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Abstract : Background : Rheumatoid arthritis (RA), an autoimmune disease of unknown etiology, is believed to 
occur as the result of actions of genetic and environmental factors. In this study, we examined the relation of 
past histories about infectious diseases with the levels anti-citrullinated protein autoantibodies (ACPA) in RA. 
Methods : Results of a questionnaire about histories of infectious diseases were obtained from 85 patients with 
RA, and were analyzed. Results : Significantly lower level of ACPA was detected in patients with the history of 
tonsillitis, otitis media or urinary cystitis than in those without it. There was no difference in the level of ACPA 
in RA patients between with and without cold / influenza, rubella, chickenpox, herpes labialis or herpes zoster. 
When RA patients were divided into two groups, high-level and low-level ACPA, multiple logistic regression 
analysis revealed that the history of otitis media was a significantly independent factor for the low level of ACPA. 
There was no significant relation between the level of rheumatoid factor and histories of infectious diseases. 
Conclusion : This study clarified that the past history of otitis media is associated with the low level of ACPA in 
RA. J. Med. Invest. 67 : 182-188, February, 2020
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INTRODUCTION
 

Rheumatoid arthritis (RA) is an autoimmune disease char-
acterized by destructive synovial joint inflammation leading to 
substantial joint damage, deformity, and functional disability, 
occasionally with systemic involvement (1,2). The cause of RA 
is unknown, but several genetic and epidemiological studies 
suggest the importance of complex interactions between genetic, 
environmental and hormonal factors, and the immune system 
(3,4). There is a preclinical period in the development of RA 
where the genetic and environmental factors interact to initiate 
and propagate the autoimmune process (5). Associations be-
tween RA and various environmental factors have been studied, 
but the evidence to show a causal role of the factors is inconclu-
sive (3,4). Infectious diseases are the major environmental expo-
sure that is considered as an initiator and a risk factor for the 
development of RA (6), but the mechanism is not fully clarified. 

There are reliable biomarkers for RA to know to be used for 
getting early diagnosis, assessing prognosis and achieving a 
better disease management (7). Autoantibodies most commonly 
used as an aid for diagnosing / classifying RA are rheuma-
toid factor (RF) and anti-citrullinated protein autoantibodies 
(ACPA), and their importance was recently emphasized by the 
inclusion of ACPA and RF on ACR / EULAR 2010 RA diagnostic 
criteria (8). In comparison with RF, ACPA have higher sensitiv-
ity and specificity for RA showing better diagnostic value (9). 

Moreover, several reports have shown that ACPA are the poor 
prognostic factor of joint destruction, and have an etiological role 
in RA development (10). ACPA-positive and ACPA-negative RA 
have different risk factors and pathogenic pathways (11).

In this study, we examined histories about infectious diseases 
using a questionnaire to patients with RA, and revealed that 
past infectious diseases were associated with low levels of ACPA 
in RA. 

METHODS
Questionnaires

The questionnaire was given to patients with RA between 
June and October in 2018. Table 1 shows a list of questionnaire 
entries which consists of questions about backgrounds of patients 
and histories of infectious diseases. Q1) smoking status (current 
smokers / ever or never smokers), Q2) passive smoking status 
(yes / no), Q3) sleeping time a day (< 6 h / 6-8 h / > 8 h), Q4) 
constipation (severe / mild / no), Q5) manual labor work (yes or 
ever / never), Q6) past history of bone fracture (yes / no), Q7) past 
history of a trauma except bone fracture (yes / no), Q8) periodon-
titis (present / absent) : Five questions about periodontitis were 
performed to the patient. If the number of yes was ≥ 3 of five, the 
patient was divided into a group of “present”. If the number of 
yes was ≤ 2 of 5, the patient was into a group of “absent”, Q9) ex-
perience of otitis media, rubella, chickenpox, herpes labialis, or 
herpes zoster (yes / no), Q10) Frequency of cold/influenza, tonsil-
litis, or urinary cystitis (sometimes / rare) : If the frequency was 
≥ once per several years, the patient was divided into a group of 
“sometimes”. If the frequency was < once per several years, the 
patient was into a group of “rare”.
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Patients
The present study was conducted at Tokushima Prefectural 

Kaifu Hospital and Toyo Hospital which are the professional 
hospitals for RA medical treatment. RA was diagnosed accord-
ing to the 1987 American College of Rheumatology classification 
criteria for RA (12) or ACR / EULAR 2010 RA criteria (8). We 
enrolled patients with RA who were treated in the hospitals 
(Table 2). We handed over the questionnaire directly to 145 pa-
tients with RA in the hospitals, and a participation rate was 58.6 
% (85 patients). Data of anti-cyclic citrullinated peptide (CCP) 
antibodies (ACPA), RF, matrix metalloproteinase (MMP)-3 and 
c-reactive protein (CRP) were collected from medical records 
of RA patients at diagnosis as RA. We did not have records on 
anti-CCP antibodies when cases were diagnosed prior to its 
widespread use. The abnormal levels of anti-CCP antibodies, 
RF and CRP were defined as ≥ 4.5 U / ml, > 20 IU / ml, > 0.3 
mg / dl, respectively. The abnormal MMP-3 level was defined as 
> 121.0 ng / ml for men and > 59.7 ng / ml for women. When data 

of anti-CCP antibodies, RF and CRP were under the sensitivity 
level, the data of the detection limit were used (anti-CCP anti-
bodies = 0.5 U / ml, RF = 4 IU / ml, CRP = 0.05 mg / ml). 

Statistical analysis
Comparison between groups was made using Mann-Whitney 

U test for continuous variables and Pearson’s chi-squared test or 
Fisher’s exact test for categorical variables. Median values were 
calculated for non-normally distributed continuous variables. 
Data were mainly presented as median and 25th-75th quarter, 
count and percentage, or odds ratio (OR) and 95% confidence 
interval (CI). Multivariate logistic regression analyses were 
performed with stepwise selection to determine variables relat-
ed to the level of ACPA. Spearman rank correlation coefficient 
was used to examine the correlation between parameters. The 
results were regarded as significant when p value was < 0.05. All 
statistical analyses were performed using IBM SPSS statistics 
version 24 software (Chicago, IL, USA).

Table 1.　questionnaire entries

Questions Answers

Q1) Smoking : Have you smoked ? current / no or quit

Q2) Passive smoking : Is there anyone who smokes in your house? yes / no

Q3) Sleeping time a day : How long are your average sleeping hours? < 6 h /      6-8 h      / >  8 h

Q4) Constipation : Are you constipated? severe /       mild       / no

Q5) Manual labor work : Have you engaged in a manual labor work? current or ever / never

Q6) Bone fracture : Have you got a bone fracture? yes / no

Q7) Trauma except bone fracture: Have you got a trauma except bone fracture? yes / no

Q8) Periodontitis : Have you been diagnosed with the periodontitis by a dentist?
Do you have gums with swelling?
Do you have gums with bleeding?
Do you feel pain in gums when biting something solid?
Do you have any loose teeth?

present* / absent*

Q9) Experience of infectious diseases : Have you got otitis media, infections of rubella, 
chickenpox, herpes labialis, or herpes zoster? yes / no

Q10) Frequency of infectious diseases : How often have you got a cold / influenza, tonsillitis, 
or urinary cystitis? sometimes** / rare**

* Present ; the number of yes ≥ three of 5, absent ; the number of yes ≤ two of 5.
**Sometimes ; frequency ≥ once per several years, rare ; frequency ≤ once per several years.

Table 2.　Characteristics and laboratory data of patients with RA

n (%) Normal range Variables

Age (y) 85 68 (62.5-74.5)

Sex (male : female) 85 17 (20%) : 68 (80%)

Age at diagnosis (y) 85 60 (51-66)

Disease duration (y) 85 7 (3.5-12)

Anti-CCP antibody (U / ml) 55 (64.7) < 4.5 62.4 (8.8-236.0)

RF (IU / ml) 75 (88.2) ≤ 20 49.4 (19.6-138.4)

MMP-3 (ng / dl) 34 (40.0) Male ; ≤ 121.0   Female ; ≤ 59.7 91.9 (44.6-173.7)

CRP (mg / dl) 79 (92.9) ≤ 0.3 0.58 (0.15-1.67)

Data of anti-cyclic citrullinated peptide (CCP) antibody (ACPA), rheumatoid factor (RF), matrix metalloprotein-
ase (MMP)-3 and c-reactive protein (CRP) were collected from medical records at diagnosis as RA. Values are 
presented as number (percentages) and median (interquartile range).
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RESULTS
Patient characteristics and laboratory data

Table 2 shows the summary of patient characteristics at the 
time of study enrollment and laboratory data at diagnosis as RA. 
Eighty five patients with RA who returned us the questionnaire 
were included in this study. Patients consisted of 17 male (20 %) 
and 68 (80 %) female with median age of 68 (62.5-74.5) years 
old. The median age at diagnosis was 60 (51-66) years old, and 
the disease duration was 7 (3.5-12) years. As biomarkers, the 
absolute values of anti-cyclic citrullinated peptide (anti-CCP) 
antibodies (ACPA), rheumatoid factor (RF), matrix metallopro-
teinase (MMP)-3 and c-reactive protein (CRP) were obtained 
at diagnosis as RA by reviewing patients’ medical records in 55 
(64.7 %), 75 (88.2 %), 34 (30.0 %), and 79 (92.9 %), respectively, of 
85 patients. Since the test of anti-CCP antibodies for the diagno-
sis of RA was covered by insurance in Apr, 2007 in Japan more 
recently than RF, they could not be measured for patients who 
were diagnosed as RA before the time. That is the reason for low 
percentages observed in anti-CCP antibodies when compared 
with RF.

Comparison of the level of ACPA among clinical findings
The level of ACPA was compared among various clinical find-

ings. There were no significant differences in the level of ACPA 
between two groups in terms of age at diagnosis or sex (Table 
3). No difference in the level of ACPA was detected in the status 

of smoking, passive smoking, sleeping time, constipation, the 
working history of manual labor, past history of bone fracture 
or that of trauma. In female patients, there was no difference in 
the level of ACPA between two groups of the experience of preg-
nancy, times of giving birth, or the experience of breast feeding 
(data not shown). 

Comparison of the level of ACPA in histories of infectious diseases
The level of ACPA was compared in present status and past 

histories of infectious diseases (Table 4). Significantly lower level 
of ACPA was detected in patients with the history of tonsillitis 
(p = 0.038), otitis media (p = 0.003) or urinary cystitis (p = 0.043) 
than in those without it. Although patients with the history of 
mycoplasma pneumonia showed significantly lower ACPA than 
those without it, the number of patients with mycoplasma pneu-
monia history is a few (3 patients). There was no difference in the 
level of ACPA between two groups of present status of periodon-
titis, or the history of cold / influenza, rubella, chickenpox, herpes 
labialis or herpes zoster.

 
Comparison of histories of infectious diseases between patients 

with high and low ACPA
According to the 2010 ACR / EULAR criteris (8) in which a 

level of > three times of the normal upper limit value is consid-
ered to be high-level positive, the level of ACPA was divided into 
two groups, high ACPA and low ACPA, by 13.5 U / ml, in this 
study, and the characteristic of histories of infectious diseases 

Table 3.　Comparison of ACPA levels with backgrounds and clinical findings of patients with RA

Clinical findings ACPA (U / ml, n = 55) p value

Age at diagnosis (y) (≥ median / < median) 56.9 (11.2-320.2) n = 34 / 74.9 (7.4-212.0) n = 21 0.775

Male / female 48.6 (9.2-286.7) n = 13 / 62.4 (7.4-251.3) n = 41 0.946

Smoking (current / no or quit) 31.0 (13.5-135.8) n = 13 / 74.9 (7.4-359.2) n = 41 0.430

Passive smoking (yes / no) 75.8 (7.2-173.6) n = 8 / 56.9 (8.1-320.2) n = 46 0.971

Sleeping time (< 6h / 6-8h / > 8h) 16.4 (3.3-221.5) n = 5 /     73.5 (2.1-184.7) n = 20     / 74.9 (21.9-326.0) n = 29 0.866

Constipation (severe / mild / no) 33.0 (2.1-219.9) n = 20 /    74.9 (17.0-251.3) n = 29    / 48.6 (4.7-1322.9) n = 5 0.504

Manual labor (current or ever / never) 62.4 (0.9-403.8) n = 11 / 51.4 (8.8-188.0) n = 43 0.807

Bone fracture (yes / no) 61.8 (4.0-255.6) n = 26 / 56.9 (14.1-300.1) n = 28 0.631

Trauma (yes / no) 100.0 (4.7-1161.8) n = 5 / 51.4 (9.7-275.3) n = 49 0.815

The level of ACPA is compared among clinical findings of patients with RA. Values are presented as median (interquartile range).

Table 4.　Comparison of ACPA levels with histories of infectious diseases 

Infectious diseases ACPA (U / ml) p value

Periodontitis (present / absent) 51.4 (16.4-403.8) n = 11 / 50.6 (1.2-188.0) n = 41 0.530

Cold & influenza (sometimes / rare) 42.4 (2.4-98.4) n = 17 / 87.5 (7.8-404.5) n = 36 0.331

Tonsillitis (sometimes / rare) 17.5 (0.6-87.2) n = 14 / 95.5 (14.9-416.3) n = 38 0.038

Otitis media (yes / no) 3.1 (0.7-59.7) n = 13 / 100.0 (17.2-411.5) n = 40 0.003

Urinary cystitis (sometimes / rare) 26.5 (0.9-417.1) n = 14 / 99.4 (14.9-372.1) n = 41 0.043

Mycoplasma pneumonia (yes / no) 0.5 (0.0-   ) n = 3 / 62.4 (8.8-337.4) n = 50 0.020

Rubella (yes / no) 74.9 (12.6-1081.5) n = 13 / 74.9 (16.4-439.2) n = 39 0.363

Chickenpox (yes / no) 63.2 (14.5-760.3) n = 14 / 63.2 (2.1-279.6) n = 39 0.552

Herpes labialis (yes / no) 439.2 (1.2-1723.7) n = 7 / 50.6 (6.0-174.8) n = 46 0.319

Herpes zoster (yes / no) 48.6 (6.0-100.0) n = 8 / 62.4 (4.9-337.4) n = 45 0.971

The level of ACPA is compared between presence of periodontitis and histories of infectious diseases. Values are presented 
as median (interquartile range).
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was compared between the two groups (Table 5). Patients with 
the history of otitis media were significantly (p = 0.019) more in 
the low ACPA group. There was no difference in the two groups 
of present status of periodontitis, or past histories of cold / influ-
enza, tonsillitis, urinary cystitis, mycoplasma pneumonia, rubel-
la, chickenpox, herpes labialis or herpes zoster between high and 
low ACPA groups. 

We next performed multiple logistic regression analysis to 
compare the relative impact of the variables. Candidate vari-
ables, tonsillitis, otitis media and urinary cystitis, were selected 
based on statistical significance in results shown in Tables 4 and 
5, and were analyzed as dependent variables, along with age 
at diagnosis and sex, by using a stepwise backward selection 
method. The analysis revealed that the history of otitis media 
(p = 0.015 ; OR = 0.179 ; 95% CI = 0.045-0.713) was a significant-
ly independent factor for the low level of ACPA, but the history of 
tonsillitis (p = 0.730 ; OR = 0.768 ; 95% CI = 0.171-3.445) or uri-
nary cystitis (p = 0.346 ; OR = 0.512 ; 95% CI = 0.127-2.060) was 
not significant (Table 6). Spearman rank correlation coefficient 
showed that among otitis media, urinary cystitis and tonsillitis 
there is a significant correlation between otitis media and tonsil-
litis (r = 0.315, p = 0.004).

    Considerable high levels of ACPA ( > 100 U / ml) were ob-
served in none of patients with histories of otitis media (0%, 0 of 
13) (vs. without those of otitis media (55.0%, 22 of 40), p < 0.001), 
and were observed in 21.4% (3 of 14) patients with those of ton-
sillitis (vs. without those of tonsillitis (50.0%, 19 of 38), p = 0.064) 

and were observed in 21.4% (3 of 14) of patients with those of 
urinary cystitis (vs. without those of urinary cystitis (51.2%, 21 
of 41), p = 0.052).

The relation of the past history of tonsillitis, otitis media or urinary 
cystitis and serum biomarkers of RA

The relation of histories of otitis media, tonsillitis, or urinary 
cystitis with the values of serum biomarkers of RA was exam-
ined (Table 7). Significantly low levels in patients with tonsillitis, 
otitis media, or urinary cystitis when compared with in those 
without it were detected in ACPA, but not in RF, MMP-3, or 
CRP.

 

DISCUSSION

This study demonstrates significantly lower level of ACPA in 
RA patients with the past history of tonsillitis, otitis media, or 
urinary cystitis than in those without it. These are unexpected 
observations to us because infectious diseases have been shown 
to be related to the development of RA (3,5). Our results showed 
that past histories of viral infections such as cold / influenza, 
rubella, chickenpox, or herpes did not affect the level of ACPA, 
suggesting that bacterial infections are associated with the de-
creased level of ACPA.

Multiple logistic regression analysis using tonsillitis, otitis 
media and urinary cystitis as dependent variables revealed that 

Table 5.　Comparison of histories of infectious diseases between patients with high ACPA and low ACPA

High ACPA Low ACPA p value OR 95% CI

Periodontitis (present / absent) 9 / 28 2 / 13 0.379 2.089 0.394-11.070

Cold / influenza (sometimes / rare) 12 / 26 5 / 10 0.902 0.923 0.258-3.297

Tonsillitis (sometimes / rare) 8 / 29 6 / 9 0.176 0.414 0.113-1.512

Otitis media (yes / no) 6 / 32 7 / 8 0.019 0.214 0.056-0.816

Urinary cystitis (sometimes / rare) 8 / 32 6 / 9 0.129 0.375 0.103-1.364

Mycoplasma pneumonia (yes / no) 1 / 37 2 / 13 0.129 0.176 0.015-2.102

Rubella (yes / no) 10 / 27 3 / 12 0.596 1.481 0.345-6.369

Chickenpox (yes / no) 11 / 27 3 / 12 0.506 1.630 0.384-6.922

Herpes labialis (yes / no) 4 / 34 3 /12 0.359 0.471 0.092-2.414

Herpes zoster (yes / no) 6 / 32 2 / 13 0.822 1.219 0.217-6.842

Patients with RA were divided into two groups, high and low, by a level of three times of the normal upper limit of ACPA (13.5 U / ml). Pear-
son’s chi-squared test or Fisher’s exact test was performed to determine the relation between infectious diseases and the level of ACPA. 
OR ; odds ratio, 95% CI ; 95% confidence interval.

Table 6.　Multivariate logistic regression analysis for strength of association between infectious diseas-
es and the level of ACPA

OR 95% CI p

Age at diagnosis 0.992 0.932-1.056 0.799

Sex 0.734 0.135-3.999 0.721

Tonsillitis 0.768 0.171-3.445 0.730

Otitis media 0.179 0.045-0.713 0.015

Urinary cystitis 0.512 0.127-2.060 0.346

Patients with RA were divided into two groups, high and low, by a level of three times of the normal 
upper limit of ACPA (13.5 U/ml). Multivariate logistic regression analyses were performed to determine 
the strength of association between infectious diseases and the level of ACPA. OR; odds ratio, 95% CI; 
95% confidence interval.
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the history of otitis media was a significantly independent factor 
for the low level of ACPA, but no significance for the low ACPA 
was detected in the history of tonsillitis or urinary cystitis. 
Tonsillitis and otitis media are known to be clinically often com-
plicated. Since Spearman rank correlation coefficient showed 
that there is a significant correlation between past histories 
of tonsillitis and otitis media, multicollinearity may affect the 
result. Some antibiotics such as minocycline are known to have 
activities to control RA (13). The difference in the treatment for 
infectious diseases is possible to be responsible for that in the 
level of ACPA though the treatment information to infectious 
diseases was not included in the questionnaire.

The production of ACPA initiates conversion of arginine to 
citrulline on peptides, which leads to high-affinity binding 
to shared major histocompatibility complex epitopes on anti-
gen-presenting cells (10). RA has been shown to consist of two 
different disease subsets based on the presence of ACPA, sero-
positive or seronegative (11). However, the difference in the de-
velopment of RA between ACPA-positive and ACPA-negative RA 
is still unknown. The seropositivity is associated with more phe-
notypic severity of RA joint inflammation (10). Circulating ACPA 
can be detected up to 10 years before clinical symptoms (14), in-
dicating the role of the adaptive immune system in pathogenesis 
of the ACPA-positive RA. Two autoantibodies, ACPA and RF, are 
known and clinically used to know the activity and prognosis of 
RA (15,16). The present study showed that there is a significant 
correlation between the titer of ACPA and RF, but the significant 
inverse relation to past infectious diseases is found with ACPA 
but not with RF, indicating that past infectious diseases may be 
associated specifically with the production of ACPA.

Recent studies have examined the role of ACPA in the patho-
genesis of RA (10). Protein citrullination is an essential step 
in the initiation of the autoimmune response in RA (17,18). 
Citrullination is the posttranslational deamination of argi-
nine residues to citrullines, catalyzed by the peptidylarginine 
deiminases (PADs) which is affected by various environmental 
triggers (19,20). In genetically disease-susceptable individuals, 
through antigen presentation, ACPA might be induced as an 
autoantibody against citrullinated proteins (21). The shared epi-
tope alleles such as HLA-DRB1*0401 are known to be associated 
with the ACPA-production (22,23). Thereafter, the interaction 
of citrullinated proteins and ACPA has an important role in in-
ducing activation of inflammatory cells and cytokine production 
which contribute the inflammatory and destructive response of 
RA joint (24). Thus, the positivity of ACPA is associated with 
more phenotypic severity of RA. On the other hand, there is 
little information about the mechanism of the development of 
ACPA-negative RA.

The mechanism of the low level of ACPA in patients with 
histories of infectious diseases shown in this study is unclear. 
In this study, we suggest two possibilities for the reason as 
follows. First, repeated infections may result in the production 
of unknown autoantibody. Previous reports showed the relation 
of infections such as Parvovirus B19, Epstein-Barr virus, myco-
plasma, and enteric bacteria to trigger and development of RA 
(25,26). Rheumatic fever is an illness caused by an autoimmune 
response to pharyngitis caused by a bacterial infection with 
group A streptococcus and affects the heart, brain, skin and 
joints (27). Thus, infectious diseases are possible to contribute 
to the initiation and perpetuation of joint inflammation in var-
ious rheumatic diseases. Moreover, we previously reported that 
neutrophils are a source of autoantigens such as defensins and 
cathepsin G and induce autoimmune response (28,29). Thus, the 
production of autoantibody via molecular mimicry to microor-
ganisms may be responsible, at least in part, for pathogenesis of 
RA patients with low levels of ACPA. Second, there is a possibili-
ty that a factor which can suppress ACPA production is produced 
by repeated infections. Neutrophils are crucial for protecting us 
from infections, especially bacterial infections by releasing anti-
microbial molecules (30). Recent studies have shown that neutro-
phils can release nuclear chromatin lined with toxic protein in 
infectious regions, which is called neutrophil extracellular traps 
(NETs) that can be antimicrobial (31,32). In NETs released from 
neutrophils, citrullinated proteins and PADs have been shown 
to be highly expressed (32,33). Of PADs, PAD4 is the key enzyme 
that orchestrates the nuclear explosion of NETs and is found 
in neutrophils and the rheumatic joint (34,35). Recent reports 
showed that anti-PAD4 autoantibodies are detected in sera from 
patients with RA (36), and that they can suppress the enzymatic 
activity of PAD4, resulting in the inhibition of PAD4-mediated 
citrullination (37). These results raise a possibility that the 
anti-PAD4 autoantibodies are produced against PADs in citrul-
linated NETs by repeated infections, and suppress the activity 
of PAD4 resulting in the suppression of citrullination and ACPA 
production in RA patients. Results observed in this study that 
significantly low levels of ACPA were detected in RA patients 
with neutrophil-related infections, i.e., bacterial infections (otitis 
media, tonsillitis, and urinary cystitis) rather than with viral 
infections (herpes, measles, and chickenpox) may support this 
hypothesis. A previous report showed that recent infections in 
gastrointestinal and urogenital tract but not respiratory tract 
are associated with a significantly lowered risk of RA suggesting 
that certain infections may could diminish the risk of RA via 
changes in the gut microbiome (38). Further studies are needed 
to clarify the mechanism of low levels of ACPA in RA patients 
with past infectious diseases.

Table 7.　The relation of serum markers of RA with past histories of infectious diseases

Markers
Tonsillitis Otitis media Urinary cystitis

Sometimes Rare p value Yes No p value Sometimes Rare p value

ACPA (U / ml) 74.9
(0.6-137.4)

95.5
(9.7-179.8) 0.038 4.9

(2.8-50.2)
100.0

(13.3-174.8) 0.003 6.0
(2.7-63.5)

100.0
(21.6-181.4) 0.043

RF (IU / ml) 57.0
(18.0-258.4)

40.0
(23.2-174.5) 0.794 24.0

(13.0-52.0)
49.5

(31.0-211.0) 0.749 59.0
(37.0-94.9)

32.0
(21.0-309.0) 0.397

MMP-3 (ng / dl) 44.4
(38.4-82.2)

78.9
(45.7-108.8) 0.349 46.7

(43.7-75.3)
68.4

(44.7-108.8) 0.374 57.9
(43.0-133.6)

52.7
(42.7-107.7) 0.753

CRP (mg / dl) 0.18
(0.11-0.58)

0.45
(0.13-1.78) 0.602 0.07

(0.06-1.08)
0.25

(0.15-0.82) 0.680 0.20
(0.19-4.34)

0.29
(0.13-0.90) 0.952

Data of anti-cyclic citrullinated peptide (CCP) antibody (ACPA), rheumatoid factor (RF), matrix metalloproteinase (MMP)-3 and c-reactive 
protein (CRP) were collected from medical records at diagnosis as RA. Values are presented as median (interquartile range).
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In the present study, there is no difference in the level of ACPA 
among smoking history or periodontitis status. Since smoking 
and periodontitis are well-established triggers of peptide citrul-
lination in the presence of HLA-DRB1 shared epitope alleles 
(39,40), they may lead to high level of ACPA. In this study, the 
number of current smokers is a few because the percentage 
of female is much more than that of male. Thus, the present 
study may include a biased population. Investigations for more 
patients and precise smoking history such as pack years for all 
former or current smokers are needed to clarify the relation of 
smoking with the level of ACPA. For periodontitis, there are 
conflicting views on the relationship between periodontitis and 
RA (41). Recent epidemiological data have not demonstrated a 
clear relationship between periodontitis and RA (42). Thus, the 
relation of ACPA production and periodontitis is still now contro-
versial. In this study, periodontitis status was examined by the 
questionnaire to patients with RA. The status should have been 
examined by medical examination by a dentist.

The present study had several limitations. Since the number of 
subjects was relatively small and insufficient, large-scale studies 
should be needed. In this study, the relation of joint inflamma-
tion and ACPA was not shown because the activity of joint in-
flammations such as DAS28 was not measured. Moreover, there 
is no information about the cause of microorganisms because the 
information of histories of infectious diseases is limited by the re-
sult of the questionnaire to patients with RA. Although the time 
interval from onset of infectious diseases to detection of ACPA 
is an important factor, questions about the time of infectious 
diseases had not been included in the questionnaire. A clinical 
research to determine the relation between precise histories of 
infectious diseases and ACPA is now under investigation in our 
laboratory.

CONCLUSION

This study revealed that RA patients with past histories of 
infectious diseases are more likely to have the low level of ACPA 
than patients without them. We showed that bacterial infections 
may be related to the low ACPA, suggesting that neutrophils 
may be responsible for the result by their autoimmune response. 
Our results raise the possibility that infectious diseases are re-
lated to the initiation and perpetuation in ACPA-negative RA by 
producing some other antibodies. 
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