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ABSTRACT

Background: This study explored the association of functional impairment due to rheuma-
toid arthritis (RA) and RA disease activity with periodontal disease in patients with RA.
Methods: Ninety-three patients with RA were included. Their RA functional status was
assessed using the Steinbrocker classification. The serum level of matrix metalloprotei-
nase-3 (MMP-3) was used as an indicator of RA disease activity. Probing depth (PD) and clin-
ical attachment level (CAL) were used as indicators of periodontal status. We examined the
association of RA severity and MMP-3 levels with periodontal status using a generalised lin-
ear model (GLM).

Results: In a multivariate GLM, the coefficient for the mean PD was significantly positive in
those with RA severity classes III or IV (reference: class I; 8 = 0.14; 95% confidence interval
[CI], 0.03—0.25; P = .02) independent of other confounding variables. In multivariate GLM
using the mean CAL as the dependent variable, the coefficient was significant in patients
with high MMP-3 levels (10 ng/mL; g = 0.005; 95% CI, 0.001—-0.008; P = .02).

Conclusions: Functional impairment due to RA may affect PD, and high serum levels of
MMP-3 may affect CAL.

© 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Periodontitis is a chronic inflammatory disease prevalent
amongst adults. It is caused by periodontal bacterial infection
that triggers inflammation and, ultimately, the destruction of
periodontal tissues. In addition to the pathogenicity of peri-
odontal bacteria, continuous, excessive host biological reac-
tions due to the hyperproduction of inflammatory cytokines
in the inflamed tissues cause periodontal tissue destruction.’
Rheumatoid arthritis (RA) is an autoimmune disorder that
results in swollen and painful joints. It is characterised by
chronic synovitis, synovial cell proliferation in joints, and
production of cytokines and proteolytic enzymes in the
synovium and cartilage, which eventually leads to bone
destruction.’
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The relationship between periodontitis and RA has been
reported frequently. Patients with RA have a higher preva-
lence of periodontitis and loss of clinical attachment level
(CAL) than those in healthy individuals.>* Amongst patients
with RA, those with severe periodontitis have a higher dis-
ease activity score (DAS) than those with mild to moderate
periodontitis.” Inflammatory cytokines such as interleukin-6
(IL-6) and tumour necrosis factor-alpha (TNF-«) are common
in the aetiologies of RA and periodontitis,® being involved in
the onset of periodontitis and pathogenesis of RA.”® In addi-
tion, IL-6 and TNF-« levels are significantly higher in patients
with RA having greater disease activity and are positively cor-
related with DAS.” Moreover, there is a positive correlation
between TNF-« and bleeding on probing, which indicates gin-
gival inflammation, in RA.°

Matrix metalloproteinase-3 (MMP-3) is a proteolytic
enzyme induced by inflammatory cytokines and is used as a
serum indicator of RA activity; it plays a central role in pro-
gressive joint destruction in RA and thus is attracting atten-
tion as a marker for predicting joint destruction.’®** Tuncer
et al™” reported significantly higher MMP-3 levels in patients
with RA with high DASs. Furthermore, MMP-3 levels increase
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with Steinbrocker stage and class, indicating RA severity."®
Therefore, higher MMP-3 levels in RA may negatively influ-
ence periodontal status; however, information is scarce on
the effects of MMP-3 levels on the periodontal status in
patients with RA. There is also limited information on the
impact of RA-induced functional impairment on periodontal
health.

This study aimed to clarify the association of the func-
tional impairment due to RA and RA disease activity sug-
gested by MMP-3 level with periodontal disease.

Methods
Study population

We recruited 93 patients with RA (mean age, 63.5 + 14.3
years), who satisfied the American College of Rheumatology
1987 revised criteria for RA,'* from an orthopaedic clinic in
Aichi Prefecture, Japan, from April 2015 to March 2016. Indi-
viduals with RA aged older than 18 years who provided
informed consent were included. Pregnant and edentulous
patients were excluded. The study was approved by the
Ethics Committee of Aichi Gakuin University, School of Den-
tistry (approval number: 405) and was conducted in full accor-
dance with the version 2008 of the Declaration of Helsinki.

Assessment of clinical rheumatological parameters

Assessments of RA parameters were performed based on our
previous studies.’®’ The severity of RA was identified
according to the Steinbrocker functional classification'®: class
I, patients performing all usual activities without limitation;
class II, adequate performance of normal activities despite
discomfort or limited motion in one joint; class III, limited
performance with little or none of the usual activities or self-
care; class 1V, incapacitated, largely or wholly bedridden, or
confined to a wheelchair with little or no self-care. The meas-
urements of MMP-3, IL-6, and TNF-« levels were outsourced
to a pathological laboratory. We obtained data on the RA
drugs being taken by the patients from their medical records
and classified the drugs accordingly into nonsteroidal anti-
inflammatory drugs (NSAIDs), corticosteroids, disease-modi-
fying anti-rheumatoid drugs (DMARDs), methotrexate (MTX),
and biological DMARDs (bDMARDs). Additionally, informa-
tion regarding the duration of RA treatment was obtained
from the medical records of the patients.

Oral examination

Oral health evaluation was conducted based on our previous
study.'® A single dentist examined the oral health status of all
the patients at the orthopaedic clinic using a portable chair
under adequate artificial light; the dentist was blinded to the
patients’ health data including those concerning RA. The total
number of teeth, excluding third molars, was noted. The
parameters of periodontal health, probing depth (PD), and
CAL were assessed at 6 points (mesiobuccal, mid-buccal, dis-
tobuccal, mesiolingual, mid-lingual, and distolingual) around

all teeth using a periodontal probe (PCPUNC15, Hu-Friedy,
Chicago, IL, USA). The PD and CAL were recorded to the near-
est millimetre; as an example, 1.4 would be rounded to 1 and
1.6 would be rounded to 2. Reliability of periodontal examina-
tion was verified by intra-examiner calibration of 4 volun-
teers; the percentage of agreement (within + 1 mm) ranged
from 81.0% to 98.8% for PD and 97.0% to 98.2% for CAL. The
kappa value ranged from 0.69 to 0.98 for PD and 0.95 to 0.97
for CAL.

Questionnaire assessment

Lifestyle factors, history of present illness, and oral hygiene
habits were assessed using a self-administered question-
naire, as in our previous study.” Patients were classified
according to their smoking status as never smoker, former
smoker, or current smoker. A former smoker was defined as a
patient who used to smoke but was not a smoker at the time
of the investigation. We recorded the frequency of periodic
dental check-up as once a month, every 2—3 months, every 6
months, once a year, every few years, or never. The frequency
of tooth brushing (times/day) was recorded as a measure of
oral hygiene habits.

Statistical analyses

The RA evaluation indices were subdivided into classes I, II,
and III-IV. The RA drugs taken by patients were classified
into 3 categories: bDMARDs, MTX, and other. Number of teeth
was divided into 2 categories: >20 and <19 teeth. We used the
mean values of all PD and CAL measurements in the analysis.
The frequency of tooth brushing (times/day) was divided into
2 categories: >2 or <1. The data on periodic dental check-up
were divided into 2 categories: no, more than 1 year since
check-up and yes, within the last year. The Spearman rank
correlation coefficient, Mann—Whitney U test, or Kruskal
—Wallis test were used to analyse the associations between
PD and CAL and other variables. The distributions of the
mean PD and mean CAL were continuous but not normal.
Therefore, a generalised linear model (GLM) with the gamma
distribution and log link was used to analyse the relation-
ships of RA status and other variables with periodontal sta-
tus. The crude effects of each independent variable (age;
duration of RA treatment; MMP-3, IL-6, and TNF-« levels; sex;
smoking status; diabetes status; frequency of tooth brushing;
periodic dental check-up; number of teeth; RA severity [class];
and RA drugs) were analysed using the GLM. Multivariate
analyses included variables with a P value <.2 in univariate
analyses. All statistical analyses were performed using SPSS
ver. 26.0 (IBM Japan, Tokyo, Japan). A P value <.05 was consid-
ered statistically significant.

Results
Table 1 summarises the characteristics of the patients. The

median age, mean PD, mean CAL, and MMP-3 level were
64.0 years, 2.84 mm, 2.96 mm, and 63.9 ng/mL, respectively.
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Table 1 - Characteristics of patients with RA.

Median (25th percentile,
75th percentile) or nn (%)

Age (years old)

Duration of RA treatment
(month)

Mean PD (mm)

Mean CAL (mm)

MMP-3 (ng/mL)

64.0 (54.5, 74.5)
30 (5,77)

2.84(2.52, 3.34)
2.96 (2.59, 3.60)
63.9 (42.1, 101.5)

IL-6 (pg/mL) 2.0 (1.0, 4.8)
TNF-« (pg/mL) 1.7 (1.1,2.9)
Sex

Male 26 (28.0)

Female 67 (72.0)
Smoking status

Never smoker 53(57.0)

Former smoker 20 (21.5)

Current smoker 20 (21.5)
Diabetes

No 83(89.2)

Yes 10 (10.8)
Frequency of tooth brushing

(times/day)

>2 71(76.3)

<1 22(23.7)
Periodic dental checkup

Yes 44 (47.3)

No 49 (52.7)
Number of teeth

>20 62 (66.7)

<19 31(33.3)
RA severity (class)

1 62 (66.7)

I 17 (18.3)

111, IV 14 (15.1)
RA drugs

NSAIDs/DMARDs 30(32.3)

MTX 38 (40.9)

bDMARDs 25 (26.9)

RA, rheumatoid arthritis; PD, probing depth; CAL, clinical attachment
level; MMP, matrix metalloproteinase; IL, interleukin; TNF, tumor
necrosis factor; NSAID, nonsteroidal anti-inflammatory drugs;
DMARDs, disease-modifying antirheumatic drugs; MTX, methotrex-
ate; bDMARDs, biologic disease-modifying antirheumatic drugs.

Of the patients, 66.7% had class I RA severity and 26.9% were
taking bDMARDs.

Table 2 shows the associations of mean PD and mean
CAL with other variables. Age and IL-6 level were signifi-
cantly positively correlated with mean PD. Age and MMP-3
and IL-6 levels were significantly positively correlated with
mean CAL. Patients who brushed their teeth <1 time/day
had a significantly higher mean PD and mean CAL than
those who brushed their teeth >2 times/day. Patients with
<19 teeth had significantly poorer periodontal status than
those with >20 teeth. The mean PD and mean CAL were
higher in those with RA severity classes III or IV than in
those with class I or II.

Table 3 shows the results of the GLM using gamma distri-
bution and log link for the mean PD. In multivariate analyses,
the coefficient for the mean PD had a significant positive

value for those who brushed their teeth <1 time/day (refer-
ence: >2 per day; B = 0.11; 95% confidence interval [CI], 0.03
—0.19; P = .01), had <19 teeth (reference: >20; g = 0.23; 95% CI,
0.15-0.31; P < .001), and had an RA severity of class III or IV
(reference: class I; g = 0.14; 95% CI, 0.03—0.25; P = .02).

The results of the GLM using the gamma distribution and
log link for the mean CAL are shown in Table 4. In multivari-
ate analyses, the coefficients for the mean CAL had a signifi-
cant positive value for those who had a higher MMP-3 level
(10 ng/mL; B = 0.005; 95% CI, 0.001—0.008; P = .02), were current
smokers (reference: never smoker; g = 0.13; 95% CI, 0.03—0.22;
P = .01), and had <19 teeth (reference: >20; 8 = 0.30; 95% CI,
0.21-0.38; P < .001).

Discussion

Patients with increased RA severity had significantly higher
PD than those with less severe disease, and those with high
MMP-3 levels had significantly higher CAL than those with
lower MMP-3 levels. This suggests that the severity of RA and
the joint destruction activity of patients with RA affect their
periodontal status.

The relationship between periodontal status and RA has
been reported often, and previous studies have shown more
severe periodontitis in patients with RA than in healthy
individuals.*'® A DAS 28-joint count calculated using C-reac-
tive protein, which reflects RA activity, indicated that patients
with high RA activity had worse periodontal status than those
in remission.” Our finding that patients with severe RA had
severe periodontal disease concurs with these results. Rheu-
matologists should encourage patients with severe RA, espe-
cially those not receiving periodontal treatment or
scheduling regular dental checkups, to visit a dental clinic
and receive oral hygiene guidance and periodontal treatment
to keep periodontal disease in check.

Healthy individuals with high MMP-3 levels in the gingival
crevicular fluid are at an increased risk for periodontitis.”*
Patients with chronic or aggressive periodontitis have higher
MMP-3 levels than healthy individuals.”” Yamanaka et al
showed that patients with RA have higher MMP-3 levels than
healthy individuals.™ These findings suggest that there is
some association between high MMP-3 levels and periodontal
tissue destruction, but better evidence is needed to clarify the
mutual causal relationship.

In this study, a significant relationship between functional
class and PD was observed. Patients with RA having func-
tional impairment may have difficulty maintaining oral
hygiene and may be at a high risk for periodontal inflamma-
tion. Progressive inflammation of the periodontium leads to
alveolar bone resorption.” We observed a significant relation-
ship between CAL and MMP-3 level, which indicates joint
destruction. MMP-3 level is additionally associated with the
Larsen score, which also reflects joint destruction.?® Further-
more, MMP-3 level was found to be associated with CAL, inde-
pendent of the functional class. The mechanism by which PD
and CAL worsen in patients with RA remains unclear; the
mechanism of bone destruction in joints in RA may also
affect alveolar bone destruction.
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Table 2 - Association of mean PD and mean CAL with other variables in patients with RA.

Mean PPD (mm)

Age (years old)

Duration of RA treatment (month)
MMP-3 (ng/mL)

IL-6 (pg/mL)

TNF-« (pg/mL)

Sex
Male
Female
Smoking status
Never smoker
Former smoker
Current smoker
Diabetes
No
Yes
Frequency of tooth brushing (times/day)
>2

p=0.25
p=0.15
p=0.17
p=0.28
p=0.14

3.01 (2.60, 3.65)
2.75 (2.51, 3.20)
2.75 (2.51, 3.07)
2.94 (2.54, 3.60)

3.16 (2.47, 3.83)

2.83 (2.52, 3.37)
2.89 (2.46, 3.19)

2.69 (2.49, 3.08)

P value Mean CAL (mm) P value
Spearman’s correlation coefficient

.02 p=0.29 .01

14 p=0.54 .07

.10 p=0.21 .05

.01 p=0.34 .001

17 p=0.16 12

Median (25th percentile, 75th percentile)

<1 3.29 (2.80, 3.98)
Periodic dental checkup

Yes 2.79 (2.50, 3.06)

No 2.94 (2.53, 3.66)
Number of teeth

>20 2.63 (2.48, 2.99)

<19 3.44 (2,91, 4.28)
RA severity (class)

I 2.74(2.52, 3.19)

i 2.69 (2.37,3.17)

11, IV 3.40 (2.83, 4.36)
RA drugs

NSAIDs/DMARDs 2.65 (2.46, 3.23)

MTX 2.96 (2.62, 3.65)

bDMARDs 2.86 (2.51, 3.41)

16 3.12 (2.60, 3.75) 45
2.88 (2.57, 3.50)

27 2.88 (2.57, 3.36) 29
3.04 (2.64, 4.02)
3.23(2.51,3.89)

80 2.93 (2.57, 3.64) 80
2.97 (2.65, 3.22)

001 2.88 (2.54, 3.40) .01
3.33(2.83,4.03)

15 2.87 (2.56, 3.40) 12
3.15(2.63,3.91)

<.001 2.70 (2.51, 3.06) <.001
3.89 (3.18, 4.33)

01 2.86 (2.55, 3.40) 04
2.99 (2.63, 3.64)
3.41(2.93,4.37)

18 2.72 (2.47, 3.26) 07

3.07 (2.70, 3.67)
2.97 (2.63, 3.84)

PD, probing depth; CAL, clinical attachment level; RA, rheumatoid arthritis; MMP, matrix metalloproteinase; IL, interleukin; TNF, tumor necrosis
factor; NSAID, nonsteroidal anti-inflammatory drugs; DMARDs, disease-modifying antirheumatic drugs; MTX, methotrexate; bDMARDs, biologic

disease-modifying antirheumatic drugs.

All our study patients were taking medications for RA at
the beginning of the study. Kobayashi et al reported that RA
drugs suppress gingival swelling and redness but not alveolar
bone resorption.* Therefore, whilst RA drugs suppress sys-
temic bone destruction, the suppression of alveolar bone
destruction may be insignificant. However, RA treatments
decrease MMP-3 levels and RA severity.”>?° In our study,
patients with RA having high MMP-3 levels had a high CAL
despite RA treatment; therefore, systemic bone destruction
due to severe RA may influence alveolar bone destruction.
Furthermore, Uemura et al found that patients with RA hav-
ing high MMP-3 levels had severe functional impairment,**
whilst we found no significant association between the func-
tional class and CAL, although functional class seemed asso-
ciated with PD. It is thought that dysfunction due to RA
causes inability to maintain oral hygiene, leading to gingival
inflammation. However, as this study was cross-sectional, it
was impossible to identify a causal relationship.

The results of this study represent an intriguing diver-
gence in findings related to PD and CAL in patients with RA.
Although PD and CAL are inherently mutually correlated

indices, they do not always correspond in clinical response
and interpretation.”’ The results of multivariate analysis in
this study suggest that PD and loss of CAL have different
mechanisms of progression. Smoking is an important risk
factor for periodontitis because it leads to loss of CAL through
alveolar bone loss.?®?° Multivariate analysis in the present
study showed that active smoking was significantly associ-
ated with CAL, whilst it was not significantly associated with
PD, suggesting that different biological processes are involved
in the progression of PD and CAL. Greater alveolar bone loss
in the smokers included this study may be caused by smoking
itself and not due to RA. Further, the results of the present
study showed that higher MMP-3 levels were significantly
associated with CAL, but not with PD. It has been reported
that high MMP-3 levels in gingival crevicular fluid were signif-
icantly associated with worsening of both PD and CAL.?* The
MMP-3 levels in this study were obtained from serum, and
high MMP-3 levels in the systemic bloodstream may have an
effect on alveolar bone resorption in addition to the local
effects of smoking.
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Table 3 - Univariate and multivariate generalised linear models for mean PD in patients with RA.

Univariate Multivariate

Independent variable Coefficient (95% CI) P value Coefficient (95% CI) P value
Age (10 years old) 0.04 (0.01 to 0.07) .01 -0.01 (-0.04 to 0.02) .58
Duration of RA treatment (month) 0.000 (-0.001 to 0.001) .67
MMP-3 (10 ng/mL) 0.004 (0.03 to 0.06) .09 0.000 (-0.004 to 0.004) .90
IL-6 (pg/mL) 0.001 (-0.002 to 0.003) 64
TNF-« (pg/mL) 9.19e-6 (0.00 to 0.00) 96
Sex (ref: male)

Female -0.08 (-0.18 t0 0.02) .10 -0.05 (-0.14 t0 0.03) 21
Smoking status (ref: never smoker)

Former smoker 0.08 (-0.03 to 0.19) 14 0.05 (-0.04 to 0.14) 24

Current smoker 0.10 (-0.01 to 0.20) .09 0.07 (-0.02 to 0.16) 12
Diabetes (ref: no)

Yes -0.05 (-0.19 to 0.10) .53
Frequency of tooth brushing (times/day) (ref: >2)

<1 0.17 (0.07 t0 0.27) .001 0.11 (0.03 t0 0.19) .01
Periodic dental checkup (ref: yes)

No 0.09 (0.005 to 0.18) 04 0.02 (-0.05 to 0.09) 53
Number of teeth (ref: >20)

<19 0.27 (0.19 to 0.35) <.001 0.23(0.15 to 0.31) <.001
RA severity (class) (ref: I)

1I -0.02 (-0.13 to 0.09) 77 -0.03 (-0.12 to 0.06) .54

III, IV 0.21 (0.09 to 0.32) .001 0.14 (0.03 to 0.25) .02
RA drugs (ref: NSAIDs/DMARDSs)

MTX 0.08 (-0.02 t0 0.18) 12 0.05 (-0.03 t0 0.13) 20

bDMARDs 0.05 (-0.06 to 0.16) .39 -0.02 (-0.10 to 0.08) 74

PD, probing depth; RA, rheumatoid arthritis; CI, confidence interval; MMP, matrix metalloproteinase; IL, interleukin; TNF, tumor necrosis factor;
ref, reference; NSAID, nonsteroidal anti-inflammatory drugs; DMARDs, disease-modifying antirheumatic drugs; MTX, methotrexate; bDMARDs,

biologic disease-modifying antirheumatic drugs.

Table 4 — Univariate and multivariate generalised linear models for mean CAL in patients with RA.

Univariate Multivariate

Independent variable Coefficient (95% CI) Pvalue Coefficient (95% CI) P value
Age (10 years old) 0.06 (0.02 to 0.09) .001 -0.002 (-0.03 to 0.03) 92
Duration of RA treatment (month) -9.15e-5 (0.001 to 0.001) .84
MMP-3 (10 ng/mL) 0.008 (0.003 to 0.014) .001 0.005 (0.001 to 0.008) .02
IL-6 (pg/mL) 0.000 (-0.002 to 0.003) 91
TNF-« (pg/mL) -8.42e-5 (0.00 to 0.00) 62
Sex (ref: male)

Female -0.08 (-0.19 t0 0.03) 16 -0.02 (-0.11 t0 0.07) 62
Smoking status (ref: never smoker)

Former smoker 0.07 (-0.05 to 0.19) .26 0.04 (-0.06 to 0.13) 44

Current smoker 0.14 (0.02 to 0.26) .03 0.13 (0.03 t0 0.22) .01
Diabetes (ref: no)

Yes -0.07 (-0.23 t0 0.09) 40
Frequency of tooth brushing (times/day) (ref: >2)

<1 0.14 (0.03 t0 0.25) 01 0.06 (-0.03 to 0.14) 18
Periodic dental checkup (ref: yes)

No 0.09 (-0.003 to 0.19) .06 0.03 (-0.04 to 0.11) .35
Number of teeth (ref: >20)

<19 0.34 (0.26 to 0.42) <.001 0.30 (0.21 t0 0.38) <.001
RA severity (class) (ref: I)

I 0.06 (-0.06 to 0.19) 34 0.03 (-0.07 to 0.13) 52

III, IV 0.18 (0.04 to 0.31) .01 0.05 (-0.07 to 0.17) 44
RA drugs (ref: NSAIDs/DMARDS)

MTX 0.10 (-0.02 to 0.21) .10 0.03 (-0.06 t0 0.11) .52

bDMARDs 0.10 (-0.03 t0 0.22) 13 0.00 (-0.10 to 0.10) .99

CAL, clinical attachment level; RA, rheumatoid arthritis; CI, confidence interval; MMP, matrix metalloproteinase; IL, interleukin; TNF, tumor necro-
sis factor; ref, reference; NSAID, nonsteroidal anti-inflammatory drugs; DMARDs, disease-modifying antirheumatic drugs; MTX, methotrexate;
bDMARDs, biologic disease-modifying antirheumatic drugs.
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In this study, no significant relationship between IL-6
and TNF-« (serum markers of the onset and progression of
periodontitis) levels and periodontal status (PD and CAL)
was observed. Patients with RA taking a bDMARD IL-6
inhibitor showed not only decreased RA disease activity
but also improved periodontal status.’® Periodontal status
and RA disease activity also decreased after treatment
with a TNF-« inhibitor.?* It is thought that whilst IL-6 and
TNF-« levels are known to be associated with periodontitis,
the levels of inflammatory cytokines in our study patients
might have decreased due to the RA treatment during our
study period.

This study had several limitations. Due to a cross-sec-
tional design, it was impossible to determine causal associ-
ations amongst the serum data, RA severity, and
periodontitis. It may be possible that older patients with
poorer functional status are unable to perform appropriate
oral hygiene. As we targeted a limited number of patients
with RA at a single clinic, the distribution of serum data
and RA severity may have differed from that of the general
population. Furthermore, we did not include patients with
severe RA who required hospitalisation. Although MMP-3
level is an index used to evaluate RA disease activity, more
indices should be used in future studies to evaluate the
pathogenesis of RA in detail. We used the Steinbrocker
index as a method to assess the severity of RA, but a more
precise assessment index such as the Health Assessment
Questionnaire-Disability Index could be used. It was
impossible to consider the impact of RA medication on
periodontitis and altered serum levels because the patients
were already under treatment. Further longitudinal studies
must be conducted to clarify the relationship between RA
and periodontal status to identify the changes in RA sever-
ity and serum data due to RA treatment.

Functional impairment due to RA may affect PD, and
high serum levels of MMP-3 may affect the CAL. Dental
interventions to reduce periodontal tissue inflammation
may be necessary in patients with RA having functional
impairment. The inhibition of joint destruction in severe
RA may reduce the destruction of periodontal tissue. Fur-
ther investigations must be performed to clarify this rela-
tionship.

Conflict of interest

None disclosed.

Acknowledgements
The study was supported by JSPS KAKENHI Grant Number

16K11875 from the Ministry Education, Science, Sports, and
Culture of Japan, Tokyo, Japan.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.identj.2022.01.002.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Page RC, Offenbacher S, Schroeder HE, Seymour GJ, Kornman

KS. Advances in the pathogenesis of periodontitis: summary
of developments, clinical implications and future directions.
Periodontol 2000 1997;14:216-48.

. Lee DM, Weinblatt ME. Rheumatoid arthritis. Lancet 2001,

358:903-11.

. de Pablo P, Dietrich T, McAlindon TE. Association of periodon-

tal disease and tooth loss with rheumatoid arthritis in the US
population. ] Rheumatol 2008;35:70-6.

. Kaur S, White S, Bartold PM. Periodontal disease and rheuma-

toid arthritis: a systematic review. ] Dent Res 2013;92:399-408.

. de Smit M, Westra J, Vissink A, Doornbos-van der Meer B,

Brouwer E, van Winkelhoff AJ. Periodontitis in established
rheumatoid arthritis patients: a cross-sectional clinical,
microbiological and serological study. Arthritis Res Ther 2012;
14:R222.

. Mercado FB, Marshall RI, Bartold PM. Inter-relationships

between rheumatoid arthritis and periodontal disease. A
review. ] Clin Periodontol 2003;30:761-72.

. McInnes IB, Schett G. Cytokines in the pathogenesis of rheu-

matoid arthritis. Nat Rev Immunol 2007;7:429-42.

. Graves DT, LiJ, Cochran DL. Inflammation and uncoupling as

mechanisms of periodontal bone loss. ] Dent Res 2011;90:143—
53.

. Kobayashi T, Murasawa A, Komatsu Y, et al. Serum cytokine

and periodontal profiles in relation to disease activity of rheu-
matoid arthritis in Japanese adults. ] Periodontol 2010;81:650-7.
Lerner A, Neidhofer S, Reuter S, Matthias T. MMP3 is a reliable
marker for disease activity, radiological monitoring, disease
outcome predictability, and therapeutic response in rheuma-
toid arthritis. Best Pract Res Clin Rheumatol 2018;32:550-62.
Yamanaka H, Matsuda Y, Tanaka M, et al. Serum matrix metal-
loproteinase 3 as a predictor of the degree of joint destruction
during the six months after measurement, in patients with
early rheumatoid arthritis. Arthritis Rheum 2000;43:852-8.
Tuncer T, Kaya A, Gulkesen A, Kal GA, Kaman D, Akgol G.
Matrix metalloproteinase-3 levels in relation to disease activ-
ity and radiological progression in rheumatoid arthritis. Adv
Clin Exp Med 2019;28:665-70.

Uemura Y, Hayashi H, Takahashi T, et al. [MMP-3 as a Bio-
marker of Disease Activity of Rheumatoid Arthritis]. Rinsho
Byori 2015;63:1357-64.

Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheu-
matism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.
Hashimoto H, Hashimoto S, Muto A, Dewake N, Shimazaki Y.
Influence of plaque control on the relationship between rheu-
matoid arthritis and periodontal health status among Japa-
nese rheumatoid arthritis patients. ] Periodontol 2018;
89:1033-42.

Hashimoto H, Hashimoto S, Shimazaki Y. Association
between the extent of periodontal inflammation and the
severity of rheumatoid arthritis in Japanese patients with
rheumatoid arthritis. Int Dent ] 2021;71:429-37.

Hashimoto H, Hashimoto S, Shimazaki Y. Relationship
between tooth loss and the medications used for the treat-
ment of rheumatoid arthritis in Japanese patients with rheu-
matoid arthritis: a cross-sectional study. J Clin Med 2021:10.
Steinbrocker O, Traeger CH, Batterman RC. Therapeutic crite-
ria in rheumatoid arthritis. ] Am Med Assoc 1949;140:659-62.
Mercado FB, Marshall RI, Klestov AC, Bartold PM. Relationship
between rheumatoid arthritis and periodontitis. ] Periodontol
2001;72:779-87.

. Rodriguez-Lozano B, Gonzalez-Febles J, Garnier-Rodriguez JL,

et al. Association between severity of periodontitis and


https://doi.org/10.1016/j.identj.2022.01.002
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0006
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0006
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0006
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0018
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0018
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0020

FUNCTIONAL IMPAIRMENT AND PERIODONTITIS IN RHEUMATOID ARTHRITIS

647

21.

22.

23.

24.

25.

clinical activity in rheumatoid arthritis patients: a case-con-
trol study. Arthritis Res Ther 2019;21:27.

Alpagot T, Bell C, Lundergan W, Chambers DW, Rudin R. Lon-
gitudinal evaluation of GCF MMP-3 and TIMP-1 levels as prog-
nostic factors for progression of periodontitis. J Clin
Periodontol 2001;28:353-9.

Toyman U, Tuter G, Kurtis B, et al. Evaluation of gingival crev-
icular fluid levels of tissue plasminogen activator, plasmino-
gen activator inhibitor 2, matrix metalloproteinase-3 and
interleukin 1-beta in patients with different periodontal dis-
eases. ] Periodontal Res 2015;50:44-51.

Green MJ, Gough AK, Devlin ], et al. Serum MMP-3 and MMP-1
and progression of joint damage in early rheumatoid arthritis.
Rheumatology (Oxford) 2003;42:83-8.

Kobayashi T, Yokoyama T, Ito S, et al. Periodontal and serum
protein profiles in patients with rheumatoid arthritis treated
with tumor necrosis factor inhibitor adalimumab. ] Periodon-
tol 2014;85:1480-8.

Klimiuk PA, Sierakowski S, Domyslawska I, Chwiecko J. Effect
of repeated infliximab therapy on serum matrix

26.

27.

28.

29.

30.

metalloproteinases and tissue inhibitors of metalloprotei-
nases in patients with rheumatoid arthritis. ] Rheumatol
2004;31:238-42.

Visvanathan S, Marini JC, Smolen JS, et al. Changes in bio-
markers of inflammation and bone turnover and associations
with clinical efficacy following infliximab plus methotrexate
therapy in patients with early rheumatoid arthritis. J] Rheu-
matol 2007;34:1465-74.

Greenstein G. Contemporary interpretation of probing depth
assessments: diagnostic and therapeutic implications. A liter-
ature review. ] Periodontol 1997;68:1194-205.

Bergstrom J. Tobacco smoking and chronic destructive peri-
odontal disease. Odontology 2004;92:1-8.

Baljoon M, Natto S, Bergstrom J. The association of smoking
with vertical periodontal bone loss. ] Periodontol 2004;75:844—
51.

Kobayashi T, Okada M, Ito S, et al. Assessment of interleukin-
6 receptor inhibition therapy on periodontal condition in
patients with rheumatoid arthritis and chronic periodontitis.
] Periodontol 2014;85:57-67.


http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0024
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0024
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0024
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0024
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00022-3/sbref0030

	Functional Impairment and Periodontitis in Rheumatoid Arthritis
	Introduction
	Methods
	Study population
	Assessment of clinical rheumatological parameters
	Oral examination
	Questionnaire assessment
	Statistical analyses

	Results
	Discussion
	Conflict of interest
	Acknowledgements
	Supplementary materials
	REFERENCES



