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Opinion

Addressing the Causality Gap in Human

Psychiatric Neuroscience

Overview

As clinicians, we are accustomed to stories—those that
our patients tell about their lives and struggles, and those
that we tell about the causes of their difficulties. As sci-
entists, especially clinical neuroscientists, we likewise tell
stories about presumed neural mechanisms of illness and
its treatment. Unfortunately, the truth behind these sto-
ries remains uncertain because our science remains de-
scriptive. Simply put, our dominant tool, neuroimag-
ing, demonstrates correlations, ultimately revealing
associations but not demonstrating by itself how a cir-
cuit perturbation causes aberrant behavior and symp-
toms. By confusing this evidence with substantiation of
causation, we risk creating “Just-So Stories"—internally
consistent explanations that have no basisin fact.' Inthe
spirit of this series on pragmatic psychiatry, | outline sev-
eral domains where causality at the level of brain cir-
cuitry is a critical missing link ready to be addressed. At
the heart of the argument is the idea that understand-
ing causal mechanisms, which are discoverable in a va-
riety of ways, holds great promise not only for explain-
ing illness, but also for furthering the efficiency and
effectiveness of the pragmatic search for treatments.

The past few decades has seen an explosion of brain-
imaging research in healthy humans and those experi-
encing arange of clinical conditions. We have witnessed
waves of excitement at new findings, self-critique of core
methods, and a general attempt to raise expectationsin
clinical neuroscience. In other words, the field is now ma-
turing. Recent high-profile, large-scale efforts like the Hu-
man Connectome Project and UK Biobank have fo-
cused on building stronger correlations and supporting
the eventual goal of using neuroimaging to inform clini-
cally relevant biomarkers. These are clearly worthwhile
efforts.

Nonetheless, itis alsoimportant to realize that some
of the strongest correlations may lack any causal rela-
tionships; for example, between 2000 and 20009, the
consumption of cheese per capita correlated at r greater
than 0.94 with the number of people who died after be-
coming entangled in their bedsheets.? As whimsical as
this example is, it reminds us that the challenge of cau-
sality cannot be addressed through mathematical tools
alone (ie, in absence of direct causal investigations). In-
deed, neuroimaging has become overly reliant on ana-
lytical approaches and would greatly benefit from anin-
creased focus on direct experimental manipulations of
the presumed underlying constructs (in this case, hu-
man neural circuit functioning).

The Existing Evidence
What, then, are some examples of these issues, and how
might we address them? Let us start with our neural cir-

cuit models for mental illnesses. The typical neuroim-
aging study compares patients defined by some diag-
nostic category in the DSM with healthy individuals.
Arguments are then made about how particular neural
alterations might account for specific symptoms asso-
ciated with theillness—a type of causal argument. How-
ever, this approach confounds illness in general with a
specificillness, and typically lacks causality-revealing ex-
perimental manipulations. In fact, neuroimaging meta-
analyses across psychiatric disorders have found more
neural similarities than differences between disorders,
despite their divergent symptoms.>* As a conse-
quence, we lack arigorous and causal grounding of clini-
cal symptoms and behavior in specific neural circuit al-
terations. This grounding is crucial, because it is
necessary for accurately establishing diagnoses based
in pathophysiological mechanisms; explaining whether
mental experience caused circuit changes or circuit
changes caused mental experience; properly defining the
important dimensions of brain function that determine
psychopathology, including those that can be modeled
in experimental animals; and providing objective and
consistent bases for the conditions that are diagnosed
at present via subjective self-report. In contrast, recruit-
ing large numbers of patients for studies that focus on
biomarker identification has the potential to identify use-
ful stratifications or prognostic markers. This builds stron-
ger and more robust correlations but does not inform
causal mechanisms.

Causal neurostimulation tools such as transcranial
magnetic stimulation (TMS) allow researchers to ma-
nipulate the function of targeted regions and their con-
nected neural networks for periods that range from mil-
liseconds to weeks. By combining these methods with
concurrent functional magnetic resonance imaging or
electroencephalography, we can gain further interpre-
tational power. For example, disruptionsin the causalin-
fluence of one brain region on other brain regions can
be tested by using neuroimaging while stimulating a
given region and visualizing downstream effects; this
method would be more conclusive than simply observ-
ing connectivity patterns between brain regions when
they are at rest or engaged in a task. Via this method, we
have already learned that not every region that is acti-
vated during attention-demanding tasks has a similar ca-
pacity for causally deactivating the default mode
network. Similarly, acutely perturbing the function of
abrain system in healthy individuals, or ameliorating its
dysfunctionin patients, can provide powerful causal in-
formation about the contribution of that brain system
to behavior, in a manner that is not possible by simply
testing for relationships between individual differ-
ences in brain and behavior.
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Although concurrent TMS and neuroimaging has existed for
nearly 2 decades,® both methods have been more commonly ap-
plied to basic research than to clinical contexts. Moreover, repeti-
tive TMS that targets a variety of brain regions has been found to
be efficacious for the treatment of a number of conditions (and
cleared by the US Food and Drug Administration for the treatment
of depression),” but it generally has not been tied to studies of neu-
ral functioning and behavior. To further pragmatic goals in psychia-
try, emphasis should be placed on causal human neuroscience
investigations that will facilitate bringing sophisticated neurostimu-
lation and neuroimaging tools into clinical neuroscience. Consider-
ing also that TMS devices are already widely available in clinical care,
an intense focus on causal circuit mechanisms has great potential
for advancing treatment (eg, by targeting different brain regions or
reading out brain activity as a guide to neurostimulation) evenin the
near term.

Butitis not only neurostimulation that can provide insights about
circuit-level causality. Most psychiatric treatments appear to be in clini-
cal equipoise,® but we tell stories about how treatments work, often
leading to elaborations of alternative forms of a treatment that we ar-
gue exert different effects on the brain. How different, for example, are
the mechanisms of action of antidepressant medications with varying

receptor-targeting profiles? How much difference exists between psy-
chotherapies that use different techniques? As valuable as these de-
velopments might bein providing patients with additional treatment
options, it is nonetheless important to acknowledge that a great deal
of effort has gone into treatment development without an understand-
ing of whether the neural mechanisms they treat areindeed different.
Here randomized clinical trials allows the isolation of mechanisms by
which anintervention causes changes in the brain. Greater effort should
be put toward answering critical questions about the neural mecha-
nisms of treatment through the careful design of comparative treat-
ment studies. Greater use of mechanistic comparative trialsis ethical
and can advance clinical outcomes by revealing the true factors affect-
ing who responds and why.®

Conclusions

While many in the field might understand these points, current re-
search practice does not reflect this. Nonetheless, some of the most
crucial causality-revealing neuroscience tools are already at hand,
making these challenges more readily surmountable than we might
imagine. By jointly advancing causal human neuroscience and clini-
cal psychiatric research, we canrelegate "Just-So Stories” to the realm
of entertainment rather than science.
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