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Abstract
To study oral health in patients with rheumatoid arthritis (RA) with emphasis on disease activity and treatment of RA. In this
prospective cohort study 81 RA patients [53 early untreated RA (EURA) and 28 chronic RA (CRA) patients with inadequate
response to synthetic disease modifying antirheumatic drugs (DMARDs)], underwent rheumatological [Disease Activity
Score (28-joint) DAS28] and dental examinations [Total Dental Index (TDI), Decayed Missing Filled Teeth (DMFT) and
Decayed Missing Filled Surfaces (DMFS)]. For controls, 43 volunteers were examined. After the examinations, EURA
patients started treatment with synthetic DMARDs, oral and intra-articular glucocorticoids. CRA patients were candidates
for biological DMARDs. The patients were re-examined mean 16 months later. Results were analyzed with descriptive
statistics and logistic regression. TDI was higher in both RA groups at baseline compared to controls [EURA: 2 (2–3);
CRA: 2 (1–3); controls 1 (1–3), p = 0.045]. DMFT [rs 0.561 (p = 0.002)] and DMFS [rs 0.581 (p = 0.001)] associated with
DAS28 at baseline in CRA patients. After follow-up, DAS28 associated positively with DMFT [r s 0.384 (p = 0.016)] and
DMFS [rs 0.334 (p = 0.038)] in EURA patients; as well as in CRA patients DMFT [rs 0.672 (p = 0.001)], DMFS [rs 0.650
(p = 0.001)]. RA patients already in the early phase of the disease had poorer oral health compared to controls. The caries
indices associated with the activity of RA in both patient groups. Oral status may thus contribute to the development and
further relate to the activity of RA.
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Introduction
Rheumatoid arthritis (RA) has a worldwide prevalence
of 0.5–1%. Due to its chronic and progressive character
RA is one of the most important inflammatory rheumatic
diseases [1]. The etiology is unknown, however both environmental and genetic factors alone or in different combinations are involved in the onset of RA [2–4].
Infection has been proposed to play a role as a triggering factor for RA [5]. Bacterial biofilm dysbiosis has a
significant role in the pathogenesis of oral diseases such
as caries and periodontitis [6–8]. RA patients have higher
risk for developing infections compared to non-RA subjects [9]. The risk of serious infections increases further in
RA patients treated with TNF-inhibitors and/or oral glucocorticoids [9]. Periodontitis associates with RA [10–12].
We have earlier shown that RA patients have more periodontitis, and periodontopathic bacteria in dysbiotic biofilm compared with control population [12].
Based on this background we questioned, (1) if oral
inflammation was associated with the development and
activity of RA, (2) if oral inflammatory burden was
increased in RA patients, and (3) if treatments targeted to
suppress the disease activity of RA have an impact on oral
health. Therefore, we collected two groups of RA patients,
those with early untreated disease (EURA) and those with
chronic active RA (CRA) with inadequate response to synthetic disease modifying antirheumatic drugs (DMARDs).
As RA patients with active disease often have arthritis in
the small joints of hands and wrists, which can lead to
impaired hand function and subsequently difficulties in
maintaining satisfactory oral hygiene, we further studied
if arthritis in hands links to oral health parameters.

Materials and methods
Eighty-one patients with RA attending the Department of
Rheumatology at the Helsinki University Hospital were
recruited for rheumatological and oral examinations from
September 2005 to May 2014. The patients comprised two
groups: (a) 53 patients with DMARD naïve EURA and (b)
28 CRA patients with inadequate response to synthetic
DMARDs and were candidates to start treatment with biological DMARDs. We also included 43 population control
volunteers matched with the patients for age, gender and
community. The controls were recruited using Statistics
Finland, the national population database. All participants
were Caucasian and from the district of Helsinki University Hospital.
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The RA patients were examined by a rheumatologist
(ML-R or RK) and by a dentist (KA) at baseline and again
at the follow-up [mean 15.9 ± 6.1 (SD) months later]. The
control volunteers underwent oral examination only once.
During the follow-up, two patients moved to another district, six participants interrupted the study for personal
reasons; and one EURA patient died between dental
and rheumatological examinations. We have previously
described the study population and the protocol in more
detail [12].
In RA patients, the number of swollen (range 0–66) and
tender (0–68) joints were recorded. The patient’s global
assessment of disease activity (PGA) was recorded on a 100mm visual analog scale, and 28-joint disease activity score
(DAS28) was calculated [13]. The treatment response was
evaluated using the European League Against Rheumatism
(EULAR) criteria [14]. Physical function was recorded by
Health Assessment Questionnaire (HAQ; scale 0–3) [15].
Radiology of hands and feet were taken at baseline and
at follow-up. Radiographs were recorded according to the
modified Sharp-van der Heijde score (SHS) method [16]
by an expert in joint radiology (LL) blinded with regard to
the clinical data and treatments. Radiographs were missing
at the baseline or after follow-up from 6 patients in EURA
group and from 7 patients in CRA group.
Total oral health examinations including panoramic and
bite-wing X-rays were performed by the same dentist at the
Department of Oral and Maxillofacial Diseases. The total
number of teeth taken into account was 28 (third molars
were not included based on the WHO recommendation).
Decayed missing filled teeth (DMFT), Decayed Missing
Filled Surfaces (DMFS) indices and periodontal parameters were recorded according to the WHO recommendations
[17]. Periodontal pocket depths (PD) were measured at four
tooth sites, and recorded if the values were ≥ 4 mm [18].
Data from panoramic and bite-wing X-rays were collected
by two radiologists (JP and AS) blinded with regard to the
clinical examinations. Oral inflammatory burden was evaluated by calculating the Total Dental Index (TDI) according
to Mattila et al. [19]. TDI is the sum of scores based on
recording caries, periodontitis, periapical and pericoronitis
lesions and it may range from 0 to 10.
Blood samples were collected from RA patients and analyzed for RF, ACPA, C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR) and antinuclear antibody (ANA).
The upper limit of normal range for RF was < 14 IU/ml
and subjects were considered RF positive or negative based
on a single measurement. In addition, plasma samples were
collected and centrifuged without delay at 4 °C. Aliquots of
1 ml plasma were transferred to screw-cap polypropylene
tubes and frozen at − 80 °C until later used for analysis of
interleukin-6 (IL-6), anti-SSA/SSB (anti-Ro/La) and ribonucleoprotein (RNPAb) antibodies. Blood samples of the
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control subjects were only analyzed for RF, IL-6, CRP and
ESR.
IL-6 was determined by enzyme-linked immunoassay
(ELISA) using the reagents from eBioscience Inc. (San
Diego, CA, USA). The detection limit and interassay coefficient of variation were 0.39 pg/ml and 4.2%, respectively.
Influence of RF and related endogenous antibodies with the
IL-6 immunoassay was not found when assayed using commercially available heterophilic blocking agent HeteroBlock
(Omega Biologicals, Bozeman, MT, USA) as recommended
[20], with concentrations up to 600 µg/ml.
Both unstimulated salivary flow rate (USFR) and paraffinwax stimulated flow rate (SSFR) for 5 min were measured
according to the routine in our hospital (normal values:
unstimulated > 0.1 ml/min, stimulated > 0.7 ml/min) [21].
The patients and controls completed a structured questionnaire about their oral and general health habits such as
smoking, use of alcohol, tooth brushing, visits to dentist,
comorbidities and drugs in use. Also, the subjective symptoms of oral area such as dry mouth were recorded.
All patients and control subjects gave written informed
consent to participate in the study.
The study protocol had been approved by the independent
review board of the Helsinki and Uusimaa Hospital District
(no 240/2004, date 16.6.2004). The study was conducted
according to the principles of the Declaration of Helsinki.

Statistical methods
Normality tests were conducted by Kolmogorov–Smirnov.
Continuous variables were compared between groups with
Kruskal–Wallis and Mann–Whitney test; the baseline and
follow-up values were analyzed by Wilcoxon signed rank
test. Correlations for nonparametric data between DMFT,
DMFS and DAS28 indices were analyzed by the Spearman
rank correlation coefficients. The results are given as medians with minimum and maximum or with 25th–75th percentiles (IQR). Categorical variables were compared between
groups with Chi square test and between baseline and followup values with McNemar’s test. The association between
DMFS and DAS28 was evaluated by Jonckheere–Terpstra
test. Linear regression analysis was performed to establish explanatory factors for DMFT score and unstimulated
salivary flow rate. Statistical analyses were performed with
SPSS version 22.

Results
Characteristics of the patients and controls
The baseline characteristics of the patients and healthy
control subjects are given in Table 1. Majority of the RA
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patients were women. The median ages of the EURA and
CRA patients were much the same. In EURA, the median
duration of symptoms was 5 months (range 0–29 months,
with an outlier who had had symptoms for 12 years without
prior diagnosis or treatment), while CRA patients had a long
disease history with a median duration of RA 14 years from
the diagnosis (range 9 months to 38 years).

Comorbidities
Comorbidities were common. About half of the patients and
controls reported a history of hypertension, thyroid disease,
bronchial asthma, depression, cancer or diabetes. Bronchial
asthma was more prevalent in EURA patients (19%) compared to CRA patients (0%) and controls (5%) (p = 0.046).

Rheumatological data
EURA patients had active disease (Table 2). They had
received no DMARD treatment or oral glucocorticoids
prior to the baseline rheumatological and dental examinations. During the follow-up the patients received synthetic
DMARDs as combination or as monotherapy, systemic lowdose (≤ 10 mg prednisolone or equivalent) glucocorticoids,
and intra-articular glucocorticoid injections according to the
discretion of the treating rheumatologist. At the follow-up
examination mean 15.9 (6.1) months later, 17/46 (37.0%)
patients were on monotherapy, 18/46 (39.1%) on combination of 2 synthetic DMARDs, and 9/46 (19.6%) on triple
therapy. The treatments consisted of methotrexate in 36/46
(78.3%), sulfasalazine in 18/46 (39.1%), hydroxychloroquine
in 22/46 (47.8%) and oral prednisolone in 13/46 (28.3%) of
the patients.
At the follow-up examination, the RA disease activity was
significantly decreased in the EURA patients (Table 2). Of
the 37 patients examined with complete data after follow-up,
22 (48.0%) were in DAS28 remission (DAS28 ≤ 2.6). The
EULAR treatment response was good in 23 (62.2%) and
moderate in 6 (16.2%) patients, and 8 (21.6%) patients had
no response. No significant differences in oral parameters
were observed between the EURA patients with respect to
EULAR response criteria (data not shown). The response
to treatment was also reflected in significantly improved
physical function of the patients when assessed with HAQ
(Table 2).
The 28 patients with chronic RA had continuing disease
activity despite treatment with synthetic DMARDs and glucocorticoids (Table 2). They were candidates for starting
treatment with their first biological DMARD. After clinical
examinations, biological DMARDs, such as tumor necrosis factor-alpha inhibitors (22/25, 88.0%), anakinra (1/25,
4.0%) or rituximab (2/25, 8.0%) were started in 25 patients

13

1664
Table 1  Background data for
patients with early untreated
rheumatoid arthritis (EURA),
chronic RA (CRA) and healthy
controls at baseline
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EURA (N = 53) CRA (N = 28) Controls (N = 43) p
Women, N (%)
Age, years, median (min–max)
RF positive, N (%)a
ACPA positive, N (%)b
ANA positive, N (%)
SSAAb positive, N (%)
SSBAb positive, N (%)
RNPAb positive, N (%)
Comorbidities, N (%)
Education, N (%)b,d
Lower
Secondary
Higher
Smoking, N (%)
Never
Former
Current
Alcohol use, N (%)
Monthly
More often
Tooth brushing at least twice a day, N (%)
Approximal teeth cleaning, N (%)
Self-assessed oral health, N (%)e
Good
Moderate
Poor or no opinion

45 (84.9)
52 (22–78)
42 (79.2)
37 (77.1)
4 (7.5)
4 (7.5)
4 (7.5)
1 (1.9)
25 (47.2)

23 (82.1)
54 (20–64)
18 (69.2)
15 (78.9)
0
1 (3.6)
1 (3.6)
0
16 (57.1)

38 (88.4)
56 (30–82)
3 (8.1)

20 (37.7)
27 (50.9)
6 (11.3)

9 (36.0)
12 (48.0)
4 (16.0)

16 (61.5)
6 (23.1)
4 (15.4)

35 (66.0)
7 (13.2)
11 (20.8)

23 (82.1)
2 (7.1)
3 (10.7)

36 (83.7)
1 (2.3)
6 (14.0)

28 (52.8)
25 (47.2)
35 (66.0)
28 (52.8)

12 (42.9)
16 (57.1)
22 (78.6)
15 (53.6)

13 (30.2)
30 (69.8)
38 (88.4)
34 (79.1)

18 (34.6)
25 (48.1)
9 (17.3)

10 (35.7)
15 (53.6)
3 (10.7)

17 (39.5)
23 (53.5)
3 (7.0)

22 (51.2)

0.758
0.691
< 0.001
0.869
0.293
0.654
0.654
0.338
0.693
0.174

0.197

0.084

0.035
0.018
0.651

The p values were calculated by Kruskal–Wallis test or Chi square test
ACPA anticitrullinated protein antibody, ANA antinuclear antibody, N number of patients, RA rheumatoid
arthritis, SD standard deviation, RF rheumatoid factor, SSAAb anti-Sjögren`s-syndrome-related antigen A,
SSBAb anti-Sjögren’s-syndrome-related antigen B, RNPAb antibodies for ribonuclear protein
*Modified Sharp van der Heijde method

a

b
c
d
e

Data missing from 2 chronic RA patients and 6 controls
Data missing from 9 patients with chronic RA and 5 patients with early RA
Data missing from 3 chronic RA patients
Data missing from 17 control subjects
Data missing from 1 early RA patient

(92.6%); in 23 of them, combined with synthetic DMARD,
mostly with methotrexate and prednisolone.
After follow-up, disease activity evaluated by DAS28 was
significantly decreased in the CRA patients (Table 2). Of
the 23 patients with complete follow-up data, 10 (43.0%)
were in DAS28 remission. The EULAR treatment response
was good in 5 patients (21.7%), moderate in 9 patients
(39.1%), and 9 patients (39.1%) patients had no response.
The improvement was also reflected in HAQ.
The number of patients with tender or swollen joints
in fingers or wrists decreased during the study in both RA
groups, in patients with early untreated RA from 52 (98.1%)
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to 25 (56.8%) and in patients with chronic RA from 25
(89.3%) to 14 (58.3%), both p < 0.001.
Radiological findings increased during the study especially in patients with chronic RA as given in Table 2.

Oral health parameters
According to the patients’ questionnaires, EURA patients
brushed their teeth less often than did the CRA patients and
controls (Table 1). After follow-up, the number of EURA
patients who brushed their teeth at least twice a day had
increased statistically significantly from 33 to 37 (p = 0.044).
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Table 2  Disease activity parameters and radiology findings of patients with rheumatoid arthritis at baseline and after follow-up
Parameter, median (IQR) Patients with early untreated RA
Baseline (N = 53) Follow-up (N = 46) pa
Tender joint count (686 (3–13)
joint count)
Swollen joint count (667 (4–10)
joint count)
Erythrocyte sedimenta20 (11–34)
tion rate (mm/h)
Plasma C-reactive pro6 (3–14)
tein (mg/l)
Plasma interleukin-6
5.3 (2.3–17.2)
(pg/ml)
DAS28 score, 0–10
4.0 (3.2–4.8)
HAQ score, 0–3
0.5 (0.1–0.9)
Patient’s global assess27 (13–48)
ment (VAS 0–100 mm)
Radiography score*
Erosion
0 (0–2)
Narrowing
0 (0–0)
Total
0 (0–3)
Erosions in hand or foot
17 (33.3)
radiographs, N (%)

pb

Patients with chronic RA

pc

Baseline (N = 28) Follow-up (N = 26) pa

1 (0–6)

< 0.001

4 (1–8)

1 (0–4)

0.055

0.081

0.830

0 (0–2)

< 0.001

6 (3–11)

1 (0–4)

< 0.001

0.943

0.097

9 (5–16)

< 0.001

20 (9–46)

15 (5–31)

0.026

0.850

0.206

0.001

18 (5–30)

7 (2–19)

0.010

0.008

0.037

3 (2–6)
0.9 (0.4–1.7)

< 0.001 6.1 (2.7–17.5)

2.6 (0.8–10.1)

0.727

0.478

0.002

2.4 (1.7–2.9)
0.3 (0-0.4)
14 (3–26)

< 0.001 4.1 (3.0–4.9)
< 0.001 0.6 (0.4–1.0)
< 0.001 43 (29–60)

3.1 (2.0–3.9)
0.3 (0–1.0)
25 (10–54)

0.003
0.022
0.053

0.974
0.225
0.031

0.097
0.178
0.041

0 (0–4)
0 (0–0)
0 (0–4)
24 (49.0)

< 0.001
0.041
< 0.001
< 0.001

26 (5–80)
13 (2–53)
36 (7–114)
20 (90.9)

0.001
0.001 < 0.001
0.002 < 0.001 < 0.001
0.001 < 0.001 < 0.001
0.001 < 0.001 < 0.001

17 (6–84)
8 (2–56)
26 (6–136)
22 (84.6)

DAS28 Disease Activity Score (28-joint count), HAQ Health Assessment Questionnaire, N number of patients, RA rheumatoid arthritis, VAS
visual analog scale
*Modified Sharp van der Heijde method
a

b
c

p value obtained by Wilcoxon test comparing baseline to follow-up
p value obtained by Kruskal–Wallis test comparing early untreated RA to chronic RA at baseline
p value obtained by Kruskal–Wallis test early untreated RA to chronic RA after follow-up

Table 3  Oral parameters in the study participants
Parameter, median
(IQR)
Number of teeth

Patients with early untreated RA
Baseline (N = 53)

Follow-up (N = 47)

Patients with chronic RA
pa

Baseline (N = 28)

Controls (N = 43)

Follow-up (N = 26)

pb

pa

27 (23–28)

27 (22–28)

0.024

27 (22–28)

27 (22–28)

0.317

27 (25–28)

0.628

DMFT

19 (12–23)

20 (13–24)

0.002

19 (12–23)

19 (12–23)

0.317

17 (10–21)

0.418

DMFS

55 (27–80)

57 (34–83)

< 0.001

52 (26–79)

56 (26–82)

0.008

44 (18–62)

0.355

2 (2–3)

2 (2–3)

2 (1–3)

2 (1–3)

0.109

1 (1–3)

0.045

TDI

0.349

Salivary flow (ml/5 min)
USFR

1.0 (0.5–1.5)

1.4 (0.8–2.2)

0.034

1.2 (0.7–2.0)

1.7 (0.8–2.3)

0.133

1.0 (0.5–1.2)

0.261

SSFR

5.0 (3.5–7.0)

5.0 (3.0–8.6)

0.461

5.5 (3.8–8.0)

5.0 (4.6–8.3)

0.841

5.5 (4.4–7.0)

0.766

Hyposalivation, N (%)
USFR ≤ 0.5 ml/5 min

16 (30.2)

10 (21.3)

0.388

5 (17.9)

3 (11.5)

0.688

13 (30.2)

0.436

SSFR ≤ 3.5 ml/5 min

15 (30.0)

16 (35.6)

0.453

6 (21.4)

5 (19.2)

1.000

7 (16.3)

0.285

19 (35.8)

16 (34.8)

1.000

11 (39.3)

8 (30.8)

0.250

4 (9.3)

0.004

Self-reported xerostomia, N (%)

DMFT decayed missing filled teeth, DMFS decayed missing filled surfaces, N number of patient, RA rheumatoid arthritis, TDI total dental index
[19], USFR unstimulated salivary flow rate, SSFR stimulated salivary flow rate
a

b

p value comparing baseline and follow-up by Wilcoxon test or McNemar test
p value obtained by Kruskal–Wallis or Chi square test comparing early untreated and chronic RA patients and Controls at baseline
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No change was observed in the CRA group regarding tooth
brushing.
The caries indices DMFT and DMFS of patients in both
RA groups did not differ significantly from those of the
controls at baseline (Table 3). The DMFS scores slightly
increased in both RA groups during the follow-up (Table 3),
but no statistically significant difference between EURA and
CRA groups was observed in the DMFT and DMFS values
after follow-up. The dental inflammation index TDI was
similar in both RA groups during the study, but the index
was worse in RA patients compared with the control subjects (p = 0.045) (Table 3). Number of 4–5 mm deep gingival
pockets [median (IQR)] was higher in EURA patients [9
(3–18) at baseline and 9 (6–18) after follow-up] vs. CRA
patients [5 (3–15) and 4 (1–4)] and controls [1 (0–4)],
p < 0.001. The number of vertical bone pockets and periapical lesions was also higher in EURA patients through the
study, but the results were not statistically significantly different compared to the other study groups (data not shown).
At baseline the RA patients reported subjective xerostomia more often than did the controls (Table 3). The frequency of subjective dry mouth among the EURA or CRA
patients did not change statistically significantly from baseline to follow-up. Both USFR and SSFR were on the same
level in EURA and CRA groups and in controls at baseline
(Table 3). The mean USFR, but not SSFR, improved slightly
in the EURA patients during the study.

Serology and oral inflammation
RF positivity associated with oral inflammation. Including all subjects, those with positive RF (n = 63) had higher
median (IQR) TDI [2 (2–3)] at baseline compared with RF
negative study subjects (n = 53) [1 (1–2), p = 0.001]. Also at
baseline the median number of deep pockets (PD ≥ 4 mm)
was higher in subjects with positive RF (n = 62) [9 (3–18)]
vs. 3 (1–7) in RF negative subjects (n = 53, p < 0.001). The
USFR in RF positive RA patients increased from 1.0 (0.5 to
1.5) to 1.5 (0.8 to 2.2), (p = 0.027) during the study.
Four EURA patients and one CRA patient were positive for SSA- and SSB- antibodies, and one EURA patient
was positive for RNP antibody. RF was positive in all these
six patients and three patients with early untreated RA had
positive S-ANA. Three patients with positive SSA/SSB
serology reported of dry mouth. Of these patients, two had
USFR ≤ 0.5 ml. USFR and SSFR values did not differ statistically significantly at baseline between EURA patients with
positive and negative SSA/SSB/RNP antibodies. However,
after follow-up, the median (IQR) USFR [0.5 (0.2–1.0) vs.
1.5 (0.8–2.2), p = 0.020] and SSFR [2.4 (1.9–3.4) vs. 5.0
(3.3–8.7), p = 0.013] values were significantly lower when
comparing the values from these five positive EURA patients
to the other EURA patients. DMFT and DMFS indices and
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TDI scores were higher at baseline in EURA patients with
positive SSA-, SSB- or RNP antibody, respectively, when
compared with the rest of the patients (p = 0.039) (data not
shown).

Disease activity, functional disability, radiological
progression and oral health parameters
Linear regression models were constructed to explore the
association of DAS28 and HAQ scores with DMFT index
scores and unstimulated salivary flow rates at baseline. The
models included both EURA and CRA patients (n = 74). In
addition to DAS28 and HAQ, the explanatory variables in
both models initially included age, gender, RF positivity,
and the frequency of tooth brushing. In addition, the DMFT
model included the salivary flow rate, while the salivary
flow rate model included the number of teeth. Following
backward elimination, DAS28 was found to have a positive association with the DMFT index when controlling for
age (Table 4). A negative association was found with the
unstimulated salivary flow rate when controlling for gender
and number of teeth (Table 4). HAQ score was eliminated
in both the models.
Decayed missing filled teeth [rs 0.561 (p = 0.002)] and
DMFS [rs 0.581 (p = 0.001)] associated with DAS28 at baseline in CRA patients. After follow-up, DAS28 associated
positively with DMFT [rs 0.384 (p = 0.016)] and DMFS [rs
0.334 (p = 0.038)] in EURA patients; as well as in CRA
patients DMFT [rs 0.672 (p = 0.001)], DMFS [rs 0.650
(p = 0.001)]. Correlation between DAS28 according to low,
moderate and high disease activity and DMFS at baseline is

Table 4  Multiple linear regression for Decayed Missing and Filled
Teeth (DMFT) index and unstimulated salivary flow rate
Dependent

Predictors

Coefficient (95% CI)

p

DMFT index

Age
DAS28 score
Gender (female)

0.346 (0.254 to 0.437)
1.154 (0.240 to 2.068)
− 0.173 (− 0.289 to
− 0.057)

< 0.001
0.014
0.004

Unstimulated
salivary flow
rate

Number of teetha − 0.055 (− 0.106 to
− 0.004)
DAS28 score
− 0.046 (− 0.080 to
− 0.013)

0.036
0.008

The explanatory variables in both models initially included DAS28,
HAQ, age, gender, seropositivity, and tooth brushing frequency. In
addition, the DMFT model included the salivary flow rate, while the
salivary flow rate model included the number of teeth. Statistically
significant predictors following backward elimination are shown
CI confidence interval, DMFT decayed missing filled teeth, DAS28
Disease Activity Score, HAQ Health Assessment Questionnaire
a

Square root transformation
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Fig. 1  Caries experience index (DMFS) at baseline in rheumatoid
arthritis (RA) patients according to activity of RA

shown in Fig. 1. DMFS had a monotonic increasing association with the activity of RA (p < 0.001).
Radiological progression did not correlate statistically
significantly with oral health indices at baseline or after
follow-up in EURA or CRA group (data not shown).

Discussion
The main finding in this study was that patients with high
activity of RA had increased dental caries index scores
(DMFT and DMFS) and increased oral inflammatory burden
measured by TDI. Furthermore, study participants with positive RF had higher TDI and increased number of deep periodontal pockets compared to the seronegative participants.
Despite the good response to antirheumatic treatment in both
RA groups, DMFT and DMFS indices increased during the
study. This confirmed our hypothesis that oral inflammation was associated with activity of RA and inflammatory
burden was increased in RA patients. Compared with control subjects, TDI also revealed higher inflammation burden
(measuring also the data from periodontal condition, periapical lesions and pericoronitis) among patients with early
untreated RA before any use of synthetic or biological antirheumatic drugs. Because the majority of patients had arthritis in fingers or wrists, it is likely that poor manual dexterity
could contribute to the maintenance of daily oral hygiene.
Association between osteoarthritis in hands and disability
in maintaining proper oral hygiene has been reported previously [22]. Taking into account the relatively short duration
of symptoms (median 5 months) of the patients with early
untreated RA, the contribution of deteriorated hand function is probably of minor importance, however. Interestingly,
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only 50% from both EURA and CRA patients informed
cleaning regularly their approximal tooth spaces. After the
institution of treatments with synthetic DMARDs in EURA
and biological DMARDs in CRA patients, the number of
patients with tender or swollen joints in fingers or wrists
decreased in both RA groups and thus the manual dexterity
was expected to improve in both these patient groups. Nevertheless, DMFS index scores further increased in both RA
groups from baseline to follow-up indicating the constant
progression towards poorer oral health.
In general, perceived symptoms of dry mouth are frequent in adult population. Xerostomia is more common in
women than in men and its frequency increases with age and
associates with the used pharmacotherapy [23]. Oral symptoms and immunological inflammation in salivary glands is
a feature of RA. Secondary Sjögren’s syndrome is present
in about 25% of RA patients [24]. Saliva protects and lubricates mucosal tissues, prevents microbial accumulation on
tooth surfaces and also inhibits bacterial growth. According
to an earlier Finnish study, 19.6% of patients with various
inflammatory arthritides, compared with 2.9% of controls,
reported symptoms of dry mouth [25]. The results are in
line with the present study, where 36% of EURA and 40% of
CRA patients at baseline and 10% of controls, respectively,
reported symptoms of dry mouth. The symptom was not
alleviated during the follow-up despite the active treatment
of RA. Hyposalivation (measured by USFR) was detected
in 58% of patients with early untreated RA and in 28% of
patients with chronic RA with subjective symptoms of dry
mouth. Serology test showed positive results for autoantibodies associated with Sjögren’s syndrome in six (7.4%) of
our RA patients referring to susceptibility for Sjögren’ syndrome. Interestingly, both the unstimulated and stimulated
saliva secretion values after follow-up were significantly
lower in the autoantibody positive EURA patients than
in the rest of the patients. We can only speculate that the
patients were prone to develop Sjögren’s syndrome. However, because no ocular or oral histopathology tests were
conducted, the patients could not be classified to have secondary Sjögren’s syndrome [26].
After baseline all the patients received active treatment for RA. Synthetic DMARDs were administered to
patients with early untreated RA and biologic DMARDs to
patients with chronic RA, with moderate or good treatment
response in most of them. Secretion of saliva did not diminish during follow-up, on the contrary, slight improvement
was observed. However, hyposalivation (detected in both
USFR and SSFR) was present in the minor group of EURA
patients with incomplete criteria (positive RF, S-ANA, SSA/
SSB serology, hyposalivation, xerostomia) for secondary
Sjögren’s syndrome [24, 26] after follow-up.
There is only limited information concerning the use
of DMARDs with respect to treatment of dry eyes or dry
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mouth in patients with secondary Sjögren’s syndrome.
Hydroxychloroquine has been commonly used in these
patients, but the evidence of this treatment on symptoms
of dry eyes is poor [27]. Interestingly, leflunomide, added
on methotrexate was reported to decrease tear secretion in
RA patients with secondary Sjögren’s syndrome, but not in
RA patients without preexisting secondary Sjögren’s syndrome [28]. Recently, Tsuboi et al. [29] reported that during the treatment with abatacept, a biological drug blocking
the T cell co-stimulatory signal, both the tear and saliva
volumes increased in RA patients with secondary Sjögren’s
syndrome.
We did not find any difference in the smoking or use of
alcohol between RA patients and controls. This finding is
contrary to earlier observations, where smoking in women
has shown to be a risk factor of RA [30–32]. Our results
might be explained by the low number of smokers in our
study, which is in line with the decreasing incidence of
smoking in the Finnish population in general [33].
The strength of our study is the homogenous ethnicity of
the study population. The patients were followed up prospectively for 1–2 years. Limitation is the fairly small number
of patients even though we tried to recruite eligible patients
for almost 10 years (2005–2014) and the population covered
by the university hospital is 1.5 million. Also, as we did not
specifically address the hand function by, e.g., measuring
grip strength, the association between arthritic symptoms in
the hands and poor oral hygiene remains speculative. Furthermore, due to practical reasons, control subjects were
examined only once.
To conclude, our study showed that oral health was worse
and oral inflammatory burden higher in RA patients even
early at the time of diagnosis compared with population
controls without RA. In the RA patients, the activity of
RA measured by DAS28 increased with increasing caries
indices. Dysbiotic oral environment may be linked to RA
already in the entry of the disease. This could be interpreted
as a contributory factor to the development of RA or to be
associated with impaired manual dexterity due to rheumatic
inflammation. Limited maintenance of oral hygiene due to
impaired manual dexterity and subsequent poor oral health
may, on the other hand, increase the risk of oral infections.
This, in turn, could affect disease activity of RA. We emphasize the importance of regular and appropriate dental health
care and particularly oral health self-care with individually suitable means in RA patients started from the time of
diagnosis of RA. The treatment of oral foci of inflammation
is part of the comprehensive treatment of RA focusing to
remission of the arthritis.
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