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PROLOGUE

Suppose a rat must move through a maze to gain food. In
the hallways of the maze, the rat has two options available
to it: go forward a step or go backward a step. [...] At each
position, the rat has various actions available to it, and the
action chosen will affect its future prospects for finding its
way to food. A wrong turn at one point may not be felt as a
mistake until many steps later when the rat runs into a dead
end. How is the rat to know which action was crucial in
leading it to the dead end?

—“A Neural Substrate of Prediction and Reward”*

WAS IT THEN? THE DAY THAT PAPER WAS PUBLISHED?
March 14, 1997: in a landmark paper, researchers reported
that dopamine neurons fire according to an algorithm, veri-
fied through animal behaviour. I think that’s it, the moment
of change. But it might be twelve years later, when the U.S.
government shifted its funding priorities, explicitly seeking
brain-based solutions to mental health problems. Or maybe
the problem began far further back, when experimentation
was brought into the lab. Where did the rat go wrong? A pre-
sumptuous statement, to be sure. A statement whose premise
is plain for you to see: We have gone wrong.

We’ve reached a dead end in our current approach to mental
health disorders.

That premise would be challenged by practically every sci-
entist I quote in this book. I quote many—and they are brilliant.
Despite disagreeing fundamentally with their understanding
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PROLOGUE

of mental health, I feel privileged to have interviewed these
researchers. They gave me their time and their insights, provid-
ing a glimpse into a process that’s normally hidden from view.
Their discussion of the science will guide us through the book,
helping us understand the ideas underlying new treatments for
mental health disorders.

Those treatments fall into three broad categories: neuromo-
dulation (i.e., the electrical stimulation of the brain); digital
therapeutics, using smartphone and wearables; and pharma-
ceuticals (not only new classes of drugs, but also psychedelics).
We’ll take each category in turn, even though it’s really all a
tangle, with research from one realm informing the other. I've
tried to carve a clear path, but I can’t completely isolate the
elements—not any more than scientists can isolate our neurons
from our hunger or home life or joy.

Forward or back: a few steps in the hallway until we reach
a junction, where the pathways branch. We have options.
‘We,” meaning society, researchers, and government institutions
whose mission is to support people in the human struggle with
their thoughts, emotions, and behaviour. “We’ also meaning you
and me—each of us, as individuals, regardless of what the maze-
makers do. Because I predict they’ll keep going, keep running
along the same route. They’ll get lost in their ever-progressing
research, repeating mistakes that came before, but proclaiming
that solutions are just around the corner.

This process will continue, but here’s the secret: our choices
don’t have to be limited by their frame, their maze, their descrip-
tion of our situation and our psyches, based on the facts they
choose to see. And we can partake, too, of their research and
treatments; we can try, experiment, venture forward, and assess.
Because there really isn’t any wrong turn for us. Unlike the rat
in the maze—and beyond any metaphor—for us, each pathway
opens into more.



SECTION ONE

Stimulating the
Mind and Brain:

Diagnosis, Neural
Circuits, and
Neuromodulation



Diagnosing
the Problem

ALIK WIDGE IS NO LONGER PACING. HIS BACKGROUND ON
Zoom is blurred, so I see nothing of his office, his bookshelves,
only him—pacing at first, then sitting to talk with nervous
intensity.

Widge is a bioengineer and psychiatrist at the University
of Minnesota. He’s also something of a superstar to me, hav-
ing led research that inspired portions of my previous novel.
Normally, I don’t speak with superstars. Normally, I spend
years inside my head, writing fiction, conversing with the char-
acters in my mind. But I took a chance: I requested an interview
with Widge and his colleague, Ann Haynos—a clinical psych-
ology professor now at Virginia Commonwealth University—
after reading a paper they’d co-authored. To my surprise, they
responded immediately. In a casual, typo-filled email, Widge
suggested an interview time, merely four days away.

I scrambled to prepare.

I read numerous studies, taking copious notes; the research
soon seemed like a mythic battle with the hydra—a monster
that grows new heads, new necks, whenever one is chopped
off. Topics kept springing up. I’d read one paper, which led
to ten more. From deep brain stimulation to computational



SECTION ONE: STIMULATING THE MIND AND BRAIN

psychiatry, from algorithms to the effort to overturn the entire
system by which we define mental health disorders: I attacked
one issue after another. By the time of the interview, I was too
exhausted to be anxious.

As everyone arrived on Zoom, I led a round of pre-emptive
apologies: my video might glitch out, I said, since my computer
was old and slow...Haynos added that she might get inter-
rupted by her kids, since COVID restrictions kept everyone at
home...then Widge said he might accidentally drift off screen
as he paced.

With our expectations set exceedingly low, I asked my inter-
viewees to discuss the reclassification of psychiatric disorders.

“Perfect,” Widge said.

Then he begins.

“The idea of thinking about mental disorders as component
parts that you can assemble in different ways...that comes from
my training as an engineer,” Widge says.

By bringing an engineering mindset into medical school,
Widge was able to notice patterns that his peers, trained only
in medicine, couldn’t see. This was particularly true during
his psychiatry residency: “I started to say, “Wow. A lot of
these patients—even though they carry very different diagno-
ses—they’ve got really similar problems, really similar coping
difficulties, really similar issues with huge feelings they don’t
know what to do with.”” Widge couldn’t align his observations
with the diagnostic system he was being taught.

He began to think the problem was the system itself.

“The reason we’ve never been able to say: ‘Here’s the MRI
scan that can diagnose depression, eating disorders, addiction,
et cetera...the reason for that is because those labels apply to
a mixture of different underlying things that are mixed up dif-
ferently in each person,” Widge says. By which he means: the
diagnoses people use to identify their struggles (anxiety disorder,
PTSD, addiction, etc.) have no scientific meaning whatsoever.



CHAPTER ONE: DIAGNOSING THE PROBLEM

This concept is now dominant among researchers in the
field. Called the ‘transdiagnostic approach’ to mental health,
it’s poised to overturn the old diagnostic system, codified in the
Diagnostic and Statistical Manual of Mental Disorders (DSM).
For decades, I thought the DSM was the authoritative guide,
but Haynos dismisses it with a sentence so blithe it doesn’t even
seem irreverent: “Diagnoses are just something that a bunch
of people sat in a room and made up,” she says.

She then elaborates, using more nuanced terms. Our current
diagnoses are “artificial” categories, she explains. “They’re just
the boxes where we put a collection of symptoms and charac-
teristics.” Those ‘symptoms and characteristics’ are nothing
more than surface signs: what a clinician can observe with the
naked eye, and what a patient reveals through their answers
on questionnaires and interviews. This system is subjective,
dependent on the clinician’s opinion, as well as the patient’s
admission (or even recognition) of their own thoughts, emo-
tions, and behaviour.

By diagnosing people in this way, we’re merely sticking
them inside the category defined by the outward presentation
of their illness, not by the illness itself, Haynos says.

A similar notion has been commonplace in general medi-
cine for centuries. A fever, for example, isn’t a disease, it’s the
body’s reaction to that disease. The same is true for mental
health disorders: we act (and think and feel) as a reaction to a
biological malfunction. Instead of developing a fever, though,
we starve ourselves, or feel an absence of pleasure, or keep
taking drugs even though we want to quit.

Researchers aren’t proposing that surface symptoms should
be disregarded, though: just because they’re surface doesn’t
mean they’re trivial. After all, self-starvation or alcohol use can
overtake a person’s life, creating a cascade of other problems.
But that doesn’t stop the research community from arguing
that the symptom is the wrong place to focus their diagnostic
efforts. Because, if they diagnose by the symptom, they’ll treat
the symptom—Ileaving the underlying core of the disorder intact.
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In order to target the core, scientists need to identify the
biological basis of a mental illness. They can do so, in part, by
finding consistent measurements that indicate the presence of
a disorder. These are called ‘biomarkers.’

“I don’t think you’re ever gonna find a biomarker for a
named disorder in the DSM,” Widge says, “because there is no
one anorexia...there is no one OCD...there’s no one depres-
sion. There are multiple kinds of each one, or maybe it’s all a
continuum, and each one is a different blend.”

In other words, what looks like a single disorder—bulimia, for
example—might actually be four disorders, each of them caused
by a different combination of biological malfunctions. In addition,
what looks like two separate disorders—bulimia and gambling
disorder, for example—might actually be the same disease.

Which is rather confusing.

As my mind tries to get it straight, Widge offers a helpful
metaphor.

“If you’ve got flour, if you’ve got eggs, if you’ve got sugar,
if you’ve got butter...you might get muffins, you might get
cookies, you might get bread,” he says. “I mean, it’s the same
ingredients! But they’re gonna look different depending on how
they were combined, and on the initial conditions.”

Widge lists some ‘initial conditions,” all of which extend
beyond the brain: “What kind of stressors did that person have.
What kind of socio-economic environment are they in. What
kind of care was provided to them, early on, as their disorder
was forming.” These environmental factors might be part of
the ‘blend’ affecting the visible outcome of the underlying
brain-based malfunction.

My pumpernickel is your chocolate cake.

My anorexia is your obsessive-compulsive disorder.

The goal is to identify the ingredients, and alter the recipe.

The DSM hasn’t fundamentally changed since 1980, when the
third version of manual (DSM-3) was published. In order to
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CHAPTER ONE: DIAGNOSING THE PROBLEM

understand the importance of the transdiagnostic approach, we
need to know why the DSM underwent such a major revision
at that time. And the answer, quite simply, is Sigmund Freud.

When Haynos mentioned people sitting in a room, she
was referring to an actual event. In the 1970s, clinicians and
researchers were convened by the American Psychological
Association. Their task was to reach a consensus, agreeing on
new criteria for diagnosing mental health disorders. The result
was DSM-3.

Before that revision, the manual was steeped in Freudian
ideas. The diagnostic categories were based on causality—and
those causes were riddled with theories about unconscious
aggression, infantile neuroses, repression, guilt. To move away
from Freud, the field decided to diagnose disorders through
clusters of symptoms, quantified through questionnaires and
clinician interviews.

This was the scientific mindset in the 1970s.

Now, the science has changed. As a result, the field is
returning to a diagnostic system rooted in causality. This time,
though, the causes that aren’t psychological, as described in
Freudian theories. Instead, they’re biological, as measured by
technology such as brain imaging, gene sequencing, and Al to
analyze complex behavioural datasets.

This takes us to Tom Insel, the influential director of the
U.S. National Institute of Mental Health (NIMH) from 2002
to 2015. As the foremost proponent of the transdiagnostic
approach, Insel set forth an ambitious goal for the research
community: to develop “precision medicine for mental disor-
ders—pinpointing with increasing accuracy the precise genetic,
neural circuit and behavioral data that can generate tailored
recommendations for interventions that can manage, cure and
prevent mental disorders.”*

precision...accuracy...tailored...cure.

That goal would be promoted through a NIMH initiative
called the Research Domain Criteria—a rather clunky term
abbreviated as ‘RDoC’ and pronounced ‘R-dock.” I needed to
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know that as I interviewed researchers, because RDoC comes
up all the time.

Insel first described RDoC in a paper he co-authored in
2013. Despite the need to be scientifically dispassionate, the
paper reads like a manifesto: “Mortality has not decreased for
any mental illness, prevalence rates are similarly unchanged,
there are no clinical tests for diagnosis, detection of disorders
is delayed well beyond generally accepted onset pathology,
and there are no well-developed preventive interventions.”?
I sense frustration in the words, a chomping at the bit as the
authors seem hampered from racing forward, catching up to
the rest of the medical community: “the field of mental disor-
ders research lags badly behind,” they write, “yet, knowledge
of the central nervous system has exploded over the last two
decades”—an explosion that’s due to technology. “How can
these rapid developments in basic science be harnessed in the
service of precision medicine for mental disorders?”3

That is their question—their diagnosis of the problem.

Their answer, or prescription, is to create a research frame-
work that moves away from the “traditional view of disorders
as symptom complexes based largely on clinical descriptions”
(i.e., what people sitting in a room made up), and instead sup-
ports research to identify the “fundamental, primary behavioral
functions that the brain has evolved to carry out, and specify the
neural systems that are primarily responsible for implementing
those functions.”#

That paragraph holds the pith of it. Like the stem of a plant
or a marrow of bone, these words form the meaning that feeds
all of the details that follow.

The brain has evolved; its evolution has proceeded based
on the optimization of certain functions—eating, reproducing,
avoiding predators—and this optimization has shaped the sys-
tems of the brain and body. Memory, fear, anxiety, pleasure;
learning, moving, discerning risk: all are fine-tuned by the
evolutionary process that arcs our species toward survival.
Given this fact, researchers must start by defining the purpose
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of people’s behaviours—a purpose that’s dictated by evolu-
tion—then associate those behaviours with distinct biological
systems, such as brain circuits, which can be targeted through
mental health treatments.

They can take this approach, RDoC says, because of techno-
logical advances.

This is fundamental: the old diagnostic system cannot incor-
porate new knowledge generated by science and technology.
According to RDoC, researchers can either ignore science (and
therefore retain the old system)—or they can break from the
outdated system to devise a new one.

The same dilemma faced the Catholic Church in the seven-
teenth century, when the telescope led to the discovery that the
earth is not the centre of the universe. Just as Galileo mapped
the moons of Jupiter, scientists now need to map our neural cir-
cuits, genome, the molecular makeup of individual cells—then
layer those maps on to each other, as well as measurements of
our behaviour.

The implications of such an approach extend beyond a
manual.

“What we’re trying to create is neuroscience-informed clinical
care,” Haynos says.

She explains how that model might work: a person would
come into the clinic and complete several tests designed to deter-
mine their diagnosis. Those tests would include objective meas-
urements—brain scans and standardized behavioural tasks—as
well as questionnaires and conversations with clinicians. The
results would be fed into a “quantitative mathematical model”
whose function would be to “create a profile, on a neurocog-
nitive level, of what is going on with you.”

Once a neurobiological diagnosis is made, a patient would
be given options. “We could sit down with a patient and say:
‘We have x, y, z that can manipulate essentially the same neural
circuitry.”” The x-y-z options could include three types of
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intervention: neuromodulation, behavioural therapy (often
with the help of digital tools), and pharmaceuticals. Each
intervention would have different drawbacks and advantages,
which would be discussed with the patient, Haynos says. In
this way, a clinician could “put more control in patients’ hands
for individualizing their treatment.”

That’s the dream, Haynos adds, though it may take twenty
years to get there.

As I talk with Widge and Haynos, I am lulled by this dream.
Soothed by the lullaby of scientific explanation, I forget that all
dreams have their own logic—truths that are hard to contest
when you’re sleeping. Only later, when fully awake, do we
begin to question.

For now, I let myself dream. I listen as Widge describes the
necessary next step for meeting the goal of personalized, precise
treatment as outlined in RDoC. “If we can build a taxonomy
of different kinds of impulsivity, flexibility, self-control—if we
can get better language and stop using these wibbly-wobbly...”
He cuts off his thought, intersplicing another: “That’s the
problem!” he says. “All those words!”

As a writer, I laugh.

As a scientist, Widge doesn’t.

“Ultimately, look, we need better language. We need to stop
using English and come up with mathematical, quantitative def-
initions.” As Haynos said, those definitions would be based on
behavioural tasks, brain scans, and standardized questionnaires.
“If we can come up with those kinds of definitions, that’s what
will find biomarkers. That is: the search for biomarkers and
neural mechanisms, I would argue, is inextricably linked to a
better, more quantitative definition of what it means to have
abnormal behaviour.”

“There’s a lot of really interesting information there,” I
reply. “The way of seeing the brain like a machine—coming
from your engineering perspective, Alik...” I register Widge’s
reaction but continue talking. “Also, I like the fact that you

I0
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brought up environmental aspects—that it’s not exclusively the
brain, it’s a person in a context.”

I pause.

“You made a face when I said the brain is a machine.”

Widge launches into his response: “People always say, ‘Oh,
does that mean the brain is just a computer?’” He bristles at the
unsophisticatedness of my analogy. “People start to think about
this in a totally deterministic way: ‘If you know what the inputs
are...you know what the outputs are.”” But even if the brain
did operate like that, “it’s so complex a system that we would
not be able to—”

Widge stops in frustration, then speaks more slowly.

“You could not model the brain with a supercomputer the
size of the planet,” he says. “I’'m pretty sure of that.”

I could be forgiven for my comment that neuroscience views
the brain as a metaphoric machine. The language of computa-
tion pervades research papers, including this one co-authored
by Widge:

This model takes the form:

— 2
1Og YRTk = ¥basekr T Iconﬁct, k Xconfict, k T €k 8k~N (O’Gs)

where ygr is the RT on trial k, and the x,, are latent, unob-
served variables that we have previously termed ‘cognitive
states’. x},,.. , represents the expected RT in the absence of
conflict or other external influencing factors [...]’

There’s an elegance to it, as if the human psyche were rational,
ratio-based, mathematically determined—a system capable
of operating optimally if we could just figure out how to
tweak the algorithm. There’s an appeal to it, the promise of
a solution.
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