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Association between interleukin-8 levels and
chronic periodontal disease
A PRISMA-compliant systematic review and meta-analysis
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Abstract
Background: Current publications present contradictory findings regarding interleukin-8 (IL-8) levels in patients with chronic
periodontitis (CP). This systematic review compile evidences of the IL8mRNA and protein levels in gingival tissue, saliva, and gingival
crevicular fluid (GCF) investigated in patients with CP. Moreover, 2 meta-analyses were made focusing on the IL-8 levels in GCF and
saliva of patients with or without CP.

Methods: Electronic searches of the PubMed, Web of Science, and Scopus databases were conducted for publications up to
February 2016 that investigated the levels of IL-8 detected in individuals with CP compared with health individuals. A total of 31
publications were included in the systematic review. For meta-analyses, the strength of association was calculated by pooled odds
ratios with 95% confidence intervals using RevMan 5.1 software. Heterogeneity was examined using Higgins I-squared, tau-
squared, and x2 tests.

Results: In biopsies of gingival tissue of CP patients, all studies found higher IL8 mRNA levels, and the majority of studies showed
higher IL-8 protein levels in this tissue of individuals with moderate to severe CP. Four studies investigating the IL-8 levels in saliva
showed inconclusive results. In spite of some studies seemed to indicate higher levels of IL-8 in GCF of CP patients, themeta-analysis
results showed significantly lower IL-8 levels (pg/mL) in GCF of CP patients in comparison with periodontally healthy subjects.

Conclusions:We concluded that IL8 gene expression and IL-8 protein levels were higher in gingival tissues of CP patients when
compared to periodontally health individuals. Meta-analysis of studies that measured IL-8 (pg/uL) in GCF found lower levels in CP
patients. There are conflicting evidences regarding IL-8 levels in saliva.

Abbreviations: AgP= aggressive periodontitis, Chi2 = chi-squared, CI = confidence interval, CP= chronic periodontitis, ELISA =
enzyme-linked immunosorbent assay, GCF = gingival crevicular fluid, I2 = inconsistency index, IL-8 = interleukin-8, mRNA =
messenger RNA, ORs = odds ratios, PD = periodontal disease, PMN = polymorphonuclear leukocyte, SD = standard deviation.

Keywords: gingival, gingival crevicular fluid, interleukin-8, periodontal diseases, saliva

1. Introduction trigger the expression of proinflammatory cytokines, which have
The manifestation of periodontal diseases results from the
interaction of host defense mechanisms, microbial agents,
environmental and genetic factors. In patients with periodontitis,
more frequent occurrence and higher quantities of red-complex
bacteria were found. Bacterial metabolites and related molecules
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been associated with the immunopathology of periodontitis.[1]

Inflammation is driven and maintained by cytokines, including
chemokines, which are continuously produced by immune
cells.[2] Chemokines are a large family of chemotactic cytokines
that stimulate the recruitment of inflammatory cells. They are
produced by a number of cell types in the periodontium, such as
fibroblasts, endothelial cells, macrophages, lymphocytes, and
mast cells.[3]

The interplay between microbial species within subgingival
biofilms and the adjacent periodontal tissues is often marked by
an increase in gingival inflammation and the release of
biologically active substances, such as cytokines and chemokines,
into the gingival crevicular fluid (GCF).[4] However, in studies
analyzing cytokine levels in the periodontium, the results
obtained by analyzing the GCF do not always agree with the
results from the gingival tissue derived from patients with the
same diagnosis. Studies based on GFC analysis also exhibit
contradictory findings regarding cytokine levels in patients with
and without chronic periodontitis (CP).[5–9] Moreover, some
publications have recently addressed the potential diagnostic
properties of saliva, since it can be used to help diagnose oral
diseases and systemic conditions.[10,11] Importantly, inflamma-
tory cytokines detected in whole saliva do not originate from
major salivary glands secretions; instead, the GCF is the probable
source of these cytokines.[12]
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The analysis of oral fluids (GCF and saliva) can be used to
detect both clinical health and diseased status through the
examination of the levels of biological markers.[13] The levels of
various cytokines within GCF samples collected from periodontal
sites can be quantified by enzyme-linked immunosorbent assay
(ELISA).[14–18] The number of studies analyzing biomarker levels
in saliva has also steadily increased with the development of more
advanced methodologies.[19] Moreover, gingival tissues have
been utilized to assess the transcriptional level (mRNA) of
cytokines,[20–23] as well as to localize specific proteins by in situ
hybridization[24,25] or immunohistochemistry.[24–28]

Interleukin-8 (IL-8) is an important chemokine of interest in
periodontal diseases. IL-8 is a potent chemoattractant cytokine
and activator of neutrophils in inflammatory regions which is
released from endothelial cells, gingival fibroblasts, neutrophils,
monocytes, and phagocytes in the gingival crevice.[29,30] The
unique coordinated expression of IL-8 facilitates the transit of
neutrophils from the highly vascularized gingival tissue to the
gingival crevice.[25,31]

In spite of the importance of IL-8 chemokine in the panel of CP,
a variety of studies have shown contradictory findings regarding
IL-8 levels in the GCF and saliva of patients with CP. While some
studies demonstrate higher levels of IL-8 in the GCF of patients
with CP,[32,33] others show the opposite result[5,34]. Therefore,
the aim of this study was to develop a systematic review of the
available data regarding IL-8 mRNA and protein levels in
gingival tissue, saliva, andGCF in patients with CP. In addition, 2
meta-analyses focusing on IL-8 concentrations in GCF and saliva
of patients with or without CP were performed.
2. Material and methods

2.1. Focused question

The focused question was “Do individuals with chronic
periodontal disease have different IL-8 levels compared with
healthy patients?” Because this question focused on IL-8 levels in
the GCF and saliva of subjects, 2 meta-analyses were performed.
2.2. Eligibility criteria

We selected original research articles according to the following
inclusion criteria: human clinical studies; cytokine profile in the
GCF, saliva, and gingival tissue of patients with and without CP;
articles published in the English language. Original research
articles that failed to follow 1 or more of the 3 criteria described
before were excluded from the systematic review. Furthermore,
experimental studies, letters to the editor, historical reviews, and
unpublished articles were excluded.
2.3. Literature search

Electronic searches of the PubMed, Web of Science, and Scopus
databases were conducted for publications up to February 2016
that investigated the levels of IL-8 in GCF, saliva, and gingival
tissue from individuals with chronic periodontal disease
compared with healthy individuals. No date filters were applied.
Relevant papers were identified through database searches using
some combination of the following terms: “IL-8” and “Peri-
odontal Disease”; “IL-8” and “Periodontitis”; “Interleukin-8”
and “Periodontal Disease”; “Interleukin-8” and “Periodontitis.”
A literature search was conducted using the EndNote Program
X7 version (Thomson Reuters, New York, NY) in order to
2

eliminate duplicate references. For searching, we utilized general
terms such as periodontal disease (PD), but for the analyses we
restricted the studies to CP. Including PD studies, it could
decrease the chances of losing studies that had investigated CP,
even if they had also investigated aggressive periodontitis (AgP).
Two investigators (LSF and RN) performed the initial search

for assessment of titles and abstracts independently, and the
results were checked for the agreement. The full text of the articles
judged to be relevant based on title and abstract were then
independently read and assessed based on the selection criteria.
For conflicting evaluations, an agreement was reached following
a discussion including a third investigator (RMSC).
2.4. Data extraction

Three investigators (LSF, SCP, and RN) independently reviewed
all studies and extracted the data using a standardized form.
Among the studies, we classified 3 types of studies according to
the biological sample collected for analysis.
2.5. Meta-analysis of the IL-8 GCF levels regarding CP

In order to perform the meta-analysis, it was necessary to select
studies that presented numerical values of mean and standard
deviation of IL-8 levels in the GCF of patients by ELISA.[5,8,32–36]

The meta-analysis was performed by combining the results of
different studies (Table 1), providing a numerical estimate of the
overall effect of interest. It is noteworthy that within the GCF
studies we found 2 different units used for measuring the IL-8
levels: pg/site and pg/mL. For this reason, papers for this meta-
analysis were divided according to the unit of IL-8 measure
(Fig. 1). Six studies presented their results in pg/mL[5,32–36] and
3 studies presented their results in pg/site.[8,34,36] It is worth
mentioning that Jin et al[34] and Tsai et al[36] presented their
results as both pg/mL and pg/site.
The variance of IL-8 levels was estimated using a 95%

confidence interval (CI). The pooled effect was considered
significant if 2-sided P-values< .05 were reached. Statistical
software (ReviewManager (RevMan) Version 5.1, Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2011) was used to pool the data and produce the forest plots.
Forest plots for each meta-analysis present the raw data (i.e.,
means, standard deviations (SD), and sample sizes), point
estimates (displayed as blocks) and CIs (displayed as lines) for
the chosen effect, as well as heterogeneity statistics (x2 and I2),
total number of participants per group, overall average effect
(mean difference and Z-statistics), and percent weight assigned to
each study. Chi-square (x2) and inconsistency index (I2) tests
were used to assess the heterogeneity of the studies included
in this meta-analysis. The heterogeneity of the trials will be
significantly indicated if I2 >25% and P< .1, instead of P< .05,
as that test has a low power. The random-effects model (Der
Simonian-Laird method) was applied.
3. Results

The electronic search generated 4455 hits, which represented 944
unique citations. A total of 85 publications were obtained as full-
text copies and 54 of these publications were later excluded
on the basis of a priori criteria (Fig. 2). The remaining 31
publications were divided according to the biological sample
collected for analysis: 17 studies used GCF, 4 studies used saliva,
and 10 studies used gingival tissue.



Table 1

Characteristics of the studies included systematic review.
Gingival crevicular fluid

Criteria for subjects selection

Author, year
Total

subjects
N (mean

age in years) Control subjects Diseased subjects Evaluation method Levels of IL-8
Significant
difference

Chung et al[5] 44 Control group (27.7) Study
group (41.0)

No sites with: CAL ≥5mm or
PPD ≥5 mm

To have at least 4 sites with: CAL
≥5mm and PPD ≥3 mm

ELISA Lower in diseased
subjects

Yes

Cosgarea et al[37] 24 Control group (30.4) Study
group (53.8)

No sites with: CAL ≥4mm or
PPD ≥4 mm

Classification of periodontal disease
using criteria provided by The
American Academy of
Periodontology

ELISA Lower in diseased
subjects

No

Ertugrul et al[38] 42 Control group (32.8) Study
group (35.1)

No CAL >2mm or PPD >3
mm, BOP at <15% of
sites, no horizontal or
vertical bone loss in the
radiographic examinations

To have at least 4 teeth with: CAL
≥4mm and PPD ≥5 mm;
vertical and horizontal bone loss
in the radiographic examinations

ELISA Higher in diseased
subjects

Yes

Gamonal et al[32] 18 Control group (40.16) Study
group (47.16)

No sites with: CAL ≥5mm or
PPD ≥5 mm

To have at least 14 natural teeth
excluding third molars and 5 to
6 teeth with: CAL ≥3mm and
PPD ≥6 mm

ELISA Higher in diseased
subjects

Yes

Giannopoulou
et al[39]

40 Control group (38.0) Study
group (52.0)

NI To have at least 8 sites with: CAL
>5mm and radiographic
evidence of bone loss

ELISA Higher in diseased
subjects

Yes

Guentsch et al[40] 30 Control group (26.0) Study
group (52.0)

All CAL=0mm and PPD �3
mm

To have at least 30% of sites with:
PPD ≥5mm and present an
age of ≥35 years

ELISA Higher in diseased
subjects

No

Holzhausen et al[41] 80 Control group (32.1) Study
group (45.0)

All CAL=0mm and PPD �3
mm, no BOP

To have at least 2 sites with: CAL
≥4mm, PPD ≥6mm, and BOP

ELISA Higher in diseased
subjects

Yes

Jacob and Nath[33] 30 Control group (28.3) Study
group (42.9)

No sites with: CAL ≥4mm or
PPD ≥4 mm

Based on the current classification
of the American Academy of
Periodontology

ELISA Higher in diseased
subjects

No

Jin et al[34] 26 NI No sites with: CAL ≥1mm or
PPD ≥4mm, or signs of
bone loss on radiographs

To have at least 2 teeth per
quadrant with: CAL ≥3mm,
PPD ≥5mm, and radiographic
evidence of alveolar bone loss

ELISA Lower in diseased
subjects

Yes

Khalaf et al[46] 60 Control group (55.2) Study
group (54.5)

Infrequent occurrence of PPD
≥4mm and no bone loss
on radiographs

To have at least 5 sites with: PPD
4–6mm or >6mm, a BOP
score exceeding 5%, and
radiographs showing generalized
bone loss

ELISA Higher in diseased
subjects

Yes

Konopka et al[8] 51 Control group (33.7) Study
group (48.7)

Present mean whole-mouth
CAL �1mm and no
radiographic evidence of
alveolar bone loss

Based on the current classification
of the American Academy of
Periodontology

ELISA Higher in diseased
subjects

Yes

Luo et al[42] 30 NI NI Visible plaque index, gingival
bleeding, retentive calculus,
PPD, and radiographic bone
loss detected by
orthopantomograms

ELISA Lower in diseased
subjects

Yes

Lutfioglu et al[43] 30 Control group (29.2) Study
group (45.1)

NI To have at least 8 teeth with: PPD
≥5mm and radiographic
evidence of alveolar bone and
attachment loss

ELISA Higher in diseased
subjects

Yes

Mathur et al[35] 40 Control group (35.9) Study
group (50.9)

NI Periodontal disease status was
determined from previous
clinical and radiographic records

ELISA Lower in diseased
subjects

No

Teles et al[18] 40 Control group (38.0) Study
group (55.0)

To have at least 24 teeth
with: CAL <2mm and
PPD <3 mm

To have at least 20 teeth and 8
sites with: CAL >4mm and
PPD >2 mm

Checkerboard immunoblotting Higher in diseased
subjects

Yes

Tsai et al[36] 21 Control group (27.2) Study
group (39.8)

NI NI ELISA Higher in diseased
subjects

Yes

Tymkiw et al[44] 32 Control group (51.2) Study
group (61.2)

Clinical attachment level and
probing depth �3mm and
bleeding on probing at
�10% of sites

>30% of sites with a clinical
attachment level and probing
depth ≥5 mm

Luminex Higher in diseased
subjects

Yes

Gingival tissue
Criteria for subjects selection

Author,
year

Total
subjects

N (mean
age in years)

Control
subjects

Diseased
subjects

Evaluation
method Levels of IL-8

Significant
difference

Andia et al[20] 24 Control group (37.2) Study group
(44.0)

No sites with: CAL ≥3
mm and PPD ≥3
mm

Based on the current
classification of the American
Academy of Periodontology

qRT-PCR Higher in diseased
subjects

Yes

Cesar-Neto et al[21] 35 Control group (40.5) Study group
(49.5)

No sites with: PPD ≥3
mm an BOP

Sites with: PPD ≥7mm and BOP qRT-PCR and ELISA Higher in diseased
subjects

Yes

Correa et al[45] 60 Control group (40.5) Study group
(45.5)

NI To have at least 4 sites and more
than 2 teeth in each quadrant
with: CAL >5mm and PPD
>6 mm

ELISA Higher in diseased
subjects

Yes

Duarte et al[22] 30 Control group (38.5) Study group
(49.5)

No sites with: PPD ≥3
mm and BOP

To have sites with: PPD ≥5mm
and BOP

ELISA Higher in diseased
subjects

Yes

(continued )
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(continued).

Gingival tissue
Criteria for subjects selection

Author,
year

Total
subjects

N (mean
age in years)

Control
subjects

Diseased
subjects

Evaluation
method Levels of IL-8

Significant
difference

Matsuki et al[24] 22 NI NI Patients with moderate to severe
periodontitis

In situ hybridization and
immunohistochemistry

Higher in diseased
subjects

Not applied

McGee et al[26] 24 NI No sites with: PPD ≥3
mm an BOP

Based on the current
classification of the American
Academy of Periodontology

ELISA and immunohisto-
chemistry

Higher in healthy gingiva Yes

Sfakianakis et al[27] 12 NI Sites with noninflamed
gingiva

Patients with diagnosis of
periodontitis

Immunohistochemistry Found in healthy and
disease tissue

Not applied

Souto et al[28] 33 All individuals (46) NI To have at least 2 nonadjacent
teeth with: CAL ≥3 mm

Immunohistochemistry Higher in advanced
disease

Yes

Tonetti et al[25] 18 NI No sites with CAL ≥2
mm and PPD ≥2
mm

To have sites with: CAL >4mm,
PPD=4–5mm, and BOP

In situ hybridization and
immunohistochemistry

Found in healthy and
disease gingiva

Not applied

Venza et al[23] 60 All individuals (62.1) NI Based on the current
classification of the American
Academy of Periodontology

qRT-PCR and western blot Higher in diseased
subjects

Yes

Saliva
Criteria for subjects selection

Author, year
Total

subjects N (mean age in years) Control subjects
Diseased
subjects

Evaluation
method Levels of IL-8

Significant
difference

Cheng et al,
2014[47]

42 Control group (62.95) Disease
group (61.86)

No evidence of moderate, or
severe periodontitis

Minimum of moderate
periodontitis: ≥2
interproximal sites with
CAL ≥4mm (not on the
same tooth), or ≥2
interproximal sites with
PPD ≥5mm (not on the
same tooth)

ELISA Higher in control
subjects

Yes

Khalaf et al[46] 60 Control group (55.2) Disease group
(54.5)

No bone loss found on
radiographs and infrequent
occurrence of PD >4 mm

Radiographs showing
generalized bone loss
exceeding one-third of the
root length on a majority of
teeth, clinical presence of
at least 5 sites with PPD
>4 and BOP score >5%

ELISA Higher in control
subjects

Yes

Michiels
et al[48]

31 Control group (28) Disease group
(53)

NI NI ELISA Higher in diseased
subjects

Yes

Teles et al[49] 118 Control group (31) Disease group
(50)

At least 20 natural teeth and
no pocket depth or
attachment level
measurements of >3 mm

At least 20 natural teeth and
8 or more sites with PPD
>4mm and CAL >3 mm

Luminex Higher in diseased
subjects

No

BOP=bleeding on probing, CAL= clinical attachment level, ELISA= enzyme–linked immunosorbent assay, IL-8= interleukin-8, NI=no information, PD=periodontal disease, PPD=probing pocket depth, qRT-
PCR= reverse transcription polymerase chain reaction.
Significant difference: P� .05.
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3.1. Findings of the IL-8 levels in GCF and meta-analysis

A total of 17 studies evaluated IL-8 profiles in the GCF of patients
with andwithout CP. According to Table 1, only 2 studies did not
use the ELISA method for cytokine detection.[18,44] The number
of subjects sampled ranged from 18 to 80 patients. Twelve studies
reported higher IL-8 levels, and 5 presented lower IL-8 levels in
the GCF of the diseased group in comparison to healthy
individuals. This elevated number of publications and contra-
dictions among studies motivated us to perform themeta-analysis
for assessing the IL-8 levels in the GCF of patients with and
without CP. The heterogeneity test showed a statistically
significant high heterogeneity among studies which measured
IL-8 levels in pg/mL (I2=97%; P=< .0001), as well as for studies
using pg/site analysis (I2=97%; P< .0001).
In studies using pg/mL, the random effect model showed an

estimated mean difference of –439.15pg/mL (95% confidence
interval [CI]: –786.23 to –92.07; Fig. 1A). However, studies using
pg/site, the meta-analysis revealed a nonsignificant mean
difference of –15.37pg/site (95% CI: –78.27 to 47.54;
Fig. 1B). These findings indicate that patients with CP
demonstrated significant lower levels of IL-8 in comparison to
healthy individuals when IL-8 levels were measured in pg/mL,
4

while no significant results were observed when levels were
measured in pg/site.

3.2. Findings of the IL-8 levels in gingival tissue

Table 1 shows 10 studies that assessed the IL-8 mRNA or protein
levels in gingival tissue. All 4 studies investigating the IL8mRNA
levels (IL8 gene expression) using qRT-PCR demonstrated higher
levels of IL8 mRNA in the gingival tissue of individuals with CP
in comparison to healthy individuals.[20–23] In order to investi-
gate IL-8 protein levels in the gingival tissues of individuals with
and without CP, the studies utilized different methodologies,
including ELISA (3 studies),[21,26,45] western blot (1 study),[23]

and immunohistochemistry (5 studies)[24–28] (Table 1). Two of
the ELISA studies[22,45] and the western blot[23] study showed
higher IL-8 protein levels in the gingival tissue of patients with
CP. These results agreed with those examining protein levels in
GCF via ELISA, without considering the meta-analysis, as
mentioned above. However, the results of the immunohistochem-
istry studies were inconsistent. Two of these studies[24,28]

reported higher levels of IL-8 in individuals with periodontal
disease and only 1[27] study found higher levels of IL-8 in healthy
tissues. The remaining 2 studies only evaluated the IL-8 presence



Figure 1. Meta-analysis forest plots of IL-8 levels in the GCF of patients with and without chronic periodontitis. The forest plot is a graphical depiction of the
individual results that contributed to meta-analyses. The study results contributing to the meta-analyses were dived into groups according to the unit of measure
used in each study. (A) Picograms/mL unit; (B) picograms/site unit. GCF = gingival crevicular fluid, IL-8 = interleukin-8.
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in healthy or diseased gingival tissue, without comparing the IL-8
levels between individuals with and without CP.[25,26]
3.3. Findings of the IL-8 levels in saliva

According to Table 1, the electronic search generated 4 studies
assessing cytokine profile (including IL-8 levels) in the saliva of
patients with and without CP.[46–49] Only 1 study used the
Luminex evaluation method[49] and the other 3 used the ELISA
method.[46–49] The number of subjects sampled ranged from 31
to 118 patients. In regard to the assessed parameters, probing
pocket depth was evaluated by 3 studies, whereas clinical
attachment level was evaluated by 2 studies and bleeding on
probing by 1. Two studies presented higher[46,47] while the other
2 studies[46,47] detected lower IL-8 protein levels in the diseased
group. Interestingly, significant differences were found only in 1
study, which reported higher levels of IL-8 in control subjects;
however, this study did not report the numerical data (mean/
standard deviation) of IL-8 protein levels.[46] Only 2 other studies
reported the numerical data (mean/standard deviation) for IL-8
protein levels.[47,48]
5

Using the heterogeneity test, we observed no statistically
significant heterogeneity among the studies (I2=0%; P=1). The
fixed effect model showed a nonsignificant mean difference of
0.01pg/mL (95% CI: –0.14 to 0.16) among them (Fig. 3).

4. Discussion

This study investigated IL-8 mRNA and protein levels in GCF,
saliva, and gingival tissues from patients with CP compared with
periodontally healthy individuals. In general, the meta-analysis
results demonstrated significantly lower levels of IL-8 in the GCF
of patients with CP when levels were measured in pg/mL. On the
other hand, the majority of studies that investigated gingival
tissues found higher levels of IL8 gene expression and IL-8
protein levels in individuals with CP. For IL-8 protein levels in
saliva, the results were inconclusive.
As the systematic review revealed an elevated number of

publications with contradictory results of the IL-8 levels in GCF,
a meta-analysis was developed to assess the IL-8 levels in the GCF
of patients with and without CP. Some of the studies presented in
Table 1 were eligible to be included in the meta-analysis.

http://www.md-journal.com
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Figure 2. Flowchart outlining the search and the results obtained at different stages of this study.
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Interestingly, the meta-analysis of studies that utilized pg/mL as
the unit of IL-8 measurement showed that the GCF of patients
with CP presented significantly lower IL-8 levels than the GCF of
healthy control subjects (Fig. 1A). Zhang et al[50] demonstrated
that both gingival and oral epithelial cells infected with P.
gingivalis produced IL-8, and after infection these cells continued
to express IL8mRNA, although the accumulation of the secreted
protein could not be detected. The authors suggested that IL-8
could be degraded locally by P. gingivalis proteinases.[50] This
finding might explain the results of the present meta-analysis, but
further research should confirm or negate this hypothesis.
The units used to measure IL-8 levels in GCF are also

important and may contribute to some of the discrepancies
between studies. Chung et al[5] suggested that the function and
biological activity of different mediators should influence the unit
of measurement. In the case of IL-8 and other cytokines, in which
functional activity depends on binding and interaction with cell
surface receptors, these mediators should be more appropriately
reported as GCF concentrations. The majority of case–control
studies which were eligible for this meta-analysis fell into this
category (i.e., they presented the data as pg/mL). Interestingly, a
significant result was obtained after meta-analysis only when
studies that measured IL-8 in pg/mL were included. Therefore, it
is evident that, for the purposes of statistical analysis, it is
necessary to group together only studies that used the same units
to measure IL-8 levels. There is currently no agreement between
among researchers concerning the methodology for measuring
IL-8 concentrations in GCF.[5,35] In the literature, 3 methods of
measurement to quantify IL-8 have been reported: total activity
per timed sample (amount or units per 30-second sample);
protein concentration (amount or units per unit of GCF volume);
Figure 3. Meta-analysis forest plots of IL-8 levels (picograms/mL) in the saliv

6

or total activity (amount per sample or site). Lamster et al
suggested that the total cytokine amount in GCF might be more
representative of the disease status than the evaluation of protein
concentration.[51] In addition, Chapple et al[52] emphasized that
volumes are variable regardless of inflammatory status. There-
fore, they proposed utilizing the total marker activity per 30
seconds in GCF samples, rather than the concentration of the
marker, because it might provide a better correlation with health
or disease status.[52] To measure gingival fluid, the use of
micropipettes, ninhydrin staining, and fluorescein is complicated
and time-consuming, but an electric measuring device, the
“Periotron,” is efficient and can digitally demonstrate the amount
of gingival fluid.[53] Therefore, the use of a Periotron provides a
confident measurement of GCF volume, which is required for
calculating the protein concentration present in the GCF. This
procedure eliminates the influence of gingival inflammatory
status when measuring protein levels in GCF. Consequently, the
best choice for quantifying a protein in the GCF seems to be using
the Periotron and pg/mL as a unit of measurement.[5]

The IL-8 protein was also found in saliva; however, the studies
examining salivary IL-8 levels showed were variable and
inconclusive (Table 1), as demonstrated by the meta-analysis
presented in Fig. 3. Only Khalaf et al[46] reported significantly
higher IL-8 levels in saliva from periodontally healthy individuals
in comparison with those affected by CP.[46] Interestingly, this
result is in agreement with the meta-analysis in GCF, which
showed higher levels of IL-8 in the GCF of control subjects. The
final dilution provided by saliva depends on the percentage of
sites exhibiting severe periodontitis (deep pocket sites) in a
subject.[54] Therefore, more severe periodontal disease, exempli-
fied by a highermean percentage of sites with pocket depth, might
a of patients with and without chronic periodontitis. IL-8 = interleukin-8.
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be associatedwith higher IL-8 levels. The lack of association
between the levels of salivary biomarkers and periodontal disease
could be explained by differences in the methods of saliva
collection (stimulated or unstimulated), processing (speed and
time of centrifugation), storage (time, temperature, and presence/
absence of protease inhibitors), or the methodology used for
biomarker quantification (ELISA vs Luminex).[49] In addition, an
extensive dilution of the GCF containing these cytokines in
saliva[49] could have relevant impact on different results in studies
focusing saliva and periodontitis. Furthermore, the presence of
putative inhibitors, such as mucin-like proteins or other large
molecules and enzymes, could also interfere with the IL-8 levels
in saliva.[55]

The IL8mRNA levels in gingival tissue were found to be higher
in individuals with CP in comparison to healthy individuals in
3 studies.[20,21,23] This transcriptional IL8 measurement agrees
with the translational IL-8 measurement, as demonstrated
in 7 of 10 studies utilizing ELISA, western blot, and
immunohistochemistry.[22,24–28,45] These studies demonstrated
higher IL-8 concentrations in gingival tissue from individuals
with moderate to severe CP. Immunohistochemistry of periodon-
titis tissue specimens showed maximal IL-8 detection in deeper
layers of the pocket epithelium, in close spatial relationship with
the inflammatory infiltrate and associated with polymorphonu-
clear leukocyte (PMN) infiltration. This indicates an involvement
of IL-8 in the induction and development of periodontitis.[25]

Conversely, lower IL-8 levels and numbers of PMN were also
detected in healthy gingival specimens, mainly in the coronal
third of the junctional epithelium. This suggests a role of this
chemokine in the constant migration of neutrophils through the
gingival tissues and in the establishment of equilibrium between
the continuous bacterial challenge and the host defense.[25,27]

Therefore, IL-8 could play a multifunctional role in the
pathogenesis of periodontal disease.[27]

The number of meta-analysis studies has increased in recent
years, reflecting the interest of researchers in finding consistent
information regarding different issues. In this context, the present
meta-analysis and systematic review contributes to the area
because of the methodological care used, since it was developed
according to the QUOROM statement.[56] Reliable results
depend on the use of rigor in eligibly reports in meta-analyses
and systematic reviews. The main limitations of the present study
were differences regarding the criteria used to classify an
individual as periodontally diseased or healthy. This may have
contributed to the high heterogeneity observed by the statistical
analysis employed in the meta-analysis. The challenge for future
meta-analysis studies is to find reports that are as similar as
possible with regard to the clinical parameters used for selecting
patients, the unit of cytokine measurement, and the utilized
sampling.
Furthermore, the absence of numerical data (mean/standard

deviation) in reports investigating the IL8 gene expression and
IL-8 protein levels in gingival tissue precludes the inclusion of
these studies in a meta-analysis. For IL-8 protein levels in saliva,
only 2 studies reported the numerical data (mean/standard
deviation) necessary to perform the meta-analysis. Moreover,
only 1 study presented the criteria used by the authors to classify
an individual as periodontally diseased or healthy.
In conclusion, this systematic review showed higher IL8 gene

expression and IL-8 protein levels in gingival tissues from
individuals with CP compared with periodontally healthy
patients. There are conflicting evidences regarding IL-8 levels
in saliva. Moreover, although the results of the studies were
7

highly heterogeneous, many studies reported higher IL-8 levels in
the GCF of patients with CP as compared to healthy controls;
however, a meta-analysis of studies that measured cytokine levels
using pg/uL found lower levels of IL-8 in CP patients.
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