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Genome-wide association studies (GWAS) have demon-
strated the power of genomics in helping us better under-
stand complex diseases. A GWAS involves sequencing 
hundreds-of-thousands to millions of DNA variants 
(single nucleotide polymorphisms; SNPs) in individual 
patients who display a phenotype or trait. Comparison of 
cases to appropriately selected controls reveals statisti-
cally significant DNA differences potentially responsible 
for the observed phenotype. Once specific variants or 
genes have been implicated as a risk-modifier, the next 
challenges are to link them to functional biological path-
ways that may in turn lead to identification of therapies. 
As an illustration, in Type II Diabetes Mellitus, GWAS 
and gene-resequencing studies have identified a protec-
tive loss-of-function gene mutation that encodes a zinc 
transporter in pancreatic islet cells that in turn has led 
to an interest in developing therapies that inhibit this 
zinc-transporter [1]. Similar GWAS-led successes have 
also been seen for repurposing or identifying therapies in 
autoimmune diseases [2].

In heterogeneous clinical syndromes such as ARDS, 
identification of novel biomarkers, such as genetic vari-
ants, represent a tantalizing strategy for stratifying 
patients and identifying effective treatments [3]. By vir-
tue of its non-specific definition, however, the likelihood 
of identifying such biomarkers in ARDS is lower than in 
more specifically defined diseases. Prior GWAS stud-
ies have sought to identify genetic risk factors for ARDS 
[4–6]. The diversity of the studied populations, aetiology, 
and pathophysiology in ARDS has most likely contrib-
uted to the observed discordant findings between these 

studies. A convincing GWAS would require thousands of 
samples, however, could these separate, smaller GWAS 
studies be combined to uncover new answers?

In this issue of the journal, Du et al. set out to connect 
data from these past studies, and identify novel genetic 
loci associated with ARDS [7]. Their innovative approach 
makes use of seemingly disparate data to produce novel 
results through the creative and robust application of an 
array of computational biology approaches. The authors 
first integrated data from individuals of European ances-
try, the iSPAAR and MESSI studies, identifying a novel 
genetic variant rs7967111. Next, they combined data sets 
of African American ancestry from the MESSI study and 
one further study [3] and identified a second novel locus, 
rs619652. Importantly, these findings point to a genetic 
architecture that differs between European and African 
American ancestries, mandating future studies to focus 
on this discrepancy to ensure more equitable healthcare 
innovation. The authors perform a trans-ethnic meta-
analysis using the available data sets to identify potential 
genetic factors relating to all-cause ARDS in individu-
als across multiple ancestries. Interestingly, no common 
genetic variants were found to be significant when the 
European and African American ancestry groups are 
analysed together. However, gene set enrichment analy-
sis, which looks for over-represented proteins or path-
ways in a data set, found shared cellular processes. While 
genetic variation may not be common between the two 
ancestries, the pathways affected might well be, high-
lighting the role of genetic pleiotropy in complex disease 
states.

The authors leveraged both in-house and publi-
cally available data to perform functional analyses of 
rs7967111 and identified BORCS5 and DUSP16 as down-
stream genes whose expression in blood is potentially 
dysregulated through this SNP. Again, using publicly 
available data repositories, they found these genes were 
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prominently expressed among lung and immune cells in 
humans and in mice treated with lipopolysaccharide, giv-
ing face validity to their findings.

The authors acknowledge many of the limitations 
of their studies including the limited sample size, spe-
cifically, in the African-American cohort. They also 
acknowledge the ethnic diversity of African-American 
individuals. Nevertheless, this is, to our knowledge, the 
largest GWAS in African-American patients with ARDS 
and is commendable despite the limited sample size.

Another limitation, albeit a thought-provoking one, 
are the analyses that seeks to compare the findings in 
all-cause ARDS to COVID-19. An inherent assumption 
of this comparison is that, genetically, ARDS develop-
ment is uniform regardless of aetiology. We know, how-
ever, biologically not all ARDS are the same [3]. Putting 
aside the diagnostic unreliability of the Berlin definition 
of ARDS, a simple question for the field to ask is—do 
we expect genetic-susceptibility for patients meeting 
the Berlin definition either due to bacterial pneumonia, 
trauma, aspiration, sepsis or COVID-19, to be uniform? 

Fig. 1 Overview of frameworks for GWAS studies in critical illness. A Current approach to ARDS GWAS. B Current approach to COVID-19 GWAS 
(close to ideal). C Proposed approach to ARDS GWAS (disease-state specific); *Subphenotypes could be related to aetiology or based on disease 
states, e.g., the hyperinflammatory phenotype. D Proposed approach to Critical Care GWAS (large multicentre studies embracing heterogeneity and 
overlap of ARDS and sepsis). Image created using BioRender (www. biore nder. com)
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It may be that there is some loose commonality in the end 
manifestation of lung injury, such as hypoxemic respira-
tory failure, beyond that, however, the biological diver-
sity due to these disparate insults makes this idea seem 
improbable. Importantly, in the unlikely scenario that a 
novel molecular target may be identified using genome-
based data, without a robust diagnostic marker for ARDS 
translating this to prospective treatment still represents a 
considerable challenge.

Challenges of studying biology in clinical syndromes 
such as ARDS and sepsis are not insurmountable but 
require developing strong networks of research infra-
structure. GWAS in all-cause ARDS, to date, have uni-
versally been under-powered. One possibility may be to 
perform GWAS in established biological or aetiological 
subphenotypes of ARDS [3]. Though the overall sample 
size may be smaller, by studying genomics of biologically 
uniform subgroups, the effective sample size may, para-
doxically, be enhanced. Alternatively, given the overlap 
of sepsis and ARDS, an intuitive way forward may be 
to study common genetic variants that lead to critical 
illness, irrespective of the nominal clinical placehold-
ers  with which we label our patients (Fig.  1). In either 
case, concerted efforts to gather biospecimens as part of 
routine clinical workflow would be needed to fully real-
ise the potential of GWAS in critical illness, and as such, 
represents an urgent research agenda for the specialty.

The current COVID-19 pandemic serves as a timely 
illustration of the advantages of studying a uniform 
aetiology, namely SARS-CoV-2. In addition, the sheer 
volume of COVID-19 has allowed sample collection 
among in-patients at an unprecedented level. Together, 
these factors have contributed to the rapidity with which 
GWAS studies have been translated to potential molec-
ular targets, as illustrated by the Severe COVID GWAS 
group [8] and GenOMICC [9] studies. The latter study 
identified four novel loci, and using Mendelian Ran-
domisation implicated IFNAR2 and TYK2, both mem-
bers of the JAK/STAT signalling pathway, as potential 
therapeutic targets. Baricitinib, a JAK/STAT inhibitor 
that authorised for treating autoimmune disorders such 
as rheumatoid arthritis [10] and atopic dermatitis [11], 
has shown some efficacy in reducing recovery time in 
patients with COVID-19 [12] and is now included in 
RECOVERY, a national clinical trial across UK hospitals 
investigating potential treatments for COVID-19 [13]. 
An unknown, but surely substantial, proportion of the 
vast number of patients included in various COVID-19 
GWAS will have presented with ARDS, but the relevance 
of this to non-COVID-19 ARDS remains uncertain. It is 
likely that findings from these COVID-19 studies could 
inform future ICU GWAS studies.

Despite the numerous challenges of GWAS in ARDS, 
in their study, Du and colleagues have continued to lead 
and push the field forward and provided an innovative 
investigative pipeline translating SNPs to therapies. From 
a bigger picture stand-point, as more biologically sophis-
ticated approaches to understanding disease emerge, 
critical care must decide whether it continues to cling to 
broad clinical definitions for such studies or revert back 
to a more biologically intuitive framework for classifying 
patients.
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