patients with periodontal disease.
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Study selection

Two double-blind researchers (ARC and BRB)
performed all the literature search steps using Rayyan
software. The full-text papers were read by a third
reviewer to confirm whether the selected studies met
the inclusion criteria. Any persistent disagreements
regarding inclusion were resolved by a third reviewer
(RNBS). All included studies were assessed, and
quantitative data analysis was performed. Subsequently,
a fourth reviewer (GDB) manually evaluated all
references in each selected study to extract data and
identify additional data. For data extraction, the data
were divided into demographic data, the allocation of
patients to the test groups of each survey, the region
where the surveys were conducted, and the therapeutic
approach used.

RESULTS

In total, 5,088 articles published between 2002 and 2024
were identified, evaluated, and selected based on the
inclusion criteria. The Rayyan software identified

3,466 duplicate articles that were subsequently
excluded. In addition, 1,622 articles were selected for
reading titles and excluded according to the selection
criteria.

Initially, 134 articles were found in the databases,
and 12 duplicate papers were excluded. For the first
selection based on the title, 122 papers were analyzed,
resulting in 42 selected papers. Next, 42 abstracts were
read, and 24 were excluded (reasons). Finally, 18 full
texts were carefully read and analyzed for eligibility
(inclusion/exclusion), totaling seven papers analyzed in
this review. The search strategy is illustrated in figure 2.

The reviewed literature included seven placebo-
controlled randomized clinical trials (RCT5). In total,
353 participants were included: 169 and 194 in the
control and omega-3 test groups, respectively. The
SRP was performed in both the test and control groups
(Table 1).

Participants in the assessed studies had an average
age of 46.76 + 10.83 years, and gender distribution
was reported in five studies. The duration of n-3
supplementation varied, with three studies employing
a 6-month regimen, three utilizing a 3-month protocol,

[ Identification of studies via databases and registers ]
Records removed before
s Records identified from: screening:
3 MEDLINE/PubMed, Embase, Duplicate records removed
S BVSalud, Web of Science, and (n=12)
£ The Cochrane Library Records marked as ineligible
s Databases (n = 5) by automation tools (n = 5)
=2 Registers (n = 134) Records removed for other
reasons (n =75)
Records screened .| Records excluded**
(n=42) (n=24)
Reports sought for retrieval Reports not retrieved
= (n=18) (n=11)
H
2
5]
(7}
Reports assessed for eligibility
(n=7) Reports excluded:
Not collect biological samples
for immunological analysis
(n=7)
smokers patients (n = 2)
without periodontal disease
- (n=2)
s
° Studies included in review
@
- (n=7)
S Reports of included studies
£ (n=7)
M’

Figure 2. The study selection process
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Table 1. Population data of participants included in each study, regions of performance, information on therapy and medication dosage, and description of the
methodology for collecting immunological analysis material for each included study

Authors and year

El-Sharkawy et al.”* 2010

Elwakeel et al. 2015

Keskiner et al. % 2017

Umrania et al. 2017

Stando et al. #2020

Castro dos Santos et al. 2020

Deore et al. 2 2014

Location Egypt Egypt Turkey India Poland Brazil India
Study type Placebo-controlled, Placebo-controlled, Placebo-controlled, RCT RCT Placebo-controlled, double-blind RCT Placebo-controlled,
double-blind, RCT double-blind RCT double-blind, RCT double-blind, RCT
Diabetes No Yes No No No Yes No
mellitus
Groups Control Test Control Test Control Test Control Test Control Test Control Test 1 Test 2 Control Test
Number of 40 40 20 20 15 15 20 20 20 20 25 25 25 29 29
patients
Age 442 +84 46.1+76 40059 40.06+9 4087+97 4254+582 435+58 44 +6.44 54+11 475+963 549+97 b566+83 544102 4447+52 4540+4090
Gender not notdescribed  10Male-10 10 Male 8 Male-7 8Male -7 13Male-7  13Male-7 9Male-11 10Male-10 9Male-16 9 Male-16 13 Male-12 not described not
described Female -10Female  Female Female Female Female Female Female Female Female Female described
Intervention SRP+ SRP+3gw3+ SRP+placebo SRP+3g SRP+  SRP+6.25mg SRP SRP + SRP SRP +10mL Debridement 3 g -3 3gw3  SRP + placebo SRP +
placebo 81 mgASA/3x o3+ placebo  EPA +19.19mg 700 mg -3/ o3 /2x dally  + placebo  [3x daily] + [3x daily] + 300 mg -3
daily (6 months) 75mg ASA DHA/2x daily 1 daily (3 months) 100 mg ASA 100 mg ASA PUFA orally
/3x daily (6 months) (3 months) [1x daily]  [1x daily] ingested as
(6 months) (2 months) (2 months) one capsule
AFTER SRP  BEFORE daily for 12
SRP weeks
PUFA 900 mg 900 mg 214 mg 700 mg not described 900 mg 300 mg
EPA (mg/%) 13% 13% 6,25 mg 180 mg 2600 mg 540 mg 180 mg
DHA (mg/%) 9% 9% 19,19 mg 120 mg 1800 mg 360 mg 120 mg
Composition not described ©-3: coconut oil; ASA: not described no placebo no placebo not described not described
and dose of lactose tablet
Placebo
Type of 5 mL unstimulated saliva GCF 5 mL unstimulated saliva unstimulated saliva 5 mL unstimulated saliva GCF Blood
sample and
amount
collected
Conditioning  Saliva was collected in an For each marker, a Saliva was collected in Saliva samples were Saliva was collected in a GCF was collected using Periopaper Not described
empty tube in the moming, Periopaper strip was an empty tube in the collected through 50 mL Falcon tube before strips, which were inserted into the
stored at 80 °C, and inserted into the pocket for ~ morning, stored at 80 °C, expectoration into clinical measurements pockets until a slight resistance was felt
centrifuged at 10,000 g 30s. Special attention and centrifuged at 10,000 polypropylene tubes and and centrifuged at 10,000 and kept there for 30 s. The samples
for 5 min; the supernatants was given to prevent x g for 10 min at 4 °C; the stored at -20 °C. x g for 10 min at4“C. were placed in sterile microtubes and
were collected. mechanical trauma. supernatants were then The supernatants were kept frozen until the Multiplex assay.
collected. subsequently collected
in 1.5 mL tubes and
frozen at-80°C.
Analysis ELISA ELISA ELISA ELISA Multiplex ELISA Multiplex ELISA Not described
method
Collection Baseline, 3 mo, and 6 mo Baseline, 3mo, and 6 mo  Baseline, 1 mo, 3mo, and 6 mo Baseline and 3 mo Baseline and 3 mo Baseline, 3 mo, and 6 mo Baseline, 6 weeks, and 12 weeks
times
Analyzed RANKL (pg/mL), MMP-8 IL-1B (pg/mL), MCP-3 TNF-o. (pg/mL), SOD (U/mL) IL-1B IL-16, IL-RA, 1L-2, L4, IL-1p, TNF-a, L6, IL-8, MIP-Ta, MCP-1, CRP (mg/mL)
immunological (ng/mL) (pgimL) L5, L6, IL-7, IL-9, IL-10, IFN-y, IL-4, IL-10 {all pg/mL)
parameters IL-12, IL-13, IL-15, IL-16,

IL-17, IFN+y, MIF, TNF-0,,
CCL1/-309, CCL2/MCP-
1, CCL3MIP-1a, CCL4/
MIP- 18, CCLE/RANTES,
CCL7MCP-3, CCL8MCP-2,
CCL11/Eotaxin, CCL13/
MCP-4, CCL15/MIP-1delta,
CCL17/TARC, CCL19/
MIP-3p, CCL20/MIP-30,,
CCL21/6Ckine, CCL22MDC,
CCL23/MPIF-1, CCL24/
Eotaxin-2, CCL25/TECK,
CCL26/Eotaxin-3, CCL27/
CTACK, CX3CL1/Factalkine,
CXCL1/Gro-alpha, CXCL2/
Gro-beta, CXCL5/ENA-78,
CXCL6/GCP-2, CXCL8/IL-8,
CXCLYMIG, CXCL10/IP-10,
CXCL11/HTAC, CXCL12/
SDF-1a,, CXCL13/BCA-1,
CXCL16/SCYB16, FGF2,
G-CSF, GM-CSF, PDGF-BB
abd VEGF (all pg/mL)

RCT: randomized clinical trial; GCF: gingival crevicular fluid; SRP: scaling and root planing; ASA: acetylsalicylic acid; o-3: omega-3; ELISA: enzyme-linked immunosorbent assay; Mo: months; M: male; F: female; EPA: eicosatetraenoic acid; DHA: doco-
sahexaenoic acid; PUFA: polyunsaturated fatty acid
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and only one opting for a 2-month regimen. Moreover,
four studies detailed the daily intakes of EPA and
DHA, which ranged from 180mg to 2.6g (Table 1).
Furthermore, three studies incorporated a daily intake
of 900mg PUFA. Immunological biomarkers were
scrutinized, revealing a reduction in IL-1p, TNF-a,
RANKL, and IL-6 levels between baseline and different
follow-ups.

Sample preparation methods differed among the
selected studies. Samples were collected using non-
stimulated saliva, stored at -80 °C, and centrifuged for
5 min in three studies. Two studies involving gingival
crevicular fluid (GCF) samples utilized various
methods, such as the collection of fluid with Periopaper
strips and conducting a multiplex assay, with samples
stored in a frozen state. However, the studies involving
blood samples did not provide detailed information
regarding the procedure. Moreover, enzyme-linked
immunosorbent assay (ELISA) was the predominant
analysis method, except in one study. The samples
analyzed included saliva, GCF, and serum (Table 1).

DISCUSSION

Dietary supplementation with n-3 PUFA as an
adjunctive  therapy for periodontitis changed
inflammatory outcomes in humans. The most prevalent
inflammatory outcomes assessed in the studies were
IL-1p and TNF-a levels, which are key inflammatory
cytokines. Adjunctive dietary supplementation with n-3
PUFA reduced the concentrations of IL-13, TNF-a,
IL-6, and RANKL in saliva, GCE, or serum among
patients with periodontitis (Figure 3).32)

CCL2S/TECK C

stalkineMMP-8

IL-1711-12
Figure 3. Immune parameters more frequently affected by n-3 PUFA
supplementation as an additional treatment in the reviewed studies. IL-If levels

were altered in two studies, whereas the remaining parameters were each
altered in only one study
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Collection of GCF was more consistent between
the two studies that reported altered IL-IB levels.?$%)
However, only one study provided details on the
storage of samples until analysis.* Of the studies that
examined saliva, two specified the collection time.®)
Saliva samples were refrigerated in all studies, with three
studies storing the samples at -80°C?**27 and one at
-20°C.®9 Additionally, all samples were centrifuged
before analysis, with the duration of this process varying
for supernatant separation.?>?” However, the only
study that analyzed blood did not provide details on how
the samples were collected, stored, and processed.®

The modulatory effects of n-3 PUFA dietary
supplementation on periodontitis are associated with
a reduction in proinflammatory cytokines, resulting in
diminished tissue degradation and decreased substrate
provision for periodontal pathogens.®’3) Moreover,
n-3 PUFA supplementation promotes the restoration
of immune response balance in the host.®? These
mediators contribute to the pro-resolution phase of
the inflammatory process by activating non-phagocytic
macrophages that are vital for tissue homeostasis and
regeneration. 334

IL-1p was the most prevalent inflammatory
marker in human studies. Dietary supplementation
with n-3 PUFA in periodontal treatment reduced
the concentration levels of IL-1f3 in saliva and GCE,
indicating a host modulatory effect of this adjunctive
therapy. This family of pro-inflammatory cytokines
contributes to the initiation and progression of
periodontal disease by promoting leukocyte migration
and recruitment, stimulating the production of other
inflammatory mediators and metalloproteinases,
activating T and B lymphocytes, and stimulating
osteoblasts, leading to bone resorption.C’Y) DHA and
EPA n-3 PUFA modulate the inflammatory cascade
by effectively inhibiting the release of new pro-
inflammatory mediators such as IL-1p. These findings
highlight the beneficial anti-inflammatory effects of
DHA and EPA and indicate that n-3 is a promising
intervention for managing periodontal inflammatory
conditions.®

TNF-o plays a major role in the architecture of
aberrant immune response through various functions.
These include the positive induction of adhesion
molecules, favoring cell migration. In addition, it
facilitates extracellular matrix degradation and bone
resorption by promoting the secretion of matrix
metalloproteinases and RANKL, as well as stimulating
the production of chemokines.®” In this scoping review,
we observed a reduction in TNF-a salivary levels in the
groups receiving n-3 compared to the control groups.
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These findings demonstrate the beneficial effect of
n-3 PUFA dietary supplementation in individuals with
periodontitis.>27)

In periodontal disease, bone resorption occurs
because of increased osteoclastic activity mediated by
RANKL, the principal regulator of osteoclast precursor
cell differentiation. RANKL is secreted as a soluble
protein by osteoblasts, fibroblasts, bone marrow cells,
and T cells in response to pro-inflammatory cytokines
such as TNF-a and IL-1.49 Salivary levels of RANKL
were lower in patients who received n-3 supplementation
than in those who underwent only scaling and root
planing.® This suggests that the modulatory effects
of n-3 PUFA could be extended to bone homeostasis,
owing to their ability to promote osteoblastogenesis by
suppressing the expression of specific osteoclast genes
and inhibiting osteoblast migration and adhesion.®9

The assessed studies also demonstrated a reduction
in IL-6 levels. This cytokine is synthesized and
released by various cells, including endothelial cells,
fibroblasts, neutrophils, monocytes, and macrophages.
Elevated IL-6 levels are frequently observed in patients
with chronic inflammatory diseases. Thus, they are
considered a biological marker of diabetic complications
and the risk of mortality among patients with diabetes
and cardiovascular diseases.®® IL-6 mediates the
recruitment and activation of immune cells, particularly
neutrophils. This leads to an intensified inflammatory
response within the gingival tissues. This exacerbated
immune reaction results in the degradation of
periodontal tissues and the subsequent loss of bone and
connective tissue support around the teeth. Moreover,
IL-6 disrupts the equilibrium between pro- and anti-
inflammatory responses, further exacerbating the
destructive nature of periodontal disease.®

Dysregulation of IL-6 in periodontitis not only
perpetuates the inflammatory process but also
contributes to impaired tissue repair and regeneration,
hindering the natural healing mechanisms in the
periodontium.®® The GCF levels of this cytokine
increase in patients with periodontal disease and
decrease after periodontal treatment.G%*” One study
demonstrated that the GCF levels of IL-6 were lower
in patients who received n-3 supplementation than in
those who underwent periodontal debridement alone.
@ In contrast, another study revealed no significant
differences in IL-6 levels in saliva samples between the
test and control groups.©”

Biological markers play pivotal roles in translational
research and personalized medicine. They identify
individual characteristics, predict treatment responses,
and demonstrate disease progression.®® These markers

bridge the gap between scientific advancement and
clinical practice, facilitating the development of
tailored therapies based on solid evidence. Therefore,
their identification aids in customizing treatments
and enhancing clinical outcomes in oral health.®”
In addition, the use of biological markers provides a
solid foundation for clinical decision-making.“” The
identification of biological markers of periodontitis,
such as inflammatory cytokines, can provide valuable
insights into patient responses to treatment and disease
progression. These markers can help in personalized
therapy and improvement of clinical outcomes.“9)
Therefore, future studies should target translational
analyses based on previous findings reported in
the literature, allowing qualitative and quantitative
comparisons to substantiate current scientific advances.
Selection of inflammatory markers and standardization
of sampling processes and analyses can provide evidence
regarding biological outcomes in clinical practice and
personalized medicine.

The development of omics has rendered
advancements in biomedical analyses more profound
and precise.*¥ In periodontitis, approaches such as
proteomics and transcriptomics may help identify
inflammatory biomarkers and elucidate disease
pathogenesis. Furthermore, these techniques can aid
in the validation of treatments and implementation of
personalized periodontal therapies.*® Metabolomic
techniques would enable the identification of
specific bioactive mediators and mapping of their
biosynthetic pathways to directly assess the effects
of n-3 administration on the immune response.‘®
Despite their cost and complexity, these tools can help
determine whether alterations in inflammatory levels
can be attributed to n-3 PUFA. This is crucial because
the exclusive analysis of proteinaceous inflammatory
mediators limits such assertions, underscoring
the benefits of analyzing lipid mediators and their
physiological pathways in future studies.“®

Based on these findings, this scoping review presents
a perspective on the scientific literature in this domain.
It examines the correlation between adjunctive n-3
therapy for periodontitis and discernible improvements
in inflammatory outcomes in humans. Elucidating the
mechanisms by which n-3 PUFA can resolve inflammation
in humans will significantly contribute to scientific
advancement, guiding future translational studies to
clarify the biological foundations of periodontal therapy
and its relevance in clinical practice. Furthermore,
the implementation of a comprehensive protocol that
encompasses the assessment of inflammatory outcomes
and addresses practical considerations for sample
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collection can markedly advance our understanding
of host modulation therapies in periodontal care.
By considering the immune-inflammatory aspects
of treatment outcomes, we can acquire valuable
insights into the mechanisms of action and efficacy
of adjunctive therapies for periodontitis, such as n-3
PUFA dietary supplementation. Integration of the
assessment of inflammatory outcomes into clinical trial
protocols provides a more comprehensive approach
to periodontal treatment. This enhances our ability
to assess the influence of these therapies in resolving
inflammation in humans.

It is also important to understand the role of n-3
PUFA in modulating the immune response because
lipid-derived mediators can resolve inflammation and
promote tissue repair. These processes are essential
for periodontal health and are often compromised in
patients with diabetes. The inclusion of both patients
with diabetes and individuals with normal glycemia,
especially considering the influence of diabetes on
the inflammatory response, elucidated the effects of
n-3 PUFA supplementation in different periodontal
health contexts. This comprehensive approach allowed
a more robust analysis of the potential benefits of n-3
PUFA to the inflammatory response in patients with
various health conditions. Therefore, our findings
and interpretations contribute to a more complete
understanding of the impact of the proposed adjunct
therapy in patients with periodontitis.

One limitation of this study is the use of diverse
biological samples, including saliva, GCE, and serum,
to analyze inflammatory markers. The heterogeneity
observed among clinical studies poses an obstacle to
establishing quantitative comparisons between studies
and their respective outcomes. Moreover, the lack of
standardization in the administration of n-3 PUFA
as an adjunct to non-surgical periodontal treatment,
both in terms of administration methods and dosages
employed in clinical trials, impaired direct comparisons
between clinical studies. Despite these limitations,
this study highlights the inflammatory repercussions
of dietary supplementation with n-3 PUFA and
their importance. This demonstrates the beneficial
modulatory effects of the adjunctive use of n-3 PUFA
to treat periodontitis in rebalancing the host immune
response.“? Despite these promising indications, the
widespread implementation of this therapy requires
more substantial support through additional RCTs. In
addition, further investigations are required to validate
and deepen our understanding of the potential benefits
of this therapeutic approach.
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CONCLUSION

The reduction of IL-1B, TNF-a, IL-6, and RANKL
levels after dietary supplementation with n-3 PUFA as
an adjunctive therapy for periodontitis was the most
prevalent among the reviewed studies. The available
evidence demonstrates that new human clinical trials
evaluating the effects of dietary supplementation with
n-3 PUFA in the treatment of periodontitis should
include the assessment of inflammatory outcomes.
Thus, this review identifies opportunities for additional
advancements in this field.
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