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EDITORIAL

Mendelian Randomization Supports
a Causal Effect of Depression on
Cardiovascular Disease as the Main Source

of Their Comorbidity

Eco J. C. de Geus ““/, PhD

disease (CVD), including coronary artery disease
(CAD), myocardial infarction (M), ischemic stroke,
heart failure, and atrial fibrillation, are strongly comorbid.!
Given their high prevalence and the many years lost to
disability caused, establishing the causality underlying
their comorbidity is of huge public health value. This is
not a simple mission. Apart from chance, which is non-
negligible with 2 highly prevalent conditions, several
mechanisms could underlie the co-occurrence of de-
pression and CVD, ranging from biological (inflammatory
processes, dysfunction in the hypothalamic-pituitary-ad-
renal and autonomic nervous systems, and endothelial
and platelet dysfunction) and behavioral mechanisms
(physical inactivity, poor eating habits, smoking, and
drinking) to a shared genetic vulnerability or chronic
stress linked to socioeconomic status, both of which
could independently affect the risk of developing de-
pression and CVD. Of note, these mechanisms are not
mutually exclusive, and the depression-CVD comorbidity
is likely a composite of all of them. The exact mixture may
differ across people and possibly be symptom specific.?
In the era of evidence-based medicine, questions

of causality are typically addressed in randomized
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controlled trials (RCTs). These have, for example,
tested whether the treatment of depression can pre-
vent new incidents in patients with Ml or stroke.®* In
general, these RCTs showed little effect of pharmaco-
logical or behavioral antidepressant therapy on cardiac
outcomes, the exception being a positive effect of anti-
depressant treatment on glycemic control in those with
diabetes mellitus.® However, the efficacy of the inter-
ventions on depression in these trials was often smalll,
so causal downstream effects on CVD may have been
hard to detect. In the trials that did successfully reduce
depressive symptoms, the duration of the beneficial in-
tervention effects may have been too short to undo the
longer running impact of depression on atherosclero-
sis progression.

To resolve causality in the comorbidity of depres-
sion and CVD, additional methods are needed. Of
these, the mendelian randomization (MR) technique
has gained by far the most popularity in the past years
as the method of choice for causal inference in ob-
servational data.® MR is the experiment of nature that
comes most close to an RCT in that participants are
randomly allocated at birth to different DNA variants
(the label “MR” honoring Mendel’s laws of segrega-
tion and independent assortment during meiosis). If
these DNA variants cause the exposure (eg, depres-
sion), participants in different genotype groups can
be considered to be randomly allocated to prolonged
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exposure levels. The association between the DNA
variant (“the genetic instrument”) influencing the ex-
posure and the outcome (eg, CVD) estimates the
causal effect independent of confounders. A further
strength of MR is that it captures lifetime exposure
rather than the weeks or months of exposure within
an RCT. Moreover, if a genetic instrument is also
available for the outcome (eg, a DNA variant causing
CVD), a bidirectional variant of MR can explicitly test
a possible reciprocal causal relationship between ex-
posure and outcome. Finally, MR does not always
need new data collection. The genetic instruments
for both exposure and outcome can be extracted
from the summary statistics of genome-wide asso-
ciation meta-analyses on the exposure and outcome
that are made widely available in the spirit of open
science by international GWAS (genome-wide asso-
ciation study) consortia.

Using a bidirectional MR design, 2 recent articles,
with the main authors respectively based in Hong
Kong’ and Hangzou,® used the MR approach to re-
solve causality of depression-CVD. Both articles used
largely, but not completely, the same publicly available
GWAS resources®'" and followed a broadly similar
series of analytical steps. Prima facie this may sound
alarming and journals demanding strict originality
could have rejected either one of these “copies” for
publication. This would have been a mistake and for-
tunately did not come to pass (that the articles were
submitted in the same time frame to different journals
may have helped). Strict replication by independent
groups should be considered an inevitable but also
highly valuable consequence of open science and
public data sharing. Furthermore, although generally
following the same path, slightly different analytical
choices were made by the 2 articles, which serves to
create greater confidence in their (strongly) convergent
conclusions.

Lu et al, in this issue of the Journal of the American
Heart Association (JAHA),2 report that a genetic dou-
bling of the odds of depression was causally asso-
ciated with a 14% increased risk of CAD and a 21%
increased risk of MI. Genetic liability to depression was
also associated with a 36% risk for small-vessel stroke.
Directionally consistent, but nonsignificant, increases
in the risks for heart failure, large-artery stroke, or car-
dioembolic stroke were seen, whereas the risk for atrial
fibrillation was not increased. No reverse causal effect
of genetic liability for CVD on lifetime depressive risk
was detected despite substantial power to find a mere
5% increase in depression risk. Absence of evidence
for reverse causation was robustly found across both
bidirectional MR studies.”® Depression, in short, ap-
pears to be the driving force behind the well-estab-
lished comorbidity of depression and CVD. This is in
line with their age of onset. Depression often starts in
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adolescence or early adulthood, whereas CVD gener-
ally starts much later.

To dissect the mechanisms in the causal pathway
from depression to CVD, multivariable MR analysis
was performed in which the direct causal effects of
depression were tested after keeping the potential me-
diator constant. Attenuation of the causal estimates in
multivariable MR (direct effect) compared with the uni-
variable (total effect) implies that causal effect acts at
least in part via the potential mediator (indirect effect).
Across the 2 MR studies, attenuation of the effect of
depression on CAD and Ml was found for smoking sta-
tus, type 2 diabetes mellitus, blood lipid levels, body
mass index, and blood pressure. These are all well-
known risk factors for atherosclerosis, suggesting that
causality might be substantially mediated by these fac-
tors. Lu et al® found the effects of type 2 diabetes mel-
litus and smoking to be of particular importance. The
proportion of the depression-CAD comorbidity medi-
ated by type 2 diabetes mellitus was 41.2%, and the
mediated proportion by smoking was 30.5%. For the
depression-MI comorbidity, the mediated proportions
by smoking and type 2 diabetes mellitus were 24.9%
and 24.1%, respectively. Apart from demonstrating a
causal effect of depression on CVD outcomes, Lu et
al® therefore suggest smoking and cardiometabolic
risk as 2 important mechanisms along the causal path
from mental to cardiac disorders.

Past meta-analyses of large prospective studies re-
ported an increase in the risk for CAD and Ml of 30%'?
(ie, about twice that found in the 2 recent MR studies
by Lu et al [2020]® and Li et al [2020]"), where the odds
were increased by 14%/10% for CAD and by 21%/14%
for MI, respectively. Combining the results from “clas-
sic” epidemiology with those from the newer genet-
ically informed methods, 2 overarching conclusions
stand out. First, some residual (genetic) confounding is
present in prospective studies even when they rigidly
control for known confounders. Second, more com-
plete correction for confounding in MR still fully sup-
ports a causal effect of depression on CVD.

An important caveat with these conclusions is that
GWAS used, whether on exposure, outcome, or me-
diators, were almost entirely based on participants of
European ancestry. This reinforces the need for multi-
ethnic GWAS consortia to ensure more equitable cov-
erage of and generalizability to the world population.
Methodological concerns about MR also remain. As with
all methods, MR has to make some assumptions that,
when violated, constitute a serious threat to deriving re-
liable causal effect sizes. MR assumes that the genetic
instruments are strong (ie, they explain substantial vari-
ance in the exposure), that there is no horizontal pleiot-
ropy, and that intergenerational transmission through the
shared (family) environment can be ignored. Weak instru-
ment bias can be partly amended by (inverse variance
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weighted) averaging across multiple single-nucleotide
polymorphisms, but this increases the risk of violating an-
other important assumption of MR, the “no horizontal plei-
otropy” assumption. Horizontal pleiotropy occurs when
single-nucleotide polymorphisms are used as genetic in-
struments that have an effect on both exposure and out-
come, other than through their causal path. For instance,
a single-nucleotide polymorphism could influence a trait
like neuroticism, which can independently affect depres-
sion and CVD. Several sensitivity analyses were used by
Lu et al to ensure that their findings were robust to
invalid instrument bias attributable to pleiotropy. Ruling
out the shared (family) environment, however, would
require large-scale within-family GWASs'? for both de-
pression and CVD, which are not yet available.

Notwithstanding these limitations, the genetic pre-
disposition to depression can be considered a causal
risk factor of CAD and MI. This supports the idea that
early diagnosis of depression may help prevent CVD,
and it reinforces the need for greater investments in the
prevention of depression. It also suggests that strat-
egies to alleviate depression cannot turn a blind eye
to the risk it poses for developing CVD comorbidity.
Already, recommendations for antidepressant medi-
cation suggest to avoid those that impact negatively
on the heart and heart rhythm generators.'® Taking this
a step further, one might not just avoid potentially car-
diotoxic treatments altogether, particularly in patients
with cardiac conditions. Instead, deployment of anti-
depressant treatments that enhance cardiovascular
health is preferable. Engaging patients in regular exer-
cise (“running” therapy) is such a treatment.

The multifold cardiovascular benefits of regular
exercise are firmly established. Many well-conducted
RCTs further testify to the potential therapeutic ef-
fects of exercise in psychiatric settings.'® Apart from
being a good choice as a treatment modality, increas-
ing physical activity levels is even more valuable in the
prevention of depression.!” Physical activity guideline
committees around the world have stated with great
confidence that a beneficial effect of physical activity
on mental health is real.'”® This confidence is based on
well-wrought triangulation across prospective stud-
ies, well-conducted RCTs, and genetically informed
designs.'%2° Given the evidence in this issue by Lu
et al® for a causal role of depression in the cause of
CVD, a strategy for the prevention of depression that
deals an additional blow to CVD risk seems the ob-
vious choice.
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