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Abstract

Objective.—To investigate whether a child’s genotype affects a mother’s risk of rheumatoid 

arthritis (RA) beyond the risk associated with her genotype and to test whether exposure to fetal 

alleles inherited from the father increase risk of RA among mothers without risk alleles.

Methods.—A case-control study was conducted among 1,165 mothers (170 cases/995 controls) 

and their respective 1,482 children. We tested the association between having any child with 

alleles encoding amino acids (AA) associated with RA including the “shared epitope” (SE) and 

DERAA AA sequences at position 70-74; AA valine, lysine, alanine at positions 11, 71, 74 of 

HLA-DRB1; aspartic acid at position 9 of HLA-B; and phenylalanine at position 9 of DPB1. We 

used logistic regression models to estimate odds ratios (OR) and 95% confidence intervals (CI) for 

each group of alleles, adjusting for maternal genotype and number of live births.

Results.—We found increased risk of RA among mothers who had any child with the SE (OR 

3.0; 95% CI, 2.0-4.6); DERAA (OR 1.7; 95% CI, 1.1-2.6); or valine (OR 2.3; 95% CI, 1.6-3.5), 

lysine (OR 2.3; 95% CI, 1.5-3.4) and alanine (OR 2.8; 95% CI, 1.2-6.4) at DRB1 positions 11, 71 

and 74 respectively. Among non-carrier mothers, increased risk of RA was associated with having 

children who carried DERAA (OR 1.7; 95% CI, 1.0-2.7) and alleles encoding lysine at DRB1 

position 71 (OR 2.3; 95% CI, 1.5-4.8).

Conclusion.—Findings support the hypothesis that a child’s genotype can contribute 

independently to risk of RA among mothers.
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INTRODUCTION

Rheumatoid arthritis (RA) affects two to three times more women than men [1, 2] for 

reasons not entirely understood [3]. Various aspects of pregnancy have been investigated due 

to the observed overall sex dimorphism and findings indicating this time period is relevant to 

disease risk. Among disease-free women, an increased risk of RA onset takes place during 

the post-partum period [4, 5]. Further, improvement of symptoms during pregnancy among 

cases has been described [6]. Paternal antigens from the fetus are hypothesized to influence 

risk of developing RA. During pregnancy, mothers are exposed to fetal material shed from 

the placenta as well as fetal cells [7]. Fetal cells may persist in small quantities for up to 
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decades after delivery [8]. It is possible that fetal antigens could contribute to the 

development of RA among some women.

The strongest genetic risk factors for RA are variants of the HLA-DRB1 gene. The “shared 

epitope” (SE) alleles encoding the QKRRA and QRRRA amino acid sequences at positions 

70-74 explain much of the genetic predisposition to RA [9, 10]. At the same positions, the 

sequence DERAA has been associated with reduced risk of RA [11]. More recently, a large 

study demonstrated that the association between the major histocompatibility complex 

(MHC) and RA is best explained by five amino acids; three in HLA-DRB1 and one each in 

HLA-B and HLA-DPB1, of which two are the same as those of the shared epitope [12]. Of 

the 16 resulting DRB1 haplotypes, valine/lysine/alanine at positions 11/71/74 is the most 

strongly associated with RA and it corresponds to the DRB1*04:01 allele [12], a well-

documented association [13]. Clinically, the SE is associated with anti-citrullinated peptide 

antibody-positive (ACPA) RA and antibody titers [14], disease severity [15] and mortality 

[16]. The SE alleles have been shown to be more predictive of ACPA presence than of RA 

[17]. Exposure to SE alleles through non-host genetics during pregnancy is potentially 

relevant to RA etiology. Two studies found that among SE-negative mothers, SE-positive 

microchimerism is more frequently found among cases than controls [18, 19]. For this 

reason, we would expect to find that among SE-negative women, RA cases have more SE-

positive children compared to controls. Exposure to DERAA through non-inherited maternal 

antigens (NIMA) is associated with decreased risk of RA [20]. By analogy, it is possible that 

having children positive for DERAA reduces risk of RA for mothers. The objective of this 

study was to investigate whether a child’s genotype affects a mother’s risk of disease beyond 

the risk associated with her own genotype, and to test whether exposure to risk alleles of the 

fetus inherited from the father is associated with risk of RA among mothers who do not 

carry the risk alleles.

METHODS

Study population.

We conducted a case control study of 1,165 mothers and 1,482 children using data from the 

University of California San Francisco (UCSF) Mother-Child Immunogenetic Study (MCIS) 

and research studies conducted at the Inova Translational Medicine Institute (ITMI), Inova 

Health System, Falls Church, Virginia. White females of European ancestry with at least one 

living child were eligible to participate. Cases were identified from patients enrolled in 

genetic studies of autoimmunity at UCSF between 1997 and 2010. All RA cases met the 

1987 revised criteria of the American College of Rheumatology (ACR) [21] and had at least 

one live birth prior to diagnosis. Only children born prior to diagnosis were included in this 

study. Control mothers had no prior history of autoimmune disease and had at least one live 

born child. Controls were recruited from various sources including blood donors at the 

Blood Centers of the Pacific and the Institute for Transfusion Medicine in Pittsburgh, PA and 

from families who enrolled in studies at the Inova Women’s Hospital, Inova Fairfax Medical 

Center, Falls Church, Virginia. Only participants with genotype data for both mother and at 

least one child were included in this study. All participants provided written informed 

consent. The study protocol is in accordance with the Declaration of Helsinki and was 
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approved by the UCSF and UC Berkeley Institutional Review Boards (IRB). The Western 

IRB and the Inova Health System IRB approved ITMI studies.

Clinical and questionnaire data.

For cases, we obtained the date of diagnosis and clinical characteristics from medical 

records. The MCIS collected data from case and control mothers on reproductive history and 

potential confounders through a self-administered questionnaire. For ITMI control mothers, 

reproductive history, mother’s and child’s date of birth were obtained from electronic 

medical records (EMR). Seropositive RA was defined as rheumatoid factor (RF) and/or 

cyclic citrullinated peptide (CCP) antibody test-positive. A combination of RF and anti-CCP 

was used to define seropositive RA due to the lack of available anti-CCP data for some 

patients; patients recruited at earlier dates primarily had RF status available documenting 

their diagnosis.

HLA allele imputation.

We used SNP2HLA [22] to impute HLA alleles using post-QA/QC genotype and whole 

genome sequencing data. In order to minimize confounding by ancestry, we selected 

participants of European ancestry for inclusion in this study. Using ancestry informative 

markers for Northern and Southern Europeans [23], we adjusted for ancestry proportions 

estimated using STRUCTURE (version 2.3.4) [24]. A detailed description of genotyping, 

QA/QC steps and imputation methods can be found in the supplementary materials.

Statistical analyses.

We classified mothers and children as carriers (yes/no) of RA-associated alleles. We 

included SE alleles and alleles containing the five amino acids associated with increased risk 

of RA, as well as alleles containing the amino acid sequence DERAA. Figure 1 includes the 

alleles in each group as well as the overlap in allele groups. We created a binary variable for 

each mother to indicate whether she had any children positive for any of the risk-associated 

alleles prior to diagnosis.

We used logistic regression models to estimate odds ratios (ORs) and 95% confidence 

intervals (CIs) to investigate three questions. First, we tested the independent association 

between allele groups and RA among mothers in a multivariable model including all the risk 

allele groups, without inclusion of children’s genotype. Second, we tested the association 

between mother’s RA case status and having any children who carried one or two alleles 

from each allele group. We modeled exposure to a child’s genotype using two approaches. 

One model considered the additional risk associated with having any allele-positive children 

by including maternal carrier status of the same allele group. The third model specifically 

addressed whether the allele inherited from the father was associated with increased risk of 

RA among allele-negative mothers. We used directed acyclic graphs to identify our 

sufficient adjustment set of variables that met the definition of a confounding variable. 

Maternal genetic ancestry was considered in all models but it was not included in final 

models since it did not affect our estimates. The number of live births and maternal carrier 

status of risk alleles was included in models for the second and third questions.
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We tested the robustness of our estimates through a number of sensitivity analyses. In 

models testing the independent effect of a child’s genotype on maternal risk of RA, we 

adjusted for maternal genotype by including a categorical variable for DRB1 haplotype 

carrier status instead of individual amino acid positions to evaluate if the method of defining 

maternal genotype impacted model estimates. The DRB1 haplotype is based on amino acids 

at positions 11, 71 and 74 as defined in previous studies [12, 25]. Haplotype frequencies can 

be found in Supplementary Table 2. Since our exposure of interest pertained to children born 

prior to diagnosis, we created a variable for the number of live births prior to RA diagnosis 

and compared the effect on our estimates for models 2 and 3. We repeated our analyses in 

the seropositive subgroup and same number of controls. Analyses were conducted using 

Stata 13 (StataCorp, College Station, Texas) and R [26].

RESULTS

Cases and controls differed in age at study enrollment and number of live births. (Table 1). 

The average number of live births before diagnosis in cases was similar to the average 

number of births among controls (2.0±0.9 vs. 1.9±1.0, p=0.09) and slightly higher at the 

time of interview. Clinical characteristics for cases are presented in Table 1. The average age 

at diagnosis was 40 years of age and 69% were seropositive, per medical records. 

Approximately one-third had evidence of rheumatoid nodules and 55% had evidence of 

radiographic changes. Frequencies of additional ACR criteria in cases are in Supplementary 

Table 1.

Maternal risk alleles and maternal RA

We evaluated the association between known risk alleles and case control status for mothers 

(Table 2). As expected, RA cases were more likely to have 1 or 2 SE alleles compared to 

controls, 82% and 39% respectively. Associations with DRB1 risk allele groups were in the 

expected direction. The SE alleles and lysine encoding alleles at position 71 were 

independently associated with risk of RA. Results were very similar when seropositive cases 

were compared to controls (data not shown).

Children with risk alleles and maternal RA

Next, we evaluated whether having at least one child positive for any of the risk alleles of 

each classification (SE, DERAA, five amino acids) was associated with risk of RA in the 

mother (Table 3). Final models were adjusted for number of live births and maternal 

genotype (SE, DERAA, five amino acids). We found a three-fold increased risk of RA for 

mothers who had any child positive for the SE, independent of maternal genotype (OR 3.0; 

95% CI, 2.0-4.6). A two-fold increase in risk for maternal RA was also present for other 

HLA-DRB1 alleles encoding valine at amino acid position 11, lysine at position 71 and 

alanine at position 74. Having a child with alleles encoding the reduced risk sequence 

DERAA was associated with increased risk of RA (OR 1.7; 95% CI, 1.1-2.6). Although 

among mothers, carrying alleles coding for phenylalanine at position 9 of DPB1 was not 

associated with RA, having children with one or more alleles was associated with a four-fold 

increase in risk of maternal RA (OR 4.0; 95% CI, 1.2-13.4). The effect size for DPB1 alleles 

was stronger in the seropositive group (OR 8.5; 95% CI, 1.1-63.5) than among seronegative 
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cases (OR 1.9; 95% CI, 0.4-8.2). No other striking differences were found by serostatus 

(data not shown). Estimates adjusted for maternal genotype defined by presence or absence 

of the highest risk amino acid at each of the 5 positions (Table 3) did not differ from 

estimates adjusted for DRB1 haplotype and HLA-B and DPB1 amino acids (Supplementary 

Table 3).

We repeated our analyses among mothers who did not carry any of the alleles for each of the 

groups investigated (Table 4). The association between having children who carried DERAA 

alleles and those for amino acid position 71 and RA was also observed in allele-negative 

mothers. However, association between children who carried SE alleles or from the other 

allele groups and RA was not observed. The association between children who carried 1 or 2 

SE alleles among SE-negative mothers and RA was attenuated to OR 1.7 from the three-fold 

increase in the previous model that included all mothers (Table 3). Among allele-positive 

mothers, positive associations were present between having children positive for the SE; AA 

11, 71, 74 of DRB1; and AA position 9 of DPB1 and maternal RA. The association between 

having children with 1 or 2 DERAA alleles and RA was not statistically significant among 

DERAA-positive mothers (Table 5).

At the individual allele level, DRB1*04:01 is strongly associated with risk of RA. 

DRB1*04:01 encodes valine, lysine and alanine at positions 11, 71 and 74, respectively and 

it is the amino acid combination most strongly associated with risk of RA [12]. In our study, 

the association between *04:01 and RA among mothers was OR 2.9 (95% CI, 1.5-5.6), 

adjusting for the shared epitope, DERAA and 5 amino acids. Having any *04:01 allele-

positive children and adjusting for number of live births and mother’s genotype resulted in 

an OR of 2.3 (95% CI, 1.5-3.5). Among allele-negative mothers, the association between 

*04:01 allele-positive children and RA was similar (OR 2.2; 95% CI, 1.1-4.3).

DISCUSSION

To our knowledge, this is the first report to investigate the association between a child’s 

genotype and maternal RA. We found increased risk of RA among women with children 

who carried one or two alleles encoding amino acids or amino acid sequences of DRB1 and 

DPB1 molecules associated with RA, after adjusting for maternal genotype and number of 

live births. Thus, a child’s genotype is independently associated with maternal RA possibly 

through exposure to risk-associated HLA alleles. The additive effects of a child’s genotype 

may in part explain why women are more likely to develop RA compared to men. Female 

cases are less likely to carry SE alleles compared to male cases [27, 28], possibly 

implicating non-host genetic factors in RA pathogenesis.

An increase in risk of RA was also associated with having children who carried DERAA-

encoding alleles among mothers who did not carry DERAA alleles. Our findings are in 

contrast to what we might expect given that the sequence is associated with reduced risk of 

RA [11]. The alleles that encode DERAA, also encode alanine at position 74 of the DRB1 

molecule (Figure 1), which is associated with increased risk of RA. It is possible that the 

association is not due to DERAA but only to alanine at position 74 and other amino acids at 

different positions. However, our estimates are adjusted for maternal genotype at these other 
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amino acid positions. Another possible explanation is that the observed association is due to 

one of the DERAA alleles. We excluded one allele at a time and all estimates were within 

the 95% confidence interval for the reported DERAA ORs. Therefore, the observed 

association is not due to a single allele. Increased risk associated with exposure during 

pregnancy is consistent with a mechanism mediated by DRB1-derived epitopes. T-cell cross-

reactivity with the DERAA sequence of microbial as well as of self-origin has been 

identified in RA patients [29]. Likewise, it is possible that exposure to fetal DERAA during 

pregnancy affects maternal risk of RA through molecular mimicry. Fetal antigens could 

contribute to the process of epitope spreading prior to disease onset [30]. More work is 

needed to understand the biological mechanisms underlying the association between DRB1 
alleles and risk of RA in general.

In our study, the SE alleles were strongly associated with RA among mothers. The observed 

SE frequency among cases (82%) and controls (39%) was similar to the range (69%−80% 

and 42%−45%) reported in previous studies [14, 31-33]. The estimate for maternal SE status 

and RA was attenuated once we took into account having any SE+ children (OR 3.1; 95% 

CI, 2.0-4.7). These findings support the hypothesis that a child’s genotype can independently 

contribute to risk of maternal RA.

SE+ women are more likely to have children who carry at least one SE allele. This is evident 

in both cases and controls. Since more RA cases carry SE alleles than controls, RA cases are 

more likely to have SE+ children than controls (88% vs. 62% respectively). This translates 

to an increase in exposure through non-host genetics of 6% among RA cases compared to 

23% among controls. Results from our logistic regression models suggest that the increase 

in risk associated with having SE+ children (and other alleles associated with risk) is not 

entirely due to the difference in maternal genotype since it is accounted for in our models. 

Our results support previous work that demonstrated a dose effect of SE alleles [14, 31]. RA 

is a complex disease likely caused by a combination of genetic and environmental factors. 

Exposure to children’s SE alleles, regardless of their origin, could serve as one of many 

environmental “hits” contributing to RA pathogenesis.

Among mothers who did not carry the alleles, we observed an association between RA and 

having children who carried DERAA, lysine at position 71 and DRB1*04:01. The small 

number of allele-negative cases for various groups including the SE, led to a lack in 

precision for some estimates. We found an 11% difference in the frequency of SE+ children 

that may help explain the excess of SE+ microchimerism among cases compared to controls 

previously reported [18, 19]. One limitation of our study is that we did not have measures of 

microchimerism to test whether maternal and/or fetal genotype combinations influence its 

presence and quantity.

In a previous study of systemic lupus erythematosus (SLE) patients, an increase in risk of 

maternal SLE associated with children who carried DRB1*04:01 was observed [34]. 

DRB1*04:01 does not have a strong association with SLE but it does share sequence 

similarities with the Epstein-Barr Virus (EBV) [35]; EBV is a risk factor for SLE [36]. 

Studies in RA have demonstrated that ACPAs react with EBV viral sequences and may 
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contribute to disease-associated antibody formation [37]. It is possible that EBV-

DRB1*04:01 molecular mimicry may trigger or contribute to autoimmunity.

Our mother-child study had many strengths. RA cases and controls were clinically well 

characterized; comprehensive reproductive histories were obtained for each participant, 

genetic data were collected and HLA genotypes were derived for classical loci using 

established computational methods. We performed QA/QC measures that increase 

confidence in our findings. We took into account potential confounding variables in our 

analyses. Similar results were obtained when adjusting for the number of live births before 

diagnosis for cases rather than their total live births reported at the time of interview.

Despite the large overall number of mother-child pairs, we had limited sample sizes for 

some of the allele groups we tested. We did not correct p-values for multiple comparisons 

due to the lack of independence between allele groups (Figure 1). Among SE-negative 

mothers, we had only 30% power to detect an association of the observed magnitude or 

greater. ITMI controls were younger at the time of study enrollment and had fewer births. 

However, comparing the number of children born prior to diagnosis, RA cases and controls 

did not differ and inclusion of any version of number of live births in our models did not 

affect our results. Potential misclassification due to younger age of controls would bias 

results towards the null; RA is a relatively rare disease and population rates would be 

expected to apply to our control group. Results by serostatus are limited by the lack of 

complete anti-CCP data and future studies are needed to confirm and extend these findings. 

Our study was conducted among women who have given birth to a child and therefore apply 

to a subset of cases who became pregnant before RA diagnosis.

In conclusion, exposure to a child’s genotype during pregnancy may contribute to risk of RA 

among mothers. Non-host genetic exposure may be relevant to consider in understanding 

RA pathology. Functional studies are needed to characterize the biological pathways that can 

explain our observations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
HLA-DRB1 alleles that encode amino acids associated with increased risk of rheumatoid 

arthritis at positions 11, 71 and 74 overlap with the alleles with the “Shared Epitope” and the 

reduced risk amino acid sequence DERAA at positions 70-74.
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Table 1.

UCSF Mother-Child Immunogenetic Study (MCIS) participant characteristics

RA Cases Controls

Characteristics Mean ± SD or
N (%)

Mean ± SD or
N (%)

Mothers, n 170 995

Age at study enrollment 57.0 ± 9.7 38.0 ± 10.5

Number of live births 2.2 ± 1.0 1.9 ± 1.0

Years between 1st childbirth and RA diagnosis 14.4 ± 11.2 --

Age at diagnosis, per medical records 40.1 ± 11.6 --

Seropositive, per medical record
1 117 (68.8) --

1
Cases with a positive cyclic citrullinated peptide (CCP) and/or rheumatoid factor (RF) test.
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Table 2.

Multivariable analysis of risk alleles defined by amino acid position and the association with rheumatoid 

arthritis among mothers

Risk allele group
(Mothers) Alleles Cases

N=170
Controls
N=995

RA
(Mother)
OR (95%

CI)
1

p-value

HLA-DRB1 n (%) n (%)

Shared Epitope + *04:01, *04:04, *04:05, *04:08, *01:01, *10:01, *01:02 139 (82) 390 (39) 5.0 (2.8-8.9) <0.001

DERAA + *04:02, *01:03, *11:02, *13:01, *13:02 18 (11) 216 (22) 0.7 (0.4-1.2) 0.22

Valine + (AA position 11) *04:01, *04:08, *04:05, *04:04, *10:01, *04:03, *04:07, 
*04:02 107 (63) 281 (28) 1.2 (0.7-2.0) 0.50

Lysine + (AA position 71) *04:01, *13:03, *03:01 112 (66) 412 (41) 1.7 (1.1-2.6) 0.03

Alanine + (AA position 74)
*04:01, *04:08, *04:05, *04:04, *10:01, *01:02, *01:01, 
*16:01, *04:02, *13:03, *15:01, *15:02, *11:01, *11:04, 

*12:01, *01:03, *11:02, *11:03, *13:01, *13:02
162 (95) 844 (85) 1.4 (0.6-3.2) 0.46

HLA-B

Aspartic acid + (AA position 9) *08 48 (28) 227 (23) 1.3 (0.8-2.0) 0.22

HLA-DPB1

Phenylalanine + (AA position 9) *02:01, *02:02, *04:01, *04:02, *05:01, *16:01, *19:01, 
*23:01 160 (94) 934 (94) 1.0 (0.5-2.1) 1.0

1
OR = odds ratio; 95% CI = 95% confidence interval for the association between carrying one or two alleles (+) of each risk allele group compared 

to none and RA among mothers, mutually adjusted. AA = amino acid.
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Table 3.

Case-control association between children carrying 1 or 2 risk alleles and mothers’ rheumatoid arthritis status 

adjusted for mother’s carrier status of risk alleles

Risk allele group

Proportion of mothers
with children carrying

alleles RA (Mother)

OR (95% CI)
1 p-value

Cases
N=170

Controls
N=995

HLA-DRB1 n (%) n (%)

Shared Epitope + 133 (78) 391 (39) 3.0 (2.0-4.6) <0.001

DERAA + 47 (28) 220 (22) 1.7 (1.1-2.6) 0.02

Valine + (AA position 11) 101 (59) 270 (27) 2.3 (1.6-3.5) <0.001

Lysine + (AA position 71) 115 (68) 389 (39) 2.3 (1.5-3.4) <0.001

Alanine + (AA position 74) 163 (96) 863 (87) 2.8 (1.2-6.4) 0.01

HLA-B

Aspartic acid + (AA position 9) 52 (31) 225 (23) 1.3 (0.8-2.0) 0.34

HLA-DPB1

Phenylalanine + (AA position 9) 164 (98) 932 (94) 4.0 (1.2-13.4) 0.02

1
OR = odds ratio; 95% CI = 95% confidence interval for the association between having at least one child (born prior to diagnosis for cases) with 

one or two alleles (+) of each risk allele group compared to none and RA among mothers. Estimates adjusted for mother’s carrier status of the 
DRB1 “shared epitope”, DERAA, AA position 11, 71, and 74, HLA-B AA position 9, HLA-DPB1 AA position 9 and number of live births. AA = 
amino acid.
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Table 4.

Case-control association between children carrying 1 or 2 risk alleles and allele-negative mothers’ rheumatoid 

arthritis status

N

Risk allele group
Proportion of allele-

negative mothers with
allele-positive children

RA (Mother)

OR (95% CI)
1 p-value

Cases Controls

HLA-DRB1

Shared Epitope + 11/31 148/605 1.7 (0.8-3.7) 0.18

DERAA + 35/152 97/779 1.7 (1.0-2.7) 0.03

Valine + (AA position 11) 16/63 114/714 1.7 (0.9-3.3) 0.11

Lysine + (AA position 71) 26/58 127/583 2.7 (1.5-4.8) 0.001

Alanine + (AA position 74) 6/8 100/151 1.4 (0.3-7.4) 0.70

HLA-B

Aspartic acid + (AA position 9) 17/122 85/768 1.2 (0.7-2.2) 0.58

HLA-DPB1

Phenylalanine + (AA position 9) 8/10 49/61 0.4 (0.04-3.7) 0.43

1
OR = odds ratio; 95% CI = 95% confidence interval for the association between having at least one child (born prior to diagnosis for cases) with 

one or two alleles (+) of each risk allele group compared to none and RA among mothers. Estimates adjusted for number of live births and mother’s 
carrier status at all other risk allele groups. AA = amino acid.

Ann Rheum Dis. Author manuscript; available in PMC 2020 August 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cruz et al. Page 16

Table 5.

Case-control association between children carrying 1 or 2 risk alleles and allele-positive mothers’ rheumatoid 

arthritis status

N

Risk allele group
Proportion of allele-

positive mothers with
allele-positive children

RA (Mother)

OR (95% CI)
1 p-value

Cases Controls

HLA-DRB1

Shared Epitope + 122/139 242/389 4.2 (2.4-7.3) <0.001

DERAA + 12/18 123/216 1.7 (0.6-4.9) 0.32

Valine + (AA position 11) 85/107 156/281 3.1 (1.8-5.3) <0.001

Lysine + (AA position 71) 89/112 262/412 2.0 (1.2-3.4) 0.01

Alanine + (AA position 74) 157/162 763/844 3.3 (1.3-8.7) 0.01

HLA-B

Aspartic acid + (AA position 9) 35/48 140/227 1.4 (0.7-3.1) 0.35

HLA-DPB1

Phenylalanine + (AA position 9) 156/157 883/934 10.9 (1.5-81.2) 0.02

1
OR = odds ratio; 95% CI = 95% confidence interval for the association between having at least one child (born prior to diagnosis for cases) with 

one or two alleles (+) of each risk allele group compared to none and RA among mothers. Estimates adjusted for number of live births and carrier 
status at all other risk allele groups. AA = amino acid.
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