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EDITORIAL

Mendelian Randomization in Pulmonary
Arterial Hypertension: Unvelling Early
Insights With Promise for Future Discoveries

Steeve Provencher 2, MD, MSc; Benoit J. Arsenault

condition characterized by the gradual restruc-

turing of the distal pulmonary arteries, culminat-
ing in right ventricular failure and premature mortality.!
Substantial progress has been achieved in unraveling
the risk factors and mechanisms underpinning the
onset and progression of this disease. The landmark
discovery of germline mutations associated with her-
itable PAH marked a significant milestone. However,
these mutations are only detected in =80% of familial
PAH cases, a minority of seemingly sporadic idiopathic
PAH cases, and are generally absent in other forms of
PAH. Moreover, the puzzling question of why only a
fraction of individuals sharing similar risk factors de-
velop PAH remains enigmatic, despite numerous ef-
forts to forecast PAH risk by exploring various facets
of an individual’s phenome (eg, specific autoantibodies
linked to scleroderma).

Pulmonary arterial hypertension (PAH) is a complex
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Several biomarkers have been identified either in-
dependently or in combination that predict the long-
term prognosis of patients with PAH. Nevertheless, the
molecular processes guiding the shift from adaptive
to maladaptive remodeling in the right ventricle and
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elucidating the diverse prognoses observed among
patients with PAH remain largely elusive.? It is crucial to
note that although they have significantly contributed
to identify pivotal risk factors for PAH development
and prognostic, these correlational studies have pri-
marily relied on observational epidemiology. Despite
using sophisticated statistical methods and stringent
epidemiologic strategies to rectify or diminish con-
founding factors, the potential for reverse causality
and unmeasured confounding, which are frequently
overlooked limitations in these study designs, remains
unverifiable.

In recent years, Mendelian randomization (MR) has
emerged as a valuable epidemiologic tool, offering in-
sights into causal relationships. In essence, MR inves-
tigates whether the presence of >1 common genetic
variants influences targeted risk factors, such as circu-
lating metabolites. It aims to discern whether carriers of
these genetic variants exhibit different disease risks or
outcomes compared with noncarriers. More important,
genetic variants are randomly inherited at conception
and remain stable throughout an individual’s lifespan.
This characteristic ostensibly allows MR to explore the
association between genetically predicted exposures
and outcomes without succumbing to reverse causal-
ity. Because genetic variants used as instrumental vari-
ables to genetically predict exposures are presumed to
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be randomly distributed, MR is less susceptible to the
influence of unmeasured confounding.

These advantages hinge on 3 crucial assumptions:
first, the genetic variants used as instrumental vari-
ables for predicting risk factors must be strongly asso-
ciated with those risk factors (relevance assumption);
second, there should be no unmeasured confounders
influencing the associations between genetic variants
and outcomes (independence assumption); and third,
the genetic variants should impact the outcome solely
through their effects on the risk factor of interest (exclu-
sion restriction).®

When these assumptions are met, MR becomes a
potent tool for identifying risk factors, prognostic bio-
markers, and targetable pathways. Noteworthy ex-
amples include MR studies revealing that individuals
carrying genetic variants in the proprotein convertase
subtilisin/kexin type 9 (PCSK9) gene consistently had
lower low-density lipoprotein cholesterol levels through-
out their lives, leading to the development of PCSK9
inhibitors that subsequently reduced low-density lipo-
protein cholesterol levels and lowered the risk of cardio-
vascular events.*5 Equally significant, MR can provide
evidence negating causal relationships, potentially
averting the initiation of unnecessary trials and thereby
conserving time and resources for more promising re-
search areas. However, it is crucial to acknowledge that
single genetic variants typically explain only a minimal
proportion of phenotype variation, limiting study power
and introducing the risk of false negatives.

Despite its strengths (and inherent assumptions),
MR has rarely been used in the PAH field to date.
Observational studies documented that red cell distri-
bution width correlated with survival in PAH.® Because
red cell distribution width increases with iron deficiency
and preclinical works linked iron deficiency and pul-
monary hypertension, small open-label trials were
launched and showed slightly improved exercise ca-
pacity and quality of life with iron supplementation in
patients with PAH.” Conversely, a MR study failed to
show evidence of a causal association between ge-
netic variants associated with increased red cell distri-
bution width and the occurrence of PAH,® suggesting
that increased red cell distribution width may not be
mechanistically linked to the development of PAH and
that iron supplementation may provide benefit through
mechanisms unrelated to those driving the develop-
ment of PAH. More recently, after the identification of
507 genes with differential RNA expression and the
validation of an RNA model score distinguishing pa-
tients with PAH from controls, Rhodes et al® observed
that a genetic variant associated with a lower SMADS
(mothers against decapentaplegic homolog-5) RNA
level was associated with an increased risk of PAH in-
dependently of the BMPR2 (bone morphogenetic pro-
tein receptor type 2) mutational status, providing novel
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insights on the mechanisms of PAH development.
Finally, MR confirmed that a genetic variant associated
with differential expression of the interleukin-6 receptor
was not associated with the risk of PAH development
or outcomes,'® suggesting that modulation of interleu-
kin-6 signaling may not be of benefit for most patients
with PAH, and perhaps explaining the absence of an
efficacy signal after 6 months of intravenous tocili-
zumab in an open-label PAH study. This supplemental
analysis was, however, unpowered for small effects
and not replicated in a more recent MR study."

In this issue of the Journal of the American Heart
Association (JAHA), Alhathli et al> complement the
growing evidence supporting the role of MR in PAH.
Using genome-wide association study summary sta-
tistics, they used 2-sample MR analyses to indirectly
assess the genetically determined association between
serum concentration of 575 metabolites and the devel-
opment of PAH in a cohort of 125 patients with PAH
and>160000 controls. Genetic variants associated with
5 metabolites were associated with the risk of PAH de-
velopment. In a confirmatory (although overlapping)
cohort, the expected levels of acetylphosphate and
serine remained protective, whereas homostachydrine
expected levels were associated with an increased risk
of PAH. This association remained significant after strin-
gent multiple testing correction, sensitivity analyses, and
reassuring F statistic supporting the robustness of their
findings and minimizing the risk that genetic variants af-
fect the outcome through pathways other than through
the risk factor of interest (ie, horizontal pleiotropy). In a
parallel analysis of rare variants in a cohort of 578 pa-
tients with PAH and 361675 controls, loss-of-function
mutations within ATF4 (activating transcription factor 4),
a transcription factor that promotes the expression of
enzymes involved in the endogenous synthesis of ser-
ine, were more prevalent in PAH cases (0.53% versus
0.14%). This observation further reinforces the notion of
the protective role of serine in the development of PAH. In
addition, the authors identified noteworthy, albeit limited,
correlations between direct measurements of serine
and homostachydrine plasma concentrations and the
hemodynamic severity in a cohort of 446 patients with
PAH. Elevated homostachydrine plasma concentrations
were also associated with a reduction in survival. Finally,
the authors used a genome-wide association study for
questionnaire-reported coffee consumption and muilti-
variable MR and found no associations between coffee
consumption and no evidence for serine-mediated ef-
fects on immunomodulation to explain the differential
risk of PAH related to serine and homostachydrine lev-
els, respectively.

Although the identified genetic variants were signifi-
cantly associated with changes in metabolites based
on publicly available genome-wide association stud-
ies of the serum metabolome, the authors did not
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confirm through direct measurements whether pre-
dicted changes in metabolite levels truly differed be-
tween patients with PAH and controls. Similarly, the
authors did not explore whether the identified genetic
variants directly predicted outcomes of patients with
PAH. This is relevant because an individual biomarker
may specifically predict the risk of disease develop-
ment, outcomes, or both. Perhaps the most obvious
example of this potential paradox in PAH is sex. Female
subjects are more susceptible to the disease but have
a better right ventricular function and prognosis than
male subjects.’® Similarly, BMPR2 mutations tremen-
dously increase the risk of PAH development, whereas
their effects on survival are much less impressive.'*
More important, the associations estimated by MR in
patients with PAH and controls, versus plasma con-
centrations among prevalent patients, may not be the
same. The MR estimate likely reflects the effects of life-
long perturbations in the risk factor, whereas Cox re-
gression analyses evaluating the association of direct
measurement of a risk factor and survival may reflect
more acute effects. Despite triangulating the evidence,
the association between serine and homostachydrine
levels and outcomes thus remains prone to limitations
inherently associated with observational epidemiol-
0gy, including reverse causality and unmeasured con-
founding. It is noteworthy, however, that the present
study would have had sufficient power to confirm the
association between genetic variants presumably as-
sociated with metabolite levels and outcomes because
of weak instrument bias. Indeed, the power of an MR
study is determined by sample size and strength of the
association between the proposed instrument and risk
factor. As a result, MR estimates are almost always
less precise and have wider Cls than regression analy-
sis because of genetic variants that explain only a small
proportion of the variation in the risk factor/outcome
prediction, thus requiring significant sample sizes.

The authors should be commended for providing
compelling evidence about the association between
common genetic variants and the risk of PAH devel-
opment, as well as the identification of serine and ho-
mostachydrine plasma levels as possible prognostic
biomarkers.

There remains a substantial body of work essen-
tial to advancing our understanding, including the
following:

1. Confirming these findings through broader and
independent study populations. The crucial
importance of sample size for MR studies
mandates intense collaborative efforts by the
PAH community to leverage large-scale genetic
data and advance the field;

2. Unraveling the underlying mechanisms respon-
sible for these identified associations;
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3. Evaluating the additional discriminative value
of serine and homostachydrine plasma levels
when added to the existing array of prognostic
biomarkers, including validated risk assessment
tools;

4. Establishing that tailoring disease management
based on these new biomarkers leads to im-
proved outcomes (ie, conducting utility stud-
ies). Although modulating therapy according
to risk stratification, as suggested by current
treatment algorithms, is enticing, its practical
implementation is not always straightforward.
For instance, B-type natriuretic peptide blood
levels consistently predicted outcomes in pa-
tients with heart failure,'® yet utility studies failed
to demonstrate a clinical benefit of B-type
natriuretic peptide—guided therapy in these pa-
tients'®; and finally

5. Confirming that interventions targeting these
pertinent components of the metabolome can
either prevent the onset of PAH or effectively
treat established disease.

Collectively, this study underscores the valuable con-
tribution of MR investigations, even in the context of a
rare disease like PAH. The incorporation of MR studies
may prove instrumental in pinpointing novel risk factors
and harnessing the potential of extensive genetic data
sets to reveal promising targetable pathways. This ap-
proach not only enhances our understanding of PAH
but also strategically minimizes the initiation of unwar-
ranted trials, optimizing research efforts for more fruitful
avenues.
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