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Abstract

Aim: To test the hypothesis that rheumatoid arthritis (RA) influenced levels of
salivary biomarkers of periodontal disease.

Methods: Medical assessments, periodontal examinations and pain ratings were
obtained from 35 RA, 35 chronic periodontitis and 35 age- and gender-matched
healthy controls in a cross-sectional, case—controlled study. Unstimulated whole saliva
samples were analysed for interleukin-1f (IL-1f), matrix metalloproteinase-8 (MMP-
8) and tumour necrosis factor-a. (TNF-o) concentrations.

Results: The arthritis and healthy groups had significantly less oral disease than the
periodontitis group (P <0.0001), with the arthritis group having significantly more
sites bleeding on probing (BOP) than matched controls (P = 0.012). Salivary levels of
MMP-8 and IL-1f were significantly elevated in the periodontal disease group
(P<0.002), and IL-1f was the only biomarker with significantly higher levels in the
arthritis group compared with controls (P = 0.002). Arthritis patients receiving anti-
TNF-o antibody therapy had significantly lower IL-18 and TNF-a levels compared
with arthritis patients not on anti-TNF-« therapy (P = 0.016, 0.024) and healthy
controls (P<0.001, P =0.011), respectively.

Conclusion: RA patients have higher levels of periodontal inflammation than healthy
controls, i.e., an increased BOP. Systemic inflammation appears to influence levels of
select salivary biomarkers of periodontal disease, and anti-TNF-o antibody-based
disease-modifying therapy significantly lowers salivary IL-1f and TNF-u levels in RA.
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loss. The diagnostic utility of these
clinical measures results from their
ease of use, relative non-invasiveness
and reliability. However, the time, cost
and professional expertise required to
complete these procedures accurately
have led the profession to search for
additional chair side measures to aid in
early diagnosis and monitoring. Pre-
vious studies have shown that the con-
stituents present in oral fluids (i.e.,
gingival crevicular fluid and saliva)
can provide important complimentary
diagnostic  information = (Malamud
1992, Fox 1993, Kaufman & Lamster
2000, Kaufman & Lamster 2002, Gian-
nobile et al. 2009), with saliva being

appealing for its advantages of being a
rapid, non-invasive, readily abundant
diagnostic fluid potentially useful for
point-of-care analysis for dental profes-
sionals and the general public (Malamud
et al. 2005, Christodoulides et al. 2007).

Studies have shown that levels of
certain salivary biomarkers are elevated
in individuals who have periodontal
disease (Pederson et al. 1995, Lamster
et al. 2003, Christodoulides et al. 2005,
Christodoulides et al. 2007, Ng et al.
2007, Scannapieco et al. 2007, Frodge
et al. 2008, Tobon-Arroyave et al.
2008). In particular, biomarkers asso-
ciated with distinct biological phases of
periodontal disease (i.e., inflammation,
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collagen degradation and bone remodel-
ling) have been suggested to be useful
for early recognition of patients with
periodontitis (Miller et al. 2006). With-
in this context, several biomarkers
including interleukin (IL)-1f, C-reac-
tive protein, matrix metalloproteinase
(MMP)-8 and -9, tissue inhibitor of
matrix metalloproteinase-1, tumour
necrosis factor (TNF)-a, receptor acti-
vator of nuclear factor-xB ligand and
pyridinoline cross-linked carboxyterm-
inal telopeptide of type I collagen have
been investigated (Bertolini et al. 1986,
Assuma et al. 1998, Azuma et al. 2000,
Gorska & Nedzi-Gora 2006, Miller
et al. 2006, Gursoy et al. 2010, Miller
et al. 2010).

A concern with the clinical use of
salivary biomarkers as an adjunct to
identify periodontal disease is the pos-
sibility that systemic inflammation
resulting from various chronic inflam-
matory diseases may confound the uti-
lity of the biomarkers. This concern
arises because whole saliva contains
serum-derived components, and media-
tors of inflammation, collagen break-
down or bone remodelling that are
elevated in serum of persons with con-
ditions such as rheumatoid arthritis
(RA) and could appear in saliva (Ben-
Aryeh et al. 1978, Miller et al. 2010).
RA is a chronic inflammatory disorder
that exhibits soft and hard tissue
destruction similar to that of periodontal
disease (Snyderman & McCarty 1982).
In as much as certain inflammatory
mediators such as IL-15, MMP-8 and
TNF-o that have been shown to be
elevated in the inflamed joints and ser-
um of patients with RA (Tchetverikov et
al. 2004, Eklund et al. 2007, Marti et al.
2009), it is possible that persons with
RA or other inflammatory arthritides
could have increased levels of these
potential biomarkers in their saliva. Of
great interest also, periodontal disease
has a positive association with RA (de
Pablo et al. 2008, Pischon et al. 2008, de
Pablo et al. 2009), and it has been
proposed that chronic Porphyromonas
gingivalis infection of the periodontal
sulcus may be a source of citrullinated
peptides that could serve as antigens that
trigger RA (Wegner et al. 2010). For
these reasons, it may be useful to iden-
tify periodontal disease in patients with
RA or at risk for RA. In the absence of
published studies on this topic, this
investigation sought to test the hypoth-
esis that RA influences levels of salivary
biomarkers of periodontal disease.
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Material and Methods

One hundred and five patients were
enrolled in this cross-sectional case—
controlled clinical study performed at
the University of Kentucky. Thirty-five
patients with the diagnosis of active RA
for at least 3 years, as defined by the
American College of Rheumatology cri-
teria (Arnett et al. 1988), and under the
care of a board-certified rheumatologist
at the University, 35 patients with
chronic adult periodontitis based on the
criteria defined by the American Acad-
emy of Periodontology (Armitage 1999,
Armitage 2004) and 35 healthy controls
were enrolled. The groups were
matched by age and gender.

Inclusion criteria included > 18 years
of age who were in good general health
(excluding the case definition) and had
= 18 erupted teeth. Subjects in the perio-
dontitis group had >30% of sites with
BOP, >20% of sites with PD>4 mm,
>10% of sites with interproximal
CAL>2mm and evidence of alveolar
crestal bone loss =2mm at >30% of
sites visible in posterior vertical bitewing
films. The healthy controls had <10%
sites with BOP, <2% of sites with
PD>5mm, no sites with PD>6mm,
<1% of sites with clinical AL>2mm
and no radiographic bone loss evident in
posterior vertical bitewings films. Exclu-
sion criteria were a history of alcohol-
ism; liver, kidney, or salivary gland
dysfunction; inflammatory bowel dis-
ease; granulomatous diseases; or were
undergoing or had undergone organ
transplant or cancer therapy. Pregnancy,
use of antibiotics or immunosuppressant
medication (non-RA groups only) within
the last 6 months, need for antibiotics for
infective endocarditis prophylaxis during
dental procedures, symptoms of acute
illness (i.e., fever, sore throat, body
aches and diarrhoea), orthodontic appli-
ances or the presence of an oral mucosal
inflammatory condition (e.g., aphthous,
lichen planus, leukoplakia and oral can-
cer) also were exclusion criteria. The use
of disease-modifying anti-rheumatic
drugs (DMARDs) was permitted in the
RA group. The study was performed at
the University of Kentucky between
August 2005 and October 2007 and
was approved by the University Institu-
tional Review Board. All subjects under-
stood the study, provided written
informed consent and received incen-
tives (i.e., monetary compensation and
a clinical examination) as part of the
study protocol.
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Clinical evaluation

Complete medical and dental histories
were obtained from the patient’s records
and confirmed by interview. Clinical
periodontal indices including PI, PD,
BOP and CAL were recorded for each
subject by one calibrated examiner
[periodontist (D. R. D.)] after the collec-
tion of saliva. Measures for PI, PD and
BOP were recorded from six locations
per tooth (mesial-buccal, mid-buccal,
distal-buccal, mesial-lingual, mid-lin-
gual and distal-lingual) using a PUNC
15 probe (Hu-Friedy, Chicago, IL,
USA). CALs were obtained by measur-
ing interproximal sites only, and gingi-
val recession was measured on the facial
and lingual surfaces only. The level of
overall body pain for each RA patient at
the time of saliva collection was
recorded using a 10cm line visual ana-
logue scale as reported previously (Dan-
hauer et al. 2002).

Saliva collection

Unstimulated whole expectorated saliva
was collected from each subject
between 9 and 11 a.m. according to a
modification in the method described by
Navazesh (1993). Subjects rinsed their
mouth with tap water, then expectorated
whole saliva into sterile tubes while
seated in an upright position. Collected
samples were placed immediately on ice
and aliquoted before freezing at
— 80°C. Samples were thawed and ana-
lysed within 6 months of collection.

Biomarker analysis

Concentrations of salivary IL-1 and
TNF-a were determined in duplicate
using Luminex human cytokine/chemo-
kine multiplex kits (Millipore, St.
Charles, MO, USA) and salivary levels
of MMP-8 were determined in duplicate
for each subject using human quantikine
MMP-8 enzyme-linked immunosorbent
assay kits (R&D Systems, Minneapolis,
MN, USA) according to the manufac-
turer’s directions by technologists in the
University of Kentucky General Clinical
Research Center Core laboratory. Stan-
dards were included on all runs and all
results are reported within the linearity
of the assays.

Statistical analysis

Demographic variables were compared
among RA, healthy and periodontitis
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groups using a chi square test or Fisher’s
exact test for categorical responses and
analysis of variance (aNova) for interval
level responses. Mean periodontal
indices and concentrations of the sali-
vary analytes were compared between
the groups using analysis of covariance
with adjustments for race, tobacco use
and alcohol use. To determine the sen-
sitivity of the results to large values of
the biomarkers, a re-analysis using log-
transformed responses was conducted.
Because these usually produced similar
results, this re-analysis is not reported
here with the exception of TNF-a where
the Kolmogrov—Smirnov test for nor-
mality indicated a log transformation
was warranted. The periodontal indices
were regressed on the biomarkers with
possible differences in intercepts and
slopes due to group membership. A re-
analysis of the comparison of mean
periodontal indices and the regression
models, which account for differences
among the groups on alcohol use, tobac-
co use and race were conducted but
because the results did not change,
only the simpler analyses are reported
here. All analyses were performed using
the PC SAS 9.1 (SAS Institute Inc.,
Cary, NC, USA) with statistical signifi-
cance determined at the 0.05 level.

Results

Thirty-five RA patients ranging in age
from 22 to 64 years were enrolled and
matched with 35 healthy controls and 35
periodontitis patients (Table 1). Subjects
were predominantly females and Cau-
casians. There were more smokers in the
RA and periodontitis groups, and alco-
hol use was significantly more common
in the RA and healthy groups than the
periodontitis group. The mean number
of teeth for the three groups was similar,
as was the %2CAL>2 mm between the
healthy and RA groups. A higher PI,
%PD sites =4mm and %PD sites
=5 mm, was observed in the RA group
compared with the controls (P>0.05),
additionally the %BOP was significantly
higher in the RA group than the controls
(P =0.012). The periodontal disease
group had significantly higher values
for all clinical periodontal measures
compared with the RA and healthy
groups (P <0.0001).

Individuals in the RA group were
under routine care of a rheumatologist.
The mean number of DMARDs was 1.2
(% 0.8) per patient and the group mean

Table 1. Comparison of demographics and clinical characteristics between study groups

RA (n=35) Healthy (n =35) Periodontitis (n =35) p-Value
Age (years; mean £ SD) 46.8 + 10.5 43.0 + 10.6 442 + 8.2
Females (%) 77.2 74.3 714
Whites (%) 94.3 85.7 54.3 <0.006*
Hispanics (%) 2.9 5.7 17.1
African Americans 0 0 114
Asians (%) 2.9 8.6 14.3
Current tobacco use (%) 114 0 17.1 0.065*
Current alcohol use (%) 25.7 37.1 114 <0.001*
Number of teeth 26.4 £+ 3.0 27.0 £ 2.5 263 £ 1.9
Periodontal indices (% sites; mean + SD)
Plaque sites 48.4 £+ 31.5 41.7 £ 41.8 136.8 + 21.3 <0.0001**
BOP sites 13.0 £ 104 46+55 0.012%**
55.0 £ 23.5 <0.0001**
PD sites >4 mm 49 + 8.6 1.8 +£23 27.0 + 15.0 <0.0001™*
PD sites>5mm 1.7 £34 02405 164 £ 11.4 <0.0001™*
CAL>2mm 34+ 6.7 27459 17.6 £ 11.8 <0.0001™*

*Determined by Fisher’s exact test.

**Determined by aNova and applies to comparisons of periodontitis versus RA or healthy.
**Determined by ANcova and applies to comparisons of RA versus healthy.

VAS pain score was 3.6cm (£ 2.1 cm).
Eighteen RA subjects took monoclonal
anti-TNF medication (Mab) with or
without methotrexate, nine took metho-
trexate, three took leflunomide with
methotrexate, hydroxychloroquine or
Mab and eight took no DMARD:s.
Four patients were on prednisone and
18 of the RA patients also took analge-
sic/non-steroidal anti-inflammatory
drugs daily.

Salivary levels of MMP-8, IL-1f and
TNF-o in the three groups are repre-
sented as box plots in Fig. 1. When
adjusted for race and use of alcohol
and tobacco, mean levels of IL-1f
were significantly elevated (4.18 to 5.2
times) in the RA and periodontitis
groups compared with the healthy con-
trols (P<0.002 and <0.04, respec-
tively). Subgrouping the RA patients
into those on Mab-based therapy and
those receiving other/no DMARDs
demonstrated that this difference was
related to elevated salivary IL-1f levels
from the RA patients not receiving Mab
(223.24 pg/ml) versus those on therapy
(73.35pg/ml; P=0.016) and healthy
subjects (33.11 pg/ml, P<0.001).

Adjusted mean MMP-8 levels were
significantly elevated (>3.6 times) in
the periodontitis group compared with
the control and RA groups (P<0.0001),
irrespective of the subgrouping of the RA
patients. TNF-u levels were higher in the
RA group than the healthy and perio-
dontal disease groups although the dif-
ference was not significant (P = 0.20).
Subgrouping the RA patients by Mab
therapy showed that raw responses of

TNF-« did not differ significantly among
the groups. However, the frequency of
outlier TNF-o levels (=95th percentile)
occurred more frequently in the RA
subjects (22.9%) than the periodontal
disease subjects (11.4%) and healthy
controls (8.6%); thus, the results were
re-analysed based on log-transformed
biomarker levels. Following this analy-
sis, TNF-o levels in the RA group not
treated with Mab were significantly high-
er than RA treated with Mab (P = 0.024)
and healthy subjects (P =0.011). No
periodontal clinical differences were
observed between the subgroups of RA
patients (data not shown).

We next investigated whether the RA
group displayed unique relationships
between salivary biomarker levels and
any of the clinical parameters of perio-
dontal disease compared with the perio-
dontal disease and healthy groups. As
expected, levels of MMP-8 in the perio-
dontitis group significantly correlated
with %PD sites >4 mm, %PD sites
>5mm and %BOP (P=0.04, 0.01,
0.04, respectively, Fig. 2). However,
the relationship between MMP-8 levels
and periodontal measures was only
observed with %PD sites >5mm in
the Mab arthritis group (Pearson’s
r=0.63, P=0.02), and not in the
healthy group, RA group or non-Mab
arthritis group, and MMP-8 levels in
the Mab arthritis group were much
lower than in the periodontal disease
group. IL-1p levels showed a positive
correlation with %PD sites >4 and
>5mm in the periodontitis group
(r=0.29 and 0.27, respectively); how-
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Fig. 1. Box plots of salivary biomarker levels (A) IL-1f, (B) TNF-o and (C) MMP-8 in the
three study groups. Horizontal lines, the 25th, 50th and 75th percentiles; +, the mean; %,
outliers; RA, rheumatoid arthritis; Mab_Y, RA patients on monoclonal anti-TNF-o antibody
therapy; Mab_N, RA patients not receiving monoclonal anti-TNF-o antibody therapy; H,
healthy group; P, periodontal disease group; IL-1p, interleukin-1f; TNF-¢, tumour necrosis

factor-o; MMP-8, matrix metalloproteinase-8.

ever, this relationship was not signifi-
cant and did not occur in the healthy,
RA or RA subgroups. TNF-a levels
significantly correlated with %CAL >
2mm (r=0.38, P=0.026) in the
healthy group only. Other factors (i.e.,

© 2010 John Wiley & Sons A/S

the number of teeth, level of pain,
DMARD use and demographics) did
not correlate with the levels of salivary
biomarkers or significantly influence
the level of salivary biomarker per
group (data not shown).
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Discussion

This study investigated the influence of
RA on salivary levels of three biomar-
kers (IL-18, MMP-8 and TNF-o) asso-
ciated with periodontitis. The effects
were examined using three study groups
(healthy, RA and chronic adult perio-
dontitis) with the premise that if RA was
influential, then the salivary biomarker
levels would be altered with respect to
levels observed in the periodontitis or
healthy groups. We found that salivary
levels of IL-1 were significantly ele-
vated in the overall RA group compared
with a control group with similar levels
of periodontal disease, whereas MMP-8
and TNF-o were not. As expected, we
demonstrated elevations in the concen-
trations of these salivary biomarkers in
patients with periodontal disease com-
pared with healthy controls. However,
salivary levels of IL-1f and TNF-o did
not reliably differ between the perio-
dontal disease group and RA group who
had less severe periodontal disease.
When the RA subjects were stratified
into subgroups based upon the presence
or absence of anti-TNF-o Mab therapy,
we showed that salivary IL-15 and
TNF-o biomarker levels were strongly
influenced by this treatment, whereas
MMP-8 levels were not.

This study is the first to examine the
influence of a systemic inflammatory
condition and its treatment on salivary
biomarkers of periodontal disease. IL-
18, MMP-8 and TNF-a were investi-
gated because these salivary biomarkers
have associations with biological
aspects of periodontitis, and have been
shown to be significantly elevated in
periodontitis subjects compared with
healthy controls (Miller et al. 2006,
Christodoulides et al. 2007, Ng et al.
2007; Scannapieco et al. 2007, Frodge et
al. 2008, Tobon-Arroyave et al. 2008,
Gursoy et al. 2010). Specifically related
to the findings in this report is the
current emphasis and emerging potential
for targeted salivary biomarkers to serve
in point-of-care diagnostic monitoring
of periodontal health and as an adjunct
in the management of periodontal dis-
ease (Ramseier et al. 2009, Miller et al.
2010). These markers were studied in
the context of RA, because this chronic
inflammatory disorder has a positive
association with periodontitis (Kasser
et al. 1997, Mercado et al. 2000, Mer-
cado et al. 2001, Havemose-Poulsen
et al. 2006, Pischon et al. 2008, Biyiko-
glu et al. 2009) and elevated levels of



1072

Mirrielees et al.

100
90
80
70
60
50
40
30
20

%BOP gjtes

10
0

Q

50

40

30

20

%PD gjtes =5 mm

10

400

600

800 1000 1200

b MMP-8 (ng/mL)

group S-S H

&-88&Mab Y

8- Mab_N
o-eeP
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MMP-8 level and %PD sites >5 mm by group. In (A), the slopes for the Mab_Y and P group
were significant (r=0.63, P =0.02; r=0.42, P =0.01, respectively), and in (B) only the
slope for the P group was significant (»r = 0.36, P = 0.04). Group H, healthy; Mab_Y, RA on
anti-TNF-a therapy; Mab_N, RA not on anti-TNF- therapy; P, periodontitis; MMP-8, matrix

metalloproteinase-8.

these inflammatory mediators occur in
the serum of RA patients (Tchetverikov
et al. 2004, Eklund et al. 2007, Marti
et al. 2009). Moreover, the potential for
inflammatory mediators to appear in
saliva during autoimmune conditions
has been demonstrated (Ben-Aryeh et
al. 1978, Tishler et al. 1999).

MMP-8, a highly sensitive measure
of periodontal disease (Sorsa et al. 1994)
proved to be a significant predictor of
%PD sites =5mm, %PD sites >4 mm
and %BOP in the 35 periodontitis
patients studied here as well as in other
studies (Miller et al. 2006, Herr et al.
2007, Miller et al. 2010). Salivary levels
of MMP-8 were unaffected in the RA
group, irrespective of DMARD and anti-
TNF-o0 Mab therapy. This finding is
consistent with MMP levels in the gin-
gival crevicular fluid of patients with
RA and gingivitis or periodontitis being
similar to their systemically healthy
counterparts (Biyikoglu et al. 2009).

Salivary IL-1f levels were signifi-
cantly elevated in the periodontitis and
RA group compared with the controls.

Although these elevated levels were
consistent with the RA group having a
significantly higher %BOP score, and
higher PI, %PD>4 and 5mm, and
%CAL scores than the healthy controls,
this does not fully explain the elevated
levels. The RA group had clinical mea-
sures less severe than the periodontitis
group despite the salivary IL-1f levels
being higher in the RA group, suggest-
ing that salivary IL-1f was elevated due
to systemic inflammation. By stratifying
the RA patients into subgroups based
upon treatment with anti-TNF-oo Mab
therapy, it was revealed that the RA
group treated with Mab had significantly
lower salivary IL-1f levels. Similarly,
in the log-transformed data analysis,
salivary levels of TNF-o in the RA
group treated with Mab were signifi-
cantly lower than RA treated with Mab
and healthy subjects. In as much as,
there were no periodontal clinical dif-
ferences between the RA subgroups
(data not shown), these findings suggest
that anti-TNF Mab therapy can influ-
ence salivary biomarkers of periodontal

disease. Also, the fact that treatment
with a Mab-reduced salivary IL-1f and
TNF-o could be a reflection of reduced
RA disease activity and/or a specific
effect on the inflammatory components
of periodontal disease.

The findings presented here are to be
viewed within the context of the limita-
tions of its cross-sectional study design
and the fact that the majority of the RA
subjects were females, Caucasians and
medically well controlled. Seventy-
seven percent of the RA subjects took
at least one DMARD, more than
half took analgesics/non-steroidal anti-
inflammatory drugs daily and the major-
ity had low VASs. Because these
therapies could have attenuated circulat-
ing serum and salivary biomarker levels,
as has been shown in a study of hydro-
xychloroquine, an anti-inflammatory
drug for primary Sjogren’s syndrome
(Tishler et al. 1999), we subgrouped
the RA patients by VAS, Mab and
DMARD use. In these analyses, only
anti-TNF-o. Mab use proved to demon-
strate subgroup differences.

These studies are of particular rele-
vance as a relationship between perio-
dontal disease and other chronic
inflammatory diseases, including RA,
are being suggested as phenotypic man-
ifestations of a hyperinflammatory gen-
otype in a subset of the population.
Accumulating evidence suggests that
periodontitis and RA are inter-related
and possibly interdependent with
respect to the elevated levels of serum
pro-inflammatory molecules that likely
contribute to the milieu of the gingival
crevicular fluid and thus the saliva.
Thus, the potential altered abilities of
RA patients to perform effective oral
hygiene could result in an increased
BOP that exacerbates the risk for an
enhanced tissue destruction in perio-
dontitis. Moreover, interesting observa-
tions regarding the complexity of the
oral and systemic challenge provide
unique mechanisms by which dysregu-
lation of host responses could occur. For
example, P. gingivalis has the ability to
generate citrullinated proteins that can
serve as antigens that can drive an
autoimmune response (Wegner et al.
2010). Finally, the observation that
anti-TNF-o Mab therapy was associated
with lower levels of periodontal disease
biomarkers in patients with RA further
supports some common hyperinflamma-
tory mechanisms in these diseases. This
type of finding emphasizes opportunities
to evaluate biological therapies for
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periodontitis that would specifically tar-
get selected pro-inflammatory mediators
for control in the local oral environment
(Assuma et al. 1998).

Conclusions

This study provides evidence that sali-
vary IL-1f, MMP-8 and TNF-o levels
are clearly influenced by the local perio-
dontal environment, and selectively
influenced by a systemic inflammatory
condition such as RA. The findings
provide further support for the clinical
utility of salivary biomarkers in asses-
sing periodontal disease in otherwise
healthy adults, although additional stu-
dies are required to more clearly deline-
ate the impact of systemic inflammatory
disease(s) and co-morbidities on profiles
of salivary biomarkers that could be
used in monitoring health and/or defin-
ing oral disease.
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Clinical Relevance

Scientific rationale for the study:
Systemic inflammation may influ-
ence concentrations of salivary con-
stituents. In this study, we measured
levels of three biomarkers known to
be associated with periodontal dis-
ease in whole saliva to test the

hypothesis that RA influenced levels
of salivary biomarkers of periodontal
disease.

Principal findings: Salivary levels of
IL-1$ and TNF-o were significantly
elevated in arthritis patients not
receiving anti-TNF-o antibody ther-
apy compared with arthritis patients

receiving anti-TNF-o therapy and
healthy controls.

Practical implications: RA in the
absence of disease-modifying anti-
rheumatic drugs appears to influence
levels of select salivary biomarkers
of periodontal disease.
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