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Abstract

Background: Asthma is a complex respiratory condition caused by environmental and genetic 

factors. Although lower concentrations of the anti-inflammatory protein sRAGE have been 

associated with asthma in humans and mouse models, it is uncertain whether sRAGE plays a 

causal role in asthma.

Objective: We designed a two-stage study of sRAGE in relation to asthma with i) association 

analysis in FHS participants and ii) causal inference testing using MR.

Methods: We measured plasma levels of sRAGE and performed cross-sectional analysis to 

examine the association between plasma sRAGE concentration and asthma status in 6,546 FHS 

participants. We then used sRAGE pQTLs derived from a GWAS of plasma sRAGE levels 

in ~7,000 FHS participants with UK Biobank asthma GWAS in MR to consider sRAGE as 

a putatively causal protein for asthma. We also performed replication MR using an externally-

derived sRAGE pQTL from the INTERVAL study. Last, we conducted colocalization using 

cis-pQTL variants at the AGER locus with variants from the UK Biobank asthma GWAS.

Results: Association analysis revealed that each 1 SD increment in sRAGE concentration was 

associated with a 14% lower odds of asthma in FHS participants (95% CI 0.76–0.96). MR 

identified sRAGE as putatively causal for and protective against asthma based on self-reported 
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(OR [per 1 SE increment in inverse rank-normalized sRAGE]=0.97, 95% CI 0.95–0.99; p=0.005) 

and doctor-diagnosed asthma (OR=0.97, 95% CI 0.95–0.99; p=0.011).

Conclusion: Through this genomic approach, we identified sRAGE as a putatively causal, 

biologically important, and protective protein in relation to asthma. Functional studies in cell/

animal models are needed to confirm our findings.

Capsule Summary:

By identifying sRAGE as a putatively causal and protective protein in relation to asthma, it can be 

studied as a targeted therapeutic for asthma and related inflammatory diseases.
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asthma; Mendelian randomization; sRAGE; causal inference; Framingham Heart Study; GWAS; 
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Introduction

Asthma is a chronic inflammatory disease of the lung airways, characterized by variable 

airflow obstruction and symptoms including wheeze, cough, chest tightness, and shortness 

of breath. It is the most common chronic, non-communicable disease in children and 

adolescents in the United States(1), and it currently affects more than 339 million 

people worldwide.(2) Asthma is a multi-faceted and complex condition with underlying 

environmental and genetic factors contributing to its pathogenesis. While effective therapies 

exist to control symptoms and prevent exacerbations, asthma cannot be cured. Insights into 

causal mechanisms of this disease may lead to new therapeutic strategies.

The mRAGE protein is encoded by the AGER gene. Its transmembrane receptor binds 

to ligands such as HMGB1— a chromatin-binding molecule that also operates as a pro-

inflammatory damage-associated molecular pattern protein in response to cellular stress.(3) 

mRAGE binding of pro-inflammatory ligands, particularly HMGB1, has been shown to play 

a role in the progression of respiratory inflammatory responses.(4,5) mRAGE is notably 

expressed in lung tissue, specifically in AT-1 epithelial cells, and its expression increases in 

the presence of bound ligands.(5)

In contrast, sRAGE is a truncated form of RAGE that lacks the transmembrane domain 

and serves as a circulating competitive regulator of mRAGE—preventing the initiation 

of downstream inflammatory responses.(4,6) In previous association studies, sRAGE 

concentration in the circulation and in bronchoalveolar lavage fluid is lower in asthmatic 

patients compared to healthy controls(7–11) and in a mouse model of asthma compared to 

control mice.(12) Functional models of asthma have also shown that locally administered 

sRAGE reduces HMGB1 expression, airway inflammation, and hyperreactivity.(12) Thus, 

there is a growing body of evidence that sRAGE is not only associated with asthma but may 

play a causal and protective role against asthma. A causal relation of sRAGE in relation to 

asthma remains to be established with certainty.
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In the context of these findings, we conducted a multistage study, first testing the association 

of plasma sRAGE level with asthma in over 6,500 FHS participants and second, testing 

for causal inference by performing MR using genetic variants associated with circulating 

sRAGE levels in two UK Biobank GWAS of asthma. Thus, we aimed to investigate a 

specific protein-trait association based on reports in the literature. We also performed 

supplementary colocalization analyses using cis-pQTL variants at the AGER gene locus. 

Overall, this study examined whether sRAGE may be a causal factor that protects against 

the development of asthma, highlighting the AGER/mRAGE/sRAGE axis as a potential 

therapeutic target for the prevention and treatment of asthma.

Methods

Study population

This study included FHS participants who attended Offspring cohort, Exam 7 (1998–2001) 

and Third Generation cohort, Exam 1 (2002–2005).(13) The asthma status of all 7,266 FHS 

participants who attended a baseline exam was ascertained using data from questionnaires 

and face-to-face interviews conducted by a physician. Participants also provided complete 

information on health history and medication use for asthma as well as a blood sample 

for measurement of plasma sRAGE concentration (methods for protein collection appear 

below). Asthma was defined as 1) a self-reported history of asthma and 2) self-reported 

use of asthma medication. In FHS Offspring cohort participants (Exam 7) medication 

use was captured by questions inquiring about current use of inhaled corticosteroids, 

bronchodilators, or aerosols for asthma. In Third Generation cohort participants (Exam 

1), information on medication use was collected using the WHO ATC coding system, 

with asthma medication use defined as the report of using codes R03AC (selective beta-2-

adrenoreceptor agonists) or R03BA (inhaled glucocorticoids). The control (or “free of 

asthma”) group consisted of participants who reported both no history of asthma and no 

asthma medication use.

Spirometry testing was performed on FHS Offspring (Exam 7) and Third Generation 

(Exam 1) participants using standardized methods with measurement of FEV1, FVC, and 

the FEV1/FVC ratio. Percent predicted values for FEV1 and FVC were calculated using 

Hankinson reference equations.(14)

All participants provided informed consent, and the study protocol received approval from 

the Boston University Medical Campus Institutional Review Board. The primary study 

design is shown in Figure I.

Protein collection

Plasma sRAGE protein concentration was measured in FHS participants as a part of 

the Systems Approach to Biomarker Research in Cardiovascular Disease Initiative, a 

project aiming to generate extensive biomarker data using high-throughput “omics” 

platforms including discovery proteomics, targeted protein immunoassays, metabolomics/

lipomics, gene expression, and microRNA profiling.(13) Fasting blood plasma samples were 

obtained at the baseline clinical visit (Offspring cohort, Exam 7 [1999–2003] and Third 
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Generation cohort, Exam 1 [2002–2005]). Samples were stored at −80°C. Plasma sRAGE 

was quantified using a modified ELISA sandwich approach multiplexed on a Luminex 

xMAP platform (Sigma-Aldrich, St. Louis, MO) as described previously.(13) All targets 

were initially developed as singleton assays before compatible targets were combined 

to form multiplex panels to avoid cross-reactivity. The sRAGE assay used MAB11451 

(R&D Systems, Minneapolis, MN) as the detection antibody, product 1145-RG-050 (R&D 

Systems, Minneapolis, MN) as the capture antibody, and BAF1145 (R&D Systems, 

Minneapolis, MN) as the reference protein. The mean inter- and intra-assay coefficients 

of variation for sRAGE were 5.6% and 14.5%, respectively.(13)

Serum IgE levels were measured in FHS Offspring (Exam 7) and Third Generation (Exam 

1) participants using the Phadia ImmunoCAP 100 system (Phadia, Uppsala, Sweden) with 

high precision and reproducibility, as described previously.(15)

Regression analyses

We tested for association between baseline plasma sRAGE level and asthma at the baseline 

exam using a logistic regression model that adjusted for age, sex, BMI, pack-years of 

cigarette smoking, and familial correlation using a generalized estimating equation. We 

also conducted additional age- and sex-adjusted analyses of sRAGE levels associated with 

inhaled corticosteroid use among FHS participants with asthma. We defined p<0.05 as 

statistically significant for these analyses.

Instrumental variables in MR for causal inference

MR is an analytical approach that mimics randomized control trials.(16) MR can estimate 

the causal relationship between an exposure and an outcome by using SNPs as instrumental 

variables. A two-sample MR approach was used to infer a causal association between 

plasma sRAGE level as the exposure and asthma as the outcome.(17)

In a separate study by our team, GWAS of sRAGE was conducted using plasma sRAGE 

levels in conjunction with genome-wide genotype data on 6,861 FHS participants to identify 

pQTLs; independent external replication of pQTL variants was carried out using data from 

the INTERVAL study as previously outlined.(18) Supplemental Table I provides additional 

details regarding the pQTL variants used in MR analyses; Supplemental Table II provides 

details regarding plasma sRAGE levels in 6,861 FHS participants by rs2070600 variant 

genotype measured using the Illumina Exome Chip (Illumina Inc., San Diego, CA).

sRAGE cis-pQTL variants(18) were pruned at LD r2 <0.01, leaving three sRAGE cis-pQTL 

variants (rs2070600, rs6923504, and rs9266529) as instrumental variables for MR analysis. 

The inverse variance weighted estimate method was used to conduct the multi-SNP MR, and 

the Wald ratio method was used to conduct single-SNP MR. MR analysis was conducted 

using two asthma GWAS from UK Biobank as described below (Asthma GWAS).(19,20)

Replication MR analysis was performed using the same UK Biobank asthma GWAS 

in conjunction with an externally-derived sRAGE pQTL from the INTERVAL study, a 

United Kingdom-based cohort created by the Universities of Cambridge and Oxford in 

collaboration with the National Health Service Blood and Transport division.(21) Sensitivity 
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tests for heterogeneity and horizontal pleiotropy were performed. The heterogeneity test 

operates under the null assumption that the degree of causal effect from each instrumental 

variable is identical(22) while the horizontal pleiotropy test aims to detect when a genetic 

variant affects the outcome through a pathway other than, or in addition to, the exposure.(23) 

Statistical significance for MR and sensitivity analyses was defined as p<0.05 because only 

one exposure was tested in causal inference. All MR analyses were conducted in R (ver. 

4.0.3)(24) using the “TwoSampleMR” package(20) from University of Bristol MRC-IEU.

Asthma GWAS

Results of two asthma GWAS from UK Biobank that are available from the UK MRC-IEU 

were used in integrative genomic analyses. MRC-IEU has derived and streamlined GWAS 

data from UK Biobank—a large-scale biomedical database containing health and genetic 

information from over half a million United Kingdom-based participants.(19,20)

The first GWAS contained data for self-reported asthma and included 53,598 asthma cases 

and 409,335 controls.(19,20) Asthma by self-report was defined as participants who self-

reported a history of asthma in a medical history questionnaire followed by confirmation by 

a trained nurse in an interview. The second GWAS considered cases of asthma that were 

doctor-diagnosed and included 14,283 asthma cases and 98,300 controls.(19,20) Participants 

with doctor-diagnosed asthma were defined as those who answered “yes” to the question: 

“Has a doctor ever told you that you have asthma?” Answers were also verbally confirmed 

with a trained nurse in an interview. Supplemental Table III summarizes the overlap of FHS-

derived sRAGE cis-pQTL variants used as instrumental variables in MR with self-reported 

and doctor-diagnosed asthma from the UK Biobank GWAS.

Colocalization analyses

Colocalization compares and integrates association signals from GWAS variants and pQTL 

variants on a locus-by-locus (i.e., unique chromosomal location defining the position of a 

gene) basis to identify instances in which both traits share a comment sentinel variant in a 

given region. High probability of colocalization may suggest that there is a single variant 

that affects both the protein expression and the clinical trait of interest.(25)

Colocalization analysis was performed using the “coloc” package in R (ver. 4.0.3)(24),(26) 

and the two UK Biobank asthma GWAS.(19,20) Cis sRAGE GWAS variants residing within 

1 Mb (upstream and downstream) of the protein coding gene AGER were utilized in 

analysis.(18) Evidence of colocalization was defined as a PPH4 of 0.8 or greater of the 

two traits sharing the same sentinel variant.

Results

Study population

A total of 375 (5.7%) FHS participants fulfilling criteria for asthma and 6,171 participants 

free of asthma were eligible for analyses (total sample size 6,546). Table I displays the 

clinical characteristics of the participants by asthma status. We observed similar distributions 

of age, BMI, and pack-years of cigarette smoking between the participants with asthma 
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and those free of asthma; the asthma group included a higher proportion of women (65.9% 

versus 52.3%). Further information on medication use is provided in Supplemental Table IV.

Spirometry data were available in 315 out of 375 (84%) asthma cases and 5,381 out of 

6,171 (87%) participants free of asthma; FEV1 values below 80% predicted were more 

than three times more common in participants with asthma than among non-asthmatic 

participants (35% versus 10%, respectively; Supplemental Table V). Similarly, FVC values 

below 80% predicted were three times more common in participants with asthma compared 

to non-asthmatic participants (15% versus 5%, respectively). A clinically relevant ratio of 

FEV1/FVC below 0.70 was observed in 43% of asthmatic participants and 16% of those 

without asthma.

Serum total IgE values were available in 366 out of 375 (98%) asthma cases and 6,022 

out of 6,171 (97%) non-cases. A higher mean IgE levels was observed in participants 

with asthma than in those without asthma (213 ± 378 versus 86 ± 270 kU/L, respectively; 

Supplemental Table VI).

Regression analyses

After adjusting for relevant covariates, a higher plasma sRAGE level was associated with 

lower odds of asthma (OR per 1 SD increment of sRAGE=0.86, 95% CI 0.76–0.96, 

p=0.0075). Results are summarized in Table II. Plasma sRAGE level did not differ between 

participants with asthma who used corticosteroids compared to those who did not (p=0.348; 

Supplemental Table VII).

MR and colocalization analyses

Mendelian randomization revealed sRAGE to be putatively causal and protective in 

relation to both self-reported (OR per 1 SE increment in inverse rank-normalized sRAGE 

levels=0.97, 95% CI 0.95–0.99) and doctor-diagnosed (OR=0.97, 95% CI 0.95–0.99) 

asthma. These MR results are summarized in Table III.

There was significant heterogeneity among cis-pQTL variants used in MR analyses 

(Supplemental Table VIII, but single SNP analysis revealed that all three SNPs used in MR 

(i.e., rs2070600, rs9266529, and rs6923504) shared similar (i.e., protective) directionality 

(Supplemental Table IX). Of note, no horizontal pleiotropy was detected (Supplemental 

Table X).

Replication of MR analysis using a single sRAGE pQTL variant (rs2070600) from the 

INTERVAL study(18) validated sRAGE as putatively causal and protective in relation to UK 

Biobank self-reported asthma (OR per 1 SE increment in inverse-rank normalized sRAGE 

levels=0.974, 95% CI 0.969–0.978) and doctor-diagnosed asthma (OR per 1 SE increment in 

inverse-rank normalized sRAGE levels=0.97, 95% CI 0.96–0.98) (Supplemental Table XI).

Last, no colocalization was observed between sRAGE pQTL variants and asthma GWAS 

variants (PPH4self-reported=1.89E-17; PPH4doctor-diagnosed=5.69E-20; Supplemental Table 

XII).
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Discussion

The key findings of our study are twofold. First, protein-trait association analysis revealed 

that each 1 SD increment in plasma sRAGE concentration was associated with a 14% 

lower odds of asthma. Second, causal inference testing using two-sample MR indicated that 

sRAGE may be causal for and protective against asthma.

Both mRAGE and sRAGE have been studied in relation to asthma in clinical studies and 

mouse models. In murine models, Perkins et al. and Oczypok et al. reported that pulmonary 

mRAGE is a critical contributing factor to the asthma airway inflammatory response.

(27,28) Functional studies in mouse models of asthma have suggested that sRAGE plays 

a significant role in alleviating airway inflammation. Following overexpression of sRAGE in 

neutrophilic asthmatic mice through the use of a viral vector, Zhang et al. (2021) found that 

sRAGE suppressed mucus hypersecretion and expression of mucus-producing genes.(29) 

A similar study by Zhang et al. (2017) showed that locally administered sRAGE lowered 

HMGB1 expression, neutrophilic inflammation, and Th17-type responses in asthmatic mice.

(12) A recent study by Raita et al. has provided support for our findings of a putatively 

causal association between sRAGE and asthma, although the genetic instruments (i.e., 

sRAGE pQTLs) differed from the ones identified in both FHS and the INTERVAL study.

(30)

sRAGE is a truncated circulating form of RAGE, a transmembrane protein coded by 

the AGER gene on chromosome 6. While the intact membrane-bound mRAGE protein 

plays an important pro-inflammatory role, sRAGE has the opposite effect. sRAGE has 

been studied as an inflammation-related biomarker in other immune-mediated diseases in 

addition to asthma. For example, previous studies have revealed that decreased sRAGE 

levels are observed in patients with Crohn’s disease,(31) ulcerative colitis,(31) multiple 

sclerosis,(32,33) and Hashimoto’s thyroiditis.(34) One sRAGE variant evaluated in this 

study, rs2070600, is a missense SNP in exon 3 of AGER causing a glycine-to-serine 

amino acid substitution at position 82 of the protein.(35) This substitution promotes 

mRAGE glycosylation, modifying ligand-binding structure and increasing receptor affinity 

for ligands while also decreasing mRAGE proteolytic cleavage, which has the effect of 

decreasing sRAGE levels.(35) Although few studies have examined the relationship between 

this SNP and asthma, Miller et al. reported that rs2070600, the T allele of which was 

associated with lower sRAGE levels in FHS participants (Supplemental Table II), was 

associated with lower FEV1, lower FEV1/FVC ratio, and lower serum sRAGE concentration 

in smokers.(36) rs2070600 has also been associated with lower sRAGE concentration 

in the settings of emphysema, chronic obstructive pulmonary disease,(37) and idiopathic 

pulmonary fibrosis.(38)

While single SNP analysis revealed three causal and protective AGER locus variants 

associated with asthma, rs6923504 does not map to the AGER gene but instead to the 

nearby HLA-DRB9 gene. HLA-DRB9 is one gene of a family of HLA gene complexes that 

code for major histocompatibility complex class II cell surface receptors; these receptors 

are responsible for presenting peptide antigens to the immune system in order to elicit 

or suppress T-helper cell immune response.(39) Although rs6923504 has been associated 
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with several autoimmune diseases such as type 1 diabetes, ulcerative colitis, systemic 

lupus erythematosus, and primary biliary cholangitis,(40) this particular SNP has not 

been examined before in the context of asthma. Few studies of the rs9266529 variant 

are available. Both rs6923504 and rs9266529 displayed significant associations with self-

reported and doctor-diagnosed asthma in the UK Biobank GWAS (Supplemental Table III).

It is also important to acknowledge the potential effects of asthma medication on sRAGE 

concentration. Medications such as corticosteroids have anti-inflammatory properties 

through activation or repression of target genes as well as non-genomic mechanisms such as 

receptor-binding modifications.(41) The existing literature does not clearly establish a causal 

effect of corticosteroids or beta-2-adrenergic agonists on sRAGE in the setting of asthma. 

Feng et al. reported that plasma sRAGE levels were significantly increased after six months 

of treatment with inhaled corticosteroids in patients with asthma-COPD overlap syndrome.

(42) In contrast, other COPD studies examining the effects of beta-2 adrenergic agonist and 

corticosteroid treatment revealed no effect of therapy on systemic level of sRAGE after three 

months of treatment.(43) Our analyses also showed that use of inhaled corticosteroids was 

not significantly associated with plasma sRAGE levels (Supplemental Table VII).

This study has several limitations. First, the study participants in FHS and in the UK 

Biobank asthma GWAS were predominantly of European ancestry; the results of our study 

may not be generalizable to other racial or ethnic groups in which the prevalence of asthma 

and its environmental and genetic predispositions may differ. Second, sRAGE levels were 

measured in plasma, which may not reflect tissue- or organ-specific effects. Third, while 

our definition of asthma was based on both self-report of asthma diagnosis and use of 

asthma medication, we acknowledge that the observational nature of our population-based 

data prevents additional clinical classification. We have provided additional clinical data 

in FHS participants including spirometry testing and serum IgE levels. The clinical data 

reveal higher prevalence of impaired spirometry values and higher serum IgE levels in FHS 

participants with asthma compared with those without asthma which is consistent with what 

is found in the literature.(44) Our study also has several strengths. We conducted a large 

protein-trait association analysis of plasma sRAGE with asthma in more than 6,500 FHS 

participants. MR results were fully consistent with the protein-trait association findings. We 

were also able to externally validate our MR findings using an sRAGE pQTL variant from 

the INTERVAL study that supported our hypothesis that sRAGE is putatively causal for 

asthma.

In conclusion, through both protein-trait association and MR analyses, our findings suggest 

that sRAGE may play a causal, biologically important, and protective role in relation to 

asthma and may serve as a promising therapeutic use in its prevention and treatment. 

Additional functional studies in cell and animal models are needed to further evaluate the 

molecular role of sRAGE in the pathogenesis of asthma and to determine its potential 

therapeutic utility.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

AGER Advanced Glycosylation End-Product Specific Receptor [Gene]

AT-1 [Pulmonary] Alveolar Type 1

BMI Body Mass Index

CI Confidence Interval

COPD Chronic Obstructive Pulmonary Disease

ELISA Enzyme-Linked Immunosorbent Assay

FEV1 Forced Expiratory Volume in 1 Second

FHS Framingham Heart Study

FVC Forced Vital Capacity

GWAS Genome-Wide Association Study

HLA Human Leukocyte Antigen

HMGB1 High Mobility Group Protein Box 1

IgE Immunoglobulin E

LD Linkage Disequilibrium

MR Mendelian Randomization

mRAGE Membrane-Bound Receptor for Advanced Glycation End-Products

MRC-IEU Medical Research Council Integrative Epidemiology Unit

OR Odds Ratio

PPH4 Posterior Probability of Hypothesis 4

pQTL Protein Advanced Glycation End-Products
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RAGE Receptor for Advanced Glycation End-Products

SD Standard Deviation

SE Standard Error

SNP Single Nucleotide Polymorphism

sRAGE Soluble Receptor for Advanced Glycation End-Products

WHO ATC World Health Organization Anatomical Therapeutic Coding
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Key Messages:

• Cross-sectional association analyses in FHS revealed that each 1 standard 

deviation increment in plasma sRAGE concentration corresponded to a 14% 

lower odds of asthma.

• Causal inference analysis using Mendelian randomization revealed a 

putatively causal and protective relation of sRAGE to asthma.
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Figure 1. Study design
The figure on the left-hand side details the steps for identifying FHS participants from 

Offspring and Third Generation cohorts with and without asthma to be used in cross-

sectional protein-trait association analysis. The figure on the right-hand side details the 

exposures (i.e., instrumental variables) and outcomes for Mendelian randomization and 

colocalization analyses.
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Table I.

Clinical characteristics of FHS participants

Characteristic (Mean ± SD) All participants (n=6,546) Participants with asthma (n=375) Participants free of asthma (n=6,171)

Age, years 49.6 ± 13.8 49.8 ± 14.3 49.6 ± 13.7

Women, n (%) 3474 (53.1%) 247 (65.9%) 3227 (52.3%)

BMI, kg/m 2 27.4 ± 5.4 28.4 ± 6.1 27.3 ± 5.4

Smoking, pack years 10.7 ± 18.1 12.8 ± 20.9 10.6 ± 17.9

sRAGE, pg/mL 3574.0 ± 1167.7 3391.4 ± 1089.0 3585.1 ± 1171.5

Abbreviations: BMI = Body Mass Index (kg/m2); FHS = Framingham Heart Study; SD = Standard Deviation; sRAGE = Soluble Receptor for 
Advanced Glycation End-Products
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Table II.

Association of plasma sRAGE level with asthma in FHS participants: Results of multi-variable adjusted 

logistic regression analysis

Parameter OR* (95% CI) p

sRAGE 0.856 (0.763, 0.959) 0.0075

Covariates adjusted for include age, sex, BMI, pack-years of cigarette smoking, and familial correlation.

*
Odds Ratio of asthma per 1 standard deviation (SD) increment in sRAGE. The SD of sRAGE was 1,171.5 pg/ml.

Abbreviations: FHS = Framingham Heart Study; OR = Odds Ratio; sRAGE = Soluble Receptor for Advanced Glycation End-Products; 95% CI = 
95% Confidence Interval
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Table III.

Mendelian randomization results using inverse variance weighted method for 3 sRAGE variants in relation to 

UK Biobank asthma GWAS

Exposure Outcome # of SNPs Beta SE OR (95% CI) p

sRAGE
Self-reported asthma 3 −0.027 0.009 0.973 (0.955, 0.992) 0.005

Doctor-diagnosed asthma 3 −0.029 0.011 0.972 (0.950, 0.993) 0.011

Instrumental variables used in Mendelian randomization analysis were three cis-pQTLs derived from 6,861 Framingham Heart Study participants: 
rs2070600, rs6923504, rs9266529. Two GWAS of asthma were used in two-sample MR analyses: one for self-reported asthma and one for 
doctor-diagnosed asthma (see Methods for details).

Mendelian randomization results revealed sRAGE to be putatively causally implicated with a slight protective effect in both self-reported and 
doctor-diagnosed asthma; results are reported in odds ratios (OR) per 1 standard error (SE) increment in inverse rank-normalized sRAGE levels.

Abbreviations: OR = Odds Ratio; SE = Standard Error; SNP = Single Nucleotide Polymorphism; sRAGE = Soluble Receptor for Advanced 
Glycation End-Products; 95% CI = 95% Confidence Interval
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