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Abstract

Aim: “Host modulatory therapy” (HMT) with -3 fatty acids aims at reducing
inflammation. With HMT as an adjunct, a better result of periodontal therapy is
expected. The aim of this systematic review and meta-analysis (MA) was to
examine the additional effect of w-3 fatty acids to non-surgical periodontal ther-
apy (SRP) on the probing pocket depth (PPD) and the clinical attachment
level (CAL).

Materials and Methods: MEDLINE-PubMed and Cochrane-CENTRAL libraries were
searched up to January 2021 for randomized controlled trials in patients with chronic
periodontitis, treated with SRP/placebo as controls and SRP/w-3 fatty acids as the
test group.

Results: The search identified 173 unique abstracts, and screening resulted in 10 eligi-
ble publications. Descriptive analysis showed a significant effect on the PPD and CAL
in favour of the groups with -3 fatty acids in the majority of comparisons. MA
revealed that adjunctive use of w-3 fatty acids to SRP resulted in 0.39 mm more PPD
reduction (95% ClI: —0.58; —0.21) and 0.41 mm more CAL gain (95% Cl: —0.63; —0.19)
than SRP alone.

Conclusions: In patients with periodontitis, dietary supplementation with ®-3 fatty
acids as an adjunct to SRP is more effective in reducing the PPD and improving the
CAL than SRP alone. If SRP is indicated, the use of »-3 fatty acids can be considered
for a moderate extra added effect on PPD reduction and CAL gain. The strength of

this recommendation is moderate.
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Clinical Relevance
Scientific rationale for study: The biomechanism of ®-3 fatty acids has a potential to halt the pro-
gression of periodontitis. A systematic review and meta-analysis may image the effect of this

treatment as an adjunct to non-surgical periodontal therapy (SRP).
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1 | INTRODUCTION

Periodontal disease is a multi-factorial inflammatory disease caused by the
interaction between pathogens and the immune response of the host,
causing breakdown of connective tissues and bones that support the
teeth (Offenbacher, 1996). Traditional treatment for periodontitis mostly
concentrates on diminishing the bacterial infection by means of mechani-
cal disruption of the biofilm, plague control, antibiotics, and possibly sur-
gery. Subgingival debridement forms the basis of periodontal treatment.

Besides this traditional approach, additional therapy can be used in
the management of periodontal disease. One of these additional measures
is a treatment that intervenes with the inflammatory response of the host,
called the “host modulatory therapy” (HMT), which was first introduced in
dentistry by Williams (1990). HMT is administered systemically or
locally as part of a patient's periodontal treatment and used as an
adjunct to conventional periodontal therapy. The patients' treatment
could be more predictable in this way (Salvi & Lang, 2005). Different
types of medicines have already been evaluated as a complementary
therapy, such as bisphosphonates, certain non-steroidal anti-
inflammatory drugs, and tetracycline (Kornman, 1999). These medi-
cines proved to be effective in treating periodontal disease, but all of
them had their limitations and side effects.

Omega-3 polyunsaturated fatty acids (o-3 fatty acids), such as doco-
sahexaenoic acid (DHA; C22: 6, n-3) and eicosapentaenoic acid (EPA; C20:
5, n-3), were pointed out by Simopoulos (2008) to have anti-inflammatory,
protective, and therapeutic effects on rheumatoid arthritis, ulcerative coli-
tis, atherosclerosis, cancer, heart and vascular disease, and periodontitis.
To date, it is known that »-3 fatty acids provide a decrease in eicosanoids
(prostaglandin E2 and inflammatory cytokines). These prostaglandins are
inflammatory mediators (Calder, 2006). Serhan et al. (2008) showed that a
new set of lipid mediators, resolvin and protectin, are enzymatically con-
verted by »-3 fatty acids. Resolvins and protectins both reduce neutrophil
infiltration and increase the recruitment of monocytes.

Because the stock of -3 fatty acids in the body is very limited,
its presence in the tissue is mostly determined by nutrition
(Simopoulos, 2008). ®-3 fatty acids can be transformed into
resolvin D, resolving E, protectins, and neuroprotectins. These are
named specialized pro-resolving mediators (SPM), which are impor-
tant for controlling and eliminating inflammation (Bannenberg &
Serhan, 2010). There are indications that aspirin (acetylsalicylic acid
[ASA]), in the presence of »-3 fatty acids, produces 18R-Resolvin,
which is a strong anti-inflammatory lipid mediator. This linkage limits
excessive polymorphonuclear neutrophil (PMN) infiltration and pre-
vents inflammation. ASA seems essential for an increased activity of

stereoisomers (18R-Resolvin) by inhibiting the COX2 activity.
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Principal findings: Significant improvement in the probing pocket depth (PPD) and the clinical
attachment level (CAL) was observed when -3 fatty acids were added as an adjunct to SRP.
Practical implications: In patients with periodontitis, SRP with o-3 fatty acids (>2 g/day) is a mod-
erately effective adjunctive treatment in reducing the PPD and improving the CAL. In fact, it is
more effective than SRP alone.

With HMT as an adjunct to non-surgical periodontal treatment, a bet-
ter result could be expected because HMT with -3 fatty acids also aims at
reducing inflammation by decreasing the production of inflammatory eicos-
anoids, cytokines, and reactive oxygen species (ROS) (Calder, 2009). The
biomechanism of »-3 fatty acids has the theoretical potential to halt the
progression of periodontitis. Using -3 fatty acids as an adjunct to SRP is an
innovative method of treatment, which has been researched multiple times.
The clinical practice guideline of the European Federation of Periodontol-
ogy on the treatment of stage I-Ill periodontitis (Sanz et al., 2020) recom-
mended “not to use omega-3 Polyunsaturated fatty acids (PUFAs) as an
adjunct to subgingival instrumentation”. This was a Grade A recommenda-
tion based on a systematic review (Donos et al., 2020) that evaluated three
placebo-controlled randomized controlled clinical trials (RCTs) with
6-month administration of w-3 PUFAs. In four recent systematic reviews
(Kruse et al., 2020; Corbella et al., 2021; Castro Dos Santos et al., 2022;
Chatterjee et al., 2022) published in non-dental and dental journals, ©-3
fatty acids as an adjunct to SRP were evaluated. All four systematic reviews
included studies that also evaluated diabetes patients. As diabetes and peri-
odontal disease have a bidirectional relationship (Sanz et al., 2018), including
diabetes patients may influence the results. Therefore, in order to evaluate
as a proof of principle, there is a need for this systematic review focused on
clinical trials considering supplementation of -3 (or -3 in combination
with ASA) as an adjunct to non-surgical periodontal therapy (SRP) for the

effect on clinical parameters PPD and CAL in systemically healthy patients.

2 | MATERIALS AND METHODS

This systematic review and meta-analysis (MA) were prepared as
described, in accordance with the Cochrane Handbook for Systematic
Reviews of Intervention and the Transparent Reporting of Systematic
Reviews and Meta-analyses (PRISMA-statement), which provides guid-
ance for the preparations and the guidelines of the PRISMA-statement
(Moher et al., 2009). The protocol detailing the review method was
developed “a priori”, following an initial discussion between the mem-
bers of the research team and registered at PROSPERO as
CRD42022136457.

21 | Focused question

What is in systematically healthy patients with periodontitis who were
treated with scaling and root planing (SRP) + w-3 fatty acids in the
test group and SRP + placebo in the control group. What is the effect
on the PPD and CAL?
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TABLE 1 Search terms used for PubMed-MEDLINE, Cochrane-
CENTRAL and EMBASE. The search strategy was customized
according to the database being searched.

The following strategy was used in the search:
{<subject> AND <intervention>}

{<subject>

{<Subject: (<periodontal disease> OR <periodontitis>) OR (periodontal
disease [MeSH] OR (<periodontal therapy>) OR (periodontitis
[MeSH] [textword]}>

AND

<intervention> (<omega-3 fatty acids OR EPA OR DHA OR fish oil>)}

Note: The asterisk (*) was used as a truncation symbol.
Abbreviations: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.

2.2 | Search strategy

A structured search strategy was designed to retrieve all relevant
studies that evaluated the effectiveness on the PPD and CAL of using
®-3 fatty acids during non-SRP compared to placebo. The National
Library of Medicine, Washington, DC (MEDLINE-PubMed) and the
Cochrane Central Register of Controlled Trials (CENTRAL) were
searched from their initiation up to January 2021 for appropriate
papers that answered the focused question. In addition, the reference
lists of the included studies were hand-searched by the two reviewers
(M.R. and E.B.) to identify additional potentially relevant studies. For
details regarding the search terms used, see Table 1.

2.3 | Screening and selection

The titles and abstracts from the obtained studies were independently
screened by two reviewers (M.R. and E.B.) to select the studies that
potentially met the inclusion criteria. No language restrictions were
imposed. Based on the title and abstract, the full-text versions of
potentially relevant papers were obtained. These were categorized as
definitely eligible, definitely not eligible, or questionable. Disagree-
ments concerning eligibility were resolved by consensus, or if any dis-
agreement persisted, the judgement of a third reviewer (M.T.) was
decisive. The papers that fulfilled all the inclusion criteria were pro-
cessed for data extraction.

The inclusion criteria were as follows:

e RCTs or controlled clinical trials (CCTs)
e Conducted in humans:
o 218 years of age
o In good general health (no systemic disorder)
o Diagnosed with periodontitis
o Received non-surgical periodontal treatment

e Intervention: w-3 fatty acids

e Comparison: SRP + placebo

o Qutcome parameters evaluated: Primary outcome: PPD and CAL

24 | Methodological quality assessment

Two reviewers (M.R. and E.B.) independently scored the individual meth-
odological quality of the included studies using the checklist presented in
Online appendix S2. A study was classified as having a “low risk of bias”
when random allocation, defined inclusion/exclusion criteria, blinding to
the patient and the examiner, balanced experimental groups, identical
treatment between groups (except for the intervention), and reporting of
follow-up were present. Studies that met six of these seven criteria were
considered to have a potentially moderate risk of bias. If two or more of
these seven criteria were absent, the study was considered to have a
high risk of bias (Van der Weijden et al., 2009).

2.5 | Data extraction

The characteristics of the population, intervention, comparison, and out-
comes were extracted independently from all studies by two reviewers
(M.R. and E.B.). Disagreements between the reviewers were resolved
through discussion and consensus. If a disagreement persisted, the judge-
ment of a third reviewer (M.T.) was decisive; however, during the whole
process, it was not necessary to consult the third reviewer. Some of the
studies provided standard error (SE) of the mean. Where needed and
possible, the authors calculated standard deviation based on the sample
size (SE = SD/~N). For those papers that provided insufficient data to be
included in the analysis, the first or corresponding author was contacted
to request additional data.

2.6 | Data analysis

As a summary, a descriptive data presentation was used for all studies,
summarized using vote counting. As not all studies could be included
into the quantitative analysis, subsequently, where feasible, MA was
performed for the two outcome parameters. The difference of means
(DiffM) between the test and control groups was calculated using a
“random or fixed effects” model where appropriate (Review Manager
(RevMan) [Computer program]. Version 5.4, The Cochrane Collabora-
tion, 2020, p. 4). If there were four or more comparisons to be ana-
lysed, the “random-effects” model was chosen to calculate the
weighted average of the treatment effects across the studies (Higgins
Green Handbook). If there were fewer than four studies, the “fixed
effects” model was used. The heterogeneity was tested using the chi-
square test and the I? statistic. When studies were considered similar
enough to allow for comparison, heterogeneity was examined statisti-
cally. Heterogeneity was tested using the chi-square test and the I
statistic (Higgins & Green, 2012). The chi-square test resulting in a p-
value <.1 was considered to be an indication of significant statistical

heterogeneity. As an approximate guide for assessing the degree of
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inconsistency across studies, an I? statistic of 0%-40% was inter-
preted as potentially not important, a statistic of 30%-60% was taken
to represent moderate heterogeneity, 50%-90% was taken to repre-
sent substantial heterogeneity, and 75%-100% was taken to repre-
sent considerable heterogeneity (Ryan, 2016). If possible, testing for
publication bias was performed as proposed by Egger et al. (1997). A
sub-analysis was performed for w-3 with and without ASA because of

a possible adjunctive effect of ASA on treatment outcomes.
2.7 | Assessment of clinical and methodological
heterogeneity

The factors used to evaluate the heterogeneity of the outcomes of

the different studies were as follows:

e Study design and evaluation period
e Characteristics of subjects

e Study groups

o Side effects

o Industry funding

2.8 | Grading the “body of evidence”

The Grading of Recommendations Assessment, Development and Eval-
uation (GRADE) was used to rank the evidence and certainty (Guyatt
et al., 2008). Two reviewers (M.T. and D.E.S.) rated the quality of the
evidence and the strength and direction (Smiley et al., 2015) of the rec-
ommendations according to the following aspects: risk of bias, consis-

tency of results, directness of evidence, precision and publication bias,
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TABLE 2 Overview of the studies processed for data extraction

Author publication year

El-Sharkawy et al. (2010)

Elkhouli (2011)

Deore et al. (2014)

Salman et al. (2014)

Martinez et al. (2014)

Design blind follow up

#participants (end)

RCT, parallel, double
blind, 6 months

80 (80)

RCT, parallel, double
blind, 6 months

40 (40)

RCT, parallel, double
blind, 3 months

60 (58)

RCT, parallel, double
blind, 3 months

50 (50)

RCT, parallel, double
blind, 12 months

Participants

characteristics diagnosis

gender age, mean (SD)

Untreated advanced
chronic periodontitis

?3/?Q No statistic
difference between
gender

Mean age: 45.15 (8.0)

Moderate advanced
chronic periodontitis

253/159

Mean age: 42.6 (9.7)

Generalized chronic
periodontitis

?3/?Q No statistic
difference between
gender

Mean age: 44.9 (5.05)

Chronic periodontitis

503/09
Mean age: ?
Age range: 30-60

Generalized chronic
periodontitis

Treatment groups

TG: SRP + -3 fatty
acids
(1000 mg) + aspirin

3 t.i.d. + 81 mg aspirin

CG: SRP + placebo

TG: SRP + -3 (1 g) 3 t.i.

d. + 75 mg aspirin

CG: SRP + placebo
(300 g) 3 t.i.d.

TG: SRP + -3 fatty
acids (180 mg EPA
120 mg DHA)

CG: SRP + placebo

(300 mg liquid paraffin)

TG: SRP + -3 fatty
acids (1000 mg)

CG: SRP + placebo

TG: SRP + -3 fatty
acids (120 mg EPA
180 mg DHA) 3 t.i.d.

Original authors' conclusion

The results of this preliminary
clinical study suggest that
dietary supplementation with
-3 fatty acids and 81 mg
aspirin may provide a
sustainable, low-cost
intervention to augment
periodontal therapy

The findings suggest that the
combination therapy
demonstrated successful
reduction of gingival
inflammation, reduction of
pocket depth and attachment
level gain, accompanied by a
trend for modulation of the
cytokines profile in gingival
crevicular fluid

The findings suggest that -3 fatty
acids can successfully reduce
gingival inflammation, pocket
depth, and attachment level
gain. Dietary supplementation
with ®-3 fatty acids may have
potential benefits as a host
modulatory agent in the
prevention and/or adjunctive
management of chronic
periodontitis

The results of this study suggest
that dietary supplementation
with ©-3 may provide a
sustainable, low-cost
intervention to augment
periodontal therapy

There was no effect on the clinical
outcome of periodontal therapy
with -3 supplementation
observed
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TABLE 2 (Continued)

Author publication year

Keskiner et al. (2017)

Umrania et al. (2017)

Elgendy and Kazem (2018)

Kujur et al. (2020)

Design blind follow up
#participants (end)

15 (15)

RCT, parallel, double
blind, 6 months

60 (60)

RCT, parallel, double
blind, 3 months

40 (40)

RCT, parallel, double
blind, 6 months

50 (50)

RCT, parallel, single blind

Participants
characteristics diagnosis
gender age, mean (SD)

63/990

Treatment groups

CG: SRP + placebo
3tid.

Mean age: 44.6 (17.6)

Chronic periodontitis TG: SRP + -3 fatty

acids (6.25 mg EPA

19.19 mg DHA) 2 t.i.d.

163/149 CG: SRP + placebo

2 tid.
Mean age: 41.7 (7.7)

Advanced chronic
periodontitis

TG: SRP + -3 fatty
acids (700 mg)

253/159
Mean age: 43.75 (6.12)

CG: SRP + placebo

Generalized chronic
periodontitis

TG: SRP + -3 fatty
acids (2000 mg)

03/509Q
oil)
Mean age: 50.84 (3.2)

Chronic moderate
periodontitis

TG: SRP + -3 fatty
acids (1000 mg)

Periodontology

CG: SRP + placebo (olive

3 WILEY_|*®

Original authors' conclusion

The results demonstrated that
dietary supplementation with
low-dose »-3 fatty acids
improves salivary TNF-alpha
without any significant impact
on clinical parameters in
patients with chronic
periodontitis, suggesting that
the systemic benefits of dietary
-3 fatty acids may not
translated into periodontal
health

Even though adjunct therapy with
-3 fatty acids can modulate
cytokine levels and show pro-
resolution properties, its
importance on clinical outcome
may be controversial. Thus, this
may be used as an adjunctive
management of chronic
periodontitis

Dietary supplementation with »-3
fatty acids may have potential
benefits as a host modulatory
agent in adjunctive
management of chronic
periodontitis in postmenopausal
women, especially in patients
with periodontal pockets

Adjunctive use of -3 fatty acids
proved to be beneficial over
scaling and root planing alone in
the treatment of chronic
moderate periodontitis. The
beneficial effects were in terms
of significant improvements in
clinical parameters, probing
pocket depth, and clinical
attachment level and gingival
index. Hence, »-3 fatty acid
may be used routinely in the
management of chronic
periodontitis

(Continues)
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TABLE 2 (Continued)

Participants
Design blind follow up

Author publication year #participants (end)

23/7Q

characteristics diagnosis
gender age, mean (SD)

Mean age: 45 years
Age range: 30-60

Stando et al. (2020) RCT, parallel, single blind

Generalized stage Il and

Treatment groups

CG: SRP

TG: SRP + -3 fatty

Original authors' conclusion

Dietary intervention with high

IV periodontitis acids (2600 mg EPA dose of w-3 PUFA during non-
1800 mg DHA) surgical therapy may have
potential benefits in the
management of periodontitis
163/149Q CG: SRP
Mean age: 49.0 (10.59)
years
Age range: ?

Abbreviations: CG, control group; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; RCT, randomized controlled clinical trial; SRP, surgical

periodontal therapy; TG, test group; w-3, omega-3 fatty acids.

TABLE 3 A descriptive summary of statistical significance levels

Author, year Risk of bias (Appendix 1)
El-Sharkawy et al. (2010) Low
Elkhouli (2011) Low
Deore et al. (2014) Low
Salman et al. (2014) High
Martinez et al. (2014) Moderate
Keskiner et al. (2017) Low
Umrania et al. (2017) Low
Elgendy and Kazem (2018) Low
Kujur et al. (2020) Low
Stando et al. (2020) Low

Intervention PPD CAL Control

SRP + -3 + ASA + + SRP + placebo
SRP + ®-3 + ASA + + SRP + placebo
SRP + ®-3 + + SRP + placebo
SRP + -3 + O SRP + placebo
SRP + ®-3 o ° SRP + placebo
SRP + ®-3 o o SRP + placebo
SRP + »-3 o o SRP + placebo
SRP + ®-3 + + SRP + placebo
SRP + ©-3 + + SRP

SRP + ®-3 ° + SRP

Note: +: Significant difference in favour of SRP + ®-3. o: No significant difference between groups. [J: not evaluated.
Abbreviations: ASA, aspirin; CAL, clinical attachment level; PPD, probing pocket depth; SRP, scaling and root planing; -3, omega-3 fatty acids.

and magnitude of the effect. There was no disagreement between the

two reviewers.

3 | RESULTS

3.1 | Search and selection results

Figure 1 and online appendix S2 describe the flow of the search pro-
cess. A total of 173 unique papers were identified, from which 11 full-
text articles were obtained (El-Sharkawy et al., 2010; Elkhouli, 2011;
Martinez et al., 2013; Deore et al., 2014; Martinez et al., 2014; Salman
et al., 2014; Keskiner et al.,, 2017; Umrania et al., 2017; Elgendy &
Kazem, 2018; Kujur et al., 2020; Stando et al., 2020) and screened to
confirm eligibility. The manual searching of the reference lists of the

selected papers provided no additional suitable publications. Two

publications provided data on the same experiment (Martinez
et al., 2013, 2014). Consequently, 10 eligible experiments were

included in this systematic review.

3.2 | Assessment of heterogeneity

Some heterogeneity was observed in the eight experiments with
respect to the evaluation period. Information regarding the study out-
line and characteristics is shown in detail in Table 1. All studies
included participants in good general health. Regarding periodontal
health, various criteria and diagnoses were used as parameters
for inclusion. Eight of the 10 experiments did not include smokers
(EI-Sharkawy et al., 2010; Deore et al., 2014; Keskiner et al., 2017;
Umrania et al., 2017; Elgendy & Kazem, 2018; Kujur et al., 2020;
Stando et al., 2020) while one study (Elkhouli, 2011) did exclude
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TABLE 4 Meta-analysis for the baseline and end evaluating the adjunctive efficacy of »-3 fatty acids during non-surgical periodontal therapy

on PPD (a) and CAL (b)

(a) PPD
VI Test overall Test for heterogeneity For detals
moment Analysis # Included studies Model MD 95% CI pvalue [Pvalue (%) p-value see Appendix
Baseline Overall #9 Random 0.01 (-0.09;0.11) .88 0% .57 S5la

SRP + -3 #7 Random  0.05 (-0.07;0.15) 49 0% .63 S5la

SRP + w-3and ASA  #2 Fixed -0.20 (-0.48;0.08) 16 0% 1.00 S5lb
End Overall #9 Random -0.51 (-0.85;-0.17) .003 92% <.00001  S5Ic

SRP + -3 #7 Random -042 (-0.81;-0.03) .03 93% <.00001  S5lc

SRP + ©-3and ASA  #2 Fixed -0.85 (-1.12; -0.58) <.00001 0% 72 S5ld
Difference Overall #5 Random —-0.39 (-0.58;-0.21) .0001 78% <.0003 S5le

SRP + -3 #4 Random -0.32 (-0.62;-0.01) .04 81% <.0003 S5le

SRP + w-3and ASA  #1 Fixed NA NA NA NA NA S5If
(b) CAL
VN Test overall Test for heterogeneity SR
moment Analysis # included studies Model MD 95% CI pvalue [Pvalue (%) pvalue see Appendix
Baseline Overall #8 Random 0.08 (—0.04; 0.20) 22 0% .52 S5lla

SRP + -3 #6 Random 0.12  (-0.01;0.25) .07 0% .73 S5lla

SRP + w-3and ASA  #2 Fixed -0.20 (-0.52;0.12) .22 0% 1.00 S5llb
End Overall #8 Random —-043 (-0.74; -0.12) .006 81% <.00001 S5lic

SRP + -3 #6 Random -0.42 (-0.80;0.03) .03 83% <.0001 S5lic

SRP + w-3and ASA  #2 Fixed -0.34 (-0.62; -0.05) .02 84% .01 S5lld
Difference Overall #5 Random —-041 (-0.63;-0.19) .0002 90% <.00001 S5lle

SRP + w-3 #4 Random -0.34 (-0.60;0.09) 009 91% <.00001  SS5lle

SRP + w-3and ASA #1 Fixed NA NA NA NA NA S5lIf

Abbreviation: ASA, aspirin; CAL, clinical attachment level; NA, not applicable; MD, mean difference; PPD, probing pocket depth; SRP, scaling and root

planing; o-3, omega-3 fatty acids.

heavy smokers (>10 cigarettes), and the other study (Martinez
et al,, 2014) did not exclude smokers, but only one person at the pla-
cebo group was a smoker. Further details on heterogeneity aspects
are described in Table 2 and Online appendix S3.

3.2.1 | Side effects

The included papers did not report any adverse events or side effects.

3.2.2 | Industry funding

None of the studies were sponsored by companies.

3.3 | Methodological quality assessment

To estimate the potential risk of bias, the methodological quality of the
included studies was based on a checklist as presented in Online
appendix S2. All studies described random allocation. Blinding of the

examiner as well as blinding of the subjects was described in all studies.
There were two studies that exhibited unbalanced experimental groups
(Salman et al., 2014; Elgendy & Kazem, 2018). Two of the studies did not
report loss on follow-up (Martinez et al., 2014; Salman et al., 2014),
Stando et al. (2020) reported 25% loss to follow-up in majority related to
the COVID pandemic. All studies defined eligibility criteria for the partici-
pants. A summary of the proposed criteria indicates the estimated poten-
tial risk of bias to be “high” in one study (Salman et al., 2014), “moderate”
in one study (Martinez et al., 2014), and “low” in eight studies.

3.4 | Study outcome results

3.4.1 | Descriptive analysis

Table 3 presents the results of the data extraction. Data regarding
the PPD and CAL could be retrieved. The baseline and end data
together with statistical significance within groups are presented.
Additionally, modifications of some clinical indices are reported.
Not all the included studies evaluated all the clinical parameters of
interest. Table 3 descriptively summarizes statistically significant
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TABLE 5 Summary of findings table

Determinants of the quality Overall
Study design RCT

# Experiments (n = 10) 10

# Meta-analysis (n = 10) 10

Risk of bias Low to high
Consistency Consistent

Directness Generalizable
Precision Rather precise
Reporting bias Possible
Magnitude of the effect (Smiley et al., 2015) Moderate
Strength of the recommendation based on the Moderate

quality and body of evidence

Overall recommendation

Sub analysis

SRP + ®-3 SRP + ®-3 and ASA
RCT RCT

8 2

8 2

Low Low to high
Consistent Rather consistent

Generalizable Generalizable

Rather precise Rather precise

Possible Possible
Moderate Moderate
Moderate Weak

If SRP is indicated, the use of w-3 fatty acids can be considered for a moderate extra

added effect on PPD reduction and CAL gain

The strength of this recommendation is moderate

Abbreviations: CAL, clinical attachment level; PPD, probing pocket depth; RCT, randomized controlled trial; SRP, surgical periodontal therapy; -3,

omega-3 fatty acids.

differences between using »-3 fatty acids (with or without ASA)
besides SRP compared to SRP with placebo. Three comparisons indi-
cated no significant difference (Martinez et al, 2014; Keskiner
et al, 2017; Umrania et al., 2017) for both parameters of interest;
Stando et al. (2020) only for the PPD did not reveal a significant effect.
The other five studies showed a statistically significant improvement in
favour of the w-3 fatty acids for both the PPD and CAL.

3.4.2 | Meta-analysis

Table 4 summarizes the detailed outcomes of the MA performed
on the primary data of interest. Two studies could not be used for
MA because they only presented the median instead of the mean.
A random MA was performed for an overall result, and besides
that, the studies were separated based on only SRP + ®-3 fatty
acids or SRP + ®-3 fatty acids combined with ASA.

Regarding the overall PPD and CAL, there was no significant differ-
ence (p < .05) at the baseline point but there was a significant difference
(p < .05) at the end. The analysis on the available end data from the inter-
vention of SRP + w-3 fatty acids compared to SRP + placebo included
nine studies for the PPD and eight for the CAL. For endpoint measure-
ments, the analysis showed a significant MD in favour of SRP + ®-3
fatty acids for both clinical parameters. PPD: —0.51 (p = .003, 95% Cl:
[-0.85; —0.17]) (Online appendix S5Ic) CAL: —0.43 (p = .006, 95% Cl:
[-0.74; —0.12]) (Online appendix S5lIc).

The analysis on the differences supports these findings PPD:
—-0.39 (p <.001, 95% Cl: [-0.58; —0.21]) (Online appendix S5le)
CAL: -041 (p =.002, 95% CI. [-0.63; -0.19]) (Online
appendix S5lle). A subgroup analysis was performed for SRP + -3
fatty acids and ASA compared to SRP + placebo; for details, see
Table 4 and online appendix S5.

Unexplained heterogeneity in the MAs was high for end and dif-
ference scores, 1> = 78%-92%. Table 4 shows the data of the forest
plots of the MA. Testing for publication bias could not be performed
because fewer than 10 studies were included per MA, which would
result in insufficient statistical power (Egger et al., 1997, Higgins &
Green, 2009).

3.5 | Evidence profile

Table 5 shows a summary of the various factors used to rate and assess
the certainty for the quality of evidence and strength of recommenda-
tions according to GRADE (Guyatt et al., 2008). In magnitude of the
effect of using »-3 fatty acids as an adjunct to SRP should be consid-
ered as “moderate”. The strength of the recommendation, based on the
quality and body of evidence regarding the use of -3 fatty acids as an
adjunct to SRP, is that there is moderate certainty with a direction in
favour of the use of ®-3 fatty acids for a further reduction of the PPD
and an improved CAL. For details concerning grading the body of evi-
dence, see Table 5.

4 | DISCUSSION

The present systematic review is among the first ones reviewing ran-
domized clinical trials comparing -3 fatty acids on top of standard
SRP. It focusses on systemically healthy patients with periodontal dis-
ease. It supports »-3 fatty acids do provide an additional effect to
non-SRP to be explained by their role to reduce inflammation. Two
non-included studies tested the use of -3 fatty acids as a monother-
apy (without SRP) for periodontitis in adults, in which no change was
found in the PPD and CAL (Rosenstein et al., 2003; Parulkar
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et al., 2009). This underlines the critical role of SRP in the manage-
ment of periodontal disease and suggests that -3 fatty acids as a
monotherapy does not significantly improve periodontal parameters.

In a systematic review, Donos et al. (2020) did not reveal a suffi-
cient number of studies suitable for a MA on the additional effect of
w-3 fatty acids to non-SRP. Based on their review, the clinical practice
guideline of the European Federation of Periodontology on the treat-
ment of stage I-Ill periodontitis (Sanz et al., 2020) recommended “not
to use omega 3 PUFAs as an adjunct to subgingival instrumentation”.
The present results suggest a considerable effect of the adjunctive
use of w-3 fatty acids to standard SRP. This update in the evidence
tempts to a revision of the recommendation in the European federa-
tion of periodontology (EFP) Guideline.

4.1 | Inclusion criteria

Recently, several studies were published on the effect of w-3 fatty
acids as an adjunct to scaling and root planing in diabetes patients
(Elwakeel & Hazaa, 2015, Rampally et al., 2019, Castro dos Santos
et al., 2020). The present review did not include studies considering
diabetes patients as study population. These studies were excluded to
prevent the influence of the bidirectional relationship between diabe-
tes and periodontal disease (Sanz et al., 2018). It is known that the
diabetic status has an influence on the periodontal condition of a
patient (Chapple & Genco, 2013). This was done to distinguish the
direct effect of »-3 fatty acid supplementation on periodontal health
from the indirect effect through the pathway of diabetic status of a
patient. Three recent and previous published systematic reviews
(Kruse et al., 2020; Corbella et al., 2021; Chatterjee et al., 2022) in
non-dental journals did not do this. Kruse et al. (2020) included one
study on diabetes type 2 patients (Elwakeel & Hazaa, 2015) that
showed one of the most outspoken effects on periodontal parameters
among the other papers reviewed in that study. The design of the
review by Kruse et al. (2020) did not allow for distilling the influence
of w-3 fatty acids on the diabetic condition as a confounding factor.
This supports the decision not to include studies concerning diabetic

patients in the present review.

4.2 | Heterogeneity

In this MA, considerable heterogeneity was observed for the end scores
(> = 81%-93%), while for the baseline scores, heterogeneity, as repre-
sented by I?, was found to be 0% (see Table 4). At baseline, no heteroge-
neity was observed possibly because groups were well balanced at the
start of the studies. The high I? observed at the end of the studies is a
consequence of clinical or methodological diversity or a combination of
both among studies and is to be expected (Higgins & Green, 2012). All of
the studies had a parallel design, and none of them reported to have any
conflicts of interest. Higgins and Green (2008) states that different stud-
ies performed by multiple teams in multiple places are a source of het-
erogeneity. Following the Cochrane handbook, a random-effects MA
allows for the study outcomes to vary in a normal distribution between
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studies (Higgins & Green, 2012). For a thorough investigation of hetero-
geneity, a large data set is needed and this was not the case in this
review. Therefore, effect sizes and accompanying confidence intervals

should be interpreted with caution.

4.3 | Interpretation of the effect size

According to the “Evidence-based clinical practice guideline on the
non-surgical treatment of periodontitis by means of scaling and root
planing with or without adjuncts” (Smiley et al., 2015), the difference
in weighted mean for gain in CAL with -3 fatty acids of —0.41 mm
(b = .0002) may be interpreted as a “moderate” effect. The weighted
mean for the CAL gain with only -3 fatty acids was —0.34 mm, which
must be interpreted as a “small” effect. For -3 fatty acids in combi-
nation with ASA, it could not be calculated as only one study provided
data. However, the —0.41 mm CAL gain is an added effect next to the
one of SRP. A systematic review on the clinical efficacy of subgingival
debridement (Van der Weijden & Timmerman, 2003) reported a PPD
reduction of 0.59-1.18 mm and 0.74 mm CAL gain. This means that
the range for periodontal parameters to improve with additional treat-
ments is limited. With this reference frame in mind, the additional
effect (0.39 mm more pocket reduction and 0.41 mm more CAL gain
than only SRP) of -3 fatty acids are a considerable magnitude.

44 | Dosage

From the studies that were reviewed, adjunctive use of ®-3 fatty acids
in patients with periodontal disease appears to be effective for peri-
odontal parameters of inflammation. The dosage required to treat
periodontitis is not specified. The reviewed studies that had a dosage
of approximately 2000 mg/day of EPA and/or DHA suggested that
dietary supplementation is sufficient to control inflammatory pro-
cesses (El-Sharkawy et al., 2010; Elkhouli, 2011; Salman et al.,
2014; Elgendy & Kazem, 2018; Stando et al., 2020). The three stud-
ies that did not find improved clinical outcomes all used a daily
dose lower than 2000 mg w-3 fatty acids. One of the studies that
had failed (Keskiner et al., 2017) treated the patients with 6.25 mg
of EPA and 19.19 mg of DHA per day, which is lower than the
daily-recommended dose of 250-500 mg of EPA and/or DHA for
healthy adults (European Food Safety Authority, 2012). One thou-
sand milligrams of ®-3 fatty acids supply around 300 mg of EPA
and/or DHA. In studies reporting that fish oil has therapeutic
effects and preventive aspects on multiple chronic diseases, such
as cardiovascular diseases, metabolic syndrome, and type |l diabe-
tes, a daily dose between 2 and 6 g of »-3 fatty acids a day was
used (Kris-Etherton et al., 2005; Calder, 2015; Gao et al., 2017;
Mori, 2017). This suggests that the recommended daily dose for
healthy patients may not be sufficient for a therapeutic effect. It
can be inferred from the present MA that a dosage of 2000 mg of
»-3 fatty acids a day may improve clinical outcomes in comparison
with SRP alone, the dose which is in line with the therapeutic dose
in chronic diseases.
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4.5 | Safety and tolerability of w-3 fatty acids

A limited storage capacity of polyunsaturated fatty acids in adipose
tissue implies that a regular consumption of these fats is needed
(Arterburn et al., 2006). The American Heart Association has sug-
gested that a dose of 2-4 g/day of EPA plus DHA is generally
regarded as safe (2018). Long-term supplemental intakes of EPA and
DHA that combined doses up to about 5 g/day appear to be safe
(European Food Safety Authority, 2012). In the literature, potential
side effects are mentioned: non-serious events and mild laboratory
abnormalities like “fishy taste”, bad breath, and gastrointestinal dis-
comfort (Agren et al., 1997; Rahman et al., 2009). The “Institute of
Medicine” also reported that doses 2-15 g/day EPA and/or DHA
might increase bleeding time, but it is noted that these doses have not
been shown to cause bleeding problems (Bays, 2007). Current studies
reported that high-dose w-3 fatty acids have no effect on platelet
aggregation or coagulation (Bagge et al., 2018). To improve or main-
tain the overall health, »-3 fatty acids are one of the most consumed
dietary supplements (Bailey et al., 2013; Dickinson et al., 2014).

4.6 | Collaboration of w-3 fatty acids with ASA

The anti-inflammatory impact of »-3 fatty acids appear to lie in the pro-
duction lipoxins (endogenous anti-inflammatory agents) from arachido-
nic acid by lipoxygenase transformation circuits (Mittal et al., 2010).
These endogenous resolution pathways are enhanced by the action of
ASA on COX-2. The metabolism of EPA and DHA into resolvins of the
E and D variants, respectively, is enhanced by ASA transformation cir-
cuits (Dufresne et al., 2013). A reduced cellular inflammation is caused
by resolvins, inhibiting the production and transportation of inflamma-
tory cells and chemicals to the sites of inflammation (Dalli et al., 2013).
A recent study (Naqvi et al., 2014) where the treatment group received
-3 fatty acids and the control group received placebo with ASA shows
the efficacy of -3 fatty acids in combination with ASA but not of ASA
alone on PPD reduction and CAL gain.

In this present review, the two studies that used »-3 fatty acids
combined with ASA (El-Sharkawy et al., 2010; Elkhouli, 2011) tend to
show more effect on the PPD reduction and the CAL gain than the
studies using only »-3 fatty acids. However, these two particular stud-
ies also used a higher daily dose of -3 fatty acids (3000 mg) than the
studies not using adjunctive ASA. This may influence the results when
comparing them to those with only SRP + w-3 fatty acids. Studies
that used adjunctive ASA had a less-balanced baseline, which was in
favour of the treatment group. Therefore, the present study cannot
be conclusive about the synergetic effect of ASA with w-3 fatty acids
on periodontal health.

4.7 | Oxidative stress

Nowadays, more attention is being paid on the role of free radicals and
ROS to the progression of many inflammatory diseases like periodontitis
(Wang et al., 2017). Free radicals and ROS are produced as superoxide

ions by neutrophils at the site of infection. Free radicals are self-reliant
and contain one or more unpaired electrons (Halliwell & Gutter-
idge, 1995). They are highly reactive, and diverse species have the
capacity of extracting electrons and oxidizing a variety of biomolecules
that are essential to cell and tissue functions (Mittal et al., 2014). ROS
can include oxygen-free radicals, nitrogen, and chlorine species. In a
healthy situation, ROS are neutralized by antioxidants. When inflamma-
tion occurs, ROS production is drastically increased (Mittal et al., 2014).
This leads to oxidative stress and tissue damage because sequent high
levels of ROS cannot be balanced by the antioxidant defence system
(Sies, 1997). An increased level of free radicals, high levels of oxidative
stress, and a decreased level of antioxidants are seen in patients
with diabetes and post-menopausal women (Maritim et al., 2003;
Sejal & Agarwal, 2013). Several authors (Mori et al., 1999;
Calder, 2005; Nilsén et al., 2006; Kiecolt-Glaser et al., 2011) stud-
ied the effect of EPA and DHA on oxidative stress and found that
EPA and DHA can reduce inflammation and decrease oxidative
stress. In one of the included studies in this systematic review, the
authors observed the effect of »-3 fatty acids on post-menopausal
women (Elgendy & Kazem, 2018) and found strongly statistically
significant improved periodontal parameters. This finding suggests
that more often, there may be a need for supplementation in
patients with higher oxidative stress levels, like post-menopausal
women, but further research is needed to support this.

4.8 | Comparison with other adjunctive treatments
The use of other adjuncts to mechanical periodontal treatment has also
frequently been studied. For example, a systematic review with MA on
the use of amoxicillin/metronidazole as an adjunct to SRP reported a sig-
nificant CAL gain (MD = 0.21; 95% Cl = 0.02-0.4) and PPD reduction
(MD= 043; 95% Cl = 0.24-0.63) (Sgolastra et al., 2012). Zandbergen
et al. (2016) support these findings. The subgingival application of antimi-
crobials, as an adjunctive therapy to periodontal treatment, showed a sig-
nificant improvement in PPD reduction and CAL gain, with a MD of 0.407
and 0.310 (Matesans-Pérez et al., 2013). The effect of surgical debride-
ment gives 0.6 mm more pocket reduction and 0.2 mm more CAL gain
compared to non-surgical debridement (Heitz-Mayfield et al., 2002). Com-
paring these findings to the present MA, the amount of CAL gain and
PPD reduction with the adjunct use of w-3 fatty acids was in the range
with the adjunct use of antimicrobials or surgical debridement. This may
imply that -3 fatty acids are part of the next generation of adjuvant ther-
apies to manage periodontitis, and it supports the used terminology in this

review of “moderate effect” by Smiley et al. (2015).

4.9 | Limitations of the study

In the MA of this systematic review, a high heterogeneity (>80%)
was found for the studies that evaluated the effect of »-3 fatty
acids. Higgins et al. (2003) and Sedgwick (2015) suggested that in a
systematic review that includes studies that are clinically and meth-
odologically diverse, heterogeneity in their results can be expected.
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Unfortunately, it was currently not possible to perform a MA with
individual patient data; this would be possible if open data were
available. Because of the unexplained high heterogeneity, the effect
sizes and accompanying confidence intervals should be interpreted
with caution. Nevertheless, given the clear direction of the observed
positive effects of using »-3 fatty acids, one can follow the direction
of results presented.

The present study documents an improvement of 0.39 mm of
PPD reduction and 0.41 mm CAL gain after a dosage (=2 g/day) of
®-3 fatty acids as an adjunct to non-surgical periodontal treatment. It
is quite possible that a combination of ®-3 fatty acids with low-dose
ASA might result in similar or better benefit. Further study will be
required to specifically address the clinical relevance of »-3 fatty acids
combined with ASA, compared to »-3 fatty acids alone. In combina-
tion with the theoretical background, the present study with encour-
aging clinical findings and safety profiles provides evidence for the
application of adjunctive complementary supplements in the treat-
ment of patients with periodontitis. Larger clinical trials with detailed
®-3 fatty acid use are awaited with curiosity and great interest.

5 | CONCLUSIONS

The collective evidence emerging from this systematic review and MA
shows a positive effect of the use of w-3 fatty acids (potentially com-
bined with ASA) as an adjunct to non-SRP. In patients with periodontitis,
dietary supplementation with -3 fatty acids as an adjunct to SRP is
more effective in reducing the PPD and improving the CAL than SRP
alone. If SRP is indicated, the use of »-3 fatty acids can be considered
for a moderate extra added effect on PPD reduction and CAL gain. The
strength of this recommendation is moderate. The direction of the rec-
ommendation emerging from this review is that supplementation with
-3 fatty acids could be an effective adjunctive therapy for an additional

effect in the management of periodontal treatment.
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