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A B S T R A C T   

Objective: MUC5B and TOLLIP single nucleotide polymorphisms (SNPs) and cigarette smoking were associated 
with rheumatoid arthritis-interstitial lung disease (RA-ILD) in a predominantly Northern European population. 
We evaluated whether RA-ILD is associated with these genetic variants and HLA-DRB1 shared epitope (SE) alleles 
in a large RA cohort stratified by race and smoking history. 
Methods: HLA-DRB1 SE alleles and MUC5B rs35705950 and TOLLIP rs5743890 SNPs were genotyped in U.S. 
veterans with RA. ILD was validated through medical record review. Genetic associations with ILD were assessed 
in logistic regression models overall and in subgroups defined by race and smoking status, with additive in
teractions assessed by the relative excess risk of interaction (RERI). 
Results: Of 2,556 participants (88% male, 77% White), 238 (9.3%) had ILD. The MUC5B variant was associated 
with ILD (OR 2.25 [95% CI 1.69, 3.02]), whereas TOLLIP and HLA-DRB1 SE were not. The MUC5B variant was 
less frequent among Black/African American participants (5.8% vs. 22.6%), though its association with RA-ILD 
was numerically stronger (OR 4.23 [1.65, 10.86]) compared to all other participants (OR 2.32 [1.70, 3.16]). 
Those with the MUC5B variant and a smoking history had numerically higher odds of ILD (OR 4.18 [2.53, 6.93]) 
than non-smokers (OR 2.41 [1.16, 5.04]). Additive interactions between MUC5B-race and MUC5B-smoking were 
not statistically significant. 
Conclusion: In this large RA cohort, the MUC5B promoter variant was associated with >2-fold higher odds of RA- 
ILD. While this variant is less common among Black/African American patients, its presence in this population 
carried >4-fold higher odds of RA-ILD.   

Rheumatoid arthritis-associated interstitial lung disease (RA-ILD) 
affects approximately 10% of people with RA and causes substantial 
morbidity and premature mortality [1,2]. Despite the contribution of 
ILD to reduced quality of life and survival in RA, very few risk factors 

have been identified. To date, these include older age, male sex, ciga
rette smoking, and indicators of severe articular disease [3,4]. 

Unlike ILD that accompanies other connective tissue diseases, usual 
interstitial pneumonia (UIP) is the most common ILD pattern in RA [2, 
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5]. This pattern is shared with idiopathic pulmonary fibrosis (IPF), a 
chronic, progressive, fibrotic ILD of unknown cause [6]. Given 
histo-radiologic overlap between RA-ILD and IPF, recent studies have 
investigated whether IPF genetic risk variants are also associated with 
RA-ILD. A large international study demonstrated a striking overlap of 
genetic risk factors, specifically the MUC5B promoter variant 
rs35705950, between IPF and RA-ILD [7,8]. A prospective study of a 
smaller, Northern European population showed a similar MUC5B and 
RA-ILD association [9]. The MUC5B gene encodes for the mucin 5B 
protein, which is normally expressed in the bronchial epithelium and 
contributes to the viscosity of mucus for mucociliary clearance. This 
variant is associated with increased expression of the mucin 5B protein 
in lung parenchyma, specifically in the metaplastic epithelia lining 
honeycomb cysts and mucus within these cysts in RA-ILD patients [7]. 
The frequency of the MUC5B promoter variant is highly variable across 
racial and ethnic groups, although the differential risk of ILD related to 
this variant among these groups, specifically among the Black/African 
American population, has not been comprehensively assessed. As race 
represents a social construct, a differential impact among racial groups 
may reveal the influence of social determinants of health and indicate 
important health disparities. Among other genetic variants associated 
with IPF, the TOLLIP rs5743890 variant has also been associated with 
the presence of ILD in RA patients [7,10-12]. 

Cigarette smoking has consistently been demonstrated to be the 
strongest environmental risk factor for the development of seropositive 
RA, particularly among those with HLA-DRB1 alleles encoding the 
shared epitope (SE) [13–15]. In addition to associations with RA sus
ceptibility, smoking appears to contribute to the development of 
extra-articular disease, including ILD [1,16]. Among RA-related char
acteristics, higher disease activity portends a higher risk of developing 
incident RA-ILD [17]. Whether interactions between the aforemen
tioned genetic and environmental factors influence risk of the devel
opment of RA-ILD is unknown. 

In this study, we sought to determine the associations of the MUC5B 
rs35705950 and TOLLIP rs5743890 SNPs, and HLA-DRB1 SE alleles with 
ILD in a large RA cohort. Additionally, we aimed to examine whether 
these genetic factors are differentially associated with ILD in the Black/ 
African American population with RA, a group under-represented in 
prior work. Finally, we aimed to determine whether there was evidence 
of gene-environment interactions between these variants and other 
established ILD risk factors, including cigarette smoking and RA disease 
activity. We hypothesized that both the MUC5B and TOLLIP variants are 
associated with RA-ILD and influenced by other risk factors. 

Methods 

Study design and population 

We studied participants with RA enrolled in the Veterans Affairs 
Rheumatoid Arthritis (VARA) Registry, a multicenter, longitudinal, 
observational cohort of U.S. veterans [18], all meeting the 1987 
American College of Rheumatology classification criteria for RA [19]. 
All participants provided written informed consent prior to enrollment. 
Each site received institutional review board approval, and this study 
was approved by the VA Nebraska-Western Iowa Health Care System 
IRB (1,576,193). This study was also approved by the VARA Scientific 
Ethics Advisory Committee. 

Demographic and clinical data 

Demographic variables collected at registry enrollment include sex, 
self-reported race and ethnicity, and cigarette smoking history (cate
gorized as ever vs. never smoking history). Race and ethnicity data were 
collected for this study due to the differences in frequency of the genetic 
variants of interest among various populations [7]. Participants 
self-identified as White, Black/African American, Asian American, 

American Indian/Pacific Islander, or Hispanic. These terms were not 
defined, and participants were given the option of not identifying with a 
particular race or ethnicity. A small proportion of patients (n = 118; 
4.6%) reported race and ethnicity as unknown or chose not to respond. 
RA disease duration was collected at the time of registry enrollment and 
subsequently calculated at the time of ILD diagnosis. Body mass index 
(BMI) was calculated as the mean value over all clinical encounters with 
available measurements to minimize variability and was categorized as 
underweight (<20 kg/m2), normal (≥20 and <25 kg/m2), overweight 
(≥25 and <30 kg/m2), and obese (≥30 kg/m2). Anti-cyclic citrullinated 
peptide antibody (anti-CCP, positivity >5 U/mL) was measured using 
banked serum collected at enrollment, as previously described [18]. 
Disease Activity Score in 28 joints with C-reactive protein (DAS28-CRP) 
was assessed and recorded at routine rheumatology care visits following 
VARA enrollment. For clinical disease activity assessments with missing 
CRP values, erythrocyte sedimentation rate (ESR) was used to calculate 
DAS28-ESR. The mean DAS28 (CRP or ESR) score over all visits was 
calculated for each patient to account for cumulative effects and then 
categorized as remission or low disease activity (≤3.2) vs. moderate to 
high disease activity (>3.2) [20]. 

Genotyping 

HLA-DRB1 SE genotyping was performed on all study participants 
using banked enrollment samples via DNA sequencing of exon 2 using 
the AlleleSEQR HLA-DRB1 reagent kit and protocol (Abbott Molecular, 
Abbott Park, IL, USA) or a PCR based, sequence specific oligonucleotide 
probe system, as previously described [21]. HLA-DRB1 SE status was 
analyzed based on the presence of one or two copies of the SE allele 
versus none. 

Genotyping for an additional 665,608 SNPs was performed using the 
Infinium Global Screening Array-24 v2.0 microarray (Illumina, Inc.; San 
Diego, CA, USA) [22]. From this array, the MUC5B rs35705950 and 
TOLLIP rs5743890 SNPs were extracted and analyzed assuming auto
somal dominant inheritance. The wild type allele for MUC5B 
rs35705950 is defined by the guanine (G) nucleotide residue, while the 
variant allele is defined by the nucleotide thymine (T) [7]. For TOLLIP 
rs5743890, the wildtype and variant alleles were defined by the T and 
cytosine (C) nucleotide residues, respectively. 

Lung disease assessment 

ILD was identified through a screening and validation process that 
included detailed, systematic medical record confirmation of ILD di
agnoses [23–25]. Participants were classified as having RA-ILD if, 
through medical record review, they had a provider diagnosis of ILD and 
either imaging findings or a lung biopsy consistent with ILD. In addition 
to confirming ILD classification based on provider diagnoses in the 
medical records and imaging findings consistent with ILD, the date of 
clinical diagnosis and ILD pattern based on CT or pathology reports, 
when available, were extracted. Patterns identified included usual 
interstitial pneumonia (UIP), non-specific interstitial pneumonia (NSIP), 
and other. Chronic obstructive pulmonary disease (COPD) or bronchi
ectasis diagnoses were identified via the presence of at least two Inter
national Classification of Diseases (ICD) diagnostic codes from inpatient 
or outpatient encounters using linked administrative data from the VA 
Corporate Data Warehouse according to Healthcare Cost and Utilization 
Project Clinical Classification Software categorization, as used in a prior 
study [26]. 

Statistical analysis 

The frequency of each SNP genotype and HLA-DRB1 SE positivity 
was calculated for the overall cohort and in subgroups defined by ILD 
status and self-reported race and ethnicity. Associations of MUC5B 
rs35705950, TOLLIP rs5743890, and HLA-DRB1 SE alleles with RA-ILD 
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were quantified via logistic regression in the overall study population 
and then among subgroups. In subgroup analyses, race and ethnicity 
were categorized as Black/African American or all other racial and 
ethnic groups (summarized as “non-Black/African American”), since the 
frequency of the genetic variants was similar across White, Asian 
American, and American Indian/Pacific Islander, and Hispanic partici
pants with ILD. The combined association of race and genetic variants 
with ILD was assessed using logistic regression with a referent group of 
non-Black/African American participants without the genetic variant. 
To assess for the presence of additive interaction between race and ge
notypes, we calculated the relative excess risk of interaction (RERI) and 
95% confidence interval (CI) by bootstrapping [27]. This approach was 
additionally used to examine additive interactions between the geno
types and cigarette smoking history (ever vs. never), as well as the ge
notypes and RA disease activity (mean DAS28-CRP of moderate-to-high 
vs. remission/low). 

A secondary analysis was performed to assess for absence of an as
sociation between MUC5B and other types of lung disease (COPD/ 
bronchiectasis). In this analysis, COPD/bronchiectasis was evaluated as 
the outcome and patients with RA-ILD were excluded, as COPD/bron
chiectasis and ILD may co-occur. Additional secondary analyses were 
performed among the entire study cohort to examine the associations of 
MUC5B with specific ILD patterns and RA duration at ILD onset 
(dichotomized at the median value, 7 years). RA duration at the time of 
ILD onset was also compared between RA-ILD patients with and without 
the MUC5B variant using an independent t-test. Data analyses were 
performed using Stata version 17 (StataCorp LLC., College Station, TX). 

Results 

Patient characteristics 

Among 2561 patients with RA, 238 (9.3%) had ILD. ILD pattern was 
available for 102 patients, with UIP most frequent (68.6%). Enrollment 
characteristics of the study population by ILD status are summarized in 
Table 1. Consistent with the VA population, patients were predomi
nantly male (89%), and older (mean 69.4 years). A majority of the study 
population self-identified as White (n = 1962, 77%), with 417 (16%) 
self-identifying as Black/African American. Compared to RA patients 
without ILD, RA patients with ILD were slightly older (72.0 vs. 69.2 
years), more often male (95% vs. 88%), and were more likely to have a 
smoking history (86% vs. 77%), anti-CCP antibody seropositivity (84% 
vs. 77%), and a higher DAS28 score (3.48 vs. 3.21). 

Variant allele frequencies and association with RA-ILD 

Frequencies of the MUC5B rs35705950 and TOLLIP rs5743890 var
iants, as well as the presence of HLA-DRB1 SE alleles among ILD and 
non-ILD RA patients are shown in Table 2. The MUC5B rs35705950 
promoter variant was significantly more frequent in patients with RA- 
ILD as compared to those without ILD (32.7% vs. 17.8%; OR 2.25 
[95% CI 1.69, 3.02]). In contrast, frequencies of the TOLLIP rs5743890 
variant (21.0% vs. 22.0%; OR 0.94 [95% CI 0.68, 1.31]) and HLA-DRB1 
SE positivity (68.3% vs. 68.2%; OR 1.01 [95% CI 0.75, 1.36]) were 
similar in those with and without ILD. 

Genetic associations with RA-ILD by race 

The frequency of the MUC5B rs35705950 variant was lower in 
Black/African American participants (5.8%) overall compared to White 
participants (22.6%) or other racial and ethnic groups (13.0%). There 
was a similar variability in the frequency of the TOLLIP rs5743890 
variant among the Black/African American (3.4%), White (26.3%), and 
other (17.5%) subgroups. While the HLA-DRB1 SE allele was much more 
common in the overall population, the frequency again differed between 
Black/African American (38.9%), White (75.3%), and other (58.6%) 

subgroups. When limiting to patients with ILD, the frequency of the 
MUC5B variant was similar in the White (37.3%) and other racial and 
ethnic subgroups (35.0%) but was notably lower in the Black/African 
American subgroup (13.7%). 

Associations of genetic variants and race with ILD are shown in 
Table 3. Among those without the MUC5B variant, the odds of ILD were 
not significantly higher among Black/African American participants 
compared to non-Black/African American participants (OR 1.36 [95% 
CI 0.93, 1.99]). The odds of ILD were increased among both non-Black/ 
African American (OR 2.32 [95% CI 1.70, 3.16]) and Black/African 
American (OR 4.23 [95% CI 1.65, 10.86]) individuals with the MUC5B 
variant compared to non-Black/African American individuals without 
the MUC5B variant. While the RERI suggested the possibility of an ad
ditive interaction between the MUC5B variant and race, this was not 
statistically significant (RERI 1.56 [95% CI − 1.34, 7.54]). The odds of 
ILD did not appear to differ by race based on the presence of either the 
TOLLIP variant or HLA-DRB1 SE positivity (Table 3). 

Genetic associations with RA-ILD by smoking status 

The frequency of ILD according to the combinations of smoking 
status and genotypes are shown in Table 4. Referent to never smokers 
without the MUC5B rs35705950 variant, the presence of this variant 
was associated with ILD among never smokers (OR 2.41 [95% CI 1.16, 
5.04]). Using the same referent group, ever smoking was associated with 
ILD in MUC5B negative participants (OR 1.87 [95% CI 1.18, 2.97]). The 
highest odds of ILD occurred in participants with the MUC5B variant and 
smoking history (OR 4.18 [95% CI 2.53, 6.93]). An additive interaction 
between MUC5B and smoking was not statistically significant (RERI 

Table 1 
Characteristics of study population at registry enrollment by interstitial lung 
disease (ILD) status.   

N Total 
(N =
2561) 

RA-ILD 
(N =
238) 

RA no- 
ILD 
(N =
2323) 

p value 

Age, years 2560 69.4 
(10.8) 

72.0 
(9.0) 

69.2 
(10.9) 

<0.001 

Male sex, n (%) 2557 2275 
(89.0) 

225 
(94.5) 

2050 
(88.4) 

0.004 

Race and ethnicity, n 
(%) 

2556    0.36 

Black/African 
American  

417 
(16.3) 

44 (18.5) 373 
(16.1)  

White  1962 
(76.7) 

174 
(73.1) 

1788 
(77.1)  

Other*  177 (6.9) 20 (8.4) 157 (6.8)  
BMI category, n (%) 2545    0.73 
Underweight (<20 kg/ 

m2)  
84 (3.3) 6 (2.5) 78 (3.4)  

Normal (20–24.9 kg/ 
m2)  

479 
(18.8) 

50 (21.2) 429 
(18.6)  

Overweight (25–29.9 
kg/m2)  

920 
(36.1) 

84 (35.6) 836 
(36.2)  

Obese (>30 kg/m2)  1062 
(41.7) 

96 (40.7) 966 
(41.8)  

Smoking history (ever), 
n (%) 

2560 1989 
(77.7) 

204 
(85.7) 

1785 
(76.9) 

0.002 

RA disease duration, 
years 

2507 10.1 
(11.2) 

11.1 
(12.1) 

10.0 
(11.2) 

0.42 

Anti-CCP positive, n 
(%) 

2419 1874 
(77.5) 

192 
(84.2) 

1682 
(76.8) 

0.01 

DAS28 2522 3.23 
(1.08) 

3.48 
(1.10) 

3.21 
(1.07) 

<0.001 

Values mean (SD) unless otherwise noted. P values by chi-square or independent 
t-test. 
BMI = body mass index; Anti-CCP = anti-cyclic citrullinated protein antibody; 
DAS-28 = disease activity score (28 joints). 

* Other includes Asian American, American Indian/Pacific Islander, and 
Hispanic. 
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0.90 [95% CI − 1.35, 2.81). In similar analyses assessing associations of 
the TOLLIP rs5743890 variant and HLA-DRB1 SE with ILD by smoking 
history; smoking history, but not the genotypes, was associated with 
ILD. There was no evidence of additive interactions between smoking 
and these genotypes (Table 4). 

Association between the MUC5B variant and RA-ILD by disease activity 
status 

The MUC5B rs35705950 variant was associated with ILD in both the 
DAS28 remission/low (OR 2.41 [95% CI 1.59, 3.65]) and moderate/ 
high disease activity groups (OR 3.03 [95% CI 1.99, 4.61]) without 

Table 2 
Genotype frequency in patients with rheumatoid arthritis according to interstitial lung disease (ILD) status.  

Table 3 
Associations of genetic risk variants and race and ethnicity with interstitial lung disease (ILD) in patients with rheumatoid arthritis.  
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Table 4 
Associations of genetic risk variants and smoking with interstitial lung disease (ILD) in patients with rheumatoid arthritis.  

Table 5 
Association of genetic risk variants and disease activity with interstitial lung disease (ILD) in patients with rheumatoid arthritis.  
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evidence of an interaction between MUC5B and disease activity (RERI 
− 0.20 [95% CI − 1.24, 1.64]) (Table 5). Those with moderate/high 
disease activity were more likely to have ILD. 

Secondary analyses 

In secondary analysis evaluating RA-ILD pattern, the MUC5B 
rs35705950 variant was significantly associated with RA-ILD in a UIP 
pattern (OR 3.09 [95% CI 1.89, 5.04), but not with non-UIP patterns (OR 
1.54 [95% CI 0.69, 3.46]) (Table S1). There was no significant differ
ence in RA duration at the time of ILD diagnosis between MUC5B variant 
positive (mean 10.7 +/- 11.3 years) vs. MUC5B variant negative (mean 
11.3 +/- 12.1 years) RA-ILD patients (p = 0.76). Estimated associations 
between the MUC5B variant and ILD were similar between those with 
earlier (OR 2.00 [95% CI 1.30, 3.06]) and later ILD diagnosis (OR 2.51 
[95% CI 1.69, 3.75]), dichotomizing at the median RA duration 
(Table S2). 

To assess the specificity of associations of MUC5B with ILD, we also 
assessed its association with COPD/bronchiectasis by smoking history 
(Table S3). In contrast to findings for ILD, the odds of COPD/bronchi
ectasis were driven by smoking status (OR 3.31 [95% CI 2.53, 4.32] for 
MUC5B-negative smokers) rather than the presence of the variant (OR 
0.77 [95% CI 0.42, 1.43] for MUC5B-positive nonsmokers). There was 
no additive interaction between MUC5B and smoking history for COPD/ 
bronchiectasis (RERI 0.82 [95% CI − 0.23, 1.93]). 

Discussion 

In this large cohort of U.S. veterans with RA, the MUC5B rs35705950 
promoter variant was associated with >2-fold odds of ILD. This associ
ation was similar in magnitude to that observed in a prior study [7] and 
was restricted to RA-ILD of a UIP pattern. Conversely, there was no as
sociation between the TOLLIP rs5743890 variant, another genetic 
variant previously associated with IPF [7,10-12], or HLA-DRB1 SE with 
RA-ILD. Expanding upon prior work, we found that MUC5B associations 
with ILD were similar (or potentially magnified) in patient sub-groups 
defined by Black/African American race and smoking history, 
although estimated additive interactions were not statistically signifi
cant. These novel findings advance our understanding of the genetic and 
environmental risks of RA-ILD and begin to elucidate the potential in
teractions among distinct RA-ILD risk factors. 

The MUC5B rs35705950 variant was previously shown to be asso
ciated with RA-ILD in international and Northern European cohorts that 
were predominantly composed of White and Asian individuals [7,9]. For 
the first time, we estimated the odds of RA-ILD based on the presence of 
the MUC5B variant among specific racial groups. While the frequency of 
the MUC5B rs35705950 variant was lower in Black/African American 
participants (5.8% vs. 21.8%), the estimated odds ratios for ILD were 
highest in Black/African American participants with the MUC5B variant 
(OR 4.23). The point estimate for the RERI (1.56) indicated the possi
bility of an additive interaction, though this estimate was imprecise and 
not statistically significant. This imprecision was the result of limited 
numbers of Black/African American participants with the MUC5B 
variant and prohibits definitive conclusions regarding differential risk of 
ILD with the MUC5B variant in this group. In contrast, associations be
tween the TOLLIP variant and HLA-DRB1 SE alleles with ILD were null, 
and unchanged in subgroups defined by race and ethnicity. This study 
involves one of the largest and most comprehensive examinations of 
RA-ILD in the Black/African American population, which has histori
cally been an understudied group among patients with RA-ILD. Despite 
our large cohort, the low frequency of the MUC5B variant in Black/
African American participants resulted in imprecision when assessing 
for an additive interaction that will require further investigation in 
studies with a greater number of Black/African American participants. 
Such studies are needed to improve ILD risk assessment, identify social 
determinants of health and health inequities that may underly these 

differences, and reduce the burden of RA-ILD. 
Previously identified risk factors for ILD in RA have consisted of 

older age, cigarette smoking, and more severe RA [3,4]. How these may 
affect ILD risk in the context of various genetic backgrounds has not 
been elucidated. Smoking history was associated with ILD, and the odds 
of ILD further increased in the setting of the MUC5B variant, but not the 
TOLLIP variant or HLA-DRB1 SE. MUC5B-positive smokers had >4-fold 
higher odds of ILD, which was independent of race and ethnicity. While 
this indicates a group at high risk of RA-ILD, we did not detect a sig
nificant additive interaction between these two factors, which is 
consistent with previous findings [7]. The lack of an interaction between 
HLA-DRB1 SE alleles and smoking in ILD risk contrasts with the 
gene-smoking interaction noted for seropositive RA risk [13]. There was 
also no evidence of interaction between any of the genetic risk factors 
and RA disease activity on ILD risk. Our results therefore suggest that the 
MUC5B rs35705950 variant impacts the risk of RA-ILD without modi
fication from these known environmental RA-ILD risk factors. These 
novel gene-environment analyses further our understanding of how 
genetic risk factors ultimately influence the development of ILD. 

Limitations to this study include the imprecision of some estimates of 
lung disease risk, particularly in subgroup analyses. In the Black/African 
American population specifically, the absolute numbers within each 
strata were limited due to the low frequency of the variant, which led to 
imprecision in the risk estimates. While external validation of the as
sociations of the MUC5B promotor variant with RA-ILD by race should 
be completed in additional cohorts, the cohort used in this study 
recruited from 12 VA sites and is highly representative of the national 
VA population. Characterization of ILD was retrospective, which may 
result in misclassification, such as under-recognition of subclinical ILD, 
which would bias findings towards the null. Similarly, assessment of 
COPD/bronchiectasis in secondary analyses was based on administra
tive classification. There was no quantitative data on number of pack- 
years of smoking, and we were unable to assess for other inhalant ex
posures that could also impact ILD risk. This cohort is predominantly 
composed of male veterans, which may limit generalizability to other 
populations but does provide important information specific to an 
otherwise understudied population in RA. There may be additional ge
netic risk factors that contribute to RA-ILD risk which were not evalu
ated in this study. Strengths of this study include the relatively large 
number of Black/African American participants with RA that allowed 
racial and ethnic subgroup analysis, and robust clinical/demographic 
data on study participants to allow assessment of gene-environment 
interactions. 

In conclusion, the MUC5B rs35705950 promoter variant was 
demonstrated to be associated with the presence of ILD, specifically UIP 
ILD, in a cohort of U.S. veterans with RA. Neither TOLLIP rs5743890 or 
HLA-DRB1 SE alleles were associated with the presence of ILD. While 
there was a lower frequency of the MUC5B variant allele in Black/Af
rican American individuals; when present, the association with ILD was 
of similar or greater magnitude than in other racial and ethnic groups. 
Individuals possessing MUC5B variant alleles and with a smoking his
tory were also at particularly higher risk of RA-ILD. These findings 
characterize how genetic, social, and environmental factors affect RA- 
ILD risk and can inform precision risk stratification in RA-ILD. 

Key messages  

• Participants with rheumatoid arthritis (RA) who have the MUC5B 
rs35705950 promoter variant and a smoking history are at higher 
risk of interstitial lung disease (ILD), but there was no evidence of a 
significant additive gene-smoking interaction.  

• The MUC5B rs35705950 promoter variant is less common among 
Black/African American patients with RA, but it appears to portend a 
risk of ILD that is similar, or greater, in magnitude than among other 
racial and ethnic groups. 
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• Neither the TOLLIP rs5743890 variant nor HLA-DRB1 shared epitope 
alleles were associated with RA-ILD risk.  

• Risk of ILD among people with RA appears to vary by social and 
environmental factors, but larger studies in diverse populations are 
needed to elucidate interactions between these and genetic risk 
factors. 
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