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‘Table 2. Distribution and correlates of ACPA and RF in the general population*
ACPA RF
No. Positivity, % Pt OR (95% CIDt Positivity, % Pt OR (95% CDt
All subjects 9,575 1.7 - - 6.4 - -
Sex -
Male 3,168 1.7 - Reference 5.7 - Reference
Female 6,407 1.8 0.84 1.04 (0.74-1.45) 6.8 0.040 1.21 (1.00-1.45)
Age, years
30-39 2,315 1.3 - Reference 5.4 - Reference
40-49 1,339 1.3 0.94 0.98 (0.53-1.80) 5.8 0.67 1.06 (0.79-1.44)
50-59 1,886 1.8 0.23 1.35 (0.82-2.25) 8.7 54X 107° 1.64 (1.29-2.10)%
60-69 3,012 1.8 0.12 1.43 (0.90-2.26) 6.3 0.13 1.20 (0.95-1.52)
70-75 1,023 3.0 0.00062 2.46 (1.45—4.15)% 5.7 0.67 1,07 (0.77-1.49)
BM], kg/m?
18.5-25 6,876 1.8 - Reference 6.6 - Reference
<18.5 902 1.2 0.37 0.75 {0.39-1.42) 6.7 0.88 1.02 (0.76-1.37)
25-30 1,567 2.0 0.71 1.08 (0.72-1.63) 5.5 0.15 0.84 (0.66—1.07)
=30 230 1.3 0.66 0.77 (0.24-2.51) 7.0 0.72 1.10 (0.65—1.86)
Smoking
Never 6,219 1.7 - Reference 6.7 - Reference
Ex-smoker 1,961 2.0 0.21 1.36 (0.83-2.20) 5.8 0.97 1.00 (0.77-1.31)
Active 1,395 1.6 0.49 1.22 (0.69-2.16) 6.2 0.46 1.11 (0.83-1.49)
0 < Bl =200 1,056 1.5 0.65 1.14 (0.65-2.02) 5.0 0.23 0.83 (0.61-1.13)
200 < BI = 600 1,254 1.7 0.32 1.34 (0.75-2.39)% 5.3 0.82 1.04 (0.75-1.43)
600 < BI 1,044 2.2 0.32 1.42 (0.71-2.83)% 7.5 0.018 1.58 (1.08-2.30)%
Alcohol§
Never or past 3,193 2.1 - Reference 6.3 - Reference
Current, light 1,883 1.8 0.66 0.91 (0.58-1.41) 7.3 0.049 1.26 (1.00-1.60)
Current, moderate/heavy 3,396 1.3 0.025  0.60 (0.38-0.95)§ 5.8 0.84 1.02 (0.81~1.29)
CRP, mg/dl
<0.1 1,587 1.1 - Reference 5.4 - Reference
0.1-0.3 3,350 1.7 0.27 1.36 (0.78-2.37) 6.4 0.17 1.20 (0.92-1.58)
>0.3-1.0 3,235 1.5 0.64 1.14 (0.64-2.06) 6.4 0.30 1.16 (0.87-1.53)
=1.0 1,403 3.0 0.0078  2.26 (1.22-4.17)¢ 7.5 0.0087 1.53 (1.11-2.12)#
* ACPA = anti—citrullinated peptide antibody; RF = rheumatoid factor; OR = odds ratio; 95% CI = 95% confidence interval; BMI = body mass index;
BI = Brinkman's Index; CRP = C-reactive protein.
+ Logistic regression analysis adjusting for sex and age (statistics for BMI, alcohol, smoking, and CRP level).
¥ Suggestive or significant associations mentioned in the main text.
§ Those that drink more than once a week are categorized as moderate/heavy.

any significant associations for BMI, smoking, and alcohol
consumption (Table 2), high alcohol consumption showed
a suggestive protective effect with ACPA positivity, con-
sistent with the previous report from European popula-
tions showing a protective effect of alcohol consumption
against ACPA-positive RA (34). Smoking showed a sug-
gestive dose-dependent effect on ACPA production, and
this effect was strengthened in condition with alcohol
consumption (Table 2 and Supplementary Table 4, avail-
able in the online version of this article at http://online
library.wiley.com/doi/10.1002/acr.22385/abstract). A high
level of CRP showed suggestive associations with ACPA
and RF positivity (P = 0.0078 and 0.0087, respectively)
(Table 2). Because smoking is the established environ-
mental risk factor for seropositive RA, especially in men,
we separately analyzed effects of smoking on ACPA
and RF production in men and women. As a result, while
we found a slight increase of positivity in male ever-
smokers, the associations did not reach a significant level
and the ORs were much lower than those for seropositive
RA (Table 3).

The linear increase of ACPA positivity according to ages
of individuals raised the possibility that the positive like-
lihood ratio (PLR) of having RA based on ACPA positivity
differed according to the age groups. To address this
point, we collected ACPA data from 2,067 patients with
RA whose data on age at onset were available and cal-
culated the PLR of having RA based on ACPA positivity.
As a result, we found that the PLR of having RA de-
creased according to age (Supplementary Figure 2A, avail-
able in the online version of this article at http://online
library.wiley.com/doi/10.1002/acr.22385/abstract). In par-
ticular, the group age >70 years demonstrated a signifi-
cantly lower PLR of RA than the group ages 30—39 years
(P = 0.0033) (Supplementary Figure 2A, available in the
online version of this article at http://onlinelibrary.wiley.
com/doi/10.1002/ acr.22385/abstract). When we analyzed
RF positivity in the same manner, the PLR decreased in
the group ages 5059 years in comparison to the group
ages 30—39 years, reflecting an increase of RF positivity in
the general population (P = 0.0013) (Supplementary
Figure 2B, available in the online version of this article
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Table 3. Lack of significant association between smoking and ACPA or RF in men and women*
ACPA RF
All subjects No. Positivity, % Pt OR (85% CID)t No. Positivity, % Pt OR (95% CIjt
Men
Never 791 1.3 - Reference 791 4.7 -
Ex-smoker 1,399 2.1 0.25 1.62 (0.71-3.66) 1,399 5.8 0.55 Reference
Active 978 1.5 0.38 1.50 (0.60-3.74) 978 6.3 0.13 1.14 (0.74-1.76)
Ever (Ex and Active) 2,377 1.9 0.27 1.54 (0.71-3.36) 2,377 6.0 0.28 1.42 (0.91-2.23)
0 < BI < 200 436 1.6 0.67 1.31 (0.38-4.49) 436 5.0 0.72 1.24 (0.84-1.84)
200 < BI =< 600 943 1.5 0.53 1.35 (0.53-3.45) 943 4.8 0.99 1.11 (0.62-2.00)
600 < BI 981 2.3 0.27 1.60 (0.70-3.69) 981 7.6 0.10 1.00 (0.62~1.62)
Women 1.46 (0.93-2.29)
Never 5,428 1.8 - Reference 5,428 6.9 -
Ex-smoker 562 1.8 0.60 1.22 (0.59-2.50) 562 5.7 0.30 Reference
Active 417 1.7 0.51 1.31 (0.59-2.91) 417 6.0 0.53 0.80 (0.52-1.22)
Ever (Ex and Active) 879 1.7 0.44 1.25 {0.71-2.21) 979 5.8 0.27 0.86 (0.53~1.38)
0 < BI < 200 620 1.5 0.73 1.13 (0.55-2.35) 620 5.0 0.063 0.83 (0.59-1.15)
200 < Bl = 600 311 2.3 0.20 1.68 (0.76-3.72) 311 7.1 0.55 0.65 (0.42-1.02)
600 < BI 41 0 0.98 NA 41 7.3 0.73 1.15 (0.72-1.84)
* ACPA = anti-citrullinated peptide antibody; RF = rheumatoid factor; OR = odds ratio; 95% Cl = 95% confidence interval; BI = Brinkman’s Index;
NA = not applicable.
+ P values and ORs in logistic regression analysis using age and alcohol drinking as covariates.

ACPA C ACPA

e
o
L

o
~
1

e
nN
L

Correlation

<

B Tt T SR T et i =
1 2 3 4 5 6 7 8 9 10 1112 131415 17 1921 X b P
Chromosomes 16 18 20 22

&
[
1

A ot 4% b
AN S i

B8 D | RF

e
IS
i

1 2 3 4 5 6 7 8 9 10 1112 131415 17 1821 X -
Chromosomes 16 18 20 22

Figure 1. Gensetic associations of single-nucleotide polymorphism (SNPs) and anti-citrullinated peptide antibody (ACPA) or
rheumatoid factor (RF) positivity. Manhattan plot is shown for positivity of ACPA (A) or RF (B). No SNPs showed significant
associations with positivity of ACPA or RF. Limited correlations of odds ratios in the SNPs of genome-wide association studies
between RA susceptibility and positivity of ACPA (C) or RF (D). Blue broken lines indicate SNPs with P values in the range of x-axis
for positivity of ACPA (C) or RF (D). Red broken lines indicate SNPs with P values in the range of x-axis for RA susceptibility. SNPs
are pruned by r? < 0.3. The error bars indicate 95% confidence interval.
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Table 4. Lack of significant associations between positivity of ACPA or RF and combination of SE and smoking
in the general population*
ACPA RF
No. Positivity, % Pt OR (95% CI)t Positivity, % Pt OR (95% CI)t

SE () 1,935 1.7 - Reference 6.0 - Reference
SE (+) 1,235 1.9 0.82 0.93 (0.47-1.81) 6.8 0.95 1.01 (0.71—1‘,44)
All subjects

SE (-) nonsmoker 1,230 1.8 - Reference 6.4 Co- Reference

SE (-) ex-smoker 373 2.4 0.063  2.83 (0.94-8.46) 4.3 0.16 0.58 (0.27-1.24)

SE (-) current smoker 332 0.6 0.40  0.50 (0.10-2.47) 6.0 0.64 0.84 (0.41-1.74)

SE (-) BI - - 0.045 1.13 (1.00-1.27) - 0.24 1.05(0.97-1.13)

SE (+) nonsmoker 772 2.1 0.50 1.32 (0.59-2.98) 7.0 0.89 0.97 (0.63-1.48)

SE (+) ex-smoker 265 1.9 0.65  1.41(0.31-6.33) 7.2 0.75 0.88 (0.41-1.89)

SE (+) current 198 1.0 0.68  0.71(0.14-3.63) 5.6 . 0.44 0.68 (0.25-1.82)

smoker

SE (+) BI - - 0.26 0.84 (0.62-1.14) - 0.48 0.96 (0.86-1.07)
Male

SE (-) smoking (-) 184 1.1 - Reference 6.0 - Reference

SE (-) smoking (+) 461 1.5 0.65  1.45 (0.30-7.07) 5.2 0.51 0.75(0.33-1.75)

SE (-) BI - - 0.38 1.06 (0.93-1.20) - 0.24 1.05(0.97-1.14)

SE (+) smoking (-) 93 3.2 0.25 2.97 (0.48-18.44) 2.2 0.20  0.36 (0.08-1.73)

SE (+) smoking (+) 334 1.8 0.53  1.69(0.33-8.52) 6.0 0.51 0.74 (0.31-1.81)

SE (+) BI - - 0.33 0.92 (0.78-1.09) - 0.23  0.93 (0.83-1.05)
Female

SE (-) smoking (-) 1,046 1.9 - Reference 6.6 - Reference

SE (-) smoking (+) 244 1.6 1.00 1.00 (0.32-3.15) 4.9 0.28 0.61(0.25-1.50)

SE (-) BI - - - - - 0.93 1.01(0.80-1.27)

SE (+) smoking (-) 679 1.9 0.81 1.10 (0.53-2.286) 7.7 0.84 1.05 (0.65-1.69)

SE (+) smoking (+) 129 0.8 0.44 0.44 (0.06-3.43) 7.8 0.81 0.88(0.30-2.61)

SE (+) BI - - - - - 0.24 1.18(0.90-1.56)
* ACPA = anti-citrullinated peptide antibody; RF = rheumatoid factor; SE = shared epitope; OR = odds ratio; 95% CI = 95%
confidence interval; BI = Brinkman’s Index.
t Logistic regression analysis adjusting for age, sex, and alcohol consumption or age and alcohol consumption for the analysis of all
subjects and men or women, respectively. Results of logistic regression analysis adjusting for only age were shown for ACPA analyses
of men, women, and subgroup with <5 subjects positive for ACPA. Linear regression analysis of BI was applied for subsets with >5
smoking subjects. )

GWASs. We used data of the RA GWAS that recruited
1,237 cases and 2,087 controls in Kyoto University, which
was a part of a previously published meta-analysis in a
Japanese population (19). As a result, we did not find
significant correlations between RA susceptibility and RF
or ACPA positivity, even in a set of SNPs showing P values
less than 0.001 in each GWAS (P = 0.40) (Figure 1C and D).

at http://onlinelibrary.wiley.com/doi/10.1002/acr.22385/
abstract).

Genetic components. Next we performed a GWAS in
3,170 healthy subjects to estimate common variants asso-
ciated with positivity of ACPA or RF. The GWAS did not
show population stratification in both studies (A =1.00).
Both GWAS did not demonstrate significant associations
(P < 5 X 1079 in any markers, including the HLA locus
(Figures 1A and B). Due to limitations of sample sizes with
positive ACPA or RF in the current study and the possi-
bility of multiple variants with low effect sizes associated
with the phenotypes, it could be that truly associated SNPs

HLA-DRB1 and positivity of ACPA and RF. Since the
association between SE and positivity of ACPA and RF in
patients with RA is well established, we analyzed whether
these associations were observed in the general popula-
tion. We imputed HLA-DRB1 alleles in the 3,170 individ-

were enriched in the SNP group with suggestive associa-
tions, even if we did not find markers with significant
associations. As previous genetic studies have suggested
that SNPs with low to middle effect sizes contribute to RA
phenotypes beyond ethnicity (19) even if they did not
show significant associations, we hypothesized that mul-
tiple common variants ‘with low to middle effect sizes
contributing to RA would be associated with ACPA or RF
production in the general population and vice versa.
Therefore, we performed correlation analyses to compare
the effect sizes of SNPs between the RA study and the 2

uals by HLA-IMP2 based on the genome-scanning data
(details shown in Patients and Methods). Imputation of SE
showed more than 93.5% of sensitivity and 99.8% of spec-
ificity for the genotyped SE in the 2 independent sets. The
association studies showed that SE was not significantly
associated with ACPA and RF positivity (P = 0.82 and
0.95, respectively) (Table 4). Because previous studies
showed that associations between SE and positivity for
ACPA and RF in patients with RA were strengthened in
the smoking population, we classified our subjects into 3
groups according to smoking status and assessed effects of
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Table 5. Significant associations between high ACPA level and smoking status or smoking quantity*

RF high ACPA high
No. Positivity, % Pt OR (95% CDt Positivity, % Pt OR (95% CI}t
Smoking (-) 6,219 1.2 - Reference 0.6 - Reference
Smoking (+) 3,356 1.5 0.57 1.16 (0.70~1.90) 1.0 0.0019  3.01 (1.50-6.03)%
Smoking Bl - - 0.0066 1.08 {1.02-1.15)% - 0.00011  1.14 (1.07-1.22)%
SE (-) 1,935 1.3 - Reference 0.5 - Reference
SE (+) 1,235 1.0 0.35 0.75 (0.42~1.37) 0.6 0.46 1.33 (0.62—-2.84)

95% CI = 95% confidence interval; Bl = Brinkman's Index.

- * Nonsmoking subjects without rheumatoid factor (RF) or anti—citrullinated peptide antibody (ACPA) were set as reference for the
analysis of smoking. Subjects without shared epitope (SE) and RF or ACPA were set as reference for the analysis of SE. OR = odds ratio;

t Logistic regression analysis adjusting for age, sex, and alcohol drinking, or age and sex for the analysis of smoking or SE, respectively.
+ Suggestive or significant associations mentioned in the main text.

SE. We did not find significant associations in any of the 3
groups (nonsmoking, ex-smoking, and currently smoking)
(Table 4) and smoking quantity. As a previous study sug-
gested that male subjects with SE are more sensitive to
smoking in ACPA production (35), men and women were
analyzed separately. We found an increase of ACPA posi-
tivity in SE-positive groups both for male nonsmoking and
smoking groups, but the associations did not reach the
significant level (Table 4).

Association between high level of ACPA and smoking
or SE. Because the distribution of ACPA or RF levels in
subjects positive for these antibodies is different between
healthy people and patients with RA (see Supplementary
Table 5, available in the online version of this article at
hitp://onlinelibrary. wiley.com/doi/10.1002/acr.22385/
abstract), we focused on those individuals with high levels
of ACPA or RF. While the decreased number of positive
subjects made it difficult to conclude the association, we
abserved a significant association between smoking and
high levels of ACPA with a comparable effect size to pa-
tients with RA (P = 0.0019, OR 3.01 [95% CI 1.50-6.03])
(Table 5), Further, smoking showed a dose-dependent as-
sociation with high levels of ACPA (P = 0.00011). Al-
though smoking did not show association with high levels
of RF, we observed a suggestive dose-dependent effect of
smoking on high RF production (P = 0.0066) (Table 5). We
found that the association trend between smoking and
high ACPA levels was enhanced in male subjects (Supple-
mentary Table 6, available in the online version of this
article at http://onlinelibrary.wiley.com/doi/10.1002/
acr.22385/abstract). On the contrary, we did not find asso-
ciations between SE and high levels of RF or ACPA.

DISCUSSION

In the current study, we showed positivity of ACPA and
RF in the general population, analyzed correlates of these
autoantibodies, and assessed genetic effects alone and in
combination with smoking. This is the first study to quan-
tify ACPA and RF in a large-scale healthy population to
assess correlates. Although the positivity of ACPA in this
study was comparable to that in the previous Turkish

study {1.0% in 941 subjects) (36), the positivity of RF was
slightly higher than those in the previous study that were
highly variable (21,25,36). This high positivity of RF in the
current study may be explained by the high proportion of
female subjects who showed a suggestive increase of RF
positivity compared to men, and the high proportion of
subjects in their 50s who showed the highest positivity of
RF among the groups. The 201 subjects excluded due to
possibly having connective tissue diseases showed posi-
tivity of 27.9% and 34.8% for ACPA and RF, respectively,
reflecting that many of them have rheumatic diseases (data
not shown). Considering the prevalence of RA patients in
the Japanese population (0.5-1.0%), the frequency of ex-
cluded subjects in the current study (approximately 2% of
study subjects) seems reasonable. Therefore, it is less
likely that patients with RA were missed for exclusion and
enriched in the remaining subjects. The cutoff values of 26
and 45 IU/ml for RF would give 95% and 98% specificity
in the current study, respectively. ACPA showed more
than 98% specificity with the current cutoff value.

The positivity of ACPA and RF showed correlations
even in the general population. Although the OR of being
positive for both autoantibodies is lower than that in pa-
tients with RA (the 2,067 patients in this study: OR 24.79
[95% CI 17.84-34.45]; data not shown), the titers in sub-
jects positive for both autoantibodies also showed a good
correlation. These might suggest that both autoantibodies
share common genetic and/or environmental risk factors.

ACPA and RF positivity did not show strong association
with sex. As approximately 80% of RA patients are women
(37}, the lack of association suggests that factors other than
sex are essential to produce ACPA and RF. We detected an
age-dependent increase of ACPA positivity. This result
corresponds to a previous report suggesting that detectable
levels of antibodies against fillagrin, one of the important
targets of citrullination of RA, tended to be found in the
older population (38). RF showed an inverse U pattern in
association with age. Menopausal term seems to corre-
spond to the peak of RF positivity in female subjects.
However, when we divided female subjects ages 50-59
years into 2 groups based on menopause, we did not find
a significant difference in the positivity of RF (P = 0.31
and OR 0.78; data not shown). The same tendency of
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increase of RF positivity in men cannot be explained by
menopause. A prospective study to follow the same par-
ticipants to observe the level of RF and compare RF posi-
tivity before and after menopause may lead to more clues
for mechanisms underlying RF production. Previous stud-
ies showed that the elderly population has high frequency
of RF in Europe and the US (24,25). Men showed the
suggestive association between aging and RF production
in this study. The difference between populations may
suggest that different environmental factors play a role in
autoantibody production. In fact, a recent twin study an-
alyzing ACPA revealed that large parts of variance of
ACPA can be explained by nonshared environmental fac-
tors (39). Different PLRs suggest that when individuals
were incidentally found to be positive for these autoanti-
bodies, ACPA in particular, the likelihood of having RA or
having risk of RA is different based on age.

Analysis of candidates of correlates for ACPA and RF
resulted in a positive association between high levels of
CRP and ACPA or RF positivity. While this suggests an
association between the production of these autoanti-
bodies with preclinical inflammation, the current cross-
sectional study could not conclude whether the produc-
tion is a cause or a result. Other candidates for correlates
were not associated with ACPA or RF. Many studies re-
cruiting RA patients have shown that smoking is a strong
environmental factor to produce ACPA and to develop RA
(17,35). In our study, the associations between smoking
and ACPA or RF positivity are not significant, while we
observed significant or suggestive dose-dependent effects
of smoking on high levels of ACPA or RF, respectively. A
previous European study showed an association between
active smoker and RF production in a healthy population
(23). Since the median BI was 370 in the ever-smokers in
the current study, equivalent to 1 pack a day for approxi-
mately 18 years, the less amount of smoking may contrib-
ute to a low effect of smoking status on autoantibody
production in the current study. Previous studies revealed
that ever smoking showed an OR of approximately 3 for
male seropositive RA and 1.3 for female (18). Based on the
seropositivity of nonsmokers, the current study is powered
100% in men and 68% in women to detect the effects with
an OR of 3 and 1.3, respectively, at a level of P = 0.05.
These results suggest that smoking is not associated with
production of RF and ACPA at low levels but may be
associated with the production of these antibodies at high
levels in a healthy population. Although the current study
cannot conclude that the association between smoking
and high ACPA or RF is true due to the limited number of
positive subjects, it is feasible to increase the number of
healthy subjects. It will also be interesting to analyze
smoking effects on low ACPA or RF levels in patients with
RA. Isotypes of RF and ACPA were not quantified in the
current study. Detailed classification of RF and ACPA
would reveal specific associations of correlates, especially
smoking.

While a recent twin study showed that heritability of
ACPA was 0.23 (39), GWAS for positivity of RF or ACPA
resulted in no significant signals, including the HLA locus.
Our study had a power of 0.99 to detect an SNP with allele
frequency of 0.4 (SE-positive ratio in healthy subjects) and

an OR of 2.0 associated with 7% of frequent phenotype at
a level of P = 0.00001. Our study also had a power of 0.42
to detect an SNP associated with 1.6% frequent phenotype
at a level of P = 0.01. The imputed SE showed an OR of
1.15 for both ACPA and RF. Considering an OR of 2.0-3.0
in patients with RA for positivity of RF or ACPA in the
previous studies, the current study indicates that SE was
not similarly associated with ACPA and RF production in
the general population as in RA patients. Furthermore, we
did not observe associations between SE and high ACPA
or RF. ACPA and RF production may need other factors
than SE, such as chronic inflammatory stimulation. While
the male population showed suggestive associations be-
tween SE and ACPA production, the limited number of the
positive subjects did not allow us to draw any conclusions.
Common direction of SE and smoking for ACPA produc-
tion in men suggests that men are more sensitive to these
risk factors than women. Although previous studies re-
ported that HLA-DRB1*09:01 had a lowering effect of
ACPA in the Japanese (27), we did not find a significant
effect of *09:01 on ACPA positivity (Supplementary Table
7, available in the online version of this article at http://
onlinelibrary.wiley.com/doi/10.1002/acr.22385/abstract).
HLA-DR13, especially DRB1*13:01, shows a negative asso-
ciation with ACPA-positive RA in the European population
(40). Although we did not find ACPA-positive subjects with
DRB1*13:01 in the current study (Supplementary Table 7,
available in the online version of this article at http://
onlinelibrary.wiley.com/doi/10.1002/acr.22385/abstract),
low frequency of DRB1*13:01 made it difficult to conclude
the association between ACPA production and DRB1*13:
01. No associations were detected between DR13 and
ACPA production either. The negative results of genetic
correlation analyses suggest that RA susceptibility and
ACPA or RF production in the general population share
limited genetic components in spite of wide confidence
intervals of SNPs due to low power of the current study.
Because disease-specific autoantibodies, including
ACPA and RF, were shown to appear several years before
the diagnosis of the diseases (21,41—-45), it will be inter-
esting to follow the current study population to observe
whether or not they will develop RA. It will also be very
interesting to validate our results in other populations and
compare the associations among the different populations.
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