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Abstract
Background. It has been reported that patients with rheumatoid arthritis (RA) are more likely to exhibit 
periodontitis than patients without RA. However, the frequency and severity of dental caries in patients 
with RA is still unknown.

Objectives. The aim of  the study was to investigate whether higher counts of  cariogenic bacteria are 
present in RA patients in contrast to healthy subjects, and to ascertain whether the frequency and severity 
of dental caries are increased in RA patients.

Material and methods. The study involved 160 adults: an RA group (n = 80) and a  control group 
matched by age and gender (n = 80). The participants’ dental status scores were determined based on the 
following indices: the Decayed, Missing and Filled Teeth (DMFT) index, the Filled and Sound Teeth (FS-T) 
index, Treatment Needs Index (TNI), Care Index (CI), and Integrative Dental Caries Index (IDCI). DNA copies 
of Streptococcus mutans (S. mutans) and Streptococcus sobrinus (S. sobrinus) were quantified using real-
time polymerase chain reaction (PCR).

Results. The IDCI showed that the RA group was more affected, mainly presenting moderate to severe 
dental caries. The RA group also had higher global DMFT scores than the control group and scored higher 
on the decayed component of the DMFT index. The TNI and CI indicated that RA patients required more 
dental attention and appropriate treatment. The Streptococcus mutans count was significantly higher in 
the RA group.

Conclusions. A complete basic oral examination, along with oral health instruction including adequate 
oral and dental hygiene, is crucial to prevent dental caries and associated complications in RA patients, 
since they appear to be more vulnerable than the non-RA population.
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Introduction 
Rheumatoid arthritis (RA) is a  chronic destructive 

inflammatory disease consisting in joint damage and 
bone erosion, and leading to functional disability.1 It has 
a prevalence of approx. 1% and is characterized by sub-
stantial morbidity and accelerated mortality.2,3 It is ac-
companied in many cases by oral manifestations, such as 
temporomandibular joint disorders, secondary Sjögren’s 
syndrome and xerostomia.4–6 Xerostomia is related to hy-
posalivation, which is considered a cariogenic condition, 
since saliva plays an important role in preventing the de-
velopment of  dental caries. Saliva dilutes carbohydrates 
and other substances, has excellent buffering capacity and 
antimicrobial activity, and balances the enamel deminer-
alization and remineralization.7 

Dental caries is regarded as a preventable non-commu-
nicable disease that affects a majority of  the population 
across their lifespan and, along with periodontal disease, 
is considered the most important oral disease.8,9 Approxi-
mately 300 bacterial species have been found to be associ-
ated with dental plaque, but only Streptococcus mutans 
(S. mutans) and Streptococcus sobrinus (S. sobrinus) have 
been consistently linked to the etiology of human dental 
caries.10 Additionally, S. mutans and S. sobrinus have been 
associated with non-oral infections, such as subacute 
bacterial endocarditis, atherosclerosis, coronary artery 
disease, and other systemic conditions.11,12 

It has been reported that patients with RA are more 
likely to exhibit advanced periodontitis than patients 
without RA.13,14 However, it is still unknown whether the 
frequency and/or severity of dental caries is also higher in 
RA patients. Therefore, the aim of this study was to inves-
tigate the frequency and severity of dental caries by the 
use of  several indices, and to detect, quantify and com-
pare the number of DNA copies of S. mutans and S. sob
rinus per milligram of supragingival dental plaque using 
real-time polymerase chain reaction (PCR) in RA patients 
and healthy subjects.

Material and methods 

Subject population and clinical evaluation 

This cross-sectional prospective study included 80 RA 
patients who were undergoing treatment and routine 
follow-up at the Regional Unit of Rheumatology and Os-
teoporosis at Dr. Ignacio Morones Prieto Central Hospital 
in San Luis Potosí, Mexico. All the RA patients had been 
diagnosed at least 5 years earlier by a  rheumatologist, 
in accordance with the American College of Rheumato-
logy (ACR) criteria15; they were selected for the study by 
non-probabilistic consecutive sampling. A control group 
of 80 healthy subjects (without RA), matched by age and 

gender with the RA group, were recruited from the wait-
ing room of the Clinic of Oral Medicine within the Mas-
ter’s Degree in Advanced General Dentistry Program at 
the Autonomous University of San Luis Potosí. Informed 
and voluntary written consent was obtained prior to the 
clinical examinations, in accordance with the ethical prin-
ciples of the Declaration of Helsinki (2013 version). The 
study was approved by the clinical research committee for 
the Master’s Degree in Advanced General Dentistry Pro-
gram at the Autonomous University of  San Luis Potosí. 
In both groups, only individuals that had brushed their 
teeth 3 h before sample collection were included. Those 
who had undergone prophylaxis or antibiotic therapy in 
the previous 3 months, smokers, those suffering from in-
fectious diseases or other chronic diseases, immunocom-
promised individuals, and those presenting <8 teeth were 
excluded from the study. Additionally, patients diagnosed 
with secondary Sjögren’s syndrome and those whose RA 
had lasted >15 years were excluded from the RA group.

Dental caries assessment 

Each subject completed an oral health questionnaire, 
which included questions about the use of  oral hygiene 
aids, the regularity of dental check-ups and oral dryness, 
among others. The participants were dia gnosed by a single 
examiner using standardized dental caries detection mea-
sures, with a standard dental light, a plain mouth mirror 
and a probe. For dental caries diagnosis, the total surfaces 
of all erupted teeth were assessed by applying the Decayed, 
Missing and Filled Teeth (DMFT) index and the Filled and 
Sound Teeth (FS-T) index, determined using the previ-
ously reported criteria for healthy and functional teeth.16,17 
Treatment Needs Index (TNI), Care Index (CI) and Inte-
grative Dental Caries Index (IDCI) were also assessed.18,19 
The IDCI included clinical findings by tooth surface and 
tooth area (anterior and posterior teeth) per patient. 

Dental caries was evaluated on the mesial, buccal, distal, 
and palatine surfaces of  the anterior teeth (the maxillary 
and mandibular central and lateral incisors as well as ca-
nines). For the posterior teeth, the occlusal, mesial, buccal, 
distal, and palatine surfaces were evaluated in the maxillary 
and mandibular premolars and molars. The third molars 
of the 4 quadrants were excluded. In order to provide more 
details, the severity of dental caries was determined using 
a gradient that evaluated the affected anterior and poste-
rior surfaces: healthy (a patient without dental caries); mild 
(1–7 surfaces affected); moderate (8–21 surfaces affected); 
and severe (>22 surfaces affected by dental caries).19

Sample collection, DNA isolation  
and quantitative polimerase chain reaction 

From each participant, supragingival dental plaque was 
collected from 4 locations around each tooth (vestibular, 
mesial, palatine, and distal of anterior, posterior, upper, 
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and lower teeth) using a Gracey curret (Hu-Friedy Mfg. 
Co. LLC, Chicago, USA). Dental plaque was stored in 
a  microcentrifuge tube containing the phosphate buff-
ered saline (PBS) solution, then weighed in milligrams 
and washed; it subsequently underwent the DNA extrac-
tion in accordance with the previously reported protocol 
for Gram-positive bacteria.20 All samples were processed 
aseptically to prevent contamination from the environ-
ment during the DNA extraction and quantitative poly-
merase chain reaction (q-PCR) assays. 

For q-PCR, 20 µL of a mixture containing 50 ng of ge-
nomic DNA, 1× TaqMan® Universal PCR Master Mix 
(Applied Biosystems, Foster City, USA) and 0.5 mL 
of  Custom TaqMan Gene Expression Assay for S.  mu
tans and S. sobrinus (Applied Biosystems) (Table 1) was 
placed in each well of a 48-well plate. The amplification 
and detection were performed using the StepOneTM 
System (Applied Biosystems) with the cycling profiles 
indicated in the manufacturer’s instructions. Standard 
curves were prepared using plasmidic DNA cloned into 
a vector in Escherichia coli competent cells by a 10-fold 
dilution series. The q-PCR results were expressed as the 
number of copies of bacteria DNA per milligram of den-
tal plaque.21

Statistical analysis 

All quantitative data were expressed as mean, stan-
dard deviation (SD) and range. Qualitative data were 
expressed as frequency and proportion. Statistical dif-
ferences between groups were determined with the 
Mann–Whitney U test for quantitative variables and the 
χ2 test for qualitative variables. The JMP® software v. 9.0 
(SAS Institute, Cary, USA) and Stata v. 11.0 (StataCorp, 
College Station, USA) were used. Statistical significance 
was set at p < 0.05. 

Results 
The inter-observer reliability regarding the dental car-

ies diagnosis was analyzed with the κ  test; the obtained 
κ-value was 0.90. For both groups of  participants, the 
mean age was 46 ±8 years (range: 32–60 years); the distri-
bution was 92% females and 8% males. There were no sta-
tistically significant differences between the groups with 
respect to the oral behavior variables (Table 2). In the RA 
group, 60% of  the patients reported a dry mouth sensa-
tion, whereas only 8.7% of the healthy subjects reported 
it (p < 0.05).

Table 1. Primers and probes for qualitative polymerase chain reaction (q-PCR)

Accessed bacteria Forward primer sequence Reverse primer sequence TaqMan probe

Streptococcus mutans GCCTACAGCTCAGA GATGCTATTCT GCCATACACCACTC ATGAATTGA TGGAAATGACGGTG CCGTTATGAA

Streptococcus sobrinus TTCAAAGCAAGA CCAAGCTAGT CCAGCCTGAGATTC AGCTTGT CCTGCTCCAGCGA CAAAGGCAGC

Table 2. Oral behavior overview in both groups 

Oral behavior Control group  
n = 80

RA group  
n = 80 p-value

Tooth brushing

≤1 daily 48 (60) 51 (63.7)
0.7449

≥2 daily 32 (40) 29 (36.2)

Use of hygiene aids

manual toothbrush 77 (96.2) 75 (93.7)
0.7195

electric toothbrush 3 (3.7) 5 (6.2)

dental floss 41 (51.2) 29 (36.2) 0.0793

mouth rinse 33 (41.2) 44 (55) 0.1133

Last dental examination

<12 months ago 22 (27.5) 31 (38.7)
0.1788

>12 months ago 58 (72.5) 49 (61.2)

Data expressed as number (percentage); RA – rheumatoid arthritis ; Fisher’s 
exact test.

Regarding the DMFT index, the control group had 
a higher mean; however, there was no statistical difference 
between the 2 groups. It is important to note that the RA 
group had a higher rate of decayed teeth, but a lower count 
of filled teeth compared to the control group. These values 
can be translated into the high TNI and low CI found in the 
RA group, both with statistical significance (Table 3). 

Table 4 shows IDCI, which provides more detailed infor-
mation about the presence of  caries by patient, tooth and 
surface. The dental caries gradient by patient was similar 
in the 2 groups, with a high frequency of mild caries (1–7 
surfaces affected): 41.2% in the control group and 31.2% in 
the RA group. The analysis by tooth showed posterior and 
upper teeth as the most frequently affected, especially in RA 

Table 3. Distribution of all the assessed indices and the Decayed, Missing 
and Filled Teeth (DMFT) index components

Indices 
regarding 

teeth

Control group  
n = 80

RA group  
n = 80 p-value

mean ±SD (range)

Healthy 13.34 ±5.51 (2–26) 15.25 ±5.08 (4–25) 0.0691

Decayed  3.88 ±4.05 (0–14)  5.79 ±3.98 (0–17) 0.0149 *

Missing  4.00 ±3.88 (0–16)  3.90 ±3.35 (0–15) 0.9999

Filled  6.74 ±4.98 (0–18)  3.33 ±3.99 (0–16) 0.0004 *

DMFT 14.84 ±5.52 (2–26) 13.02 ±4.99 (3–24) 0.0745

FS-T 71.59 ±18.80 (21–100) 66.02 ±19.23 (14–96) 0.1364

TNI 35.85 ±35.22 (0–100) 67.77 ±34.00 (0–100) 0.0002 *

CI 45.11 ±30.21 (0–100) 23.91 ±27.00 (0–94) 0.0009 *

CI – Care Index; FS-T – Filled and Sound Teeth index;  SD – standard deviation; 
TNI – Treatment Needs Index; * statistically significant (Mann–Whitney U test).
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hyposalivation (associated or not with Sjögren’s syndrome) 
is involved, oral hygiene becomes a particular concern.22  

In this study, we excluded patients diagnosed with secon-
dary Sjögren’s syndrome and only included patients with 
at least 5 years and at the longest 15 years of RA in or-
der to limit possible injury to the salivary glands and the 
timespan in which the subjects could have experienced 
hyposialia. This was because hyposialia could affect the 
salivary flow and decrease the ability to neutralize acids 
produced as a result of bacterial metabolism, leading to 
changes in the oral microbiota associated with caries fre-
quency and severity.

It is well-known that dental caries represents a  major 
public health problem around the world, whereas RA oc-
curs worldwide with a prevalence estimated at 0.2–1.0%, af-
fecting mainly females at a ratio of 3:1.23,24 The distribution 
of female patients in the present study (around 13:1) was 
higher than in the previously reported data. This can be ex-
plained by the fact that patients were selected from a rheu-
matology unit by consecutive sampling. Besides, it can be 
inferred that women generally report for more of  their 
rheumatologic follow-ups than men do. To the best of our 
knowledge, there have only been 2 studies using the DMFT 
index to assess caries in RA patients and controls, and both 
reported no significant differences between the groups 
(11.84 vs 10.56, respectively, in one report,25 and 17.61 vs 
16.03, respectively, in the other26). In the present study, we 
obtained a slightly higher DMFT score in the control group 
compared to the RA group (14.8 vs 13.0, respectively). 
These results are consistent with other reports of DMFT 
scores of 13.1 in adults older than 40 years in our popula-
tion.27 Such results may be due to demographic differences. 
Although we found no statistically significant differences 
between the groups when comparing the overall DMFT in-
dex scores, analyzing each DMFT component proved that 
RA patients presented a higher mean of decayed teeth than 
the control group (5.79 vs 3.88; p = 0.0149), showing that 
RA patients had more active caries. At the same time, the 
mean of filled teeth was significantly lower in the RA group 
compared to the control group (3.33 vs 6.74; p = 0.0004). 
The TNI and CI confirmed these findings, showing that 
the RA patients had higher levels of active caries than the 
control group, which had more filled than decayed teeth. 

It is important to note that the DMFT index represents 
the history of dental caries in the subject, which was simi-
lar in the 2 groups. Although the DMFT index is gener-
ally used in dental caries epidemiological studies, it is only 
focused on determining the caries experience during the 
subject’s life. This is an important limitation, because it 
does not distinguish caries severity and assigns the same 
value to small lesions and highly damaged surfaces. For 
that reason, IDCI is useful to provide detailed information 
about dental caries. After analyzing all the indices, includ-
ing IDCI, it is unquestionable that RA patients exhibited 
more dental caries (and often more severe) than the sub-
jects without RA. 

Table 4. Comparisons of the Integrative Dental Caries Index (IDCI) 

IDCI components Control group  
n = 80

RA group  
n = 80 p-value

Dental caries by patienta

Gradient

healthy 16 (20) 11 (13.7)

 0.2314
mild 33 (41.2) 25 (31.2)

moderate 18 (22.5) 25 (31.2)

severe 13 (16.2) 19 (23.7)

Dental caries by toothb

Area
anterior 0.8 ±1.0 1.0 ±1.1  0.4227

posterior 2.4 ±2.2 5.3 ±3.4  0.0002*

Jaw
upper 2.4 ±1.7 4.0 ±2.0  0.0024*

lower 1.1 ±1.0 2.7 ±1.6 <0.0001*

Dental caries by surfaceb

Area
anterior 1.2 ±1.1 1.4 ±1.0  0.7002

posterior 3.0 ±3.2 6.2 ±4.2  0.0001*

Jaw
upper 3.4 ±2.5 4.7 ±3.0  0.0264*

lower 2.2 ±1.6 2.8 ±1.6  0.2013

Global score  
of caries by surfaceb 5.6 ±3.3 7.9 ±4.8  0.0228*

Data presented as number (percentage) or mean ±SD  
a χ2 test; b Mann–Whitney U test; * statistically significant.

Table 5. Distribution of Streptococcus mutans (S. mutans) and Streptococcus 
sobrinus (S. sobrinus)

Bacteria
Control group  

n = 80
RA group  

n = 80 p-value
mean ±SD (range)

Total of cariogenic 
bacteria

4.6 × 108 ± 3.1 × 109 
(677.3 − 2 × 1010)

3.3 × 108 ± 8.2 × 108 
(6483.4 – 4 × 109)

0.7307

S. mutans
1.5 × 105 ± 4.9 × 105 
(66.36 − 2.8 × 106)

5.9 × 107 ± 1.7 × 108 
(41.72 − 8.9 × 108)

0.0001*

S. sobrinus
9.5 × 108 ± 5.6 × 108 

(0−3.8 × 108)
5.9 × 108 ± 1.8 × 109 

(0−7.8 × 109)
0.6712

p-value <0.0001* 0.0421* –

* statistically significant (Mann–Whitney U test).

patients: on average 5.3 and 4.0 teeth, respectively, as op-
posed to 2.4 teeth in the control group (p < 0.05). The global 
score of  dental caries by surface showed that RA patients 
presented a  significantly higher level of  affected surfaces: 
about 7.9 compared to 5.6 in the control group (p < 0.05). 

With respect to cariogenic bacteria, the results showed 
their presence in an order of magnitude of 108 copies/mg 
of subgingival dental plaque (Table 5). Streptococcus mu
tans was significantly higher in the RA patients (p < 0.05), 
while S.  sobrinus counts were higher than S.  mutans in 
both study groups (p < 0.05).

Discussion 
Rheumatoid arthritis is a  chronic inflammatory dis-

order that affects joints, which results in physical dis-
abilities, such as arm and hand dysfunction. When  
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The present study included both bacterial species asso-
ciated with dental caries, and used the golden standard – 
q-PCR – to quantify bacterial DNA copies per milligram 
of dental plaque. This method is highly sensitive and specific 
for the detection and quantification of bacteria, and is supe-
rior to classical methods, such as counting colony-forming 
units (CFUs), which is limited by a possible bias or the over-
estimation of the bacteria involved in dental caries.28

It has been widely reported that S. sobrinus strains 
are more acidogenic and aciduric, and that they exhibit 
a  greater degree of  cariogenicity in gnotobiotic animals 
than S. mutans strains. Despite these proprie ties, S. sobri
nus is much less frequently isolated from humans than 
S. mutans; and when isolated, it is almost invariably pres-
ent in lower quantities.29 However, both of  our study 
groups presented a high amount of S. sobrinus compared 
to S. mutans. This can be explained by the fact that the 
plaque samples were obtained from supragingival smooth 
surfaces, where S. sobrinus is more frequent than S. mu
tans, which has been linked to pits and fissures on oc-
clusal surfaces. A previous work by our research group 
described similar findings in systemic lupus erythema-
tosus (SLE) patients, where moderate to severe caries 
and a higher number of S. sobrinus copies per milligram 
of dental plaque were observed.19 Since both SLE and RA 
are autoimmune diseases, it is crucial to promote mea-
sures to prevent dental caries on all surfaces, including 
smooth surfaces. Oral opportunistic infections can have 
a considerable impact on other systemic diseases as well.

It is important to note that all the participants in our 
study presented both of  the bacterial species that have 
previously been associated with a  high frequency and 
severity of dental caries.30,31 However, the RA group pre-
sented S. mutans in counts that were higher compared to 
the controls by at least 2 orders of magnitude, which could 
be clinical evidence that there is high bacterial activity in 
these patients. The unique difference between our groups 
− oral dryness in the RA group − could be related to the 
higher counts of  S. mutans in that group. A  limitation 
of this study is that we did not perform sialometry to detect 
the differences in saliva secretion; we only questioned pa-
tients about a dry mouth sensation. Silvestre-Rangil et al.  
investigated whether a  dry mouth sensation was corre-
lated to genuine hyposialia, and observed significant dif-
ferences between their control group and RA group, in 
which saliva rates were clearly decreased.25

Conclusions 
Our results suggest that dental caries is more frequent 

and severe in RA patients, just as periodontal diseases were 
shown to be in previous studies. These results indicate that 
RA patients are not receiving adequate dental care, or they 
may be focusing their attention more on their systemic dis-
ease, considering dental care less important. Rheumatolo-

gists should therefore refer patients for complete basic oral 
examinations and promote oral health, including adequate 
oral and dental hygiene, in order to prevent dental caries 
and its complications. Dental caries must be considered an 
oral manifestation that accompanies RA in many cases.
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