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How Mammals Prevailed
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of dinosaurs for millions of years
until a Killer asteroid created

a new world of evolutionary
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ON THE COVER

Cimolestes, the size of a small rodent, lived
alongside dinosaurs during the Cretaceous
epoch. It belonged to a group of mammals
known as the eutherians, which gave rise to
the placentals. Placental mammals give birth
to live, well-developed young. They constitute
the largest group of mammals alive today
and include creatures as disparate as bats,
whales and humans.
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FROM
THE EDITOR

Transition Times

Our ancestors’ big break came 66 million years ago, on the worst
day in Earth’s history. An asteroid slammed into our planet, set off
tsunamis and volcanoes and wildfires, and darkened the skies for
years. The disaster was the end of the dinosaurs (aside from birds)
but a new beginning for mammals—or at least the mammals that
survived. In our cover article, starting on page 28, paleontologist
Steve Brusatte fills out this origin story with fascinating new details
about the mammals that thrived in the Before Times and a deep-
er understanding of how some survived into the After.

Childhood development is one of the richest and most produc-
tive fields of research today—there’s just so much happening from
birth through the first several years of life. The brain expands rap-
idly and builds a million connections per second, as children learn
languages and social connections and how to explore the world.
As childhood-learning researcher and physician Dana Suskind and
writer and Scientific American contributing editor Lydia Denworth
explain on page 48, research has identified two crucial factors that
encourage healthy cognitive development: protection from stress
and nurturing interactions with caregivers. The work they share
has urgent implications for policies that help children thrive.

Going deeper into how the brain learns to understand the
world, neuroscientist Gyorgy Buzsaki on page 36 presents an
“inside-out” theory of brain functioning. The classic “outside-in’
conception holds that the brain starts as a blank slate and gets
inscribed by perceptions and experience. But the brain has its
own ideas about how to organize, generalize and respond to exter-
nal stimulation. Studies in people and animals and Al research
show how the brain’s internal algorithms can be used to shape
our experiences, plan ahead and learn efficiently.

3
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Laura Helmuth is editor in chief of Scientific American.
Follow her on Twitter @laurahelmuth

Powerful flares called fast radio bursts erupt with as much
energy in an instant as our sun emits in a month. Astronomers
aren’t sure what causes the flashes, but they made a lot of prog-
ress when an especially energetic fast radio burst in 2020 was
traced back to a magnetar, an enormous remnant of a superno-
va. Not all fast radio bursts seem to come from magnetars,
though, and some may be repeaters rather than single explo-
sions. It’s a hot area of astronomy, as science writer Adam Mann
describes on page 44, and it’s poised to get hotter—fast radio
bursts might help reveal what matter they traveled through from
their origins to our telescopes.

A fundamental injustice of modern times is that privileged peo-
ple live longer, healthier lives than people who face discrimination,
disempowerment and systemic bias. Our special package on health
equity (page SI) explains what we know about disparities in our
health systems and, more important, how to fix them. Heart dis-
ease, the leading Killer worldwide, is even more deadly in disad-
vantaged groups. The world’s oldest pandemic, tuberculosis, has
been largely eliminated in the wealthy world but persists in pov-
erty. Mental health care should be a right, not a privilege. And you
will meet people who are finding solutions to health inequalities
across the globe and who are drawing still relevant lessons from
the HIV/AIDS epidemic.

All of us at Scientific American thank Curtis Brainard, our man-
aging editor, for leading the health equity package in this issue and
so many other innovations and projects. Curtis joined our publi-
cation in 2014 as the blogs editor and soon began overseeing all
our online content. He became managing editor in 2017 and act-
ing editor in chief in 2019 and got us through the beginning of the
COVID pandemic. Curtis is leaving Scientific American (reluctant-
1y, he says) for a sweet new job in Paris, and we all wish him well,
but gosh, were going to miss him!
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DEDICATED READER
I have been reading Scientific American
since I was in high school. I am now 90
years old and a longtime subscriber. The
February 2022 issue is one of the richest
ever. I just handed it to my daughter, the
mother of a 13-year-old, to read the articles
on teaching kids to spot disinformation in
media [“Schooled in Lies,” by Melinda
Wenner Moyer] and on how people often
(wrongly) jump to conclusions [“Leaps of
Confusion,” by Carmen Sanchez and David
Dunning]. I read with enjoyment the arti-
cles on new research on the skills of Nean-
dertals [“Neandertals Like Us,” by David W.
Frayer and Davorka Radov¢i¢] and how the
promise of technological progress can con-
ceal major costs and dangers [“Breaking the
Techno-Promise,” by Naomi Oreskes; Ob-
servatory]. And I ordered two books you re-
viewed in Recommended.
MARION BUHAGIAR
White River Junction, Vt.

SOURCES OF CONFUSION

“Schooled in Lies,” Melinda Wenner Moy-
er’s article about teaching schoolkids to dis-
tinguish among different kinds of informa-
tion to protect them from disinformation,
covers a topic that is dear to my heart, al-
though one for which I have little hope. As
part of my high school chemistry class, I
had students do a project on the safety of
the artificial sweetener aspartame. I came
to realize two things: The first is that assess-

“We need the political will to put a price on
carbon and build smaller and safer nuclear
reactors. Giving up is not an option.”

ing the validity of primary information on
many topics is beyond most people’s capa-
bilities. As a Ph.D. biochemist, I may be able
to do so more than some others, but there
are many topics that I am unqualified to an-
alyze. The second is that we must therefore
choose a source whose analysis we accept.
Consequently, I added a part to the assign-
ment asking why the students chose to ac-
cept, to trust, one source or another.

I observed that many of my stronger stu-
dents chose to accept institutional sources,
such as the American Cancer Society or the
Food and Drug Administration, whereas
many of my weaker students chose to ac-
cept more personal sources and stories. I
wish I had more systematically collected the
data, but these observations led me to hy-
pothesize that those who prosper within a
system tend to accept the system as trust-
worthy. Those who do not prosper so well
tend to be more skeptical of the system, in-
stead choosing to accept their own experi-
ences or those of others known to them.

The article quotes journalism and me-
dia studies researcher Seth Ashley as not-
ing “that the world is messy, and that’s okay,”
but that is also what makes our choice of
whose perspective to trust so challenging.
There will always be reason to question one
source or another. Maybe the best we can
do is get to the point where students recog-
nize the mess and, because of that, recog-
nize that they could be wrong.

RusstLL KOHNKEN Skokie, I11.

NUCLEAR DEFENSE

Regarding Naomi Oreskes’s assertion that
nuclear energy cannot help our climate cri-
sis in “Breaking the Techno-Promise” [Ob-
servatory], I agree that nuclear plants have
not lived up to their promise so far. As she
notes, they take too long to build and bring
online and are too expensive. And they re-
sult in high electricity costs. But I am sur-
prised at the pessimism, given the urgent
need to do something. New nuclear tech-
nologies are evolving, such as multiple

STEVE MUELLER COLORADO SPRINGS, COLO.

smaller modular plants that don’t take so
long to build. Renewables are critical but
will never be enough to replace fossil fuels.
Nuclear fusion is too expensive and far
away. We need the political will to put a
price on carbon and build smaller and saf-
er reactors. Giving up is not an option.
STEVE MUELLER Colorado Springs, Colo.

Even though it’s long term, nuclear energy
development should be a high priority. As
aretired engineer, I understand the exten-
sive effort required for the completion of ef-
ficient, economical nuclear electricity sta-
tions. Technology improvements, develop-
ment engineering and construction time
must be planned for and underway now.
For the short term, we must use the sus-
tainable technology of wind and photovol-
taic farms and eliminate fossil-fuel subsi-
dies. Also, let’s add a federal tax on gasoline
and reduce the dependence on transporta-
tion via Eisenhower-era highways with
more use of our mass-transit systems.
Don FiNaN, SRr. Palos Park, I1l.

SPACETIME EXPERIMENT
Reading Adam Becker’s riveting article on
“The Origins of Space and Time” remind-
ed me of when I was a high school student
in Los Angeles in 1965 and read about two
students at the University of California, Los
Angeles, who were challenged by their sci-
ence professor to devise a theory on time
and space, complete with an example.
The two students took folding chairs to
a street in nearby downtown Westwood,
Calif,, and sat in a vacant parking space for
an hour after depositing the required coins
in a parking meter. They subsequently
wrote a report to their professor on what
they had done, concluding, “In order to oc-
cupy space, you must first have time.”
Douc WEISKOPF Burbank, Calif.

THE FIX ISIN
Iwas glad to read “Freedom to Tinker” [Fo-
rum], Kyle Wiens’s informative opinion
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piece on how Congress should uphold the
right to repair electronic devices. Readers
interested in getting involved with hands-
on right to repair might be interested in
checking out their local Fixit Clinic (https://
fixitclinic.blogspot.com) or Repair Café
(https://repaircafe.org). There are many
such organizations around the world with
dedicated volunteer repair coaches helping
others learn how to fix their broken stuff.
And over the past couple of years these clin-
ics have been happening virtually, with glob-
al participants engaging in fun and infor-
mative repair activities. We try our best to
work together to diagnose and repair appli-
ances, electronics, and so on but are con-
cerned about manufacturers making this
more difficult, if not impossible or illegal.
WAYNE SELTZER
Boulder U-Fix-It Clinic, Boulder, Colo.

TRUTH IN LABELING
“Inside America’s Militias,” by Amy Cooter
[January 2022], is chilling. The media and
academics must stop calling these groups
“militias.” It gives them a legitimacy that
they do not have and reinforces their irra-
tional belief that they are the present-day
equivalent of the militias that helped win
the Revolutionary War. A more apt label
would be “heavily armed political vigilan-
te groups.” Labels are important.
TERRENCE DUNN Vancouver, Wash.

BOREALIMPORTANCE
In “Smartphone Patrol,” by Annie Sneed
[Advances; December 2021], much is made
about the importance of the Amazon rain
forest, which serves as a diminishing but
necessary carbon sink and a provider of
life-giving oxygen. Less attention, howev-
er, is paid to another forested region on our
planet: the boreal forests in northern lati-
tudes stretching across several regions of
North America, Russia and Scandinavia.

In terms of sequestering carbon dioxide
and contributing oxygen to our atmosphere,
these boreal forests are as equally impor-
tant as the tropical forests at lower latitudes.
It should therefore be an equal priority to
carefully monitor activities such as logging,
clearing land for agriculture, road building
and especially mining in these areas, which
are often neglected in discussions about
global warming.

BARRY MALETZKY Portland, Ore.

SCIENTIFIC
AMERICAN.

ESTABLISHED 1845

EDITORIN CHIEF
Laura Helmuth

MANAGINGEDITOR Curtis Brainard ~ cOPY DIRECTOR Maria-Christina Keller  CReTIVEDIRECTOR Michael Mrak

EDITORIAL

CHIEF FEATURES EDITOR Seth Fletcher  CHIEFNEwSEDITOR Dean Visser  CHIEFOPINIONEDITOR Megha Satyanarayana

FEATURES
SENIOREDITOR, SCIENCEAND SOCIETY Madhusree Mukerjee
SENIOREDITOR, TECHNOLOGY /MIND Jen Schwartz
SENIOREDITOR, EVOLUTION /ECOLOGY Kate Wong

SENIOREDITOR, SUSTAINABILITY Mark Fischetti
SENIOR EDITOR, MEDICINE / SCIENCEPOLICY Josh Fischman
SENIOR EDITOR, SPACE/ PHYSICS Clara Moskowitz

NEWS
SENIOREDITOR, MIND /BRAIN Gary Stix ASSOCIATE EDITOR, TECHNOLOGY Sophie Bushwick
SENIOR EDITOR, SPACE/ PHYSICS Lee Billings ASSOCIATE EDITOR, SUSTAINABILITY Andrea Thompson
SENIOR EDITOR, HEALTH AND MEDICINE Tanya Lewis ASSISTANTNEWSEDITOR Sarah Lewin Frasier
MULTIMEDIA
CHIEFMULTIMEDIAEDITOR Jeffery DelViscio SENIOR EDITOR, AUDIENCE ENGAGEMENT Sunya Bhutta
SENIORMULTIMEDIAEDITOR Tulika Bose SENIOREDITOR, COLLECTIONS Andrea Gawrylewski
ART

SENIORGRAPHICSEDITOR Jen Christiansen ~ PHOTOGRAPHY EDITOR Monica Bradley ~ ARTDIRECTOR, ONLINE Ryan Reid
ASSOCIATE GRAPHICS EDITOR Amanda Montafiez ~ ASSOCIATEPHOTOEDITOR Liz Tormes

COPY AND PRODUCTION
SENIOR COPY EDITORS Angelique Rondeau, Aaron Shattuck
MANAGING PRODUCTIONEDITOR Richard Hunt ~ PREPRESSAND QUALITY MANAGER Silvia De Santis

CONTRIBUTORS
EDITORS EMERITI Mariette DiChristina, John Rennie
eprroriaz. Amy Brady, Katherine Harmon Courage, Lydia Denworth, Ferris Jabr,
Anna Kuch Michael D. L ick, Robin Lloyd,
Steve Mirsky, Melinda Wenner Moyer, George Musser, Ricki L. Rusting,
Dava Sobel, Claudia Wallis, Daisy Yuhas
arr Edward Bell, Violet Isabelle Francis, Lawrence R. Gendron, Nick Higgins, Kim Hubbard, Katie Peek, Beatrix Mahd Soltani

EXECUTIVEASSISTANTSUPERVISOR Maya Harty ~ SENIOREDITORIAL COORDINATOR Brianne Kane

SCIENTIFIC AMERICAN CUSTOM MEDIA
EDITORIAL DIRECTOR, CONTENT SERVICES Cliff Ransom  CREATIVEDIRECTOR Wojtek Urbanek
MULTIMEDIAEDITOR Kris Fatsy ~ MULTIMEDIAEDITOR Ben Gershman
ENGAGEMENTEDITOR Dharmesh Patel ~ ACCOUNTMANAGER Samantha Lubey

PRESIDENT
Kimberly Lau
EXECUTIVE VICE PRESIDENT Michael Florek  vICE PRESIDENT, COMMERCIAL Andrew Douglas
PUBLISHERAND VICEPRESIDENT Jeremy A. Abbate ~ VICEPRESIDENT, CONTENTSERVICES Stephen Pincock

CLIENT MARKETING SOLUTIONS
MARKETING DIRECTOR, INSTITUTIONAL PARTNERSHIPS AND CUSTOMER DEVELOPMENT Jessica Cole
PROGRAMMATIC PRODUCT MANAGER Zoya Lysak
DIRECTOR, INTEGRATED MEDIA Matt Bondlow
BUSINESS DEVELOPMENT Stan Schmidt
HEAD, PUBLISHING STRATEGY Suzanne Fromm

CONSUMER MARKETING & PRODUCT
DEVELOPMENTTEAMLEAD Raja Abdulhaq
HEAD, MARKETING Christopher Monello
SENIOR PRODUCT MANAGER lan Kelly
SENIORWEB PRODUCER Jessica Ramirez
SENIOR COMMERCIAL OPERATIONS COORDINATOR Christine Kaelin
MARKETING COORDINATOR Justin Camera

ANCILLARY PRODUCTS
ASSOCIATE VICE PRESIDENT, BUSINESS DEVELOPMENT Diane McGarvey
CUSTOM PUBLISHING EDITOR Lisa Pallatroni

CORPORATE
HEAD, COMMUNICATIONS, UsA Rachel Scheer
PRESSMANAGER Sarah Hausman
PRINT PRODUCTION
PRODUCTION CONTROLLER Madelyn Keyes-Milch  ADVERTISING PRODUCTION MANAGER Michael Broomes

LETTERS TO THE EDITOR
Scientific American, 1 New York Plaza, Suite 4600, New York, NY 10004-1562 or editors@sciam.com
Letters may be edited for length and clarity. We regret that we cannot answer each one.
Join the conversation online—visit Scientific American on Facebook and Twitter.
HOW TO CONTACT US
Subscriptions Reprints
For new subscriptions, renewals, gifts, To order bulk reprints of articles (minimum

payments, and changes of address: 0f1,000 copies): RandP@sciam.com.
U.S.and Canada, 800-333-1199;

Permissions
For permission to copy or reuse material:
Permissions Department, Scientific
American, 1 New York Plaza, Suite 4600,

outside North America, 515-248-7684 or Re;.erF Department, New York, NY 10004-1562; RandP@sciam.com;
Scientific American, - : o
scacustserv@cdsfulfillment.com www.ScientificAmerican.com/permissions.
Submissions WNew.York Plaza, Please allow six to eight weeks for processing.
To submitarticle proposals, follow the NSUIt\e(4iO('L'Y Advertising
guidelines at www.ScientificAmerican.com. ew York, www.ScientificAmerican.com has electronic
Click on “Contact Us." 100044562, contact information for sales representatives
We cannot return and are not responsible 212-451-8415. of Scientific American in all regions of

for materials delivered to our office. For single copies of back issues: 800-333-1199. the U.S.and in other countries.

June 2022, ScientificAmerican.com 7

© 2022 Scientific American


https://fixitclinic.blogspot.com/
https://fixitclinic.blogspot.com/
https://repaircafe.org/
https://www.scientificamerican.com/article/citizen-militias-in-the-u-s-are-moving-toward-more-violent-extremism/
https://www.scientificamerican.com/article/indigenous-amazon-communities-fight-deforestation-with-new-early-alert-tool/

SCIENCE AGENDA
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SCIENTIFIC AMERICAN’S BOARD OF EDITORS

One World
or None

Nuclear arms control is more urgent
now than ever

“It is either the end of nuclear weapons, or the end of us,” wrote
16 winners of the Nobel Peace Prize in an open letter in March that
has since been signed by more than a million people. Decades af-
ter the end of the cold war and mere months after the U.S., Russia
and other members of the United Nations Security Council agreed
that “a nuclear war cannot be won and must never be fought,” the
specter of nuclear apocalypse again looms over humankind.

Western powers contemplating intervention in the war in
Ukraine “must know that Russia will respond immediately, and the
consequences will be such as you have never seen in your entire his-
tory,” President Vladimir Putin warned in a not so veiled threat of
nuclear retaliation on February 24, the day Russia invaded Ukraine.
Days later he raised the alert levels of Russian nuclear forces.

If the prospect of nuclear war does not terrify you, it should. If
either Russia or NATO used shorter-range “tactical” nuclear weap-
ons in a European conflict, researchers at Princeton University’s
Program on Science and Global Security concluded in a 2019 anal-
ysis, it could rapidly escalate into a thermonuclear war that would
kill or injure more than 90 million people within a few hours. Fur-
ther, the one treaty constraining the nuclear arsenals of Russia and
the U.S. will expire in 2026. The extreme level of distrust between
the adversaries makes it hard for them to negotiate; nevertheless,
they must urgently strive to reduce the nuclear threat.

The crisis in Ukraine could provide an impetus. In 1962 the U.S.
and the Soviet Union narrowly averted nuclear war over the de-
ployment of nuclear missiles in Cuba. The terrifyingly close call
sparked an era of arms control. Ten years later the U.S. and the So-
viet Union signed the Anti-Ballistic Missile (ABM) Treaty, con-
straining the development of defensive shields against incoming
missiles, and also agreed to limit the numbers of intercontinental
and other ballistic missiles. Another agreement in 1987 banned in-
termediate-range nuclear weapons, and the Strategic Arms Reduc-
tion Treaty (START) of 1991 forced significant reductions in U.S.
and Soviet nuclear arsenals. These treaties created “guardrails,”
says Daryl Kimball of the Arms Control Association, without which
“one side or the other could go over the nuclear cliff.”

The doctrine of mutually assured destruction, or MAD, held
that neither superpower could initiate an attack without itself fac-
ing annihilation. But in 2002 the U.S. withdrew from the ABM
Treaty and began to build a missile defense system, destabilizing
this uneasy balance and sparking a new arms race. In 2019 then
president Donald Trump went further, abandoning the Interme-
diate-Range Nuclear Forces Treaty.

These eliminations leave the New Strategic Arms Reduction

Treaty, or New START, negotiated by former presidents Barack
Obama and Dmitry Medvedev in 2010, as the only constraint on
the numbers of strategic nuclear weapons. Negotiations for renew-
ing and possibly expanding the agreement were scheduled to be-
gin this year; these talks have now been suspended. But if New
START is allowed to lapse, a new arms race will begin. If then un-
regulated nuclear warheads were combined with other unregu-
lated technologies, such as hypersonic or autonomous weapons,
the consequences would be unimaginable.

There is reason for hope: much of the rest of the world has been
doggedly pursuing arms control. Almost all nations signed multi-
lateral conventions that came into force in 1975 and 1997, banning
biological and chemical weapons, respectively. These agreements
may be hard to enforce, but they confirm that the global commu-
nity deems the use of such weapons morally repugnant.

The U.N’s Treaty on the Prohibition of Nuclear Weapons, ad-
vanced by civil society in partnership with nonnuclear states, came
into force in January 2021. It aspires to “completely eliminate” nu-
clear weapons. None of the nuclear-weapons states signed on. But
the U.S. and Russia are both signatories of the Nuclear Nonprolif-
eration Treaty of 1970, in which nations without nuclear weapons
agreed to never acquire them; in exchange, they got access to peace-
ful nuclear technology and, crucially, a promise from nuclear-
armed nations to eventually eliminate nuclear weapons.

Elimination admittedly seems elusive. Still, the U.S. could im-
mediately make the world a safer place by pledging to never be
the first to use nuclear weapons. And as difficult as it may be, the
U.S. must strive to resume negotiations with Russia to reduce the
danger of nuclear warfare. We have lived long enough with this
grotesque cold war relic.
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COMMENTARY ON SCIENCE IN
THE NEWS FROM THE EXPERTS

One Million Dead
from COVID
Is Not Normal

News media and policy makers are
normalizing a staggering death toll

Despite being the wealthiest nation on the planet, the U.S. has
continued to have by far the most COVID infections and deaths
per country: one million dead, with no end in sight. This is an
unfathomable number, yet in contrast to the beginning of the pan-
demic, the news media has often downplayed the one-million
mark. In May 2020 the New York Times ran a sympathetic head-
line reading “U.S. Deaths Near 100,000, an Incalculable Loss,”
using its entire front page to print names of some of the deceased.
But when the death toll reached nine times that number, the Times
callously wrote, “900,000 Dead, but Many Americans Move On.”

The Times wasn’t alone; several large mainstream publications,
as well as politicians of both major political parties, have been beat-
ing a drum to get “back to normal” for months. The effect has been
the manufactured consent to normalize mass death and suffer-
ing—to subtly suggest to Americans that they want to move on.

The media has helped to shape public opinion so business can
return to the very circumstances that created this ongoing crisis.
A return to normal would allow companies to reap profits, while
some people work in relative safety from their homes (the target
audience of many news organizations’ advertisers) at the expense
of more vulnerable people who must work or study in person.

This past winter David Leonhardt, the writer of the Times’s
newsletter “The Morning,” asked Michael Barbaro, the host of the
company’s podcast “The Daily”: “If COVID is starting to look like
aregular respiratory virus, is it rational for us to treat it like some-
thing completely different and to disrupt our lives in all these big
and consequential ways[?]”

About 200,000 children in the U.S. have lost one or both par-
ents because of COVID—roughly one in every 375 children. This
is a big and consequential loss, and those children are probably
not among the many who are ready to “move on.” So is it ratio-
nal? To be calling for the end of lifesaving mitigation efforts and
saying they harm children when so many have been orphaned
here and worldwide?

Is it rational for Democrats, Republicans and much of the news
media to press on toward what writer Tom Scocca calls a policy
of “unlimited” COVID?

Is it rational, when as many people have died of COVID in a
month as died of AIDS in its worst year (near 50,000 in 1995), to
think of the novel coronavirus as a “regular respiratory virus”—and
to think that the big and consequential disruptions to worry about
are mask wearing and ventilation and not death and debilitation?

Steven W. Thrasher is a professor at Northwestern University
o in the Medill School of Journalism and the Institute for Sexual
and Gender Minority Health and Wellbeing. He is author of the
forthcoming book The Viral Underclass: The Human Toll When
Inequality and Disease Collide.

Is it rational to ignore high community viral loads in Ameri-
can society and to not do more to lower them so that fewer peo-
ple are exposed, become sick, transmit onward and possibly die?

Well, it depends on what it is you are trying to rationalize.

If you’re trying to get people to accept that what the nation has
been doing is okay and that 50,000 deaths in a month should be
normalized, then it’s rational.

If you don’t want people to wonder why in just two years the
U.S. death toll for COVID was about 130 percent of the death toll
of four decades of HIV—while global COVID deaths amount to less
than 20 percent of the world’s AIDS deaths—then it’s rational.

If you want to manufacture consent for looser pandemic mea-
sures in the U.S. rather than more comprehensive ones as commu-
nal viral rates demand, then making these claims is rational.

Is it rational to ignore high
community viral loads and

to not do more to lower them so
that fewer people are exposed,
become sick, transmit onward
and possibly die?

But it’s not ethical to manufacture what I call a viral under-
class, and it’s incorrect to pretend the news media have no role
in creating it or in persuading the public that so many deaths
are inevitable.

It’s a shame that major news outlets are hyping up moving on
and returning to normal and not running more pieces calling for
an increase in government-funded mitigation efforts (more free
high-quality masks and tests, upgraded ventilation in work sites
and schools) to stem the tide of death. American norms (rampant
incarceration, eviction, homelessness, lack of health care, poor
ventilation, and economic inequality) are fairly deadly as is.

Acceding to the “urgency of normal” is “wishful thinking,” epi-
demiologist Gregg Gonsalves wrote in the Nation. Intentionally
or unintentionally, “the urgency of normal”—a phrase cropping
up a lot lately—is evocative of a phrase Martin Luther King, Jr.,
used in his 1967 speech “Beyond Vietnam” at Riverside Church in
New York City, where he preached about “the fierce urgency of
now”: “We are now faced with the fact that tomorrow is today. We
are confronted with the fierce urgency of now. In this unfolding
conundrum of life and history there is such a thing as being too
late. Procrastination is still the thief of time.”

If he were still alive, do you think King would have fought for
the fierce urgency of the very normal that produced all this death?
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Scientists propose sending a message to
space using California’s Allen Telescope
Array (seen here) or China’s Five-Hundred-
Meter Aperture Spherical Radio Telescope.
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DISPATCHES FROM THE FRONTIERS OF SCIENCE, TECHNOLOGY AND MEDICINE

Seth Shostak/SETI Institute

* Slimy orbs trap marine microbe prey

» Amino acids form vibrant
microscopic landscapes

* Scientists map drug contaminants
in the world’s rivers

* Tough, flexible “ionogels” hold promise
for new technology

Long-
Distance Call

An updated proposal for beaming
a message to the stars

If we ever encounter intelligent life
beyond Earth, a key first question will be:
“How can we communicate?” An interna-
tional team of researchers, led by Jona-
than H. Jiang of the NASA Jet Propulsion
Laboratory, recently detailed a new mis-
sive intended for reaching out to extrater-
restrial recipients. The 13-part “Beacon in
the Galaxy” updates the 1974 Arecibo mes-
sage—humanity’s first attempt to send a
communication that extraterrestrial intelli-
gence might understand.

Jiang and his colleagues propose aiming
the message toward a dense ring of stars
near the Milky Way's center that are likely
to host promising planets. The transmission
also features a freshly designed return
address that will help any alien listeners pin-
point our location so they can—the research-
ers hope—kick off an interstellar conversa-
tion. “The motivation for the design was to
deliver the maximum amount of information
about our society and the human species in
the minimal amount of message,” Jiang says.

“With improvements in digital technology,
we can do much better than 1974.”

Nearly all the messages humans have
broadcast into space so far start with an
attempt to establish common ground using
basic science and mathematics, which are
presumably familiar to both ourselves and
any extraterrestrials advanced enough to
receive a radio signal. But scientists must
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choose how to encode these concepts.
Rather than using arbitrary human lan-
guages or numeral systems, many
attempts (including the new “Beacon in
the Galaxy”) opt to design their messages
as a bitmap, a method of creating a pix-
elated image using binary code.

A bitmap is a logical approach; the on/
off, present/absent nature of a binary sys-
tem seems like it would be recognized by
any intelligent species. But this strategy is
not without shortcomings. When Frank
Drake, a pioneer in the search for extrater-
restrial intelligence (SETI), created a proto-
type of the Arecibo transmission, he mailed
the binary message to several colleagues—
including some Nobel laureates. None
understood its contents, and only one real-
ized it was a bitmap.

And even if space aliens manage to
decode the message, they might not be
able to see any images within. “One of the
key ideas is that because vision has evolved
independently many times on Earth, that
means aliens will have it, too,” says Doug-
las Vakoch, president of METI (Messaging
Extraterrestrial Intelligence) International,
a nonprofit organization that studies how
to communicate with other life-forms. “But
that's a big ‘if, and even if they can see,
there is so much culture embedded in the
way we represent objects.”

Jiang and his colleagues based much of
their design, published in the journal Galax-
ies, on the 2003 “Cosmic Call” message
broadcast from the Yevpatoriya RT-70 radio
telescope in the region of Crimea. This fea-
tured a custom bitmap “alphabet” designed
to be robust against transmission errors.
After an initial transmission of a prime num-
ber to mark the broadcast as artificial,
Jiang’s message uses this alien alphabet to

Pages from “Beacon in the Galaxy” codifying numbers, illustrating the solar system and
inviting the receiver to reply at a specific frequency. Researchers propose transmitting the
message’s 13 parts using binary code for the recipient to assemble into images.

introduce our base-10 numeral system and
basic mathematics. The missive then uses
a universal phenomenon—the radio wave
a hydrogen atom releases when switching
energy states—to explain the idea of time
and to mark when the transmission was sent
from Earth. The message also introduces
common elements from the periodic table
and depicts DNA's structure and chemistry.

The final pages are potentially the most
interesting to extraterrestrials but also the
least likely to be understood. They feature a
sketch of a male and a female human, a map
of Earth’s surface, a diagram of our solar sys-
tem and the radio frequency that the extra-
terrestrials should use to respond to the
message. Plus, they offer the coordinates of
our solar system, referenced to the locations
of globular clusters—stable and tightly
packed groups of thousands to millions of
stars that would likely be familiar to space-
watching entities anywhere in the galaxy.

The researchers propose sending their
communication from either California’s
Allen Telescope Array or China’s Five-Hun-
dred-Meter Aperture Spherical Radio Tele-
scope (FAST). Since the recent destruction
of the Arecibo telescope in Puerto Rico,
these are the world’s only radio telescopes
actively courting SET| researchers. For now,
however, both can only listen to the cos-
mos; Jiang acknowledges that outfitting
either telescope with transmission equip-
ment would not be a trivial project. But it
is possible, and Jiang says he and his co-
authors are discussing ways to work with
FAST researchers to make it happen.

A far deeper question is whether we

should send a message at all, a controversy
among many SETI researchers: Could this
entire effort be a waste of time, or could it
invite attack by malicious entities? “l don't
live in fear of an invading horde, but other
people do. And just because | dont share
their fear doesn’t make their concerns
irrelevant,” says Bowling Green State Uni-
versity researcher Sheri Wells-Jensen, an
expert on the linguistic and cultural issues
associated with interstellar message
design. But “just because it would be diffi-
cult to achieve global consensus on what
to send, or whether we should send,
doesn’t mean we shouldn’t do it. It is our
responsibility to struggle with this and clue
as many people in as possible.”

Many insist that the potential rewards of
“active SETI" far outweigh the risks. First
contact would be one of the most momen-
tous occasions in the history of our species,
the argument goes—and if we just wait
around for someone to call us, it may never
happen. As for the risk of annihilation by
malevolent space aliens, we blew our cover
long ago. Any extraterrestrial capable of
traveling to Earth would likely be more than
capable of detecting evidence of life in the
chemical signatures of our atmosphere or
the electromagnetic radiation that has been
leaking from our radios, televisions and
radar systems for the past century.

“This is an invitation to all people on
Earth to participate in a discussion about
sending out this message,” Jiang says.
“We hope, by publishing this paper, we can
encourage people to think about this.”

—Daniel Oberhaus

“A Beacon in the Galaxy: Updated Arecibo Message for Potential FAST and SETI Projects,”

by Jonathan H. Jiang et al., in Galaxies; March 25,2022
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GENETICS

Flying Frogs
Analysis and flight test probe
how “parachute frogs” glide

A few frog species in the jungles of

East Asia take hopping to the extreme.
These daredevil amphibians, dubbed para-
chute frogs, leap from treetops and soar
through the rain-forest canopy to evade
predators. Some can cover more than 50
feet in a single glide.

Although they lack the true wings of
birds and bats, these frogs use extensive
webbing between their toes as a winglike
surface to slow their descent. They also
have oversized feet, as well as flaps of
loose skin along their limbs and sticky toe
pads to help them safely land.

University of Texas at Austin evolution-
ary biologist David Hillis and his colleagues
at China’s Chengdu Institute of Biology
collected several specimens of black-
webbed tree frogs—a lime-green para-
chute frog species with black and yellow
webbing—from rain forests in southern
China to pick apart the genetics behind the
impressive adaptations.

The researchers compiled the tree frog’s
genome and compared it with a closely
related frog incapable of gliding. For a study
in the Proceedings of the National Academy

of Sciences USA, they pinpointed 455 modi-
fied genes. “Many of the genes we identi-
fied are associated with various aspects of
webbing, foot and limb development,” Hillis
says. “All are consistent with the strong
morphological adaptation of flying frogs for

)
-

¢

gliding behavior.” The researchers found
some genes produced longer limbs and
stickier toe pads for climbing. They also
identified the network of genes likely
responsible for extra webbing by tracking
foot development in each species’ tadpoles.
To observe these differences in action,
the researchers conducted a controlled
flight test. They placed frogs from each
species on perches and recorded any
jumps and subsequent glides—positioning
soft sponges below in case frogs fared
badly in the air. This proved important for
the nongliding frogs, which plummeted
into the sponges. But the parachute frogs
splayed their heavily webbed toes to glide
horizontally before touching down.
According to biomechanist Mimi Koehl of
the University of California, Berkeley, who
has studied flying frogs’ biodynamics and
was not involved in the work, the extra web-
bing both slows their fall and helps them
steer through the rain-forest canopy. The
frogs dodge trees by using oversized back
feet like rudders as they descend toward
puddles on the forest floor, congregating to
mate and lay eggs. “If they can’t maneuver
through this complicated environment,
they're going to miss the orgy,” Koehl says.
The researchers say understanding
these frogs’ adaptations may help illumi-
nate how other animals—such as flying
squirrels and flying lizards—took to the sky.
Koehl and her colleagues have even used
flying frogs to help model dinosaur flight.
Flying dinosaurs “had feathered tails and
feathers on their hind legs,” she says.
“They had the same maneuverable body
design as flying frogs.” —Jack Tamisiea

Parachute frog
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Placenta after birth

BIOLOGY

Body Invader

Placenta genetics offer ideas for anticancer drugs

To obtain nutrients for a growing fetus, a placenta embeds itself
into the uterus—an “invasion” that resembles the way a tumor
takes over healthy tissue. Now researchers have identified
genes that help to regulate placental embedding and may prove
instructive in developing anticancer drugs, according to a new
study in the Proceedings of the National Academy of Sciences USA.
Scientists knew that the amount a placenta embeds varies
across species. In some, such as humans and apes, placenta cells
push deep into the uterine wall with relative ease. But in animals
like cows and horses, the uterus has evolved to resist such intru-
sions more strongly. This capability may help protect the mater-
nal immune system and lessen uterus damage when giving birth.
In 2019 cellular biologists Glinter Wagner of Yale University
and Kshitiz of the University of Connecticut Health found that this
cellular resistance extends beyond the uterus. They observed a
direct correlation between how deeply a species’ placenta embed-
ded and the rate of tumors that spread beyond their primary site in
that species’ body. Species with highly embedded placentas were
associated with higher rates of metastatic cancer; cellular material
connecting tissues and organs in these species was less resistant

to invasion by both placentas and tumors. The question was why.

For the new study, Kshitiz, Wagner and their colleagues exam-
ined nine mammal species for differences in protein production
that might explain how some species’ tissues resist invasion more
strongly. The team identified two proteins that, when produced in
abundance, made tissues more susceptible to cellular intrusion—
whether from a placenta or a tumor. When the protein-producing
genes were removed, cells blocked invasion more effectively.

“A mutation that helps the uterus keep the placenta out also

[could affect] the biology of cancer in, say, the skin,” Wagner says.

To Wellcome Sanger Institute cancer biologist Sam Behjati,
who was not involved in the study, this finding suggests new ways
to target tumor growth and spread. “This is a hard-core, compar-
ative biological study,” he says. Scientists know a lot about the
molecular steps required for implantation—and “it would be nice
to employ that line of pharmacological thinking for metastases.”

Still, Amy Boddy, a comparative oncologist at the University of
California, Santa Barbara, who was also not involved, cautions that

this specific invasion process probably does not tell the whole story.

Cancers have a variety of causes and contributors. “Everything
that is multicellular is vulnerable to cancer,” Boddy says. “We've
just started probing the potential mechanisms.” —Carrie Arnold

Getty Images

ECOLOGY

Into the Mucosphere

Tiny organisms trap prey with carbon-rich slime

Ocean oddities called mixoplankton are organisms that can

get energy both through photosynthesis and by eating other
microbes. Now new research published in Nature Communications
suggests that one such species, Prorocentrum cf. balticum, displays
a bizarre and clever hunting technique—one that significantly
contributes to the crucial cycling of carbon through land, atmo-
sphere and oceans.

Study lead author Michaela Larsson, a marine biologist at the
University of Technology Sydney, and her colleagues were studying
marine mixoplankton in the laboratory when they noticed the crea-
tures twisting and turning as they exuded mucus. The researchers
found that beyond photosynthesizing in the daytime, these organ-
isms also form a carbon-rich “mucosphere” around themselves at
night—then use chemical cues to lure other microbes into it. The
mixoplankton then eat the microbes and shed the mucus package,
which sinks to the ocean floor and deposits a rich store of carbon.

The study “is evidence that our thinking around how carbon is
cycled in the ocean must be revised to include the sophisticated
behaviors of microbes,” Larsson says. ldentifying P. balticum DNA
in a global marine microbe data set shows the organisms’ preva-
lence across the ocean, suggesting they contribute considerably
to the planetary carbon cycle. The authors estimate these plank-
ton could sequester up to 0.15 gigaton of carbon every year—
about 0.5 percent of the world’s annual carbon emissions.

According to Aditee Mitra, a marine systems modeler at Car-
diff University in Wales, who was not involved in the research,
the paper “is yet another indication of how little we know about
[ocean] organisms that collectively have generated around half of
the oxygen in Earth’s atmosphere and continue to play a pivotal
role in planetary biogeochemical cycling.”

Since the study’s publication, scientists have observed that other
mixoplankton species can form and release mucospheres. Research-
ers are also investigating how microbe behaviors might vary in dif-
ferent marine conditions. “Discovering this microbial behavior and
evaluating the broader implications for ocean biogeochemical
cycling really are just the beginning,” Larsson says. ~ —Susan Cosier
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ADVANCES

SCOTLAND
New analysis of the famous “bodies in the bog” found near
Edinburgh indicates that at least two—a man and a woman—

NZ

Archaeologists studying Paleolithic cave art in Cantabria
found that up to a quarter of the ochre handprints placed

were born far from their final resting place. Scientists

there were made by children. The prints were likely

used traces of chemical isotopes from the individuals’
teeth to determine their status as Medieval ramblers.

CANADA

Although caribou populations

W

are declining across most
of the Canadian wilderness,

research suggests British

Columbia’s Klinse-Za herd

has tripled in size in nine

years. The herd is protected

through a program led by two w

First Nations groups.

Researchers described two new-to-science
species of glass frog—tiny, transparent
ampbhibians living in the Andes foothills.

Scientists in Nyungwe National Park recently captured a Hill’s
horseshoe bat, a species last spotted by scientists in 1981. The
researchers recorded the critically endangered bat’s call before

Despite looking nearly identical and living on
opposite sides of a river valley, the two species
have surprisingly different genomes. release so they can monitor its population in the future.

© 2022 Scientific American

made by blowing red pigment through a hollow reed or
bone over a hand used as a stencil.

TANZANIA

A program on the semiauton-
omous islands of Zanzibar
combines drones and a
smartphone app to map
malaria-carrying mosquito
hotspots. The mosquitoes
breed in tiny bodies of stand-
ing water, which are difficult
to survey on foot—but one
drone can cover more than

70 acres in about 20 minutes.

For more details, visit
www.ScientificAmerican.com/
jun2022/advances
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CHEMISTRY

Science
in Images

By Joanna Thompson

Photographer Justin Zoll shoots stunning
landscapes—without setting foot outside.
Instead he peers through a secondhand
Olympus BH2 microscope into a hidden
world of psychedelic crystal vistas.

Zoll has more than 15 years of pho-
tography experience, mostly capturing
weddings and concerts. Around six years
ago a friend introduced him to the world
of micrography. “I got hooked right
away,” Zoll recalls. He fell in love with a
trial-and-error process of combining sol-
vents and crystalline salts, creating aes-
thetically pleasing compositions too
small to be seen with the naked eye.
When the COVID pandemic struck and
his workaday event venues shut down,
he suddenly found himself with ample
time to experiment in his makeshift bed-
room lab. He ordered a plethora of pow-
dered substances online and busted out
a hot plate.

The vibrant colors in Zoll's photographs
are the product of each crystal’s struc-
ture—not added by a computer. “If you
look through the microscope, this is
pretty much exactly what you see,” he
says, although he does take multiple shots
of each slide to create a panoramic effect.

The amino acids L-glutamate and beta-
alanine, combined to form this tableau, are
both produced in the body and are com-
monly sold as supplements for athletes and
body builders. To create this type of image,
Zoll dissolves the compounds—typically in
high-proof vodka—and dries the mixture,
with or without heat. The aquamarine and
gold colors on display here are relatively
rare for amino acid crystals, he says.

Zoll does not have a background in
chemistry or physics, but he harbors
a deep appreciation for the beauty sci-
ence can illuminate. “Simple math creates
similar structures, from the cosmic down
to what I'm looking at in my bedroom
under a microscope,” he says. “| think
that’s really cool. And | think it’s important
for us to share that perspective.”
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Vitamin Map

Al can pinpoint nutrient deficiencies from space

Micronutrient deficiencies afflict more than two billion people
worldwide, including 340 million children. This lack of vitamins
and minerals can have serious health consequences. But diagnos-
ing deficiencies early enough for effective treatment requires
expensive, time-consuming blood draws and laboratory tests.
New research provides a more efficient approach. Computer
scientist Elizabeth Bondi and her colleagues at Harvard Univer-
sity used publicly available satellite data and artificial intelli-
gence to reliably pinpoint geographical areas where populations
are at high risk of micronutrient deficiencies. This analysis could
potentially pave the way for early public health interventions.
Existing Al systems can use satellite data to predict localized
food security issues, but they typically rely on directly observable
features. For example, agricultural productivity can
be estimated from views of vegetation. Micro-
nutrient availability is harder to calculate.
After seeing research showing that areas
near forests tend to have better dietary
diversity, Bondi and her colleagues
were inspired to identify lesser-known
markers for potential malnourishment.
Their work shows that combining data
such as vegetation cover, weather and
water presence can suggest where popu-
lations will lack iron, vitamin By, or vitamin A.
The team examined raw satellite measure-
ments and consulted with local public health officials, then used Al
tossift through the data and pinpoint key features. For instance, a
food market, inferred based on roads and buildings visible, was vital
for predicting a community’s risk level. The researchers then linked
these features to specific nutrients lacking in four regions’ popula-
tions across Madagascar. They used real-world biomarker data
(blood samples tested in labs) to train and test their Al program.
Predictions of regional-level micronutrient deficiency in popula-
tions outside the training data sets met, and sometimes exceeded,
the accuracy of estimates based on surveys administered by local
public health officials. “Our work showcases a method that allows
for identification and targeting of vulnerable populations for nutri-
tional support that may supplement ... expensive and invasive pro-
cedures,” Bondi says. The study was detailed at the Association for
the Advancement of Artificial Intelligence’s 2022 virtual meeting.
“This is a novel contribution that highlights Al’s potential to
advance public health,” says Emory University epidemiologist
Christine Ekenga, who was not involved with the study. Collect-
ing health data in low-resource settings can be difficult because
of cost and infrastructure constraints, she adds, and “the authors
have validated a method that can overcome these challenges.”
The researchers aim to develop a software application that
extends this analysis to other countries that have public satellite
data. “We hope that this application could allow public health
officials to interact with the insights our system can provide and
help to inform interventions,” Bondi says. —Rachel Berkowitz

Smart Leaves

Thirsty redwoods pull water out of thin air

Coastal California’s redwood forests—with their lush ferns,
towering trees and damp petrichor scent—might not seem to
want for water, but they do face dry summers. To survive them,
the trees, Sequoia sempervirens, grow specialized shoots with
leaves that scrape moisture from the air.

Many plants (including redwoods) are known to drink through
their leaves, but “no one ever really figured out how the water
gets in there,” says ecologist Alana Chin, now at ETH Zurich.
Exposing leaves to moisture has costs: even a thin film of water
can block the flow of carbon dioxide into leaf openings called
stomata, hindering photosynthesis.

To see how the trees solve this dilemma, Chin and her col-
leagues climbed redwoods in various climate zones and snipped
twig samples. Back in the laboratory, they generated fog with a
humidifier and measured how much water these leafy shoots
absorbed. They also examined leaf surfaces and cross sections,
then modeled water movement to see which traits affect uptake.

Their analysis, published in the American Journal of Botany,
revealed two distinct redwood shoot types. Resembling asparagus
stalks with leaves bunched close to the twig, “axial” shoots make
up a small portion of the canopy but absorb water at about four
times the rate of ordinary-looking “peripheral” shoots. The team
estimated a tall redwood absorbs up to 13 gallons of water in the
hour after it gets wet. Meanwhile peripheral leaves power photo-
synthesis with dense stomata and waxy, water-repellent coatings.

The study found that redwoods in drier, southern areas have
more axial shoots that are located higher up than on northern trees,
which helps the former pull extra water from summer fog and light
rain. Other tree species may have similarly specialized shoots;
pines, for example, have two types that might be analogous to
those on redwoods, Chin says. Such versatility could be important
in the context of climate change, notes Wake Forest University
ecologist Carter Berry, who was not involved in the study. “Ina
drier world,” he says, “the ability to subsidize your water source
with water from the air becomes more important.” —Ula Chrobak

Alana Chin/University of California, Davis
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ENVIRONMENT

Mainstream
Drugs

Many of the world’s rivers are
coursing with pharmaceuticals

For more than 20 years scientists have
known that the drugs we take, for mala-
dies ranging from headaches to diabetes,
eventually make their way into our
waterways—where they can harm the
ecosystem and potentially promote anti-
biotic resistance.

But most research on pharmaceutical
contaminants has been done in North
America, Europe and China and has exam-
ined just a small subset of compounds.
The studies also use a variety of sampling
and analysis methods, making it hard to
compare results. Such limitations mean
scientists may be missing a big piece of
the pollution puzzle.

A new paper published in the Proceed-
ings of the National Academy of Sciences USA
provides a more comprehensive look. A
network of 127 scientists sampled 258 rivers
in 104 countries for 61 different chemicals,
producing “a sort of ‘pharmaceutical finger-
print’ of nearly half a billion people across all
the world’s continents,” says study lead
author John L. Wilkinson, an environmental
chemist at the University of York in England.

Many of the most drug-polluted rivers
were in Africa and Asia, “in areas and coun-
tries that have been largely forgotten by the
scientific community” on this issue, Wilkin-
son says. Waterways with the biggest phar-
maceutical concentrations also tended to
be in lower-middle-income countries; the
authors say this could stem from improved
medication access in places that still lack
sufficient wastewater infrastructure.

Four compounds—caffeine, nicotine,
acetaminophen and cotinine (a chemical
produced by the body after exposure to
nicotine)—showed up on every continent,
including Antarctica. Another 14, including
antihistamines, antidepressants and an
antibiotic, were traced on all continents
except Antarctica. Some drugs were
detected only in specific places, such as
an antimalarial found in African samples.

Overall, the study shows that “more
of this kind of global assessment of aquatic
pollution” is needed, particularly for other

chemicals that pose more of a human health
risk, says Elsie Sunderland, a Harvard
University environmental scientist who
was not involved with the new research.
It also suggests, she adds, that “we need
wastewater treatment.”

—Andrea Thompson

Each circle represents  Color shows country’s
a sampling campaign  income level
consisting of water (per the World Bank)
collection from sites B Low
within a city, town Bl Lower-middle
or local area. Most ™ iddl
campaigns included U!Jper-ml €
5 to 1l sites. High

Not listed

Circle size shows mean cumulative concentration
of pharmaceuticals found in each campaign

50,000
nanograms
per liter (ng/L)

5000 500 50

5%

Lahore, Pakistan
70,700 ng/L

Hyderabad, India
46,700

Africa \

In Barisal, Bangladesh concentrations of the antibiotic metronidazole were
over 300 times the threshold for development of antimicrobial resistance.

Addis Ababa,
Ethiopia
51,300 ng/L

Tunis, Tunisia
39700

South America \

Democratic Rep.
of Congo

In Nairobi, Kenya, high pollution levels
were attributed in part to trucks emptying
waste from septic tanks into local rivers.

Montevideo, Buenos Aires,
Uruguay Argentina

La Paz, Bolivia

20,500 15,700

68,800 ng/L

“---- The Rio Seke in La Paz contained 227000 ng/L of paracetamol (known in the U.S.

Europe \

as acetaminophen), the highest concetration of any chemical measured in the study.

Luxembourg City,

Madrid, Spain Luxembourg

17100 ng/L 10,700

Sofia, Bulgaria

North America \ °

Las Vegas,
Nevada

10,200 5170

Dallas, Texas

| Oceania\_ | Antarctica\

Graphic by Amanda Montaniez

© 2022 Scientific American

June 2022, ScientificAmerican.com 21



https://www.scientificamerican.com/article/antianxiety-drugs-in-flushed-into-water-may-be-making-fishes-fearless/
https://www.scientificamerican.com/article/antianxiety-drugs-in-flushed-into-water-may-be-making-fishes-fearless/
https://blogs.scientificamerican.com/observations/the-missing-link-in-fighting-antibiotic-resistance/
https://blogs.scientificamerican.com/observations/the-missing-link-in-fighting-antibiotic-resistance/
https://www.pnas.org/content/119/8/e2113947119
https://www.pnas.org/content/119/8/e2113947119

MATERIALS SCIENCE

Super Gels

New ionogels are tough,
stretchable and easy to make

Flexible, squishy hydrogel materials are
used in a dizzying array of applications,
from soft contact lenses to Jell-O. But all
share a common structure: a tangled net-
work of polymer chains soaked in water.
Now researchers have developed their
own version of a hydrogel cousin that is
tougher and could perhaps find even more
uses, including longer-lasting batteries.
Meet a new ionogel.

Instead of water, ionogel polymers are
inundated with an ionic liquid. This fluid
is made up of positively and negatively
charged ions—like the composition of table
salt. But an ionic liquid does not assemble
into a crystalline solid at room temperature.
Nevertheless, the strong bonds between
ions ensure the liquid does not evaporate like
water does. And thanks in part to the stick-
ing power of ions, polymers soaked in an ion-
ic liquid can be tougher than hydrogels are.

Michael Dickey, a chemical engineer
at North Carolina State University, and his
colleagues have devised a new method for
creating ionogels with mechanical proper-
ties he describes as “best in class.” They
are harder to break than either cartilage
or natural rubber while remaining soft and
stretchy. (One type of ionogel can stretch
up to seven times its length—more than
twice as far as a rubber band can, Dickey
says.) Like other ionogels, his team'’s new
ones conduct electricity and remain stable
amid shifting temperatures. If heat is
applied, they can self-heal a cut or tear.
The new material is described in a recent
study published in Nature Materials.

“These transparent ionogels have
remarkably tough mechanical properties
and are distinguished by how easy they are
to prepare,” says Xuanhe Zhao, a mechani-
cal engineer at the Massachusetts Institute
of Technology, who reviewed the study
but was not directly involved in the work.
Other researchers have developed their
own ionogels, but making them typically
involved multiple steps or complex chem-
istry. Using the new formula, Dickey and
his colleagues simply mixed an ionic liquid

lonogels could aid 3-D printing and more.

with the building blocks (called monomers)
of two different types of polymers, and
then they shone light on the liquid to
trigger the monomers to link up into poly-
mer chains. “In this case, one plus one
equals 100,” Dickey says. “You take these
two materials that, by themselves, are
[common], but then you put them in this
new environment, and you get something
remarkably tough.”

Easy-to-make ionogels could have many
applications. Their toughness and stretchi-
ness make them a good candidate for
cushioning to protect against car accidents
or explosions. They solidify when exposed
to light, so an ionogel formulation could be
used to 3-D print hard-to-break objects.
And because their ions can carry a charge,
the gels could be used in a rechargeable
battery, where the researchers say they
would resist degradation better than the
liquid electrolytes currently in use.

Those are just a few possibilities, Dickey
says. “When you have a material that'’s
so easy to make and has such great prop-
erties,” he adds, “it's bound to find applica-
tions that are probably even beyond my
imagination.” —Sophie Bushwick

AzmanL/Getty Images
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Pimple Patrol

New dermatology research gets
to the root of acne

If pimples are caused by oily skin, why
doesn't a good washing prevent all break-
outs? A recent study offers an answer—
and maybe a new line of defense.

Pimples contain tiny and discrete bac-
terial infections. The most commonly
involved bacteria are Cutibacterium acnes,
which live innocuously on skin cells but can
grow out of control when the skin’s oily
sebum increases and boosts bacterial food
supply. What we think of as acne—the
pustules, redness and swelling—is a battle
between our immune system and these
rapidly multiplying bacteria, says derma-
tologist Richard Gallo of the University
of California, San Diego, who led the new
study. “For most people, it's not that you're
dirty, or you're not washing your face
enough,” Gallo explains. “This is a problem
with the way your body’s immune system

is dealing with
the bacteria that
are supposed

to be there.”

If one imag-
ines the immune
system and bacte-
ria as being on oppos-
ing soccer teams, acne is
the beat-up turf at the end of
the game. The new study identifies a
previously unknown, and particularly turf-
mangling, immune system player. Gallo
and his colleagues showed in Science
Translational Medicine that a structural cell
type called a fibroblast (which is not typi-
cally considered an immune cell) contrib-
utes to the facial face-off. Working with
mice and with human skin samples, the
scientists found that C. acnes triggers fibro-

© 2022 Scientific American

blasts to transform into
fat cells that secrete an
antimicrobial sub-
stance—along with
inflammation-caus-
ing proteins. The
researchers also
discovered that
retinoids, a power-
ful and commonly
used class of pim-
ple-fighting drug,
work partially by
blocking fibroblasts’
transformation and release
of irritating proteins.
Jonette Keri, a clinical dermatologist
at the University of Miami Miller School
of Medicine, who was not involved in the
research, calls the finding an “exciting”
new way to think about acne. Because ret-
inoids can have undesirable side effects,
she says, pursuing a more targeted way to
stop the fibroblasts’ transformation would
be “fantastic” for clinical treatment.
—Maddie Bender
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. Brittney Corrigan’s four published poetry collections are
Edited by Dava Sobel Navigation, 40 Weeks, Breaking and Daughters. A new collection,
Solastalgia, is due out next year.

Vaulted Seeds

After the Svalbard Global Seed Vault

Hoarded at the heart of an Arctic mountain,

within an archipelago of snow: an ark of seeds.
Cocooned against soil, nuclear bodies hunker

and wait for some future hungerscape. A gathering

of crops, varied faces folded into foil,

shuttered from the earth. Lentil, dark and round

and pebble-smooth. Barley’s slender husk of an eye.
Each wrinkled chickpea the embryonic head of a bird.

Sister seeds, in Aleppo, shelter abandoned

in the rubble of war. The snow is a silence
except for how the seeds call out to one another
across landmasses that shift and warm.

Svalbard reindeer swivel their ears to listen.

Foxes pause ghostlike on the permafrost. With one
quadrate eye, the vault reflects a frigid blue sea.
Ringed seals bob and dive among the glassy floes.

The vault’s stone hull juts like a shipwreck in the drifted
ice while polar bears chuff and lumber past the door.
Inside, thousands upon thousands of promises to feed
what may remain. Doomsday, its other name.

Because we've already planted what’s to come.
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THE SCIENCE
OF HEALTH

Regenerating
Damaged Joints

New research on arthritis and cartilage
opens up growing possibilities

“Cartilage doesn’t heal.” That’s what doctors often tell us when
we injure the flexible tissue that lines our hips, knees and shoul-
ders or when osteoarthritis has eroded it so that our joints hurt
when we move. I’'ve certainly heard it myself from orthopedic
surgeons who explain that cartilage has no blood supply to bring
repair cells and nutrients to an injury site. Yet it’s always struck
me as improbable that a living tissue could not replace damaged
cells. As it turns out, recent research suggests that articular car-
tilage—the type in our joints—does have some limited repair
capacity. New insights into this ability are raising hopes for treat-
ments that could enhance healing or protect damaged cartilage
from further deterioration.

To picture articular cartilage, envision the tough, white coat-
ing on the end of a chicken bone. Most of it is a spongy material
called extracellular matrix, a mixture of water and fibrous pro-
teins pumped out by cells called chondrocytes. “There is intrin-
sic regeneration—with new tissue being formed and old tissue
chewed up and washed away—just as there is for every tissue
with the exception of tooth enamel,” explains rheumatologist Vir-
ginia Kraus of the Duke University School of Medicine. But, she
emphasizes, the renewal process in cartilage is sluggish. And it

Claudia Wallis is an award-winning science journalist
whose work has appeared in the New York Times, Time, Fortune
— and the New Republic. She was science editor at Time and

- managing editor of Scientific American Mind.

is true that in adults the tissue has no blood supply. Instead carti-
lage gets help from what experts call dynamic loading—putting
stress or weight on the joint, which causes nutrient-carrying syno-
vial fluid to flow in and out. “That’s why exercise is so critical to
joint health,” Kraus notes. “The way you get nutrients to carti-
lage is through movement.”

Kraus is one of a small number of scientists who studies the
slow turnover in this tissue. In a surprising discovery, she and
her team reported in 2019 that the production of proteins asso-
ciated with repair and regeneration differs by joint: It is great-
er in the ankle than in the knee and greater in the knee than the
hip. Kraus refers to this gradient as “our inner salamander,”
explaining that in salamanders and other animals that can
regenerate a lost limb, this capacity is more robust in the foot
than higher up in the leg.

Her study also showed that genetic material associated with
repair is more abundant in arthritic joints than healthy ones. Just
as a limb injury launches a repair program in a salamander, osteo-
arthritis is turning it on in humans, Kraus suspects, although
“obviously the program we have is not sufficient.” Still, the repair
process may be working in the ankle, which, she notes, is far less
prone to severe arthritis than the knee or hip.

There is other evidence that human cartilage can regenerate.
A procedure called joint distraction is being tested as a way to
promote healing in patients who have bone-on-bone knee arthri-
tis and are too young to be good candidates for total knee re-
placement. (Prosthetic knees last 15 to 20 years, after which they
must be replaced in a complex surgery.) The procedure involves
placing pins above and below the knee and using an external
device for six weeks to separate the upper and lower leg bones
by five millimeters. This opens up the joint space. Patients are
encouraged to walk, but the device reduces stress, so the knee is
bathed in nutrient-laden fluid without being overburdened.

Dutch researchers have shown that the procedure leads to a
small increase in cartilage in the joint and less pain—benefits
that last at least two years and as many as 10 in some patients.
Larger clinical trials of the technique are needed, “but it’s a fas-
cinating model,” says rheumatologist Philip Conaghan of the Uni-
versity of Leeds in England.

Conaghan investigates new drugs for arthritis, including
a growth factor called sprifermin that appears to slow the loss
of cartilage in some patients. He is also looking at canakinumab,
an inflammation inhibitor that was tested as a cardiovascular
drug and showed a surprising side effect: dramatically fewer joint
replacements in recipients than in a placebo group. But Conaghan
warns that the quest for drugs that can thicken cartilage is a
tough one because of the slow and uncertain nature of repair:
“The change is so small, and it’s hard to pick it up, even with the
best imaging.”

For now, strength-building exercise remains the best strategy
for those of us with fraying joints. Conaghan recommends walk-
ing in a swimming pool. “Strong quads reduce knee pain a lot, no
matter what you’ve got going on,” he says. “All of life is about
strong muscles.”
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gave birth to live, well-
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Steve Brusatte is a professor at the University of Edinburgh
and author of The Rise and Reign of the Mammals, a new narrative
history of mammal evolution (Mariner Books, 2022).

As we continue walking up through the rock layers, we begin
to notice a new type of fossil. Jaws filled with teeth. Not the steak
knives of 7. rex, but teeth with complex cusps and valleys. They are
the molars of mammals. On one trip, in 2014, I followed their trail
into a dry creek bed sacred to the Navajo called Kimbeto—the
“sparrowhawk spring.” From the other end of the wash, I heard a
victory yelp. My colleague Tom Williamson had found a skeleton—
one belonging to a big animal, weighing around 100 kilograms. We
could tell from its pelvis that it gave birth to live, well-developed
young. It was a placental mammal, like us.

This fossil mammal, Ectoconus, was a revolutionary. It lived a
mere 380,000 years after the worst day in Earth history, when a
six-mile-wide asteroid ended the Age of Dinosaurs in fire and fury,
ushering in a new world. Textbooks often tell a simple tale: the di-
nosaurs died, but mammals survived and quickly took over. Yet
this account has glossed over a troubling reality: we actually know
very little about the mammals that endured the extinction and per-
severed during the next 10 million years, during the Paleocene ep-
och. How were they able to persist when 75 percent of species died,
and how did they set the foundation for the more than 6,000 spe-
cies of placental mammals that thrive today, from the aerial bats
to the aquatic whales to humans?

Scientists have debated these questions since the 1870s, when
the first fossils of Paleocene placental mammals emerged in New
Mexico. Finally, over the past two decades, new discoveries and re-
search techniques have unmasked these placental pioneers. They
nearly went the way of the dinosaurs, but after barely surviving
the brimstone, they rapidly inflated their bodies from rat-sized to
cow-sized, diversified their diets and behaviors—and eventually
expanded their brains—and rang in a new Age of Mammals.

TRIASSIC ORIGINS
REWIND BACK to the Triassic period. People often assume that mam-
mals followed dinosaurs in the evolutionary past, but in fact, both
groups trace their origins to the same time and place: around 225
million years ago, when all of Earth’s land was gathered into the
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VERY SPRING I BRING MY STUDENTS TO THE DESERT OF NORTHWESTERN NEW MEXICO,
just north of Chaco Canyon, where the ancestral Pueblo people built a great
city out of rocks a millennium ago. As we hike across the pastel-striped bad-
lands, we can’t help but tread on dinosaur bones. The ground is littered with
busted Tyrannosaurus rexlimbs and chunks of vertebrae that anchored the
lofty necks of sauropods some 66.9 million years ago during the Cretaceous
period. And then, suddenly, the bones disappear.

supercontinent Pangea. At this time, the planet was recovering
from the worst mass extinction in history, when mega volcanoes
in Siberia spewed lava and carbon dioxide for millions of years,
causing a global heat spike that killed up to 95 percent of all spe-
cies. After the volcanoes shut off, dinosaurs, mammals, and many
other new groups arose to fill the vacuum.

For the next 160 million years dinosaurs and mammals went
their own separate ways, but both were successful. Dinosaurs be-
came giants and excluded mammals from large-bodied niches.
Mammals did the opposite: with their small body sizes, they could
exploit ecological niches that the bigger dinosaurs couldn’t access.
Having attained a competitive edge in those habitats, they effective-
ly prevented 7. rex, Triceratops and Kkin from becoming small. Be-
tween 201 million and 66 million years ago, during the Jurassic and
Cretaceous periods, a bounty of pint-sized mammals—none larger
than a badger—lived underfoot of the dinosaurs. Among them were
scurriers, climbers, diggers, swimmers and gliders. It was these an-
imals that developed the classic mammalian blueprint: hair, warm-
blooded metabolism, a complex lineup of teeth (canines, incisors,
premolars, molars), and the ability to feed their babies milk.

These early mammals grew into a verdant family tree. There
were dozens of subfamilies distinguished by different types of
teeth, diets and reproductive styles. One such group—the multitu-
berculates—flourished in the Cretaceous underworld, using their
saw-blade premolars and gnawing incisors to devour a new type
of food: fruits and flowers. Scores of their fossils came to light dur-
ing the 1963-1971 Polish-Mongolian expeditions to the Gobi Des-
ert, one of the first major female-led paleontological fieldwork proj-
ects, captained by one of my heroes, the late Polish paleobiologist
Zofia Kielan-Jaworowska.

Meanwhile, as multituberculates prospered, three other groups
quietly branched off on their own. These trailblazers gave rise to
the three mammal lineages that persist today: the egg-laying mono-
tremes; the marsupials, which give birth to feeble young that de-
velop further in a pouch; and the placentals, like Ectoconus and us,
which birth larger young. The molecular clock—a technique that
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uses DNA differences among modern species and back calculates
to estimate when they diverged—predicts that some placental lin-
eages, including primates, lived alongside the dinosaurs. Although
paleontologists are desperate to recover fossils of such early pla-
centals, they have yet to be found.

Then one day 66 million years ago this primeval tableau—of di-
nosaurs thundering across the land and mammals scampering in
the shadows—ended in chaos. An asteroid the size of Mount Ever-
est was hurtling through the heavens, traveling faster than a jet
airliner. By chance, it smashed into what is now the Yucatan Pen-
insula of Mexico, striking with the force of more than a billion nu-
clear bombs, and punched a hole in Earth’s crust more than 10
miles (16 kilometers) deep and more than 100 miles (160 kilome-
ters) wide. Tsunamis, wildfires, earthquakes and volcanic erup-
tions raged around the planet. Dust and soot clogged the atmo-

sphere, turning the world dark for years. Plants couldn’t photosyn-
thesize, forests collapsed, herbivores died, carnivores followed.
Ecosystems crumbled. It was the end of the Age of Dinosaurs.

A CLOSE CALL
THE ASTEROID WAS APOCALYPTIC, and it changed the course of Earth’s
history. Unable to cope, three out of every four species succumbed
to extinction. Dinosaurs were the most famous victims: all the long-
necked, horned, duck-billed, dome-headed and sharp-toothed ones
died, with only a handful of birds carrying on the dinosaur legacy
to the present day.

And what about mammals? In most tellings of the end-Creta-
ceous extinction, they are heralded as the great survivors, the win-
ners who seized the crown from the dinosaurs. In a sense, this is
true—mammals did persevere, or else we would not be here. But

e N T

ROCKS OF TORREON WASH in northwestern New Mexico
contain fossils of mammals that lived in the Paleocene epoch.

new research shows that it was a close call, and their fate hinged
on what happened in the days, decades and millennia after the as-
teroid impact. For mammals, the asteroid was both their moment
of greatest peril and their big break.

The best record of those mammals that faced the asteroid and
its aftermath comes from the northern Great Plains of the U.S. For
nearly half a century William Clemens of the University of Califor-
nia, Berkeley, who passed away in 2020, explored the sagebrush-
scented ranchlands of northeastern Montana. Sculpting these hills
are rocks formed by rivers that drained the ancestral Rocky Moun-
tains and flowed through forests, during a three-million-year
stretch spanning the end of the Cretaceous, the fallout from the
asteroid and the dawn of the Paleocene. Tens of thousands of fos-
sils from these layers, studied statistically by Clemens’s former stu-
dent and current University of Washington paleontologist Grego-
ry Wilson Mantilla, reveal what lived, what died and why.

Perhaps surprisingly, mammals were doing well in the latest
Cretaceous. At least 30 species lived in Montana back then, filling
many ecological roles at the base of the dinosaur-dominated food
chain, including bone crunchers, flower eaters, insectivores and
omnivores. The vast majority of these creatures were metatheri-
ans (early members of the marsupial line) or multituberculates.
Early cousins of placentals called eutherians were present, though
rare. This situation was stable throughout the final two million
years of the Cretaceous. There was no sign of serious trouble.

Then everything changes. Looking at the sedimentary rocks that
formed 66 million years ago, we see that a thin line appears, satu-
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rated with iridium, an element that is rare on the surface of Earth
but common in outer space. This is the chemical fingerprint of the
asteroid. Dinosaurs—including 7. rex and Triceratops—abruptly dis-
appear. The Cretaceous has given way to the Paleocene.

The earliest Paleocene scene is dire. There is a fossil locality in
Montana dated to approximately 25,000 years after the asteroid
hit, called the Z-Line Quarry. It reeks of death. Almost all the mam-
mals that flourished in the region in the Cretaceous are gone; only
seven species remain. Several other fossil sites divulge what was
happening over the next 100,000 to 200,000 years. If you pool to-
gether all mammals from this time, there are 23 species. Only one
of these is a metatherian; these marsupial ancestors, once so abun-
dant in the Cretaceous, were nearly extinguished. All told, if you
consider the entire Montana fossil record, along with other data
from across western North America, the statistics are grim. A pal-
try 7 percent of mammals survived the carnage. Imagine a game
of asteroid roulette: a gun, with 10 chambers, nine of which hold
a bullet. Even those odds of survival are slightly better than what
our ancestors faced in the brave new world of the Paleocene.

This bleak state of affairs raises a question: What allowed some
mammals to endure? The answer became apparent when Wilson
Mantilla looked at the victims and survivors. The survivors were
smaller than most of the Cretaceous mammals, and their teeth in-
dicate they had generalist, omnivorous diets. The victims, on the
other hand, were larger, with more specialized carnivorous or her-
bivorous diets. They were supremely adapted to the latest Creta-
ceous world, but when the asteroid unleashed disaster, their adap-
tations became hardships. The smaller generalists, in contrast,
were better able to eat whatever was on offer in the postimpact
chaos, and they could have more easily hunkered down to wait out
the worst of the bedlam.

As ecosystems recovered in the earliest Paleocene, many of the
mammals that started to multiply were eutherians, the placental
antecedents that were once bit players in the Cretaceous. Their tiny
bodies, flexible diets, and perhaps faster ways of growing and re-
producing allowed them to commandeer open niches and start
building new food webs. Around 100,000 years postasteroid a new
eutherian appeared in Montana and swiftly became common. Pur-
gatorius, with gentle molar cusps for eating fruits and highly mo-
bile ankles for clinging and climbing in the trees, was an early
member of the primate line. It, or perhaps another closely related
eutherian, was our ancestor.

THE FIRST PLACENTALS

THESE PLUCKY SURVIVORS forged a new world—an Age of Mammals,
in which placentals, more than all the others, became ascendant.
Some of the best fossils of the first true placentals to form diverse
Paleocene communities come from New Mexico, particularly Kim-
beto. Ectoconus, whose skeleton we excavated in 2014, was one of
these trailblazers. When it was bounding through swampy rain
forests and snacking on leaves and beans 65.6 million years ago, it
was the largest mammal that had ever lived there. It was one of
dozens of new placentals in its environment, already turning di-
nosaurs into ancient history.

We have known about these Paleocene placentals for nearly 150
years. Their fossils were reported during surveys in the 1870s and
1880s, when geologists joined cartographers and soldiers to chart
lands then recently seized from Native Americans. One such ex-
plorer, David Baldwin, found a cache of mammals at Kimbeto and
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other sites of similar age, which were sandwiched between older
fossils of Cretaceous dinosaurs and younger mammals from the
Eocene epoch, which lasted from 56 million to 34 million years ago,
that could readily be classified into familiar groups such as horses,
monkeys and rodents. The Paleocene mammals were not so easily
categorized, however. They were clearly much larger than any Cre-
taceous mammals, and they lacked epipubis bones at the front of
their pelvis, suggesting they had large placentas to nourish their
young in utero. Thus, they were assuredly placentals. But their skel-
etons seemed peculiar—stocky and muscle-bound, with mashups
of features seen in various groups of modern-day mammals.

These Paleocene oddballs garnered a troublesome reputation,
and scholars began to dismiss them as “archaic” placentals. What
were their relationships with their Cretaceous forebears and mod-
ern-day mammals, and how did they move, eat and grow? These
questions flummoxed paleontologists for generations. Enter Thom-
as Williamson, curator at the New Mexico Museum of Natural His-
tory and Science. For more than a quarter of a century, he has
scoured the badlands, training his twin sons, Ryan and Taylor, and
many local Navajo students to become ace fossil collectors. Over
the last decade my students and I have joined Tom’s team.

Tom and his crew have collected thousands of fossils, which
paint a vivid picture of Paleocene life within the first million years
of the asteroid. Among the roster of archaic placentals are animals
like Ectoconus, which are shoehorned into a nebulous group called
condylarths. Members of this group were mainly plant eaters or
omnivores with sturdy builds; many of them had hooves. They
shared the herbivore niches with pantodonts—barrel-chested leaf
gobblers with enormous hands and feet, which achieved sizes com-
parable to modern cows. Another group, the taeniodonts, were gar-
goyle-esque diggers, which used their huge clawed forearms to tear
through dirt and their massive jaws and enlarged canines to root
out tubers. All these mammals would have feared the triisodon-
tids, the terrors of the Paleocene, which looked like wolves on ste-
roids and smashed the bones of their prey with crushing molars.

Untangling the genealogical relationships of these archaic pla-
centals is challenging. My research group is currently working with
Williamson, Carnegie Museum of Natural History mammalogist
John Wible and other colleagues on this Gordian knot of phyloge-
ny. We are building a vast data set of fossil and extant mammals,
and their anatomical and genetic features, so that we can construct
a master family tree. Our preliminary results are encouraging.
Some of the archaic species, such as taeniodonts, might have
stemmed from Cretaceous eutherian ancestors and thus would be
among the most primitive placentals on the trunk of the family
tree. Others, including some of the condylarths, share features with
today’s hoofed mammals and are probably proto-horses and pro-
to-cattle. The archaic placentals, therefore, seem to be a diverse me-
nagerie, some of which formed their own idiosyncratic subgroups
and others the ancestral stock from which today’s placentals arose.

A HEAD START
ALTHOUGH THE PRECISE LOCATIONS of condylarths and taeniodonts
and their archaic ilk in the family tree remain to be worked out,
we are already grasping what they were like as living, breathing
animals. Fossils collected by our team and studied using new tech-
nologies reveal how these placentals developed novel features and
behaviors, helping them adapt to the early Paleocene mayhem and
take advantage of open niches. Many placental trademarks evolved
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during this time—assets that helped to mold generalist extinction
survivors into new and diverse specialists. These traits under-
pinned the success of placentals over the next 66 million years and
are part of the foundation of our own human biology.

Chief among these hallmarks of placental mammals is the ca-
pacity to birth well-developed young, which gestate for a prolonged
period inside the mother before being born in an advanced state.
This arrangement differs markedly from how the other two types
of extant mammals reproduce. Monotreme babies hatch from eggs,
and marsupials are born so premature that they must shelter in
their mother’s pouch for months to complete development. Pro-
longed gestation allows some placentals to get a head start in life:
babies can often start moving, socializing and even procuring their
own food shortly after birth.

To figure out how Paleocene archaic placentals grew, Gregory
Funston, a postdoctoral scholar working in my laboratory at the
University of Edinburgh, cut a variety of their teeth, including the
milk teeth of babies, into thin slices that he could examine under
a microscope. By counting daily lines of growth and identifying
chemically distinctive stress markers in the enamel caused by birth,
he could tell that some of these mothers nurtured babies in their
wombs for around seven months—more than twice as long as mar-
supials. This observation confirms the evidence from pelvic anat-
omy that these Paleocene species really were placentals. More im-
portant, this growth strategy unlocked a superpower. Larger off-
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spring could more easily grow into larger adults, which may have
enabled the first placentals to rapidly balloon in stature within a
few hundred thousand years of the dinosaurs’ demise, after 160
million years of being stuck at tiny sizes.

As the Paleocene placentals grew larger, they diversified in oth-
er ways. My former Ph.D. student and current postdoc Sarah Shel-
ley, who has been a key member of our New Mexico field crews,
studied the skeletons of archaic species in detail, paying particu-
lar attention to how the muscles attached. She performed a statis-
tical analysis of a large data set of measurements, comparing the
Paleocene species with their Cretaceous precursors and modern-
day descendants. What she found was unexpected: the archaic pla-
cental skeletons were highly diverse, and their ankles were capa-
ble of many types of locomotion. Their skeletons were indeed stocky
and generalized at quick glance, one reason they were long stereo-
typed as archaic. But their muscular frames were highly adaptable,
and different species were able to burrow, trot and climb. These
species could also acquire different types of food. Such intense di-
versification is indicative of what biologists call an adaptive radi-
ation, which occurs when many new species rapidly proliferate
from an ancestor, changing aspects of their appearance and behav-
ior to take advantage of new environments or opportunities.

For all their specializations, however, the Paleocene archaic pla-
centals were not especially intelligent. This was the surprising rev-
elation of a study led by Ornella Bertrand, a postdoc in my lab, who
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AT KIMBETO WASH, also in northwestern New Mexico (left),
field crews have recovered fossil jaw bones belonging to plant-
eating Ectoconus (top right) and fearsome meat eaters known
as triisodontids (bottom right).

is a wizard at using CT scans to digitally reconstruct the brains,
ears and other neurosensory structures of extinct species. She
scanned several skulls of archaic placentals from New Mexico,
along with stunning new fossils recently discovered near Denver
by Tyler Lyson and Ian Miller and their team. Compared with their
minuscule Cretaceous predecessors, the Paleocene mammals did
have larger brains in terms of absolute size. Yet as lab and field
studies of modern mammals show, it is relative brain size—the ra-
tio of brain volume to body mass—that truly matters. The relative
brain sizes of the archaic placentals were laughably small com-
pared with not only those of today’s mammals but even those of
the Cretaceous species living with the dinosaurs.

The first placentals, it seems, got so big so fast that their brains
couldn’t initially keep pace. This finding counters a long-standing
convention that mammal brains got progressively larger over time,
in both absolute and relative size. It also, perhaps, defies expecta-
tions: Shouldn’t the mammals that founded the placental dynasty
have used their wits to navigate the obstacle course of postaster-
oid survival? Apparently not. Growing bigger bodies was more im-
portant than growing bigger brains, at least at first, when there

were so many vacant niches to fill. In such a fickle world of abun-
dant opportunity, large brains may have even been detrimental be-
cause of their higher energetic costs.

Eventually, as ecosystems stabilized and competition among
the many new placentals increased, their brains expanded. Much
of the growth was in the neocortex, a sublime region of the cere-
brum involved in higher cognition and sensory integration. But
this burgeoning would have to wait until the next time interval af-
ter the Paleocene: the Eocene, when the archaic placentals slowly
declined and the modern placental groups—including horses, bats
and whales—took over the planet.

THE MODERN WORLD
THE PALEOCENE was a greenhouse world; the New Mexican mam-
mals frolicked in jungles, and crocodiles basked in the high-latitude
sun. Then, about 56 million years ago, the greenhouse got even hot-
ter. Magma began to pool under the northern continents and mi-
grated upward as a plume. As it percolated through the crust, it
baked the rocks of the deep Earth. Like an engine burning gaso-
line, this activity released carbon dioxide—trillions of tons of it,
which warmed the atmosphere between five and eight degrees Cel-
sius within, at most, 200,000 years. Earth has not been hotter since.

This sudden global warming event, called the Paleocene-Eocene
Thermal Maximum, was yet another hurdle that mammals had to
overcome. But this time, unlike the asteroid 10 million years earli-
er, very few mammal species were extinguished. Instead they went
on the move, following new high-latitude migration corridors that
opened as temperatures warmed. Some of the migrants boasted
new adaptations, notably much larger brains. They debuted other
new traits, too: primates evolved nails on their fingers and toes to
grip branches, even-toed artiodactyls developed pulley-shaped an-
kles that facilitated fast running, and odd-toed perissodactyls ac-
quired big hooves that made them champion gallopers. These more
modern-style mammals swarmed across the interlinked continents
of North America, Europe and Asia, and their mass migration over-
whelmed the archaic placentals. Condylarths, taeniodonts,
pantodonts and triisodontids would survive only a little longer.

South of the equator, where Cretaceous and Paleocene mammal
fossils are much rarer, the story was different. Both Africa and South
America were island continents, which incubated their own unusu-
al placentals in isolation: elephants and kin in Africa; sloths and
armadillos in South America. It was also down south where the
other two mammal lines managed to hold on. Monotremes, such
as the platypus and echidna, took refuge in Australia and New Guin-
ea, where a scant five species remain today. Marsupials were wiped
out on the northern continents but won a reprieve by immigrating
to South America and then hopping across Antarctica to Australia,
where they diversified into kangaroos and koalas. (One group lat-
er returned to North America as immigrants: opossums.)

But the future mostly belonged to the placentals. Before long,
as the warming spike abated, some were swinging from trees, oth-
ers flapping their wings, and others trading arms for flippers and
supersizing their bodies into marine behemoths. From here today’s
rich tapestry of placentals—including us—can trace our heritage.

FROM OUR ARCHIVES
Ascent of the Mammals. Stephen Brusatte and Zhe-Xi Luo; June 2016.
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recently of The Brain from Inside Out (Oxford University Press, 2019). \

S A YOUNG COURSE INSTRUCTOR IN SEMINARS FOR
medical students, I faithfully taught neurophysiol-
ogy by the book, enthusiastically explaining how the
brain perceives the world and controls the body. Sen-
sory stimuli from the eyes, ears, and such are con-
verted to electrical signals and then transmitted to
the relevant parts of the sensory cortex that process

these inputs and induce perception. To initiate a movement, impulses from the motor
cortex instruct the spinal cord neurons to produce muscular contraction.

Most students were happy with my textbook expla-
nations of the brain’s input-output mechanisms. Yet a
minority—the clever ones—always asked a series of
awkward questions. “Where in the brain does percep-
tion occur?” “What initiates a finger movement before
cells in the motor cortex fire?” I would always dispatch
their queries with a simple answer: “That all happens
in the neocortex.” Then I would skillfully change the
subject or use a few obscure Latin terms that my stu-
dents did not really understand but that seemed scien-
tific enough so that my authoritative-sounding ac-
counts temporarily satisfied them.

Like other young researchers, I began my investiga-
tion of the brain without worrying much whether this
perception-action theoretical framework was right or
wrong. I was happy for many years with my own prog-
ress and the spectacular discoveries that gradually
evolved into what became known in the 1960s as the
field of “neuroscience.” Yet my inability to give satis-
factory answers to the legitimate questions of my
smartest students has haunted me ever since. I had to
wrestle with the difficulty of trying to explain some-
thing that I didn’t really understand.

Over the years I realized that this frustration was not
uniquely my own. Many of my colleagues, whether they
admitted it or not, felt the same way. There was a bright
side, though, because these frustrations energized my
career. They nudged me over the years to develop a per-
spective that provides an alternative description of how
the brain interacts with the outside world.
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The challenge for me and other neuroscientists
involves the weighty question of what, exactly, is the
mind. Ever since the time of Aristotle, thinkers have
assumed that the soul or the mind is initially a blank
slate, a tabula rasa on which experiences are painted.
This view has influenced thinking in Christian and Per-
sian philosophies, British empiricism and Marxist doc-
trine. In the past century it has also permeated psychol-
ogy and cognitive science. This “outside-in” view por-
trays the mind as a tool for learning about the true
nature of the world. The alternative view—one that has
defined my research—asserts that the primary preoc-
cupation of brain networks is to maintain their own
internal dynamics and perpetually generate myriad
nonsensical patterns of neural activity. When a seem-
ingly random action offers a benefit to the organism’s
survival, the neuronal pattern leading to that action
gains meaning. When an infant utters “te-te,” the par-
ent happily offers the baby “Teddy,” so the sound “te-te”
acquires the meaning of the Teddy bear. Recent prog-
ress in neuroscience has lent support to this framework.

DOES THE BRAIN “REPRESENT” THE WORLD?
NEUROSCIENCE INHERITED the blank slate framework mil-
lennia after early thinkers gave names like tabula rasa
to mental operations. Even today we still search for neu-
ral mechanisms that might relate to their dreamed-up
ideas. The dominance of the outside-in framework is
illustrated by the outstanding discoveries of the legend-
ary scientific duo David Hubel and Torsten Wiesel, who

© 2022 Scientific American



introduced single-neuronal recordings to study the visual
system and were awarded the Nobel Prize in Physiology
or Medicine in 1981. In their signature experiments, they
recorded neural activity in animals while showing them
images of various shapes. Moving lines, edges, light or
dark areas, and other physical qualities elicited firing in
different sets of neurons. The assumption was that
neuronal computation starts with simple patterns that
are synthesized into more complex ones. These features
are then bound together somewhere in the brain to rep-
resent an object. No active participation is needed. The
brain automatically performs this exercise.

The outside-in framework presumes that the brain’s
fundamental function is to perceive “signals” from the
world and correctly interpret them. But if this assump-
tion is true, an additional operation is needed to
respond to these signals. Wedged between perceptual
inputs and outputs resides a hypothetical central pro-
cessor—which takes in sensory representations from
the environment and makes decisions about what to
do with them to perform the correct action.

So what exactly is the central processor in this out-
side-in paradigm? This poorly understood and specu-
lative entity goes by various names—free will, homun-
culus, decision maker, executive function, intervening
variables or simply just a “black box.” It all depends on
the experimenter’s philosophical inclination and
whether the mental operation in question is applied to
the human brain, brains of other animals or computer
models. Yet all these concepts refer to the same thing.

An implicit practical implication of the outside-in
framework is that the next frontier for progress in con-
temporary neuroscience should be to find where the
putative central processor resides in the brain and sys-
tematically elaborate the neuronal mechanisms of deci-
sion-making. Indeed, the physiology of decision-mak-
ing has become one of the most popular focuses in con-
temporary neuroscience. Higher-order brain regions,
such as the prefrontal cortex, have been postulated as
the place where “all things come together” and “all out-
puts are initiated.” When we look more closely, how-
ever, the outside-in framework does not hold together.

This approach cannot explain how photons falling
on the retina are transformed into a recollection of a
summer outing. The outside-in framework requires the
artificial insertion of a human experimenter who
observes this event [see box at right]. The experimenter-
in-the-middle is needed because even if neurons change
their firing patterns when receptors on sensory organs
are stimulated—by light or sound, for instance—these
changes do not intrinsically “represent” anything that
can be absorbed and integrated by the brain. The neu-
rons in the visual cortex that respond to the image of,
say, a rose have no clue. They do not “see” the appear-
ance of a flower. They simply generate electrical oscil-
lations in response to inputs from other parts of the
brain, including those arriving along multiple complex
pathways from the retina.

In other words, neurons in sensory cortical areas and
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Outside In vs. Inside Out

The idea of the brain as a blank slate onto which experience is written
has existed since ancient times—and persists today in modified form.
Some neuroscientists have begun to question this theory because it
requires a hard-to-justify assumption about the way we perceive and
process events from the outside world—in particular, the need to
involve a hypothetical “interpreter” to explain what is happening.

Outside-In Framework

A stimulus—the image of a flower—reaches the eyes, and the brain responds by
causing neurons to fire. This theory is plausible only with the involvement of an
“experimenter” to observe and establish a relation between the flower and the
neuronal responses it induces. Absent the experimenter, neurons in the sensory
cortex do not “see” the flower.

Neuronal
activity

Experimenter

Inside-Out Framework

Thealternative, inside-out theory does away with the experimenter. It presumes
instead that we come to understand the external world by taking actions—
moving a flower, for instance—to learn about an object. To accomplish this task,
inputs from action-initiating neurons combine with sensory inputs to provide

an understanding of the object’s size, shape and other attributes. A meaningful
picture arises, allowing the neurons to “see” the flower.

Neuronal Action-initiating neurons

activity

Sensory
neurons
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even in the hypothetical central processor cannot “see”
events that happen in the world. There is no interpreter
in the brain to assign meaning to these changes in
neuronal firing patterns. Short of a magical homuncu-
lus watching the activities of all the neurons in the
brain with the omniscience of the experimenter, the
neurons that take this all in are unaware of the events
that caused these changes in their firing patterns. Fluc-
tuations in neuronal activity are meaningful only for
the scientist who is in the privileged position of observ-
ing both events in the brain and events in the outside
world and then comparing the two perspectives.

PERCEPTION IS WHAT WE DO

BECAUSE NEURONS HAVE no direct access to the outside
world, they need a way to compare or “ground” their
firing patterns to something else. The term “ground-
ing” refers to the ability of the brain’s circuits to assign
meaning to changes in neuronal firing patterns that
result from sensory inputs. They accomplish this task
by relating this activity to something else. The “dah-
dah-dit” Morse code pattern becomes meaningful only
when it has previously been linked to the letter “G.” In
the brain, the only available source of a second opin-
ion appears when we initiate some action.

We learn that sticks that look bent in water are not
broken by moving them. Similarly, the distance be-
tween two trees and two mountain peaks may appear
identical, but by moving around and shifting our per-
spective we learn the difference.

The outside-in framework follows a chain of events
from perception to decision to action. In this model,
neurons in dedicated sensory areas are “driven” by
environmental signals and thus cannot relate their
activity to something else. But the brain is not a serial
processing unit; it does not proceed one by one through
each of these steps. Instead any action a person takes
involves the brain’s motor areas informing the rest of
the cerebral cortex about the action initiated—a mes-
sage known as a corollary discharge.

Neuronal circuits that initiate an action dedicate
themselves to two tasks. The first is to send a command
to the muscles that control the eyes and other bodily
sensors (the fingers and tongue, among others). These
circuits orient bodily sensors in the optimal direction
for in-depth investigation of the source of an input and
enhance the brain’s ability to identify the nature and
location of initially ambiguous incoming signals from
the senses.

The second task of these same action circuits in-
volves sending notifications—the corollary discharges—
to sensory and higher-order brain areas. Think of them
as registered mail receipts. Neurons that initiate eye
movement also notify visual sensory areas of the
cortex about what is happening and disambiguate
whether, say, a flower is moving in the wind or being
handled by the person observing it.

This corollary message provides the second opin-
ion sensory circuits need for grounding—a confirma-
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tion that “my own action is the agent of change.” Sim-
ilar corollary messages are sent to the rest of the brain
when a person takes actions to investigate the flower
and its relationship to oneself and other objects. With-
out such exploration, stimuli from the flower alone—
the photons arriving on the retina connected to an
inexperienced brain—would never become signals that
furnish a meaningful description of the flower’s size
and shape. Perception then can be defined as what we
do—not what we passively take in through our senses.
You can demonstrate a simple version of the corol-
lary discharge mechanism. Cover one of your eyes with
one hand and move the other eye gently from the side
with the tip of your finger at about three times per sec-
ond while reading this text. You will see immediately
that the page is moving back and forth. By comparison,
when you are reading or looking around the room,
nothing seems to move. This constancy occurs because
neurons that initiate eye movements to scan sentences
also send a corollary signal to the visual system to indi-
cate whether the world or the eyeball is moving, thus
stabilizing the perception of your surroundings.

LEARNING BY MATCHING

THE CONTRAST BETWEEN outside-in and inside-out
approaches becomes most striking when used to
explain the mechanisms of learning. A tacit assump-
tion of the blank slate model is that the complexity of
the brain grows with the amount of experience. As we
learn, the interactions of brain circuits should become
increasingly more elaborate. In the inside-out frame-
work, however, experience is not the main source of the
brain’s complexity.

Instead the brain organizes itself into a vast reper-
toire of preformed patterns of firing known as neuronal
trajectories. This self-organized brain model can be lik-
ened to a dictionary filled initially with nonsensical
words. New experience does not change the way these
networks function—their overall activity level, for
instance. Learning takes place, rather, through a pro-
cess of matching the preexisting neuronal trajectories
to events in the world.

To understand the matching process, we need to
examine the advantages and constraints brain dynam-
ics impose on experience. In its basic version, models
of blank slate neuronal networks assume a collection
of largely similar, randomly connected neurons. The
presumption is that brain circuits are highly plastic
and that any arbitrary input can alter the activity of
neuronal circuits. We can see the fallacy of this ap-
proach by considering an example from the field of arti-
ficial intelligence. Classical Al research—particularly
the branch known as connectionism, the basis for arti-
ficial neural networks—adheres to the outside-in,
tabula rasa model. This prevailing view was perhaps
most explicitly promoted in the 20th century by Alan
Turing, the great pioneer of mind modeling: “Presum-
ably the child brain is something like a notebook as one
buys it from the stationer’s,” he wrote.
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Imagining the Road Ahead

An experiment demonstrates that distinct sets of neurons fire—
each set in a different order—when a rat is planning whether

to take the left or right route to receive a reward.

Experimental Setup

A running wheel is located at the
entrance to a maze with two route
options, both of which lead to
areward. Therat is free to choose
a path through the maze after
a15-second run on the wheel.
Neuronal firing patterns are
recorded during both maze and
wheel activity.

Left route

Right route

Running wheel

Results

Neuronal activity while the rat was
running in the wheel predicted the
direction it would take in the maze
many seconds later, as if the animal
were imagining the path to come.
The “left trials” panel represents
asequence of neuronal firing that
differs from the one for the right
trials. When the “left” pattern
occurred while the rat was in

the wheel, it took the left route

in the maze moments later.
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Artificial neural networks built to “write” inputs
onto a neural circuit often fail because each new input
inevitably modifies the circuit’s connections and
dynamics. The circuit is said to exhibit plasticity. But
there is a pitfall. While constantly adjusting the con-
nections in its networks when learning, the Al system,
at an unpredictable point, can erase all stored memo-
ries—a bug known as catastrophic interference, an
event a real brain never experiences.

The inside-out model, in contrast, suggests that self-
organized brain networks should resist such perturba-
tions. Yet they should also exhibit plasticity selectively
when needed. The way the brain strikes this balance
relates to vast differences in the connection strength
of different groups of neurons. Connections among
neurons exist on a continuum. Most neurons are only
weakly connected to others, whereas a smaller subset
retains robust links. The strongly connected minority
is always on the alert. It fires rapidly, shares informa-
tion readily within its own group, and stubbornly re-
sists any modifications to the neurons’ circuitry. Be-
cause of the multitude of connections and their high
communication speeds, these elite subnetworks, some-
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times described as a “rich club,” remain well informed
about neuronal events throughout the brain.

The hard-working rich club makes up roughly 20 per-
cent of the overall population of neurons, but it is in
charge of nearly half of the brain’s activity. In contrast
to the rich club, most of the brain’s neurons—the neu-
ral “poor club”—tend to fire slowly and are weakly con-
nected to other neurons. But they are also highly plas-
tic and able to physically alter the connection points
between neurons, known as synapses.

Both rich and poor clubs are important for maintain-
ing brain dynamics. Members of the ever ready rich club
fire similarly in response to diverse experiences. They
offer fast, good-enough solutions under most conditions.
We can make good guesses about the unknown not
because we remember it but because our brains always
make a surmise about a new, unfamiliar event. Nothing
is completely novel to the brain because it always relates
the new to the old. It generalizes. Even an inexperienced
brain has a vast reservoir of neuronal trajectories at the
ready, offering opportunities to match events in the
world to preexisting brain patterns without requiring
substantial reconfiguring of connections. A brain that
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Rehearsal and Playback

A group of neurons fire before, during and after arat runs a lap on an
elevated track. Neurons firing rapidly at the beginning and end of the
run (insets) are the same ones active during the run, constituting either
arehearsal or a playback (the latter in reverse) of the rat’s trajectory.
These early and late events are known as sharp wave ripples and enable
amental process that selects and remembers an optimal path.
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Progression of neurons firing before,
during and after a run
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remakes itself constantly would be unable to adapt
quickly to fast-changing events in the outside world.

But there also is a critical role for the plastic, slow-
firing-rate neurons. These neurons come into play when
something of importance to the organism is detected
and needs to be recorded for future reference. They then
go on to mobilize their vast reserve to capture subtle dif-
ferences between one thing and another by changing
the strength of some connections to other neurons. Chil-
dren learn the meaning of the word “dog” after seeing
various kinds of canines. When a youngster sees a sheep
for the first time, they may say “dog.” Only when the dis-
tinction matters—understanding the difference between
a pet and livestock—will they learn to differentiate.

COGNITION AS INTERNALIZED ACTION
AS AN EXPERIMENTER, I did not set out to build a theory
in opposition to the outside-in framework. Only
decades after I started my work studying the self-orga-
nization of brain circuits and the rhythmic firing of
neuronal populations in the hippocampus did I realize
that the brain is more occupied with itself than with
what is happening around it. This realization led to a
whole new research agenda for my lab. Our experi-
ments, along with findings from other groups, revealed
that neurons devote most of their activity to sustain-
ing the brain’s perpetually varying internal states
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rather than being controlled by stimuli impinging on
our senses.

During the course of natural selection, organisms
adapt to the ecological niches in which they live and
learn to predict the likely outcomes of their actions
in those niches. As brain complexity increases, more
intricate connections and neuronal computations
insert themselves between motor outputs and sensory
inputs. This investment enables the prediction of
planned actions in more complex and changing envi-
ronments and at lengthy time scales far in the future.
More sophisticated brains also organize themselves to
allow computations to continue when sensory inputs
vanish temporarily and an animal’s actions come to a
halt. When you close your eyes, you still know where
you are because a great deal of what defines “seeing” is
rooted in brain activity itself. This disengaged mode of
neuronal activity provides access to an internalized vir-
tual world of vicarious or imagined experience and
serves as a gateway to a variety of cognitive processes.

Let me offer an example of such a disengaged mode
of brain operation from our work on the brain’s tem-
poral lobe, an area that includes the hippocampus, the
nearby entorhinal cortex and related structures in-
volved with multiple aspects of navigation (the track-
ing of direction, speed, distance traveled, environmen-
tal boundaries, and so on).

Our research builds on leading theories of the func-
tions of the hippocampal system, such as the spectac-
ular Nobel-winning discovery of John O’Keefe of Uni-
versity College London. O’Keefe found that firing of
hippocampal neurons during navigation coincides with
the spatial location of an animal. For that reason, these
neurons are known as place cells.

When a rat walks through a maze, distinct assem-
blies of place cells become active in a sequential chain
corresponding to where it is on its journey. From that
observation, one can tentatively conclude that contin-
ually changing sensory inputs from the environment
exercise control over the firing of neurons, in line with
the outside-in model.

Yet other experiments, including in humans, show
that these same networks are used for our internal
worlds that keep track of personal memories, engage
in planning and imagine future actions. If cognition is
approached from an inside-out perspective, it becomes
clear that navigation through either a physical space
or a landscape that exists only in the imagination is
processed by identical neural mechanisms.

Fifteen years ago my lab set about to explore the
mechanisms of spatial navigation and memory in the
hippocampus to contrast the outside-in and inside-out
frameworks. In 2008 Eva Pastalkova, a postdoctoral fel-
low, and I trained rats to alternate between the left and
right arms of a maze to find water. At the beginning of
each traversal of the maze, the rat was required to run
in a wheel for 15 seconds, which helped to ensure that
memory alone of the maze routes, and not environmen-
tal and body-derived cues, allowed it to choose a par-
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ticular arm of the maze. We reasoned that if hippocam-
pal neurons “represent” places in the maze corridors
and the wheel, as predicted by O’Keefe’s spatial navi-
gation theory, a few neurons should fire continuously
at each spot whether the rat is in the corridors or the
wheel. In contrast, if the neurons’ firing is generated
by internal brain mechanisms that can support both
navigation and memory, the duration of neuronal fir-
ing should be similar at all locations, including inside
the wheel.

The findings of these experiments defied outside-in
explanations. Not a single neuron among the hundreds
recorded fired continuously throughout the wheel run-
ning. Instead many neurons fired transiently one after
the other in a continuous sequence.

Obviously these neurons could not be called place
cells, because the animal’s body was not displaced
while at the single location of the running wheel. More-
over, the firing patterns of individual neurons in this
neuronal trajectory could not be distinguished from
neurons active when the rat was traversing the arms
of the maze.

When we sorted individual trials according to the
rat’s future choice of left or right arms, the neuronal
trajectories were uniquely different. The distinct tra-
jectories eliminated the possibility that these neuronal
sequences arose from counting steps, estimating mus-
cular effort or some other undetected feedback stim-
uli from the body. Also, the unique neuronal trajecto-
ries allowed us to predict the animal’s maze arm choice
from the moment it entered the wheel and throughout
wheel running, a period in which the rat had to keep
in mind the previously visited arm. The animals needed
to correctly choose the alternate maze arm each time
to get their rewards [see box on page 41].

These experiments lead us to the idea that the
neuronal algorithms that we can use to walk to
the supermarket govern internalized mental travel.
Disengaged navigation takes us through the series
of events that make up personal recollections, known
as episodic memories.

In truth, episodic memories are more than recollec-
tions of past events. They also let us look ahead to plan
for the future. They function as a kind of “search
engine” that allows us to probe both past and future.
This realization also presages a broadening in nomen-
clature. These experiments show that progressions of
place cell activity are internally generated as precon-
figured sequences selected for each maze corridor.
Same mechanism, multiple designations—so they can
be termed place cells, memory cells or planning cells,
depending on the circumstance.

Further support for the importance of disengaged
circuit operations comes from “offline” brain activity
when an animal is milling around doing nothing, con-
suming a reward or just sleeping. As a rat rests in the
home cage after a maze exploration, its hippocampus
generates brief, self-organized neuronal trajectories.
These sharp wave ripples, as they are known, occur in

100-millisecond time windows and reactivate the same
neurons that were firing during several seconds of
maze running, recapitulating the neuronal sequences
that occurred during maze traversals. Sharp wave-rip-
ple sequences help to form our long-term memories
and are essential to normal brain functioning. In fact,
alteration of sharp wave-ripple events by experimen-
tal manipulations or disease results in serious memory
impairment [see box on opposite page].

Clever experiments performed in human subjects
and in animals over the past decade show that the time-
compressed ripple events constitute an internalized
trial-and-error process that subconsciously creates real
or fictive alternatives for making decisions about an
optimal strategy, constructing novel inferences and
planning ahead for future actions without having to
immediately test them by undertaking a real exploit.
In this sense, our thoughts and plans are deferred
actions, and disengaged brain activity is an active,
essential brain operation. In contrast, the outside-in
theory does not make any attempt to assign a role to
the disengaged brain when it is at rest or even in the
midst of sleep.

THE MEANING OF INSIDE OUT

IN ADDITION TO its theoretical implications, the inside-
out approach has a number of practical applications.
It may help in the search to find better diagnostic tools
for brain disease. Current terminology often fails to
describe accurately underlying biological mechanisms
of mental and neurological illnesses. Psychiatrists are
aware of the problem but have been hindered by lim-
ited understanding of pathological mechanisms and
their relation to symptoms and drug responses.

The inside-out theory should also be considered as
an alternative to some of the most prevalent connec-
tionist models for conducting Al research. A substitute
for them might build models that maintain their own
self-organized activity and that learn by “matching”
rather than by continual adjustments to their circuitry.
Machines constructed this way could disengage their
operations from the inputs of electronic sensors and
create novel forms of computation that resemble inter-
nal cognitive processes.

In real brains, neural processes that operate through
disengagement from the senses go hand in hand with
mechanisms that promote interactions with the sur-
rounding world. All brains, simple or complex, use the
same basic principles. Disengaged neural activity, cal-
ibrated simultaneously by outside experience, is the
essence of cognition. I wish I had had this knowledge
when my smart medical students asked their legitimate
questions that I brushed off too quickly.

Where Am 1?2 Where Am | Going? May-Britt Moser and Edvard |. Moser; January 2016.
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Twenty years after their discovery,
fast radio bursts are coming into focus
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OBODY NOTICED WHEN AN AUSTRALIAN RADIO TELESCOPE CAPTURED
a fleeting explosion coming from far beyond the Milky Way in 2001.
Records of the powerful flare sat unseen for more than half a decade
until a group of scientists sifting through archival data spotted the
eruption—a so-called fast radio burst (FRB). According to one of those
scientists, astrophysicist Duncan Lorimer of West Virginia University,

the burst produced as much energy in a few thousandths of a second as the sun does in a month.

Today researchers know that these explosions happen at least
800 times a day all over the sky, and they are one of the most
active topics in astrophysics. Although much about FRBs
remains unknown, in just the past year a clearer picture has
started to emerge. “I think we're closer to understanding what
some FRBs are,” says Ziggy Pleunis, an astrophysicist at the Uni-
versity of Toronto. “But as we’ve been going on this quest, new
discoveries have led to new questions.”

The study of FRBs is now at an inflection point. A torrent of
new detections and deeper studies have elevated certain mod-
els of their inner workings while eliminating others, and several
upcoming projects should help further narrow the possibilities.
Meanwhile scientists have learned that the bright light of an FRB
carries within it a record of the contents of the intergalactic
depths it traversed along its way to Earth, providing informa-
tion about galaxies and the material between them that no other
mechanism can.

MAGNETIC MOMENTS

IN APRIL 2020 THREE SEPARATE research teams detected an enormous
blast of radio energy coming from a magnetar located in the Milky
Way. Magnetars are an extreme kind of neutron star, a city-sized
remnant left behind when a massive star dies in a supernova. A
magnetar’s magnetic field can be so strong that approaching
within 1,000 kilometers of one would disrupt your body’s atomic
nuclei and electrons, causing you to effectively dissolve.

Magnetars were already a leading candidate for the source of
FRBs. But the few dozen known magnetars in our galaxy had
never been observed to produce eruptions that might resemble
the phenomena. The discovery of a short and formidable radio
burst from a galactic magnetar called SGR 1935+2154 was exactly
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what researchers had been missing. If the same burst had come
from another galaxy, its signature would have been indistin-
guishable from a typical FRB. “That was a huge moment for the
field,” says Kenzie Nimmo, an astronomer at the University of
Amsterdam. “It alleviated all doubt that at least some FRBs come
from magnetars.”

How, exactly, a magnetar can produce an FRB is still the sub-
ject of debate. Most theories involve some kind of jarring star-
quake or an explosion caused when a magnetar’s twisting mag-
netic field lines snap and reconnect. Events such as these could
directly generate an FRB’s flash, or they might make a shock
wave that heats up surrounding material, incinerating dust and
turning gas into plasma to produce light as it travels outward.

Several telescopes saw an x-ray flash arriving just after SGR
1935+2154’s radio signal, suggesting that whatever released the
radio energy also generated more complicated side effects. Many
details are still unclear. “Did this happen on the surface of the
star, or in the magnetosphere, or in the material around the mag-
netar?” asks Emily Petroff, an astrophysicist also at the Univer-
sity of Amsterdam. “We still don’t really agree on that.”

COSMIC CURIOSITIES
BECAUSE FRBS CAN VARY in brightness, duration and other proper-
ties, it is unlikely that any single observation can explain them all.
In the summer of 2021 the Canadian Hydrogen Intensity Mapping
Experiment (CHIME), a dedicated FRB-hunting telescope in Brit-
ish Columbia, released a catalog of 536 FRBs that it had detected
during the first year of its operation, quadrupling the number
known. The bursts were already known to come in two distinct
flavors—those that repeatedly flash their signals and those that
are one-off events. CHIME’s data showed that nonrepeaters
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were far more common than repeaters and that each had differ-
ent characteristics.

On average, the bursts from repeaters lasted longer than their
one-off counterparts and emitted their light in a narrower range
of frequencies. Whether the disparity represents a different
mechanism for these flashes or something else about their pro-
genitors’ ages or environments remains to be seen. The situation
resembles an earlier mystery surrounding another class of cos-
mic explosions: gamma-ray bursts, which were shown in the
1990s to arise from three separate types of events. Scientists hope
to discover whether FRBs also fall into distinct populations with
their own origin stories.

CHIME’s catalog includes large numbers of FRBs from a
variety of galaxies, muddying the link to magnetars, which
emerge almost exclusively in galaxies that are churning out
massive, short-lived stars. CHIME’s FRB haul, however, in-
cludes many sources from quieter galaxies that are barely form-
ing any new stars at all. “Magnetars can explain some fraction
of FRBs. Nobody would dispute that,” says Shami Chatterjee, an
astronomer at Cornell University. “But is that all of them?
Almost certainly not.”

A paper published in Nature in February 2022 adds support
to this assertion. Using an array of radio telescopes called the
European Very Long Baseline Interferometry (VLBI) Network, a
team determined the position of a repeating burst designated
FRB 20200120E with extreme precision. The object had origi-
nally been localized to the nearby spiral galaxy M81, but VLBI
zoomed in farther and revealed that it lives within an ancient
hive of densely packed stars known as a globular cluster. Such
collections mainly host stars around 10 billion years old—yet
magnetars are thought to endure for only 10,000 years or so
before lapsing into more sedate neutron stars. “This is a game
changer,” says Mohammadtaher Safarzadeh, a theoretical astro-
physicist at Harvard University. “Whatever is causing the FRB
signal likely has the same age as the globular cluster and is def-
initely not a magnetar.”

Magnetars might occasionally arise from two neutron stars
crashing into each other—a production mechanism that has
never been confirmed—which could potentially explain one in
a globular cluster, says theoretical astrophysicist Bing Zhang of
the University of Nevada, Las Vegas. But nobody knows exactly
how often such events occur or how long the resulting magnet-
ars would remain active.

Further complicating the magnetar picture is another curi-
osity: FRB 201809168, also known as R3 because it was the third
repeating FRB ever discovered. Originally pinpointed to a region
toward the star-forming center of a spiral galaxy around half a
billion light-years away, R3 was subsequently shown to be in the
galaxy’s outskirts, suggesting that it is either an older object or
one somehow kicked away from its birthplace. Even stranger,
this burst produces explosions only during a four- to five-day
window of activity that occurs every 16.35 days, making it a so-
called periodic repeater.

Researchers have been scratching their heads over its pecu-
liar regularity. A magnetar that spins around on its axis like a
top, sometimes pointing its blasts toward Earth and other times
facing away, is one possible explanation. Another is a bursting
object orbiting a second structure, such as a black hole sur-
rounded by a disk of material, that cyclically obscures the explo-

sive events. Scientists have even suggested it comes from a pair
of orbiting neutron stars whose magnetospheres periodically
interact, creating a cavity where eruptions can take place. “What
makes the field so fun right now is that there are so many excit-
ing possibilities,” Chatterjee says.

APPROACHING ANSWERS

FRB ASTRONOMERS ARE STILL pursuing major questions. Are non-
repeaters really one-time events, or could they burst again if we
watch for long enough? The magnetar in our galaxy appears to
be fairly quiet. But was it significantly more active in its younger
years? Could other esoteric scenarios, such as asteroids hitting
a black hole, somehow produce FRB-like signals? Scientists are
publishing new observations and theories all the time.

The CHIME collaboration is building a set of smaller tele-
scopes that will help triangulate the exact positions of many
FRBs. In a few years researchers expect to know the precise loca-
tions of hundreds or even 1,000 events. In addition to elucidat-
ing FRBs, these data will allow scientists to perform important
measurements of the universe.

Astronomers first knew FRBs were coming from outside the
Milky Way because their light was dispersed, meaning the higher
frequencies arrived a few milliseconds before the lower ones.
This pattern offers information about the matter the radio waves
traveled through as they made their way through space. Astron-
omers believe there is much more regular matter in the universe
than what we see in stars and galaxies, and they suspect that the
missing matter lies in the intergalactic medium. In 2020 a team
studied a handful of FRBs to estimate how much material their
light passed through and showed it was almost exactly equiva-
lent to the amount of matter expected there.

The ultimate goal is to use FRBs to map the matter through-
out the universe. And light from some FRBs is highly polarized—
its waves have been rotated by magnetic fields during its flight—
potentially revealing information about magnetic conditions in
other galaxies or the spaces between them. In the meantime, the
mystery of FRBs’ origins remains. “I fully anticipate, within the
next decade, we’ll get one or two more surprises, like the galac-
tic magnetar that we didn’t even know we should be looking for,
which will push our understanding forward in a massive way,”
Petroff says.

If some nonrepeating FRBs arise from cataclysmic events
such as neutron stars crashing together, as many astronomers
suspect, they would also create gravitational waves. Were a radio
telescope to see a blast at the same time as the Laser Interferom-
eter Gravitational-wave Observatory (LIGO) or its counterparts
around the world, it would sway some toward that possibility.
And if such a collision produced a magnetar, could the initial cat-
aclysmic one-off FRB give rise to a distinct, repeating FRB
source? Time will tell.

Given recent history, more FRB excitement is likely in the com-
ing years, Lorimer says: “Just when you think things are settling
down, you have a year with all these remarkable discoveries.”

Flashes in the Night. Duncan Lorimer and Maura McLaughlin; April 2018.
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N VITAL MEASURES THAT PREDICT LATER SUCCESS IN SCHOOL AND
life, small children in the U.S. do worse than kids in compa-
rable countries. This distressing information comes from an
Organisation for Economic Cooperation and Development

(OECD) study of five-year-olds. For years the OECD has been
examining the academic achievement of 15-year-old students

from around the world, and recently it extended this work to the younger group. On average, Amer-
ican children had lower literacy and numeracy scores, poorer self-regulation skills, and engaged in
fewer acts of cooperation, kindness and other prosocial behaviors than did children in England and
Estonia, the other countries studied. Just about the only bright spot was that U.S. children were
roughly equivalent to their international peers on some—but not all—social-emotional measures.

These findings did not get the attention they de-
served, because they were announced in March 2020,
a few days after the World Health Organization de-
clared that COVID had become a pandemic. But they
did not come as a surprise—other recent research has
shown that about half of American children are not “on
track” in at least one critical area of school readiness.
Because the OECD report looked at kids who were just
starting school, it was a powerful reminder that we
have lost sight of something basic: Learning begins on
the first day of life—and not the first day of class. The
earliest years of a child’s life are full of opportunity. A
child’s brain will never be more receptive to experience,
more plastic, than it is during this pivotal time. Nearly
85 percent of brain growth occurs between birth and
the age of three. During this period one million neural
connections per second are formed.

Two decades of child development research tell us
that small kids need two things above all else to get off
to the best possible start: nurturing interaction with
caregivers and protection from toxic stress. Over the
past five years a new wave of neuroscientific studies,
highlighting the neurobiological effects of early expe-
rience, has strongly pointed toward ways of accom-
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plishing these goals. Such research provides an early
peek at what is happening in young children’s brains.
The studies show that environments and relation-
ships we know benefit development are also associ-
ated with higher levels of activation and connectivi-
ty in parts of the brain that underpin language and
cognitive development.

One of us (Suskind) is a pediatric physician and
early-learning researcher who has been tracking the
way emerging science on brain development can in-
form not just what we do as parents but as a society.
For instance, paid leave gives parents time to develop
nurturing relationships. Child allowances and tax cred-
its can alleviate the poverty known to be detrimental
to development. When parents work outside the home,
as a considerable majority of American mothers and
fathers must, access to quality child care provides
young children with responsive, engaged caregivers.

Yet there is a disconnect between what science tells
us children need and what we as a society do to help
them. The U.S. is the only developed country in the
world that does not mandate paid leave for a parent af-
ter childbirth. In 2020 four in 10 children in the U.S. had
families who were struggling to afford basic necessities.
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Outcomes during Toddlerhood,” by Karina Kozak et al., in Infancy, Vol. 26; July/August 2021

Congress just allowed an expanded child
tax credit to lapse—a credit that helped
millions of families weather the pan-
demic and had dramatically cut the
number of poor children. Further, ap-
proximately half of Americans live in so-
called child care deserts, where there
aren’t nearly enough facilities or caregiv-
ers, and fewer than 10 percent of exist-
ing child care programs are considered
high quality. The pandemic highlighted
these gaps. Like a powerful earthquake
with lingering aftershocks, it showed
just how shaky our nation’s support for
parents and their children really is.
The science of brain development is
rarely part of any public discussion of
ways to fix these gaps. But it should be
at the center of that conversation be-
cause it lays out a road map to improve
national and local policies that can
make children’s lives much better.

THE MANY EFFECTS
OF LANGUAGE
WEARING his ever present Chicago Bulls
cap, Randy settled onto the soft carpet
of his living room and pulled his two-
year-old son, Julian, into his lap.

“Want to play?” he asked.

Julian grinned and began to stack
some blocks. Father and son counted to-
gether (“one ... two ... three... four...
five ...”) until a tall and precarious tow-
er stood in front of them.
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“Drop it, drop it” Randy nudged Ju-
lian, encouraging him to tip the tower 1
over. Julian gazed at his dad, his eyes
twinkling with delight as Randy added
a few more blocks. When the stack—and
the counting—reached 16, the tower
came crashing down.

“Boom!” Randy shouted.

“Boom!” Julian echoed.

Randy fully embraced his role as a responsive par-
ent—so much so that he signed up for a home-visiting
research program in the Chicago area to learn more
about child development. (We are using only first names
to protect the family’s privacy.) He was tuning in to his
child, talking to him, and taking turns in their ongoing
conversation even though Julian couldn’t say much yet.
This kind of rich language input is central to the impor-
tance of nurturing relationships. For years researchers
focused on the quantity of words a child heard—the so-
called 30-million-word gap—as the best predictor of lan-
guage development. The newest research reveals that
quality of language exposure matters even more. Over-
hearing conversation isn’t enough. Children must par-
ticipate, just as Randy encouraged Julian to do.

Graphic by Amanda Montaniez
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In a 2018 study, which was the first of its kind, re-
searchers at Harvard University and the Massachusetts
Institute of technology put 36 four- to six-year-old chil-
dren in a brain scanner and told them stories about
playing hide-and-seek and opening birthday presents.
While the kids listened, the scientists looked at brain
structure and function. Previously the researchers had
recorded everything the children heard for two days,
to get a sense of their language environment.

Children who typically experienced not just more
language but more conversational turn taking showed
more activation in key language areas of the brain as they
heard stories in the scanner. These Kkids also showed
stronger connections between language areas that gov-
ern speech perception and speech production. “At every
socioeconomic level, more conversation was related to
more mature brain development,” says speech language
pathologist and neuroscientist Rachel Romeo, who
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led the study and is now at the University of Maryland.

Other research indicates that important connections
between very young children and caregivers actually oc-
cur on a neural level. Their brains sync up. Elise Piazza
and her colleagues at the Princeton University Neuro-
science Institute found this out when they used a meth-
od called functional near-infrared spectroscopy that can
track the activity of neurons. The scientists looked at
adults and infants between nine and 15 months old, in
a variety of situations. The brain waves of the infants
and the adult synchronized when the two were direct-
ly playing together or jointly paying attention to the
same object. They did not sync when the adult spoke to
someone else in the room, affirming that overheard lan-
guage does not count. This kind of synchrony has been

Paid leave after the birth of a child
was associated with lower infant
mortality and hospitalizations and
improved infant attachment.

linked to social learning, problem-solving skills and vo-
cabulary development. And when in sync, the adult
turned out to be following the baby’s lead, anticipating
smiles and interest, rather than the other way around.

“We already knew that infant-directed speech is very
important for babies’ learning and that a variety of
communicative cues could be important for them,” says
Piazza, who is now at the University of Rochester. But
“even before they’re fully verbal, there are a lot of ways
in which [babies’] brains are picking up on these dif-
ferent cues in the environment.”

Such research strongly supports the need for par-
ents to have time with their children. It also underlines
why parents also need access to high-quality, affordable
child care. The problem faced by Randy, and millions
like him, was that there was rarely enough time to par-
ent the way he wished. To make ends meet, he was hold-
ing down multiple jobs. His wife, Mayra, worked full-
time, too. Most days Randy saw his kids for all of 30
minutes. And the only child care Randy could afford
was custodial—at pickup he often found Julian in front
of a blaring television. “Here we have this body of re-
search showing over and over that the core adult-child
interactions in the early years of life are critical for brain
development and social development,” Romeo says.
“Anything we can do as a society to create an environ-
ment where [those] relationships can flourish, that’s
the best investment we can make in children’s futures.”

EARLY HELP FOR PARENTS
LANGUAGE is just one dimension of the powerful nurtur-
ing interactions between children and caregivers. For
infants, connections begin on the first day of their lives.
That is why paid leave at the birth of a child is consis-

52 Scientific American, June 2022

© 2022 Scientific American

tent with policy centered on early brain development.
But few Americans have such leave. Randy and Mayra
didn’t have it. When their two children were born,
Mayra was one of the roughly one quarter of mothers
who return to work within two weeks, and Randy took
only a day or two off each time.

Traditionally research on paid leave has focused on
the economic side of the equation—assessing the im-
pact on employers or on household incomes. Yet more
recently, studies of the effects of paid leave on the health
of mothers and children found it was associated with
lower levels of postpartum depression, improved in-
fant attachment, decreases in infant mortality and re-
hospitalizations, as well as increases in pediatric visits,
timely immunizations and the duration of breastfeed-
ing. When fathers took paid leave at the birth of a child,
it benefited both parents’ mental health, lowering de-
pressive symptoms and stress. Plus, married parents
who both take leave are less likely to divorce.

To this already persuasive evidence, the newest stud-
ies add positive impacts of paid leave on infants’ cogni-
tive development. In 2021 developmental psychologist
Natalie Brito of New York University and her colleagues
published a study of 328 mothers and babies from
across the socioeconomic spectrum, some of whom had
paid leave and some of whom had unpaid leave at the
birth of their child. When the children were two years
old, the researchers asked the mothers to report on
their children’s language abilities, as well as their emo-
tional responses in social situations. Paid leave was as-
sociated with higher language skills for the toddlers at
all socioeconomic status (SES) levels and with better
emotional skills among children whose mothers had
lower education levels. “It seems as though paid leave
was beneficial for every family, but it may have an out-
size effect for lower-SES families,” Brito says.

Paid leave actually changes patterns of brain activ-
ity. In a second study of 80 mothers and babies pub-
lished this past April in Child Development, Brito and
her colleagues used electroencephalography (EEG) to
eavesdrop on babies’ brain waves three months after
birth. Interactions between neurons create these waves,
or oscillations. Everyone has high- and low-frequency
waves, and both types are important. But as children
get older, the relative amount of high-frequency activ-
ity tends to increase. Previous studies suggested that
young children with more high-frequency waves, when
tested a little later on in life, tend to have higher scores
on skills necessary for learning and thinking.

In the work by Brito and her co-workers, infants
whose mothers could take paid leave tended to have
more higher-frequency waves, and fewer low-frequen-
cy ones, than babies whose mothers had unpaid leave.
Although the sample was relatively small and not a tru-
ly random selection of babies, the researchers did con-
trol for a range of potentially confounding variables,
such as gestational age at birth, number of children in
the home, maternal relationship status, education and
occupational prestige. The association between paid
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leave and brain-wave patterns persisted, explaining
12 to 30 percent of the variance in infant brain activity.

Ttis hard to disentangle the reasons for these differ-
ences, but stress among the mothers could be one fac-
tor. The study measured levels of a stress-related hor-
mone, cortisol, in the mothers’ hair; those levels tend
to go up as psychological and physical stress accumu-
lates. Mothers who had paid leave had lower cortisol
levels than mothers with unpaid leave. They also had
higher parent-child interaction scores on tests of ma-
ternal sensitivity. Because paid leave provides resourc-
es and financial stability, Brito suggests, “it is likely to
reduce stress and probably indirectly impacts the way
that they parent or that they interact with their kids.”
These are the first studies of their kind and don’t prove
cause and effect. But, as Brito says, “some of these dots
have started to be connected.”

SOLUTIONS FOR THE FUTURE

WE KNOW that very young children do best when they
are protected from toxic stress and when their lives are
stable and predictable. Brand-new research has turned
up higher risks of developmental delays in babies born
during the COVID pandemic, which some experts sus-
pect may be related to higher stress levels in their moth-
ers. We have known for decades that children growing
up in families with lower incomes are more likely to face
these types of unpredictable and distressing situations.

More recently, neuroscientists began exploring what
poverty does to children’s brains. In a 2015 study of
more than 1,000 children between the ages of three and
20, neuroscientist Kimberly G. Noble of Teachers Col-
lege at Columbia University and her colleagues found
a consistent relationship between cortical surface area
(which is associated with cognitive ability) and socio-
economic factors. That study and others have found
that the largest differences appear in areas of the brain
that handle language, executive function and memory.

For instance, in 2019 Noble and her colleagues, also
using hair cortisol levels as markers of chronic stress,
showed that higher levels were associated with small-
er hippocampi, a part of the brain integral for memo-
ry. These changes may be an adaptive response: The
young brain is waiting for instructions from the envi-
ronment, and if a child grows up in an environment of
toxic stress, that child’s brain will organize itself to be
highly reactive to stress. But such changes can cost chil-
dren later in educational and employment settings.

Tax credits for families with young children have
the most potential to reduce rates of childhood pov-
erty, according to a 2019 National Academy of Scienc-
es report. The benefits of these credits became clear
during the pandemic, when a historic expanded tax
credit brought about an immediate reduction in
childhood poverty rates. For the first time ever, the
credit was independent of earnings—a provision that
benefited those who were working and those who
wished to stay home with their children. More than
90 percent of American children were eligible.

But at the end of 2021 the closely divided U.S. Sen-
ate refused to extend this program. When the credits
ran out, between December 2021 and January 2022, the
childhood poverty rate spiked from 12 to 17 percent,
higher than before the pandemic. That pushed an ad-
ditional 3.7 million children into poverty. According to
the NAS report, the long-term effects of childhood pov-
erty on adult employment, crime rates and population
health cost the U.S. between $800 billion and $1.1 tril-
lion annually, whereas a set of policies centered on tax
credits plus nutritional supplements and a few other
programs would cut childhood poverty by 50 percent
and ultimately cost the country less.

We also know a lot about what works in child care.
The U.S. already supports a high-quality, universal sys-
tem of centers, run by the Department of Defense for
military families. About 30 years ago military child care
was as bad as the worst we see today. People in the
armed forces, doing demanding jobs, had to worry
about who was watching their children, and this could
detract from their performance. So the Pentagon com-
pletely revised these programs, increasing profession-
al development and pay, enforcing high standards of
care, capping the costs to families and improving ac-
cess. Widespread access to quality care is a hallmark of
European countries. For example, England and Esto-
nia, the other countries in the OECD study of five-year-
old children, both have generous paid leave and near-
universal preschool programs.

Instituting something similar in the U.S. won’t be
cheap. Last year Congress did not pass legislation that
would have subsidized child care costs for most work-
ing families as well as adequate wages for child care
providers. The price tag would have been $400 billion.
That might sound steep, but it is not when compared
with the price of inaction. A report by ReadyNation, a
not-for-profit group started by business executives to
research education, found that child care problems cost
the U.S. $57 billion a year in lost earnings, productivi-
ty and revenue. It has also been estimated that if Amer-
ican women stayed in the workforce at a rate similar
to that of Norway, which has paid leave and govern-
ment-subsidized child care, the U.S. could add $1.6 tril-
lion to the gross domestic product.

With no paid leave, no child care and limited child
credits, it is glaringly obvious that a devastating divide
exists between what science tells us children need and
what U.S. policy actually does for them. It is time to
start using our wealth of scientific evidence to guide
our policies and practices. Healthy brain maturation
represents the foundation of our country because it rep-
resents our future. That means there is nothing more
important we can do as a society than foster and pro-
tect the brain development of our children.

Brain Trust. Kimberly G. Noble; March 2017.
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of the COVID pandemic washed across the world, it left dev-
astation in its wake. The novel coronavirus rent holes in our social safety nets,
nets already worn and tattered even before the pandemic took hold. And what
quickly became evident was that the resulting devastation was persistently most
acute among disadvantaged people and in marginalized communities.

COVID made obvious what many already knew: Inequity—whether because of
race, culture, skin color, income or caste—can be lethal. On a global level, vaccines
were slow to reach poor and developing nations, which didn’t have the resources
to produce, pay for or distribute the jabs. The vaccines they did finally receive were
less effective against evolving waves of the virus, with mRNA technology proving
difficult to procure. But disparities afflicted wealthy countries, too. In the U.S., men-
tal health care lost providers even as the need for their services skyrocketed. Treat-
ment, already hard to find, dwindled until it was largely accessible only to those
with money and resources.

Infectious disease also thrives on inequity. It spreads fastest in areas of dense
crowding, and because it typically affects impoverished and relatively powerless
communities, it is underfunded and undertreated. Before COVID, tuberculosis
killed more people globally than any other communicable disease. The pandemic
made this worse as people crowded together inside their homes and became
infected by one airborne virus while trying to avoid another.

Bias can also prove deadly in noninfectious illnesses. Cardiovascular disease,
which was the leading cause of death worldwide in 2019, was originally pegged as
a disease of the rich, linked to too much indulgence and too little exercise. More
recently, it has also emerged as a problem in low-income and marginalized areas.
In fact, even as screening and treatment have decreased mortality linked to heart
attacks in some groups, others remain overlooked or unable to make substantive
enough changes to their diets or lives to see much improvement at all.

Solutions makers at all levels have been working hard to change the status quo.
Whether they’re quantifying social determinants of health—assessing how life
stressors such as financial need, food availability, childhood stress, and more con-
tribute to someone’s well-being—or finding women the care they need through
pregnancy and postpartum, these change makers are creating paths toward more
equitable care. We need only look to the AIDS pandemic to see why their efforts
are important. Today, 40 years after the first cases of HIV were described, we have
made great strides in both preventive and therapeutic treatments. But those med-
ications often can’t reach those who need them most acutely. We have come so far,
and we have so far yet to go.

HIV care has improved Lauren Gravitz,
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Heart disease, once thought
to be a malady of the rich,
has a global impact. Today
its victims are those most
affected by inequity
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SHANTAQUILETTE CARTER-WILLIAMS was on the gym treadmill when she first felt an odd

flutter in her heart. “I remember stopping and thinking, ‘That doesn’t feel right,

29

says

the now 43-year-old Dallas resident. But she knew the importance of exercise—she
walked or ran almost every day—so she got back to it and finished her workout.

She followed up with a doctor who diagnosed her with exer-
cise-induced arrhythmia and told her to be careful with increas-
ing her heart rate, says Carter-Williams, a retired accountant. She
switched to different kinds of workouts. That was in 2012. Over
the next six years worrying symptoms such as chest pain took her
to the emergency room a dozen times. Each time doctors there
sent her home with no diagnosis and no way to prevent it from
happening again. In June 2018 lingering back pain, stomachache
and nausea led Carter-Williams to think she had the flu. She was
working from home and planned to go to bed early, instead of
making another inconclusive trip to the hospital. She was just
wrapping up a phone call when her college-aged daughter stepped
into the room. Carter-Williams turned to speak, and a bizarre
pain shot down the left side of her jaw and neck. “I'd never felt
anything like it before,” she says.

Her daughter drove her to the hospital. As they waited to be
seen, Carter-Williams began to vomit. An intense pressure, “like
someone stepping on my chest,” overwhelmed her. She was hand-
ed a pill to place in her mouth. Then her heart started to race. She
remembers that hospital staff gave her an injection in her belly
and administered other drugs. A brown-skinned doctor came into
the room shortly after. He leaned over, held her hand and said, “I
don’t want to scare you, but youre having a heart attack.”

After the specialist left, her own cardiologist, who was a resi-
dent at the hospital, took over her care. She was discharged a few
days later with no medication to prevent another incident—con-
trary to common clinical recommendations. As it turns out, that’s
not an uncommon situation. “Unfortunately, guideline-based
therapies are not uniformly applied to all patients,” says Roxana
Mehran, a cardiologist at Mount Sinai’s Icahn School of Medicine
in New York City. “Women and underrepresented minorities are
less often treated with guideline-directed medical and interven-
tional treatments.”

Nine months later, at age 40, Carter-Williams had a stroke.

As a Black woman, Carter-Williams was at high risk of having a
heart attack. Despite that, she is also among the patients most like-
ly to be overlooked in screening tests or have symptoms dismissed
as not heart-related. Outdated thinking holds that overeating or
a sedentary lifestyle are the main risk factors. But discrimination
is also deadly: both within the U.S. and around the world, people
who experience gender, race, socioeconomic or other discrimi-
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nation are far more likely to suffer and die from heart disease.

Understanding of heart disease has dramatically expanded
over the past half a century. In the 1940s heart disease caused
around half the deaths in the U.S. The epidemic precipitated a
flood of research that resulted in landmark, lifesaving discover-
ies. Researchers found, for example, that inactivity, smoking, al-
cohol consumption, and diets rich in fatty foods or salt raised a
person’s risk of heart disease. They discovered how conditions
such as diabetes and high lipid levels increased the chances of
heart attack or stroke and designed drugs to stave off these dan-
gers. And for those who wound up in emergency rooms despite
these measures, surgical advances such as balloon catheters, stents
or artificial valves made heart attacks less deadly.

Over time deaths dropped—at least in higher-income, majori-
ty communities in industrial nations. But as research on cardio-
vascular disease risk adopted a more global approach, heart dis-
ease again emerged as the number-one killer worldwide. These
new studies revealed that the same risk factors drove heart attacks
no matter where a person lived or what their socioeconomic sta-
tus was. The difference was that now about 80 percent of heart at-
tack victims lived in lower- and middle-income countries.

“For far too long, we didn’t have high-quality studies of cardio-
vascular disease that included people” from lower- and middle-
income countries, says Amitava Banerjee, a cardiologist at Univer-
sity College London. Within the U.S., research centered on higher-
income communities. And in the rest of the world, the focus was
more on the differences between Western and Eastern countries
than on their similarities—something that, Banerjee says, stems
from “a history of colonialism in medicine” that aimed to serve ex-
pats instead of local communities.

Now researchers have focused on bridging these gaps. They
are showing that, at every level, advances in reducing the burden
of heart disease are less likely to reach or help people who expe-
rience discrimination. Long-standing biases have resulted in med-
ical treatments that are less available or, when available, less use-
ful to historically marginalized communities. Not only do these
people face barriers of access, they are also often disproportion-
ately burdened by risk factors such as air and water pollution.

The biology of heart disease is universal. Tests, drugs, and oth-
er interventions for reducing heart attack risk are the same every-
where in the world. Despite this shared foundation, solutions ad-
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What |s Heart Disease?

Cardiovascular conditions don't just affect the heart. They can manifest as diseases that strike blood vessels or restrict blood supply
to the brain, as well as various disorders that lessen the heart's ability to circulate blood.

Abnormal or very fast heartbeat

linked to faulty electrical signaling

Rheumatic heart disease
1.6% of CVD deaths

Cardiomyopathy: The heart muscle

becomes enlarged, thick or rigid

Strain on the heart resulting from
chronic high blood pressure

Myocarditis: Inflammation of the
heart muscle

Stroke
35.3% of CVD deaths

Blood supply to the brain is cut off,
causing brain damage

dressing the problem were mostly developed within a limited,
Western context. They fail to account for social circumstances that
can make diagnostics, preventive medicine and treatments inac-
cessible to the rest of the world. “We can’t just transport what we
find in high-income countries and assume it’s going to work in
low-income countries,” says Shivani Patel, a social epidemiologist
at Emory University. “There are powerful social influences that
need to be included in the constellation of risk factors.”

OVERLOOKED AND UNDERREPRESENTED

IN 1947 THE U.S. PUBLIC HEALTH SERVICE (now the National Institutes
of Health) launched a study that tracked both the health and life
habits of residents of the town of Framingham, Mass., and then
looked at how those corresponded to heart health. Thanks to the
Framingham Heart Study—which continues today—and others
conducted in the U.S. and Europe, clinicians now know precisely
how heart disease begins, worsens and kills. And they know, to a
great extent, how to stop it.

In 1990 William Kannel, a former director of the Framingham
Study, gave a lecture in which he reported that the study linked

S6

Cardiovascular
diseases (CVD) caused
18.3 million deaths
in 2019

Damage to the heart valves caused by
rheumatic fever, an autoimmune
reaction to bacterial infection

Other cardiovascular diseases
4.2% of CVD deaths

Coronary heart disease
49.2% of CVD deaths

Fatty material builds up on the walls of
coronary arteries, narrowing them

heart disease to a “lifestyle typified by a faulty diet, sedentary liv-
ing, unrestrained weight gain and cigarette smoking.” Therefore,
people could improve heart health by changing how they lived.
Public health campaigns around the world spread the message.
In the U.S., the American Heart Association launched a campaign,
called Life’s Simple 7, defining seven different things—such as
smoking, diet and physical activity—that could decrease cardio-
vascular risk.

Despite the name, these measures are anything but simple. The
advice to eat healthier foods and be physically active is rooted in
strong evidence, but it does not account for people around the
world whose lives look nothing like those of the mostly white,
mostly well-off residents of a Boston suburb. “The current recom-
mendations have fallen short because of the lack of focus on social
determinants of health and structural drivers” that influence a per-
son’s health practices, says LaPrincess Brewer, a cardiologist at the
Mayo Clinic in Minnesota. “Unfortunately, Life’s Simple 7 aren’t
necessarily delivered in the [appropriate] sociocultural context.”

Consider exercise. Even when feasible, it is not enough by it-
self to ensure a healthy heart. Carter-Williams knew exercise was

Graphics by Amanda Montanez, Research by Miriam Quick
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Heart Disease in Middle-Income Countries

In 1990 the highest rates of heart disease mortality occurred in high-income countries. But by 2019 death rates in middle-income
countries had caught up. Cases continue to rise globally, particularly in lower- to middle-income countries.

Total Heart Disease Deaths by Country Income Level

Heart Disease Death Rates

by Country Income Level
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important, particularly because her job came with a lot of desk
time. But a treadmill habit wasn’t enough to prevent her heart at-
tack. For others, just walking out the door is a difficult ask. A lack
of access to safe spaces for exercise, smog-filled air or cultural bar-
riers to women walking alone frequently hinder or prevent phys-
ical activity. Patel points to India as an example, where persistent
colorism drives women, particularly adolescent girls, to stay in-
doors (and thus be less active) to prevent sun-darkened skin.

Other times recommending exercise is simply absurd, says An-
dre Pascal Kengne, an internist and researcher at the South Afri-
can Medical Research Council. In rural areas of South Africa, he
points out, people at risk of heart disease often work physically
demanding jobs, making planned exercise superfluous: “Think of
a farmer who spends six to eight hours a day working on a farm,”
he says. “If you tell him at a consult to exercise, what do you ex-
pect to achieve?”

Western dietary recommendations also fail to account for how
diets vary by culture. So-called heart-healthy foods described in
public campaigns reflect a small subset of norms from industri-
al nations while excluding most culinary traditions around the

world, including in the U.S. Public campaigns aim for awareness,
but Brewer points out that the problem for most people is not a
lack of understanding or knowledge.

Translating awareness into a change in habits is stymied by
many factors: a lack of culturally relevant guidelines, financial in-
security or an inability to access affordable, nutritious food.
“Whether it’s their ability to place food on the table or lack of out-
lets to purchase healthy food,” Brewer says, community members
are aware they face these issues. The problem, she says, is that
they find it tough to act on diet or exercise recommendations giv-
en their financial or social circumstances.

Around the world, people of low socioeconomic status or those
who live in food deserts are the most likely to have diets high in
sodium and saturated fats and low in fresh produce. In a study of
195 countries published in the Lancet, researchers found that such
diets remain the leading cause of heart disease. People eat this
way out of necessity, not choice. “The reality is that wherever you
are, the cheapest way to eat is often the least healthy,” Banerjee
says. Across the world, highly processed foods have grown more
common and accessible—more so than fresh fruits and vegeta-
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Risk Factors for Heart Disease

Some causes of heart disease, such as high blood pressure or cholesterol, are universal. The burden of these risks, however,

falls disproportionately on people of certain races and ethnicities.

Top Five Risk Factors for Heart Disease

High blood pressure || GGG 5+
Poor diet _ 37%
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According to
recent research,
lifetime experience of
discrimination is
associated with higher
. blood pressure among
' people of color.

Poor air quality
contributes to 3.5 million
fatal strokes and heart
. attacks each year, almost
* all of them in middle-

income countries.

bles—at least in part due to subsidies that often make junk food
cheaper even in the poorest communities.

In many low- and middle-income countries, rates of obesity
and diabetes initially rose fastest in urban areas. Now rates are
rising in rural areas as well, Patel says. These shifting trends,
which are likely to result in more instances of heart disease, mean
the condition has moved firmly beyond being a disease of afflu-
ence or sedentary lifestyles associated with city living.

Over the past two decades Patel’s work has focused on tribal
communities in rural India. She spent a few years in the village
of Juna Mozda, in the western Indian state of Gujarat, and now
focuses on understanding heart disease risk factors among its
residents. Most of Juna Mozda’s residents are Adivasis, members
of tribal communities. “Some of the highest rates of high blood
pressure are among these Indigenous communities, who are of-
ten the poorest,” Patel says.

Ishwar Vasava, a farmer and social activist who has lived in
Juna Mozda all his life, says he has noticed a shift in people’s di-
ets over the years: more sugar spooned into tea, traditional grains
replaced with rice, and desserts and fried treats now a part of dai-
ly routines. Alcohol use is a concern, too, Vasava says, especially
in young men who return to the village after years of working in
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adjacent industrial towns. “I don’t see much of a difference be-
tween our life in the village and that of the city anymore,” he says.

Urban or rural, simply telling people to eat better and drink
less alcohol is unlikely to address rising rates of cardiovascular
disease. “We tell the story that people can change their risk them-
selves,” says Joel Kaufman, an epidemiologist at the University
of Washington. “But people can’t change their diet and lifestyle
as much as we’d like to think.”

BIASED BENEFITS

IN HIGH-INCOME countries, lifestyle-based changes have clearly
helped cut rates of heart disease: Smoking bans, awareness cam-
paigns and other policies limiting tobacco use have made large
contributions to the decrease in deaths from cardiovascular dis-
ease. So have advances such as better screening tests and pre-
scription drugs. Medications for treating diabetes, hypertension,
high cholesterol, and other conditions have proved so effective
that they are now on the World Health Organization’s list of essen-
tial medicines for all countries.

The blood tests most often used to prescribe these drugs un-
fortunately do not work equally well for everyone, because they
were developed using data from men of European ancestry. The

Graphic by Amanda Montaiez, Research by Miriam Quick
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Heart Disease Affects Both Men and Women

Heart disease is too often thought to be a problem only for men. But globally, it causes 35 percent of deaths
among women every year. Symptoms of heart attacks differ by sex, with women more likely to experience

nausea or shortness of breath than men.

Top Five Causes of Death in 2019 by Sex

Top Five Heart Attack Symptoms by Sex
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hemoglobin A1C test for diabetes (which, untreated, is a risk fac-
tor for heart attacks) does not work for people who are of Asian
or African descent if they are anemic or are not overweight. And
the most commonly used cholesterol and triglyceride assessments
do not work as well to assess risk among Black individuals in the
U.S. Even when test results show normal levels of triglycerides,
statistics from the Centers for Disease Control and Prevention
show that Black people experience higher rates of hypertension
than white, Hispanic or Asian groups, says Anne Sumner, an en-
docrinology researcher at the National Institute of Diabetes and
Digestive and Kidney Diseases. “Health disparities are not just
related to not having access to care. You have to have access to
the right screening tools, too.”

Precisely how much harm is caused by inaccurate screening
tools is tough to know for certain. Shortly after her heart attack,
Carter-Williams looked through her old medical records and
found some numbers highlighted as abnormal. When she asked
her doctors about the results, she says, “they really could not give
me an explanation other than ‘it’s not high enough for us to be
concerned.”” She only began to receive cholesterol medication 10
months later, after her stroke.

Even when test results are accurate, barriers to treatment per-
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sist, particularly in low- and middle-income countries. It can
prove nearly impossible for some people—like the farmer who
spends his days doing manual labor—to get to a clinic in the first
place. In South Africa, subsidized health care ensures that pa-
tients at many clinics do not pay for preventive drugs, says
Kengne of the South African Medical Research Council. “If they
can get to the clinic, the medication is free,” he says. “But the
transportation cost to get there” is the problem.

The cost of medications as well as their availability hinders ac-
cess to drugs in many low- and middle-income countries. In
a 2020 study of 21 countries published in BMJ Global Health,
researchers linked the inaccessibility of necessary medicines
to higher odds of disability and death from heart disease. Drugs
that treat diabetes or hypertension are available to only about 50 to
60 percent of the population in both high-income countries and
low- and middle-income countries. In the latter case, a month’s
worth of brand-name medication typically costs six days’ wages,
whereas generics cost about two days’ worth. “The most common
reason people give me for stopping their medicines is financial,”
says Jaideep Menon, a cardiologist at the Amrita Institute of Med-
ical Sciences and Research Center in Kochi, India. “Another is be-
cause the drugs aren’t available in a pharmacy near them.”

Graphic by Amanda Montaiez, Research by Miriam Quick
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Gender, age, caste and socioeconomic status
all determine who gets care, Menon says. Discrim-
ination based on these factors results in what re-
searchers call “social deprivation”: restrictions in
a person’s ability to access health care.

Those biases are not limited to low-income
countries. They frequently prevent access to
quality care in high-income countries, too, par-
ticularly if someone is Black or female. “The
places where we start to see a gender divide and
increased heart disease rates in women” is in
places where they experience discrimination,
says Mount Sinai cardiologist Mehran. “That includes right here
in the U.S., where there’s discrimination against them based on
income, education, and other factors.”

Women in cardiac distress are less likely to be noticed or giv-
en timely care. Heart disease and stroke cause 35 percent of
deaths in women, but their symptoms are different from men’s,
and surveys show that physicians are less confident diagnosing
heart attacks in women than they are in men. They are more like-
ly to attribute a woman’s heart attack symptoms to stomach up-
set or mental health issues. And women—particularly young
Black women—are less likely to receive treatment, either preven-
tive or once a heart attack has already occurred.

For her part, even after she had been diagnosed with cardio-
vascular issues, Carter-Williams was told nothing was wrong and
to “stop stressing out over her job,” she says. She was never tested
for blocked blood vessels, something that increases someone’s odds
of another heart attack. Despite a family history of heart disease
and earlier blood tests showing high cholesterol levels and elevat-
ed blood pressure, she received no prescription medications.

Nine months after her first hospital stay, Carter-Williams col-
lapsed at work, unable to walk or remember her name. This time
the hospital physician suspected seizures. Carter-Williams and
her husband were not convinced. After she was discharged, the
couple found a new neurologist, a Black woman, who diagnosed
her as having had a stroke.

The stroke left Carter-Williams unable to walk or keep up with
her job. She took early retirement at the age of 42. And although
she is on the mend, she has also taken steps to reduce her odds
of experiencing discrimination. After eight years of missed diag-
noses, she says, “I fired every one of my doctors who didn’t look
like me.” Her new care team are either Black or members of oth-
er minority groups, she says. “I wanted people who could under-
stand that there is bias.”

GROUND REALITIES

INEQUITY ENDURES because it is rooted in so many sources: uncon-
scious and conscious bias, centuries of racism marginalizing peo-
ple of color, a history of forcing those of least means and power
into environments that are the most polluted.

That legacy remains a reality for people of color or low socio-
economic status around the world. Research on social determi-
nants of health lags behind progress in drug development for di-

Global policies continue to prioritize

economic development over the health

of the most vulnerable communities.

abetes and hypertension. Starting in 1988, 40 years after the Fram-
ingham study began, researchers launched three similar efforts to
understand high rates of heart disease in Black, Hispanic and Na-
tive American communities. Over the years these and other stud-
ies have begun to reveal the importance of discrimination as a risk
factor for disease. One study in 2017 in JAMA Internal Medicine
found that Black people who lived in more segregated neighbor-
hoods experienced greater rates of hypertension. When they moved
to less segregated communities, their blood pressure improved.

“Segregation is a good proxy for a lot of the things we think of
when we think of structural racism, including education, earn-
ing potential and wealth,” says Kiarri Kershaw, the social epide-
miologist at Northwestern University who led the work. The brunt
of discrimination is borne out in other research, too. Studies in
Brazil, the U.S. and other countries have shown that people who
experience everyday discrimination, such as being passed over
for a promotion or being harassed by neighbors, tend to have
higher rates of hypertension. These social experiences are layered
over long-standing regulations and policies that exacerbate ineq-
uity. Discriminatory practices in housing and the development
of freeways, mines or factories usually result in low-income neigh-
borhoods or marginalized communities bearing the impact of
both air and water pollution.

Food policy is similarly biased. Governments in many coun-
tries impose lower taxes on the sale of highly processed foods
such as refined sugar or oils. Recipients of government subsi-
dies—who are usually poorer—are more likely to consume such
products. They are also less likely to be able to afford medicines
for chronic conditions such as hypertension or diabetes that re-
sult from excess consumption of these foods. Funding to improve
medical care for these precursors to heart disease has failed to
keep up with the surge in cases, in part because the burden of in-
fectious diseases has yet to wane.

Changing the social and political systems that exacerbate
heart disease is a complex, unwieldy process. Global policies con-
tinue to prioritize economic development over the health of the
most vulnerable communities in the world. Which means, Me-
non says, “marginalized groups tend to lose out on all fronts.”
Jyoti Madhusoodanan is an independent journalist based
in Portland, Ore. She covers the life sciences, health equity and
bioethics for Science, the Guardian, Undark, and other outlets.
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Mental
Health Care’s

Great Divide

The stress of COVID
fractured a system that
was already cracked

By Sarah Sloat

25 years, Richard Youins
struggled to find help with his drug addic-
tion. Youins is from New Haven, Conn.,
home to both Yale University and a number
of less affluent neighborhoods—his commu-
nity has been shaken by murders and drug-
related crimes during the pandemic. Sub-
stance use clinics and treatment sites were
available, but he felt the care they provided
overlooked who he was as a person. The
needs “of our community weren’t being
addressed,” says Youins, who is Black. “It
wasn’t realistic.”

Youins felt that traditional mental health care ignores the so-
cial, economic, emotional and faith-based needs of underserved
communities. “After hanging out and spending all my money on a
Saturday night, I would feel so ashamed I wanted to go and talk to

God,” but doing so felt out of reach because he felt unwelcome in
church settings, and the services available to him did not cultivate
that type of much needed support network, he says. Now sober,
Youins works as a peer-support specialist with the Connecticut Men-
tal Health Center and has seen how COVID worsened mental health
challenges in his city. “It’s a trying time,” he says.

Rates of mental illness were already high in the U.S., but the
pandemic intensified everything: Illness, loneliness, job loss, grief,
and other stressors related to COVID induced a nationwide rise in
anxiety and depression. As difficult as the pandemic has been, how-
ever, it hit some groups far harder than others. It exacerbated so-
cial and economic inequities already known to drive and sustain
poor mental health among marginalized communities. Those in
rural America, already less likely to receive mental health care than
those in urban areas, were particularly hard hit. So were people of
color, who are more likely to be hospitalized and die from COVID
and are less likely to receive mental health care compared with
white people. And for those who were unhoused or formerly incar-
cerated, the consequences have been profound.

Madhuri Jha, director of the Kennedy-Satcher Center for Men-
tal Health Equity at the Morehouse School of Medicine, witnessed
how COVID impacted unhoused people with serious mental illness
when she led a mobile behavioral health unit in New York City ear-
ly in the pandemic. “It wasn’t just death” that increased when the
pandemic hit, she says. “It was accidental overdose, suicide, incar-
ceration. It was people going missing and no way to account for it.”

Now experts in the mental health field are acknowledging that
they must confront ugly truths in the American health-care sys-
tem, including structural racism and classism. “The pandemic has
caused universal harm to everybody’s mental health, but for peo-
ple who are most vulnerable, for people who are most traditional-
ly oppressed and marginalized, that harm becomes greater and
more significant,” says Ruth Shim, who researches equitable ap-
proaches to mental health care as director of cultural psychiatry
at the University of California, Davis.

The pandemic was an urgent wake-up call for providers, com-
munity stakeholders and politicians, prompting them to reimag-
ine mental health care and delivery. Shim and others are looking
at how they can improve equity. What they are finding is that, to
succeed in underserved communities, they need solutions that fos-
ter a sense of belonging. These include expanding access to care,
improving research on community mental health and empower-
ing people to tackle their own problems.

Combining these efforts leads to the most robust and long-last-
ing response, says Helena Hansen, associate director of the Center
for Social Medicine at U.C.L.A’s David Geffen School of Medicine.
All efforts, she says, must be built on the understanding that issues
such as racism and classism drive social determinants of mental
health, such as unstable housing or lack of insurance. “The way
our system is set up now is deliberately crafted to exclude certain
people,” Hansen says. “If we want to address social determinants
that provide a sense of connection to others, which is really the
heart of mental health recovery, we have to rethink what mental
health care looks like.”
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“They have things | can’t medicate away.
They have things | can’t therapy away.”

ploded in popularity during the pandemic.

—Michael Mensah, a psychiatrist
at the Yale School of Medicine

GAINING ACCESS TO CARE
DURING HIS ADDICTION, Youins learned that just because mental
health care services existed did not mean they were accessible.
Although equal access to mental health care is broadly acknowl-
edged as a civil right, many still struggle to get it. One major rea-
son is cost: Not only is it expensive but many mental health prac-
titioners do not accept insurance, let alone Medicaid, because insur-
ance companies do not compensate them adequately. People who
are most likely to be in therapy are those who can pay out of pocket.

The obvious solution to expanding access in the U.S., Shim says,
is establishing universal health care, which would assure coverage
regardless of someone’s ability to pay. Until that happens, howev-
er, mental health organizations that are designed by and serve mar-
ginalized communities can play a meaningful role in overcoming
cost-related and social factors that reduce access to care. “We need
to be at the table, making decisions,” Youins says.

Some groups have emerged to do exactly that. One of the men-
tal health equity projects Youins works with is Imani Breakthrough,
a free, New Haven-based recovery program designed to help Black
and Latinx people overcome drug and alcohol use disorders with-
in a church setting. Another group called the Asian Mental Health
Collective (AMHC), which formed partly in response to the rise in
anti-Asian violence during the pandemic, connects 30 people per
quarter to eight free sessions of therapy with an Asian American
provider through its subsidized therapy program.

In addition to cost, another factor that might prevent people
from seeking care is stigma around mental illness. By confronting
and dismantling negative stereotypes about mental health, organi-
zations such as the AMHC and another group, called Rural Minds,
aim to expand access to care in their communities.

Jeff Winton founded Rural Minds after his 28-year-old neph-
ew, who worked on the family dairy farm in upstate New York, died
from suicide. Neighbors suggested Winton tell people that the
death was the result of natural causes. In rural areas, Winton ex-
plains, “mental health is not considered an illness; it’s considered
a character flaw.” Instead of covering up the suicide, he spoke about
his nephew’s struggles in his eulogy. Afterward, people lined up to
share their own experiences with mental illness.

In rural America, stigma is hardly the only issue: even when
people want care, they often cannot find a therapist. As of March
2022, more than 35 million Americans in rural areas lacked access
to a mental health provider.

One solution that has shown promise is telehealth, which ex-
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Pravesh Sharma, a pediatric psychiatrist in Eau
Claire, Wis., says the technology has enabled him
to talk with patients who would otherwise have
to travel for hours to reach his clinic. Now up to
40 percent of his practice is made up of tele-
health appointments. Such a call allowed him to
connect with a transgender patient in a rural
area who needed support communicating with
their conservative family. After their calls, Shar-
ma says, the client was better able to have con-
versations with their family and community.

Telehealth’s primary drawback is, yet again, access. It’s useless
when someone lacks an Internet connection, a private place from
which to call, a computer or mobile phone, or the ability to navi-
gate a digital environment—all common issues for people in poor
communities and communities of color.

THE HEART OF THE PROBLEM
GROWING UP NEAR YALE, Youins noticed that a number of the univer-
sity’s mental health studies were focused on the city’s Black popu-
lation, but his community rarely saw any lasting impacts. “People
come in and do a lot of research, but they don’t share that infor-
mation. They use us as guinea pigs,” he says. Because the projects
would come and go, “you can’t even measure if they really work.”

Researchers agree that to focus on the inequities of marginal-
ized groups, it is critical to gather data on their experiences. “Peo-
ple in Congress do not see a problem when there [are] no data,” Jha
says. But a data set is useless if it is not collected in a culturally sen-
sitive way, and current research tools are not always sensitive
enough to gather information about nonwhite populations. Non-
English speakers, for example, are usually not represented in men-
tal health data, because they do not understand survey questions,
Jha says. Furthermore, because people self-identify in a number of
ways, racial and ethnic demographics can be difficult to capture.

Historically biased systems also mean measurements of suffer-
ing among certain racial and ethnic minority groups can be inaccu-
rate. Mental health stigma prevents people from seeking care and
reporting symptoms in the first place. Even when they do, they are
often misdiagnosed as a result of longtime racialized diagnostic bi-
ases, which the psychiatric community has only now begun to ad-
dress. For instance, studies show that Black Americans are more like-
ly to be misdiagnosed with schizophrenia than white Americans.

Another issue with data collection on disparities is that most
efforts focus on measuring a community’s deficiencies rather than
its strengths, Jha says, which leaves “no pathway to actually un-
derstanding what the solutions are.” For example, a study might
focus on measuring how many people of color have a serious men-
tal illness but not their ability to withstand and adapt to the chal-
lenges their condition poses.

Ultimately good data are useful only when applied effectively
and appropriately. For research to translate into something that
serves the people it is about, Shim says, it must involve them
throughout the scientific process, from conceptualization of the
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study to dissemination of the results. And a share of the funding,
which often comes from government grants and may amount to
millions of dollars, should go toward supporting the communities
that the research is focused on. “The very communities that they’re
studying don’t see any of that investment at all,” Shim says.

COMMUNITY HEALING
ALLOWING COMMUNITIES to be engaged in their own care may be
the most important step toward achieving mental health equity.
“When a community is empowered to solve their own problems,
they’re often very effective,” Shim says.

Imani Breakthrough, where Youins is a peer coach, has been
recognized as a successful model for community mental health
support. Co-developed by psychiatry researchers Ayana Jordan of
New York University and Chyrell Bellamy of Yale University, the
program offers classes, provided in a church setting, to promote
wellness and recovery. Sessions are led by people from the local
Black and Latinx communities—usually a member of the church
and a coach who has lived with substance use. “The person sitting
on the other side of the table looks like me, knows about me and
knows we have similar things in common,” Youins says. This fa-
miliarity helps people in the program overcome hesitancy in seek-
ing care that often stems from discrimination they may face at tra-

for their own disproportionately affected communities are among
the hardest hit. During the pandemic, female, Black and Latinx
workers have reported higher stress levels than their male and
white counterparts.

“There’s a certain urgency in mental health care,” Hansen says.
A growing number of psychiatrists and therapists are reporting
burnout, and a record number are leaving clinical practice. Even
at a community-led group like CAHOOTS, COVID-related setbacks
made it difficult to retain burned-out staff, Felts says.

Jessica Dominguez, founder and lead clinician of La Clinica, a
program offering culturally sensitive mental health therapy to
Latinx patients at a Kaiser Permanente center in California, says
she has seen more BIPOC clinicians leave the company during
COVID than ever because they felt undervalued. With fewer Span-
ish-speaking and other bilingual clinicians available, non-English-
speaking patients have wait times that are much longer compared
with those of their English-speaking counterparts.

In October 2021 Dominguez and other mental health clinicians
working for Kaiser Permanente in California and Hawaii voted to
strike when the provider rejected their union’s proposals to in-
crease staffing. Some locations are still without a contract. Kaiser,
however, has spotlighted La Clinica as a diversity and inclusion
success story to be replicated.

ditional clinics. Holding classes in a church, which has cultural sig-
nificance, fosters a comfortable and welcoming environment.

Another successful model is Crisis Assistance Helping Out On
The Streets (CAHOOTS), a mobile mental health crisis interven-
tion program in Eugene and Springfield, Ore., that is more than 30
years old. CAHOOTS diverts mental health-related crisis calls away
from the police and toward its own team of trained specialists, who
handle crises without weapons or law enforcement. Funded by the
Eugene and Springfield police departments, it mostly serves peo-
ple marginalized by racism, classism and ableism, people who are
typically wary of police-led crisis responses, which often result in
arrest or even death.

CAHOOTS is staffed largely by survivors of mental health cri-
ses like Daniel Felts, who has worked for the organization as an
EMT and crisis worker for five years. When Felts attempted sui-
cide at age 19, six police officers with guns showed up. He was a
danger to himself, he says, “But then I became distinctly aware that
these folks could take my life if I made the wrong move.”

Felts later joined CAHOOTS because it provided a nonviolent,
unarmed response to mental health crisis calls, did not bill its pa-
tients and prioritized comprehensive care—everything from med-
ical aid to connecting people to food and shelter. It aims to “meet
people where they are and be sensitive to the intersectionality of
our patient population,” Felts says.

PROVIDERS ALSO NEED SUPPORT
ADMINISTERING equitable mental health care comes with a cost:
provider burnout. A survey of more than 20,000 health-care work-
ers between May and October 2020 found that 49 percent had
burnout and 43 percent suffered from work overload. Providers
who are Black, Indigenous and people of color (BIPOC) caring

“My community has been decimated,” Dominguez says through
tears. “My colleagues are devastated. They can’t work for a compa-
ny who doesn’t value them and who wants to harm their commu-
nity by depriving them of what they need.”

Giving communities what they need requires a rethinking.
Youins, for his part, has seen that equitable, culturally competent
mental health care is possible and can be life-changing. But even
though individual organizations and providers have taken inspir-
ing and meaningful steps toward mental health parity, they alone
cannot fix the crisis of inequity. The fundamental problem is big-
ger than them, bigger than the health-care system in which they
work. It is ingrained in the foundations of American society. This
is why Hansen and others argue that improving access to tradi-
tional care is not enough.

Equitable mental health care requires equity across all aspects
of life. The foundational drivers of health—access to nutritious
food, a clean environment, job security, freedom from racism and
police brutality—are bound to structural inequities, namely, rac-
ism. “As a mental health provider, I see it in my patients all the
time,” says Michael Mensah, a psychiatrist at the Yale School of
Medicine. “They have things I can’t medicate away. They have
things I can’t therapy away.”

Yet people have a remarkable ability to persevere, given the op-
portunity. Youins sees this resiliency when he meets with his Imani
Breakthrough group, which gathers at one of the oldest Black
churches in New Haven. There, he says, “people are finding mira-
cles within themselves.”

“The traditional way has its place,” Youins says. “But I think
we need to look at some things differently.”

Sarah Sloat is a writer and editor based in Brooklyn, N.Y.
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Tuberculosis is preventable
and curable, yet it afflicts
one quarter of the

world’s population—
mostly because of poverty

By Sofia Moutinho

MEERA YADAV GAVE BIRTH to her first baby in
2013, when she was a 23-year-old living in a
slum in Mumbai, India, with her husband’s
family. She was filled with joy and hopes for
a bright future. But four months later she
began having fevers and coughing up blood.

Yadav’s husband took her to a private hospital, where a doctor
prescribed blood tests, a chest x-ray and a sputum test.

She was diagnosed with tuberculosis, a disease at least 9,000
years old that has likely killed more people than any other plague—
as many as one billion in the past 200 years. Although the illness
may seem like a historical footnote in high-income countries, it
continues devastating poorer nations, afflicting the most disad-
vantaged: poor people, prisoners and those who are HIV-positive.

TBis a bacterial infection caused by Mycobacterium tuberculo-
sts. It spreads when someone coughs, pushing bacteria into the air.
In most cases, the immune system stops the bacteria from grow-
ing. It can remain in the body, dormant but alive, for years without
causing symptoms or spreading. These cases are difficult to detect
because people have normal chest x-rays and negative sputum tests.

But for about 10 percent of infected people, like Yadav, the in-
fection develops into a serious disease and becomes contagious.
Nearly two billion people—one quarter of the world’s population—
are infected today. Roughly 10 million fall ill annually. Without
treatment, most cases lead to prolonged illness that culminates in
fatal respiratory failure; TB Kills about 1.5 million people every year.

The World Health Organization estimates that more than
95 percent of these deaths are in low- and middle-income coun-
tries where malnutrition, lack of health care and crowded hous-
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THE SITYAYA FAMILY. in
Khayelitsha, South Africa,
all had tuberculosis, except
for the baby, who received
preventive treatment.

Photograph by Jonathan Torgovnik
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TB Strikes the Poor

These World Health Organization data show the pattern: Across the globe, poverty and tuberculosis go hand in hand. In wealthy
countries, rapid detection prevents spread, and effective drugs cure most cases. Butin poor and middle-income nations where

crowded conditions foster disease and affordable treatment is hard to find, TB kills more than one million people every year.

TB Prevalence and Gross Domestic Product in the World’s 10 Most Populous Countries
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ing allow the disease to thrive and spread. In these places, inade-
quate public health systems fail to detect many cases, and effective
treatment may be too expensive or unavailable. “Wherever there
is poverty within a country, TB will find such people,” says epide-
miologist Madhukar Pai, a TB expert at McGill University. “It’s
mostly Black, brown, Indigenous and poor people who suffer from
TB, and that’s why it doesn’t get much attention.”

It was easy for TB to find Yadav. She was living in poverty amid
dilapidated houses stacked close together. Mumbai is one of the
worst hotspots in India, a nation that accounts for one quarter of
all diagnoses worldwide.

There is a desperate need for more research on TB. The one ex-
isting vaccine is ineffective in adults and almost a century old.
Many strains of TB have developed resistance to antibiotics, and
some are resistant to many or all drugs used to treat the disease.
For years the WHO has been calling on nations to invest in devel-
oping better drugs and diagnostics. The agency estimates that an
extra $1.1 billion is needed every year.

In recent years, global TB cases declined about 2 percent annu-
ally, too slow to hit the United Nations goal, announced in 2015, of
ending the pandemic by 2030. The COVID pandemic exacerbated
TB, overwhelming national health systems, making it impossible
for many patients to receive treatment and pushing more people
into poverty. “Even before the pandemic, we were not making good
progress,” Pai says. “But the past two years have been so bad that
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we have lost something like 10 years of progress in TB.” In 2021, for
the first time in more than a decade, TB mortality increased.

Despite this slide, there are reasons for hope. Across the globe,
innovative initiatives focused on the most vulnerable patients are
targeting prevention, detection and treatment. None of these ef-
forts alone will vanquish TB. But they point the way forward to a
future in which the disease is no longer neglected.

FIGHTING THE RESISTANCE
AFTER HER DIAGNOSIS, Yadav was hospitalized for a month, at a
cost of 300,000 rupees (almost $4,000), arduously paid by her
husband’s family. Once home, she was separated from her new-
born, and her relationship with her husband and in-laws soured.
“They all discriminated against me because I had TB,” she
remembers. Despite treatment, she did not improve.

Her husband took her to a second hospital, where they diag-
nosed her with MDR-TB (multidrug-resistant tuberculosis). Her
treatment now involved 13 different medications, including injec-
tions of kanamycin, which can cause permanent hearing loss and
kidney impairment. Instead of the six-month course that cures
most TB, MDR-TB treatment can last as long as 48 months, with a
success rate of only 59 percent. India estimates that about 130,000
people get sick with MDR-TB every year, but less than half of those
cases are diagnosed, and even fewer are treated. Errors in diagno-
sis and treatment fuel the transmission of drug-resistant TB.

Graphic by Amanda Montariez
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“We [doctors] are somewhat responsible for the increase of
MDR-TB,” says pulmonologist Vikas Oswal, who divides his time
as a TB physician between public and private sectors in Mumbai.
Medical errors and failure to follow up on patients are common,
especially in the private system. In India, public-sector TB treat-
ment is free, but patients often face long lines. Instead more than
half seek private care, which is faster but not as prepared to deal
with TB. Most private clinics don’t have access to medications to
treat MDR-TB, and doctors see as many as 14 patients at the same
time in an exam room, he says.

Seven months after her second round of treatment, Yadav’s fe-
ver came back, and she woke up early one morning coughing blood.
A CT scan showed her right lung was collapsing and had to be re-
moved. She spent another month in the hospital, at which point
her husband’s family evicted her and took custody of her son. She
moved back to her parents’ house, where her mother was already
suffering from a case of untreated TB that would soon Kill her. “I
attempted suicide twice,” Yadav says. “I asked myself: Why me? I
questioned why God had chosen me to bear all that.”

Three years after her initial diagnosis, a friend referred Yadav
to a Doctors without Borders clinic in Mumbai. They offered to
treat her for free, this time with newer drugs. With help from psy-
chologists, she convinced herself to try again, mostly for the sake
of her son. She got bedaquiline and delamanid, two potent and less
toxic medicines for MDR-TB introduced in 2012. “These drugs
saved my life,” Yadav says. In 2018, almost six years after her diag-
nosis, she was cured. The WHO now recommends both drugs as
standard treatment for MDR-TB, but access is an issue in India.

Until 2019, the country relied on pharmaceutical company do-
nations of these medicines. Today the government pays about $350
for a six-month course of bedaquiline and $1,200 for delamanid.
The prices are too high for India to treat all who need it. In 2019
alone, 66,255 people were diagnosed with MDR-TB in India, but
only 2.6 percent received the newer drugs.

In 2021 Yadav and another TB survivor filed a petition in the
Bombay High Court requesting the national government invalidate
the medications’ patents—which expire after 2023—allowing Indi-
an drug companies to manufacture cheaper generic versions. The
lawsuit, delayed because of COVID, is unlikely to succeed: India has
issued this kind of license only once before, for a cancer drug in 2012.

Yadav remains hopeful about the case. She still gets breathless
quickly and must regularly drain liquid from her lung. But she has
found inspiration in fighting for other patients. “I want to make
sure that no one has to suffer what I did,” she says.

DANGEROUS AIR

CHILDREN ARE ESPECIALLY vulnerable to developing severe TB; they
account for 11 percent of cases and 13.8 percent of deaths world-
wide. But prevention and treatment usually focus on adults, who
are more likely to spread the disease, and children are often over-
looked. Of the estimated 200,000 children who die of TB every
year, 90 percent are never diagnosed or treated.

A South African program, led by national and municipal de-
partments of health in partnership with Doctors without Borders,

protects members of this vulnerable group living in the shanty-
towns of Khayelitsha and Eshowe.

Nurse Ivy Apolisi wanders the unpaved alleys of Khayelitsha,
searching for her patients among tiny shacks made of tin, wood
and cardboard. Here most homes lack formal addresses, indoor
toilets, running water or electricity. Families of 11 or more often
share a single room with little or no ventilation. “If one is cough-
ing, it is so easy to infect another,” she says. Khayelitsha has one of
the highest burdens of TB in the country, with surging cases of
drug-resistant strains.

Apolisi, together with a physician colleague, ensures that chil-
dren in close contact with her TB patients take the daily preven-
tive medication isoniazid for at least six months, as recommended
by the WHO. The practice is routine in wealthy nations but not
poorer ones.

In Khayelitsha, COVID brought a spike in TB transmission and
mortality. Children stayed indoors, sharing air with their sick rel-
atives. So the team began making house calls rather than asking
adults diagnosed with TB to bring their children to clinics. Apoli-
si checks any children in the household for signs of TB. Children
with symptoms head to the clinic for tests. Those who are not ill
get preventive treatment. Some are as young as six weeks old. For
children up to three years old who can eat solid food, the team dis-
solves the medicine in mango yogurt, an exciting treat for them.
“Preventing TB in children is much better than watching and wait-
ing to see if they will get sick,” Apolisi says.

Only 2.8 million people worldwide received preventive medi-
cation in 2020, a 21 percent slide from 2019. “We are not doing
nearly enough to prevent TB and drug-resistant TB in children,”
says Jennifer Furin, an infectious diseases clinician at Harvard
Medical School who has been working with TB in developing na-
tions for more than two decades.

So far the South African program has enrolled more than 300
families and provided preventive treatment to 200 children, none
of whom developed the disease. The project can serve as an exam-
ple, Furin says. “We have to focus on prevention in households if
we want to make a dent in the TB epidemic.”

TB BEHIND BARS
PRISONERS ARE ANOTHER neglected group in the TB pandemic, and
they often face an unintended sentence. Conditions such as over-
crowding, poor ventilation and poor nutrition make them sus-
ceptible to the disease. And because most convicts enter prison
with prior risk factors such as malnutrition and substance use,
they are even more vulnerable.

Last August, Eduardo da Silva, a 22-year-old inmate in a prison
in the state of Mato Grosso do Sul in southwestern Brazil, had the
misfortune to face all these conditions at once. Locked behind a
thick steel door, a tiny hole his only window, da Silva was wracked
with fever, cough, chest pain and night sweats. Other convicts
forced him to sleep in a corner on the cold floor, thinking he had
COVID. Isolating was impossible because da Silva shared a cell
twice the size of a king-size bed with more than 50 people. “I
couldn’t do anything but lie down,” da Silva recalls, but space in
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the cell was so tight that people often slept in a sitting position or
on top of one another.

He had no energy to walk or eat, and in two months his weight
plummeted to 89 pounds. It was TB, not COVID.

It has become a common story in South America. While TB has
declined across the world, here it has surged along with incarcera-
tion. The incarcerated population grew by 200 percent in the past
two decades. Among that group, TB cases more than doubled from
2011 to 2017, according to a Lancet study. Brazil accounts for almost
half of that increase. Those entering prison in Brazil have roughly
average infection rates, but their risk increases 25 percent each year
of incarceration, according to a study co-authored by Julio Croda,
an epidemiologist at the Federal University of Mato Grosso do Sul.
“Prisons are TB amplifiers,” Croda says. “But unfortunately, most
people in society don’t care about what happens in prisons.”

They may not care, but prison walls are not strong enough to
keep TB inside. The disease spreads among inmates, visitors and
workers alike. To trace the path of infection, Croda and his col-
leagues compared the genomes of TB bacteria sampled from pris-
oners and recently released convicts. In Mato Grosso do Sul, they
identified at least 18 chains of contagion by which prisoners and
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ex-convicts transmitted TB to others. In one sample of
320 cases of people never incarcerated, half were direct-
ly connected to prisoners. Because TB can remain dor-
mant, researchers have found inmates may become ill
and infectious up to seven years after release.

Croda and his colleagues are developing a strategy to
stop this spread, conducting mass screenings in three ma-
jor Brazilian penitentiaries in Mato Grosso do Sul. Since
2017 they have tested more than 7,000 inmates for TB ev-
ery nine months using the standard sputum test plus ar-
tificial-intelligence software that assesses chest x-rays.

When da Silva was diagnosed with advanced TB, he was
scared. His father had had TB in prison and was never
properly treated, so he did not realize the disease was cur-
able. After counseling and treatment, his confidence grew.
“I felt the health team cared about me, and they told me I
would be cured,” da Silva says. “So I took the medicines.”

TB spreads quickly in prisons, but it also can be bet-
ter controlled there because prison staff ensure treatment
adherence. “Everyone in the cell helps each other to keep
the treatment going,” says Andrea Santos, a nurse with
the project. The intervention cut TB cases by half in one
prison in Mato Grosso do Sul. Predictive models designed
by Croda and his collaborators suggest that mass screen-
ing in prisons can reduce TB prevalence in surrounding
communities by nearly 20 percent.

After six months of treatment, da Silva is cured. He is
back to his normal weight and says he feels good. But he is
an exception. Mass-screening programs for TB in prisons
are rare because there is a general failure to recognize the
role of prisons in the disease. The WHO does not keep any
official record of TB cases among prisoners or list them as
arisk group. “We won’t reduce TB incidence, especially in
South America, if we don’t address this population,” Croda says.

FIGHTING A SOCIAL DISEASE

THE COVID PANDEMIC amplified an important lesson in public
health: conquering a disease requires multiple combined efforts.
“We learned with COVID that masks were good, but not enough.
Isolation was good, but not enough. Vaccines were good, but also
not enough,” Pai says. “Now is the time to do the same with TB.”

A comprehensive approach to TB requires investment in
screening, preventive therapy and better drugs but most of all in
fighting poverty. Universal health care and increased income cor-
relate directly with a drop in TB rates. To make real progress, Pai
notes, governments and public health organizations must tackle
social aspects of the disease, such as stigma, crowded living con-
ditions, malnutrition and the economic burden of treatment. “If
we focus on only the biomedical aspects of TB, we can make an
improvement, but we will never control the epidemic,” he adds.
“There is no way to really solve TB without tackling inequality.”

Sofia Moutinho is an award-winning Brazilian journalist covering health

and the environment, appearing in Science, Nature, NPR, and elsewhere.
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Profiles in
Health Equity

Four innovators are
finding new solutions for
the problem of injustice

By Julia Hotz

better medicine, more
knowledgeable doctors or stronger data on disease.
But these benefits are not equally shared. To take
one conspicuous example: two years of data from
the Centers for Disease Control and Prevention show
that Black, Hispanic and Native American people are
significantly more likely to be hospitalized and die
from COVID than white people in the U.S.

Health inequity includes the lack of access to appropriate care, the failure to
address social factors that influence health, and the dangerous conditions that
people in some neighborhoods endure. Achieving equity requires campaigns
on all these fronts. These four health-care champions—a data-digging epide-
miologist, an activist midwife, a doctor who traded clinic work for community

activism and a pollution-tracking entrepreneur—embody that effort.

—JH.

MICHAEL
MARMOT

Michael Marmot has spent his entire life
working with data—finding, analyzing and
applying them. When he was 12, his focus
was cricket statistics. When he was a stu-
dent, it was branches of medicine; he mas-
tered biochemistry, physiology and epidemi-
ology. And when he was a physician in the
1960s in Sydney, it was his patients. Marmot
was fascinated by what united or differenti-
ated them, as if they, too, were a data set.
Marmot's mindset would eventually influ-
ence millions of other physicians by inspiring
tools to identify the social determinants of
health. Back then there was no such frame-
work. “There was this idea that the social
conditions that so clearly affected patients’
health were out of the reach of doctors,” he
says. When he thought about an immigrant
mother who was abused by her husband and
struggled with chronic pain or about a young
woman who had had a difficult childhood
and now experienced depression, he won-
dered: Why treat people and then send them
back into the situation that made them sick?
In 1971 Marmot pivoted to research, pur-
suing a Ph.D. at the University of California,
Berkeley, to study coronary heart disease

lllustrations by Joel Kimmel

(CHD). Textbooks at the time blamed it on
behavioral factors such as diet and smoking,
but Marmot suspected stress and social fac-
tors contributed, too. His 1976 analysis of
medical records from Japanese American
men confirmed it—the men with the most
Westernized lifestyles had rates of CHD
three to five times higher than those of men
with more traditional Japanese lifestyles, a
difference not explained by food or tobacco.

His Whitehall studies in the late 1970s
and 1980s similarly revealed that the health
of British civil servants was related to factors
such as income and job satisfaction. Marmot
found that the lower employees were in their
workplace hierarchy, the higher their risk of
dying from heart disease.

Over the next 30 years Marmot amassed
more insights and data. In 2012, for instance,
he found that the strongest predictors of
health for adolescents are national wealth,
income inequality and access to education.
His work established and legitimized the
phrase “social determinants of health”in
health policy and medical circles.

Marmot's approach changed how physi-
cians, public health experts and govern-
ments think about health inequity. In 2008
the UK. secretary of state for health asked
him to investigate health gaps. The resulting
“Marmot Review" revealed that injustice
degrades the health of nearly all UK. citizens
and is preventable.

Because of Marmot's influence, physi-
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cians today have ways both to talk about so-
cial conditions and to address them through
community partnerships—a practice called
social prescribing. “Understanding the social
determinants of health ensures you focus
on what matters to patients rather than just
what the matter is with them,” says Sam
Everington, a general practitioner at the
Bromley by Bow Center in London, who pio-
neered social prescribing and cites Marmot's
work as crucial for training doctors.

Today Marmot directs the University Col-
lege London Institute of Health Equity. His
work has been cited more than 250,000
times. His Review has spread, from the east-
ern Mediterranean in 2019 to Manchester in
2021. His focus is still on data: “Health equity
comes from greater equity in society,” he says.
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DELIVERING
EQUITY AT BIRTH

SHAFIA
MONROE

As a teenager in Boston in the 1970s,
Shafia Monroe learned a startling fact:
Black infants were more likely to die than
babies of any other race. And there
seemed to be no urgency in the scientific
community to address the disparity. “We've
got Harvard [and] Tufts, and nobody's do-
ing anything,” she remembers thinking.

This early knowledge sparked a life-
time's work in expanding Black mothers’
access to doulas and midwives—caregiv-
ers who help mothers with practical and
emotional support during labor and deliv-
ery. For this work, Monroe has come to be
recognized as the mother of the Black
midwives’ movement.

Because Black women are frequently
misdiagnosed, mistreated and racially
stigmatized in health care, they and their
babies are more likely to die in childbirth.
Inspired by Black women known as “gran-
ny” midwives who helped mothers like
them in the postemancipation South,
Monroe trained as a midwife herself and
realized something important: if more
Black mothers could get one-on-one birth
support from other Black women, they
and their babies might be healthier.

She did not yet have empirical proof,
but she knew Black women wanted sup-
port from other women of color—either
midwives, for at-home births, or doulas,
for hospital births. In 1978 Monroe

formed the nonprofit Traditional Child-
bearing Group, and she soon began work-
ing with similar professionals from Ghana,
Uganda, Pakistan and Alabama. Together
they trained midwives, taught $5 birthing
classes, provided breastfeeding informa-
tion and supported at-home births. In
1988 the Massachusetts Department of
Public Health started funding their work.
“Doctors were calling us up because peo-
ple were having better birth outcomes,”
Monroe recounts.

Since then, research has affirmed her
observations. In 2007 a comparative anal-
ysis of birth outcomes among more than
11,000 women found that second-time
mothers with doula support had lower
rates of cesarean deliveries. A smaller
study in 2017 found that women with dou-
las had lower rates of preterm birth and
of low-birthweight infants.

In 1991 Monroe launched the Interna-
tional Center for Traditional Childbearing
(ICTC), which has trained more than 2,000
doulas. In 2011 she helped Oregon pass
legislation that reimbursed doulas through
Medicaid. Other states are following suit.

“Community-competent and culturally
and structurally competent doulas can
help make the labor room safer for a birth-
ing woman,” says Arline Geronimus, a re-
search professor at the University of Michi-
gan Population Studies Center, whose
work has demonstrated the health burden
of racial discrimination on Black mothers.
She praises the ICTC for training doulas
who are more likely to be trustworthy to
women of color, as well as its policy work
to allow those with low incomes to access
doula services.

Inequity persists, however; compared
with their white counterparts, Black infants
are 2.3 times more likely to die, and Black
women are 3.5 times more likely to die
of pregnancy-related causes. So Monroe's
work continues through actions such as
advocating for an Alabama bill to expand
access to traditional midwife care, as well
as mentoring others fighting for birth jus-
tice. “l was alone for many years, but the
movement has birthed itself into the next
generation,” she says.

Julia Hotz is a journalist reporting on systemic solutions to loneliness, anxiety, depression

and disease. Follow her on Twitter at @hotzthoughts
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TREATING INEQUITY
AS DISEASE

VERA
CORDEIRO

Vera Cordeiro founded one of the world’s
most influential health programs, but as
a child she never wanted to go near medi-
cine. She loved art and literature, spending
her days writing poetry in her treehouse
and reflecting on the ways she, born into
a wealthy family outside Rio de Janeiro,
experienced life differently from her
neighbors—many of them sick and poor.
Following family pressure, Cordeiro
went to medical school, where she met
a professor equally interested in people.
If someone died of a heart attack, that
professor would encourage his students
to consider how circumstances such as
the patient's marriage or job affected
their iliness. In 1988, while working in the
pediatric ward of Rio's Hospital da Lagoa,

THE AIR
WE BREATHE

DAVIDA
HERZL

Growing up in southern California, Davida
Herzl used to look out to the Port of
Long Beach with her parents, who ran

a supply-chain business, to watch the
container ships come in. She wondered
how those ships’ emissions affected
people living nearby. “You see the under-
belly of what it takes to live our lives with
convenience,” she says now.

As an adult, Herzl created a powerful
sensor-based pollution-measurement
system to prove what many people sus-
pected: poor neighborhoods have poor air.

The social justice component of her
work took root long ago, she says, when
she was growing up as a multiracial
Jewish girl with a belief that everyone
is entitled to clean air. But it was not un-
1il 2008 that she found a way to act.
Alandmark study published that year
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Cordeiro saw for herself how life and med-
icine intertwine.

“We'd treat a child for pneumonia, but
then we'd send her back to a house where
she could not eat well or where her father
was jobless, and then she'd come back
again with a different infection,” Cordeiro
says. Other doctors faced the same frus-
trations, so she started asking her patients
nonmedical questions such as whether
they had food or clean water or jobs, and
she called on other medical professionals
and friends to help them.

In 1991 she turned that informal prac-
tice into a formal organization by founding
Associacdo Salde Crianga Renascer at
the hospital. Through the association, doc-
tors can screen for poverty, unemployment,
housing issues and other root causes of
disease, and volunteers help to fulfill those
needs with money, food and other resourc-
es. The teams also help the parents devel-
op Family Action Plans, setting long-term
goals around things such as access to nu-
tritious food and training for a stable job.

“Saude Crianca is a pioneer in the de-

sign and delivery of comprehensive antipov-
erty programs,” says James Habyarimana
of Georgetown University, a public policy
professor specializing in health outcomes.
He praises the organization for recognizing
how one dimension of poverty, such as in-
come, affects other dimensions, such as
housing, which together determine a child’s
health. He says it could be replicated in all
but the poorest parts of the world.

Children who were enrolled in the pro-

gram were significantly less likely to need

surgery or clinical treatment, according to

Habyarimana's 2013 study. If they were

hospitalized, their stays were 86 percent

shorter than other children’s. At the start
of the program 56 percent of families
identified their well-being as bad or very
bad, but by the end b1 percent reported
it was good or very good.

That success might explain why the
organization, now called the Dara Institute,
has grown rapidly. It has served 75,000 peo-
ple across Brazil and inspired some 20 pro-
grams in Africa, Asia and Latin America.

It has even reached Baltimore, where, since
2017, the University of Maryland has been
adapting Dara’'s methods to its local context.

Now 71, Cordeiro is president of the
Dara Institute and is still fighting for the per-
son behind the disease. She shows before-
and-after photographs of patients’ houses—
bathrooms once dilapidated and doors once
cracked now renovated, allowing families
to live with more dignity in their homes—and
says their stories keep her going: “People
move my heart.”

linked air pollution with premature mortality
and a range of ilinesses, including asthma,
respiratory infections, lung cancer and
heart disease. Those consequences dis-
proportionately affect communities of color,
subsequent research found.

The entrepreneur in Herzl emerged
shortly after. Despite pressure to reduce
emissions, most stakeholders did not know
how to address the problem. “We were
completely missing the data and measure-
ment infrastructure to understand two very
critical things: Where are emissions coming
from, and who are they impacting?” she
says. In 2010 Herzl launched Aclima, a
technology company that uses sensors to
measure air pollution and greenhouse gas-
es at the hyperlocal level. Aclima creates
high-resolution air-quality maps by aggre-
gating data points over time, showing
where, for instance, carbon dioxide or car-
bon monoxide is concentrated.

Aclima has teamed up with governments
and local organizers that use the resulting
data maps to catalyze action. In 2015 a proj-
ect with NASA, the U.S. Environmental Pro-
tection Agency and Google used Aclima

sensors on Google Street View vehicles to
carry out a comprehensive air-quality analy-
sisin Denver. In 2019 a similar effort in San
Diego revealed high concentrations of fine
particulate matter and black carbon in Otay
Mesa and San Ysidro, communities with
busy border ports. Those two pollutants are
associated with lung and heart dysfunction
and poor cognitive function. That same
year a block-by-block analysis of West
Oakland measured especially high levels
of nitrogen dioxide in Marcus Garvey Com-
mons and near the Mandela Parkway,
where some of the highest poverty rates

in the Bay Area are found.

“The work being done by Herzl with local
organizations is so important because it helps
to identify which communities should be
prioritized when creating policies to reduce
pollution exposure,” says David Reichmuth,
senior engineer at the Union of Concerned
Scientists. His 2019 report demonstrated
that in California, Latinos, African Americans
and Asian Americans are exposed to more
vehicular pollution than are white people.

Reichmuth points to West Oakland,
where Aclima’s air-quality analysis was
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used by community groups such as the
West Oakland Environmental Indicators
Project to generate a plan designed to re-
duce emissions.

With these and other initiatives, data
lead the conversation, Herzl says: “It's less
about finger-pointing and more about say-
ing, ‘Here's the science. What are we col-
lectively going to do about it?"”
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Gatekeepers

of Health

HIV care has improved
dramatically—but
not for everyone

By David Malebranche

Nicole, whose real name

has been changed to protect her privacy, walked into an
HIV treatment clinic in Atlanta, Ga., expecting something
different. She had shouldered a lifetime of discrimination
for being both Black and transgender while also dealing
with HIV, diabetes and hypertension. She worked as a man-
ager of a fast-food restaurant while parenting several
LGBTQ youths. Accessing consistent health care was a daily
battle, and Nicole’s past interactions with providers had left
her feeling discouraged. But she and I had hit it off during
a previous telemedicine appointment, so she scheduled a
face-to-face visit at the clinic where I worked. As a Black,
same-gender-loving physician, I wanted to do better by her.

Despite the amazing scientific advanc-
es in HIV care that have taken place since
the epidemic began 40 years ago, many
people in racially and sexually minoritized
communities still fall through the cracks.
Some can’t afford care, and others can’t ac-
cess it because of job or family demands,
lack of transportation or documentation,
or other barriers. Many face stigma and
discrimination from medical providers
themselves. I was determined to do every-
thing I could to change the narrative of Ni-
cole’s health-care experiences that day.

She obtained HIV medications through
the AIDS Drug Assistance Program, which
provides antiretroviral therapy (ART) for
the uninsured. To remain eligible for the
state-sponsored program, she endured cum-
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bersome bureaucratic paperwork, drove 45
minutes each way to the clinic for regular
visits and attended required meetings with
a benefits counselor every six months. To
save money, she filled prescriptions for
some of her other conditions at several dif-
ferent local pharmacies. She got her hor-
mones off the street because a previous cli-
nician had refused to prescribe them unless
she sought mental health counseling first.
Nicole arrived 30 minutes late for our
appointment after a long commute into the
city during rush-hour traffic. As we dis-
cussed her gender identity, sexual health
and romantic partners, I saw a surprised
look on her face, suggesting to me that few
clinicians had asked her these questions be-
fore. Her physical exam was mostly normal,
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except for extensive anal warts. “They’ve
been there a long time,” she said. “No one
knows what to do with them.” I imagined
some medical providers being so uncom-
fortable with her being transgender that
they bypassed the genital exam altogether.

As we sat together in that sterile exam
room, I realized that the medical commu-
nity had failed her, and it wasn’t because of
a lack of advances in HIV treatment and
prevention. ART has evolved from toxic
medications taken multiple times a day to
single-tablet regimens with few side effects.
‘We now have bimonthly injections that can
maintain full viral suppression. First ap-
proved in 2012, preexposure prophylaxis, or
PrEP, given as a daily oral pill or bimonth-
ly injection can reduce one’s chances of con-
tracting HIV by 90 to 100 percent. Despite
these great scientific strides, Nicole wasn’t
reaping the benefits of this progress.

What'’s to blame? Many social, institu-
tional and interpersonal medical barriers
are. Inequities in housing and food inse-
curity, access to insurance, and bias and
stigma in medical care contribute to per-
sistent racial and ethnic disparities in HIV
incidence rates, engagement in care and
viral suppression. For Nicole, HIV is just
one of many circumstances that make ev-
eryday life challenging. America’s frag-
mented and dysfunctional health-care sys-
tem only makes things worse.

These disparate HIV health outcomes
are complicated by a labyrinth of bureaucra-
cy within medical spaces that make it near-
ly impossible for many to access medica-
tions that should be within their reach. This
includes cumbersome paperwork to obtain
ART if one is uninsured, underresourced
clinics and medical staff burnt out from
COVID, and institutional policies that pri-
oritize visit numbers and copay billing over
patient-centered care. For people living
with HIV, these issues within our nation’s
clinics can make getting and staying on
ART a climb that feels insurmountable.

After her exam, Nicole asked, “So, can I
get my lab work done?” Unfortunately, be-
cause our appointment started late, the
technicians had already left for the day. She
would have to make another trip. Even our
clinic, which worked hard to help those who
needed it most, wasn’t flexible enough to
help her on this occasion. As I watched her
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face cloud with disappointment, I feared we
would lose her again. I feared that I was fail-
ing her, like so many clinicians before me.
Despite my concerns, Nicole told me she
left that day feeling encouraged because she
felt heard for the first time in eons. We
planned to restart her ART, refer her to
colorectal surgery to evaluate her warts, ex-
plore insurance options with her employer
and consolidate all her medications at a sin-
gle pharmacy. I sent in her hormone pre-
scriptions, confirming what she already
knew: there is no universal policy requiring
amental health specialist to approve them.
The burden of improving HIV preven-
tion and treatment is now on the shoul-

ders of our medical systems. As we seek to
provide more equitable care, statewide
and national policy improvements must
be accompanied by changes within health-
care systems and clinics: We must enhance
case management staff to ensure patients
can get to their appointments and under-
stand the processes required to access
treatment. We must make sure patients
can have necessary blood work done on
the day of their checkup appointment. We
must develop sensible patient-flow proto-
cols to ensure that people are seen in a
timely and efficient manner. Offering pa-
tients a diverse range of appointments,
such as telehealth, walk-ins and house
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calls, can accommodate the fluidity of life.
Clinics need to hire staff and providers
who reflect the communities served, and
they should invest in cultural humility
training to reduce bias and stigma in treat-
ment. Modifications at the clinic level,
though relatively small compared with
sweeping national policies, can have an
enormous impact on whether someone liv-
ing with HIV decides to continue access-
ing care there or not.

Medical approaches to HIV prevention
and treatment have come a long way.
These revolutionary breakthroughs can
help tackle the current HIV health inequi-
ties in the U.S. and ultimately lead to a
cure. But this will all be for naught if the
medical systems and personnel who are
the gatekeepers to these advances act more
like health-care barriers than facilitators.

I'd like to tell you that the work we did
that day helped Nicole feel more optimis-
tic about trusting medical systems and
providers. I’d like to tell you that her future
clinic appointments went smoothly and
didn’t require repeat visits. I'd like to tell
you that she found her voice with her em-
ployer, obtained private insurance through
herjob and is now receiving care for all her
medical issues. I'd like to tell you she is be-
ing treated by other medical staff with the
dignity and respect she deserves.

But I can’t. She missed our next appoint-
ment, and by the time the clinic was able
to reschedule her, I had stopped working
there. Truth is, patients fall out of care more
often than we like to admit, sometimes be-
cause of a revolving door of clinical provid-
ers entering and leaving these settings. I
took solace in knowing that we had connect-
ed that day and that I did my best to give her
the medical care she deserved. Perhaps our
interaction restored her faith in human con-
nectedness—a dynamic that may alleviate
some of the harm inflicted by broken and
discriminatory health-care systems. Nicole
came to our appointment expecting some-
thing different. I hope she now realizes that
something different is possible.

David Malebranche is an internal medicine
physician with 20 years of clinical and

public health expertise in sexual health and
HIV/STI treatment and prevention. He resides
in Atlanta, Ga.
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MIND MATTERS

Men Aren’t
from Mars,
nor Are Women
from Venus

Most personalities blend characteristics
associated with both traditional genders

How different are men and women really? About 30 years ago,
if dating guides are any indication, some people assumed vast
differences in personality, with Men Are from Mars, Women Are
from Venus relationship advice. Today, in contrast, certain
communities are pushing back against the idea of binary gen-
der, which presents men and women as separate categories.
(A quick reminder: gender—described in terms such as “man,’
“woman” and “nonbinary person”—has strong cultural and
social components. But sex—sometimes described with adjec-
tives such as “male,” “female” and “intersex”—refers to a combi-
nation of biological features.)

Scientists are also taking harder looks at gender, sex and
personality. For one, researchers are debating how big the per-
sonality differences between cisgender men and women truly
are. (These are people who describe themselves as either a man
or a woman and say that this gender identity aligns with their
sex assigned at birth.) The answer depends on how psycholo-
gists measure an individual’s characteristics.

For example, a study involving more than 300,000 people in
the U.S. who self-identified as either male or female looked both
at broad personality traits, such as extraversion and agreeable-
ness, and at more specific aspects of these traits, such as a warm
communication style or a tendency to act altruistically. In this
sample, researchers found moderate differences between male
and female participants in the broad traits but, in most cases,
larger differences at the more specific level. Overall, for instance,
both male and female people in the study were similarly extra-
verted (a broad trait). When the scientists looked at specific
aspects of extraversion, however, they found that male partici-
pants, on average, sought out exciting situations more often
than female ones did. And female participants demonstrated
higher activity levels than male ones.

To test the most comprehensive set of personality traits to
date, our project, ClearerThinking.org, ran a series of 15 stud-
ies and conducted analyses on more than 15,000 people. Our
analyses are limited to cisgender men and women: 98 percent
of the participants in our research identified themselves this
way, so we did not have enough data to shed light on the per-

Spencer Greenberg is a mathematician
and founder of ClearerThinking.org.
Holly Muir is a researcher at Clearer-
Thinking.org.
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sonality traits of nonbinary and transgender people. From the
data, we discovered 18 specific self-reported traits that varied
between these men and women. Next, we built an algorithm
designed to predict a person’s gender based on their self-
reported scores on those traits, which was accurate 78 percent
of the time. That accuracy is high but far from perfect, revealing
the challenge of predicting an individual’s gender from their
combination of traits. Finally, we adapted our study question-
naire—in which people rated how much they agree with state-
ments such as “I laugh aloud” and “I frequently worry”—into an
online interactive assessment.

To create the questions for our studies, we cast a very wide
net, looking at large personality projects, reviewing the aca-
demic literature and crowdsourcing ideas. We ended up testing
more than 600 personality questions for gender differences be-
fore identifying the 18 traits with the greatest variation between
the self-identified men and women in our sample. These traits
included not only the broad characteristics that are widely used
in psychological research (such as extraversion and agreeable-
ness) but also more specific patterns of thought and behavior,
such as how frequently an individual takes risks or their degree
of focus on aesthetics. We also double-checked our conclusions
by running a final study to replicate the major findings. Ulti-
mately we found no large differences in personality between cis-
gender men and women on any traits. But we did find small and
moderate differences in the 18 personality traits.

The most sizable of these differences was the degree to
which cisgender people thought about sex, assessed by asking
people to rate how much they agreed with the statement “I
often have sexual thoughts when I meet an attractive-looking
person” and disagreed with the statement “I do not frequently
think about sex.” (This “sex-focused” characteristic, while not
linked to major personality traits commonly studied in psychol-
ogy, nonetheless fits the conception of a personality trait as a
pattern in thought, emotion or behavior. It also relates to a con-
cept called sexual preoccupation.) We found that gender could
explain about 18 percent of the variation in the extent to which
people are sex-focused. Men had a higher average score on this
trait than women. There were still plenty of women who had a
higher score than most men, however. In other words, individ-
ual men and women were highly varied, even though at the
group level, men tended to differ from women.

On every trait, there was a substantial overlap between men
and women. Yet at the tail ends—where people either strongly
agreed or disagreed with the questions we asked them—Ilarger
differences emerged. For example, very low compassion was
rare in both men and women, but the few people who identified
as very uncompassionate were much more likely to be men.
This result is consistent with the finding that antisocial person-
ality disorder, which often involves a lack of remorse or empa-
thy, is more common among men than women.

So is there a “man’s personality” and a “woman’s personal-
ity”? Fascinatingly, almost everyone in our study was a mix of
“more often seen in men” and “more often seen in women”

56 Scientific American, June 2022

© 2022 Scientific American


http://clearerthinking.org/
http://clearerthinking.org/
http://clearerthinking.org/
https://www.sciencedirect.com/science/article/abs/pii/S0191886918301521
https://www.clearerthinking.org/
https://www.sapa-project.org/index.php
https://www.tandfonline.com/doi/abs/10.1080/00224498909551510
https://pubmed.ncbi.nlm.nih.gov/23544428/

traits. For any given trait, an individual woman was closer to
the overall average for women than the overall average for men
just 61 percent of the time. And a man was closer to the average
for men than the average for women only 57 percent of the time.
Only about 1 percent of men and 1 percent of women had almost
entirely “more often seen in men” or “more often seen in wo-
men” personality traits.

To test how accurately gender can be predicted from per-
sonality, we developed a simple machine-learning algorithm (a
computer program that looked for patterns in data regarding
which personality traits are associated with being a cis man or
a cis woman). We trained our algorithm using results from past
study participants, then presented the algorithm with the per-
sonality traits of new participants to see how well it could pre-
dict their gender. Using just the most predictive trait—being
sex-focused—the algorithm could predict a person’s gender
correctly 69 percent of the time. This result may be impressive
to some. But the prediction is far from perfect because some
women are much more sex-focused than the average man.

The algorithm’s accuracy rose to 78 percent when we al-
lowed it to incorporate all the personality differences at once.
That’s a big improvement—but for the other 22 percent of peo-
ple, the algorithm was predicting incorrectly. When we released
our quiz to the public, accuracy slipped a bit further to 74 per-
cent. That’s still much better than the average human, though:
We gave another group of study participants sets of personality
traits that, we explained, belonged to particular individuals.
Then we asked the participants to predict the gender of those

other people using the personality traits. They were correct
only 58 percent of the time, hardly better than a coin flip. The
quiz is called the Gender Continuum Test, and you can try it
yourself on our Web site to see whether the algorithm predicts
your gender.

We believe our results shed new light on the size of gender
differences in personality. There are, however, some important
caveats. First, all our study participants were from the U.S., and
given that factors such as culture influence personality and
gender, we would be hesitant to extend our conclusions to
other communities. Second, our study cannot provide insight
into the causes of personality differences—for instance, how
much these differences can be explained by environment and
culture as opposed to biology. Third, as we noted earlier, we do
not have enough data to comment on transgender, intersex
or nonbinary individuals. We hope that future research ex-
plores these and other dimensions of the personality, sex and
gender debate.

Right now our study is a reminder that, on average, cisgen-
der men and women do have some small to moderate differ-
ences in how they report their personality, but almost everyone
is a mix of traits seen more often in men and seen more often in
women. If you try to guess someone’s personality from their
gender, you’ll very often be wrong.

JOIN THE CONVERSATION ONLINE
Visit Scientific American on Facebook and Twitter
or send a letter to the editor: editors@sciam.com
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NONFICTION

Selling Denial

What's it like to ignore science?

Trusting the scientific process is undeni-
ably the right thing to do when trying to
make good decisions in a complicated
world. But it can also be no fun. Many
of the truths science reveals—that burning
fossil fuels harms the environment, that
smoking cigarettes causes cancer—are
real bummers. Wouldn't it be fun to side
against the scientific consensus for once?
If you feel exhausted from constantly
taking the high road, The Playbook offers
an enticing alternative. Author Jennifer Jac-
quet, an associate professor of environmen-
tal studies at New York University, indulges
areader’s fantasy of acting as a company
executive for whom science is simply anoth-
er facet of corporate propaganda. Present-

edasahow-to guide for co-optingorcover- ~ The modern-day malfeasance by technology
ing up science in the name of Business, the Playbook: and vaping companies.
narration never breaks character. How to Deny Without Jacquet's dry humor suffusing
| wondered more than once if a bad Science, Sell each chapter, the book would have made
actor could take the book at its word Lies, and Make for a depressing, exhaustive history of cor-
and thrive in the corporate world by, for aKilling in porations duping consumers, bypassing
instance, conducting industry-sponsored the Corporate regulators and silencing critics. But her
studies and burying undesirable resultsor ~ World tone is gleeful, mimicking the rhetoric of
pointing fingers at others when legitimate by Jennifer amotivational speaker turned corporate
issues with a company's practices arise. Jacquet. consultant, advising retired professors to
The Playbook is loaded with “success” sto-  Pantheon, “put your emeritus title to work” shilling
ries of spun science, from retro classics 2022 ($28) for companies. When a conflict arises be-

IN BRIEF

THE PLAYBOOK ‘

[B0W TO DENY SCIENCE,
SELL LIES, AND MAKE
AMILLING IN THE

CORFORATE WORLD™ ™

JENNIFER JADQUET

Wal

of oil, cigarette and Big Pharma giants to

tween science and your company’s prod-
ucts, she advises deflection: “DDT might
kill birds, but malaria, which DDT helps
prevent, kills people.”

One effect of the book’s tongue-in-
cheek format is a chilling realization that
the villains in The Playbook are extraordi-
narily banal. The tactics that enable their
misconduct have been recycled across
decades. Perhaps a powerful first step

to stopping the misuse of science, then,
is noticing these hackneyed themes—
and callingthemout.  —Maddie Bender

Bitch: On the Female of the Species

Lapvona: A Novel

by Lucy Cooke. Basic Books, 2022 ($30)

In this effervescent exposé, British zoologist Lucy
Cooke documents the “scientific phallocracy” that
has warped our perceptions of biological sexin the
animal kingdom. Cooke reveals how sexist cultural
and historical influences, particularly
those of the Victorian era, led scientists
to misinterpret, undervalue and ignore
the female of the species. Her playful,
enlightening tour of the vanguard of
evolutionary biology not only highlights animals
that disrupt our assumptions about biological sex
and its “natural” behaviors (lesbian albatrosses,
jezebel bluebirds, infanticidal meerkat matriarchs,
orgasmic female macaques), it also celebrates the
underappreciated scholars whose research is shifting
this reductive paradigm. —Dana Dunham

by Ottessa Moshfegh. Penguin Press, 2022 ($27)

Ottessa Moshfegh brings her trademark brutality
to the Middle Ages in this allegorical pandemic
novel. In the fictional Eastern European village of
Lapvona, a boy named Marek
befriends a proto-scientist named
Ina, whose experimental tinctures
with herbs and flowers bring relief
to a community suffering through
plagues, droughts and famines. Meanwhile Lord
Villiam stays isolated in his luxurious home, weap-
onizing religious faith to keep the dying masses
angry with one another instead of him. Moshfegh
puts Marek and Ina on a thrilling collision course
with Villiam to take over the village, while interro-
gating the role faith plays in social and environ-
mental abuses of power. —Adam Morgan

What Your Food Ate: How to Heal
Our Land and Reclaim Our Health

by David R. Montgomery and Anne Biklé.

W. W. Norton, 2022 ($30)

Seeking to improve our health through nutrition,
we might count carbs, go keto or become vegan. But
other drivers of nourishment go deeper. In this timely
M) investigation, geologist David R. Mont-
gomery and biologist Anne Biklé dig
into the earth to determine how we are
not just what we eat but also the land
our food comes from. They call out
agricultural challenges, such as microbial deficien-
cies in soil, which affect both crops and livestock.
And they detail transformative farming tactics,
both functional and economic, because “we still
have time to choose the regenerative path for our
soils, our planet, and ourselves.” —Mandana Chaffa
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Paper Predators

Journals that print shoddy research
put people’s lives at risk
By Naomi Oreskes

In the past year there’s been a lot of talk about the lack of trust
in science and the need to distinguish legitimate research from
misinformation, disinformation, and other forms of fallacious-
ness. But how? Many commentators have pointed to the impor-
tance of peer review—the process through which scientific claims
are scrutinized for validity by other researchers with expertise
in relevant fields, before the papers are published. Those observ-
ers have insisted that a study’s appearance in a peer-reviewed
journal is a hallmark of legitimacy. Although that type of publi-
cation does not guarantee that a study is correct, it does indicate
that its methods and conclusions have been vetted by appropri-
ate experts. At least, that is the theory.

A recent development, however, threatens to undermine this
criterion for distinguishing scientific sense from nonsense. It is
the rise of “predatory journals.” These journals pretend to
uphold scientific standards but do not. Typically they offer
authors rapid publication, in part because they do not take the
time to do high-quality peer reviews. Nor do they vet papers for
plagiarism, faulty methods, conflicts of interest or missing eth-
ics board approvals. Still, these journals make plenty of profits,
collecting millions of dollars in fees from authors.

This is a big problem for society, not just for science. One study
concluded that 8,000 predatory journals collectively publish
420,000 papers every year, nearly a fifth of the scientific com-
munity’s annual output of 2.5 million papers. A medical news
story on Medscape noted that dubious research funded by com-
mercial interests can bypass proper vetting via publication in a
predatory journal. These papers are listed in scientific databas-
es alongside legitimate journals, making it difficult for research-
ers and policy makers to discern the difference.

At best, this is a giant waste of resources. At worst, it may put
people’s lives at risk because doctors and patients may wrongly
accept spurious claims about medical treatments, supplements
and inadequately tested drugs—and invalid studies wrongly
influence public policy. And the danger is getting bigger: more
of these predators are cropping up every year.

Why do scientists publish in these journals? One answer is
money (or rather the lack of it). Prestigious scientific journals
charge their authors for publishing, stating the costs cover care-
ful editing and review. These “page” fees can amount to thou-
sands of dollars. Well-funded academics charge these fees to out-
side grants, or wealthy institutions may cover a researcher’s
costs. In contrast, the typical fee in a predatory journal is less
than $200, which helps to explain why the authors of papers in
these journals are disproportionately located in less wealthy
countries and institutions.

Another reason is visibility: predatory journals offer more

OBSERVATORY

KEEPING AN EYE ON SCIENCE

opportunities for scholars to get their work published and cit-
ed, which helps them get jobs and grants. This reflects the per-
verse incentives of the “publish or perish” practices of science.
It’s no secret that researchers are often judged more by the quan-
tity of their output than its quality. Universities place emphasis
on metrics such as the numbers of published papers and cita-
tions when they make hiring, tenure and promotion decisions.

To warn scholars away from predatory journals, librarian
Jeffrey Beall developed a list of them in 2008. But his approach
was criticized as subjective and even defamatory. Other lists have
also been subject to dispute, in part because there was no agree-
ment on precisely how to define predation.

Recently, after much debate, some researchers have reached a
consensus definition; it includes presenting false and misleading
information, among other features. As a result, scientists may now
be able to make more useful lists. That is well and good, but it
addresses the symptoms more than the disease.

To put an end to predatory practices, universities and other
research institutions need to find ways to correct the incentives
that lead scholars to prioritize publication quantity in the first
place. Setting a maximum limit on the number of articles that
hiring or funding committees can consider might help, for in-
stance, as could placing less importance on the number of cita-
tions an author gets. After all, the purpose of science is not mere-
ly to produce papers. It is to produce papers that tell us something
truthful and meaningful about the world.
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[tis time torethink how
we advance health equity

he private sector, including

Tpharmaceutical companies
like Takeda, can play

a pivotal role in advancing

health equity in the United

States and around the world.

Addressing health inequities

will require taking a step back

and broadening the lens through

which we view and approach

the problem of health inequities

- as industry professionals and

as fellow members of a global

community that is united behind

a set of shared goals for a

sustainable future.

Imagine instructing a patient
to follow strict dietary guidelines
because their recovery depends
on it but it's not clear how their
preferred food fits the categories.
Where does hummus fall
on this food pyramid? What
about cassava, edamame or
refried beans? And what if their
refrigerator is empty and their
pantry is bare?

Imagine a patient whose
emergency surgery kept her in
hospital for days, who missed
too many shifts at work and lost
her job as a result. A patient who
missed appointments because
he had no one to look after
his children, or someone whao
couldn't make it to the clinic
because he lacks the cash to pay
for parking or the bus or who has
to choose between medicine and
paying next month's rent. Imagine
a patient who ends up in the
emergency room - repeatedly -
because she's not able to get the
routine care she needs,

These are examples of
situations that lead to big
differences in people’s health in

Sponsar retains sole responsibility

the United States and globally,
independent of whether they
receive good (or bad) medical
care, These are the realities that
patients face and fight every day
that healthcare providers may or
may not realize are happening
and that contribute to poor
health outcomes.

“The pandemic was
a stark reminder of
just how much work
there is still to be
done — starting with
how we tackle the
social determinants
of health.”

The difficulties of
COVID-19, its devastating and
disproportionate impacts on
communities of colour, on low-
income families and on other
disadvantaged groups, stoked
new levels of frustration and
fury with the lack of fairness that
persists within health systems
around the world. The pandemic
was a stark reminder of just how
much work there is still to be
done, starting with how we tackle
the social determinants of health.

ADDRESSING THE

ROOT CAUSES OF
HEALTH INEQUITIES

When there is health equity,
every person has a fair and just
opportunity to attain their full
health potential, regardless

for content

of social position or socially
determined circumstances. This
isn't always the case, and today's
striking and persistent health
inequities stem from the many
ways those opportunities are
compromised or crushed outright
by factors and circumstances
that have little or nothing to

do with the physical body or
genetic makeup. A person's
health and life expectancy are
heavily influenced by the social,
environmental and financial
conditions in which they are born,
grow up, work, play and age'?,

Working towards the
health equity ideal will
require addressing the social
determinants of health, their
effects and their underlying
causes (Fig. 1). As Bishop
Desmond Tutu said, “there comes
a point where we need to stop
just pulling people out of the river;
we need to go upstream and find
out why they're falling in."

We recognize that meaningful
change can start at the corporate
level and that we have more
responsibility now than ever to
create the world we want to leave
for the generations to come.
Takeda is a healthcare company
dedicated to building trust in the

“We need to make
equity core to the
entire business.
Health equity is not
just an outcome, it is
a process.”

Jakeda

communities we serve, and we
insist on maintaining a holistic
view of people’s lives as we make
goad on our commitment to
bring better health and a brighter
future to patients. These are the
values that drive us to advance
health equity.

We believe that companies
like ours need to take a similarly
holistic approach in how we
interact within the global
ecosystem, We need to make
equity core to the entire business.
Health equity is not just an
outcome, it is a process - what
Camara Jones called “an ongoing
process of assurance”. Advancing
and improving the process to
achieve health equity will involve
many sectors - public, private and
civil society - working together.
The question is how.

GLOBAL PARTNERSHIPS
THAT EMBOLDEN LOCAL
LEADERSHIP

Through our own professional
experiences as physicians, and
through Takeda's collaborations,
we have come to see that

an important way forward

is to encourage and support
communities to lead the

charge. We've learned that
when communities themselves
redesign or strengthen systems
from the ground up, with our
partnership, it can effectively and
sustainably reduce the inequities
they're facing.

Structured collaborations
among corporations, government,
nonprofit organizations or
academia have been around for
decades with mixed resuits. The
most successful partnerships
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I What is Health Equity?

Equality i, )

Takeda Center for Health
Equity and Patient Affairs

This iflustration is based on the original 2017 Robert Wood Johnson Foundation's "What is Health Equity™ graphic.

Figure 1. The health equity challenge. Health equity is achieved when everyone has a fair and just opportunity to attain their full health potential regardiess of social position or other

socially determined circumstances, which means addressing social determinants of health, such as income and education |evels, food insecurity, housing stability, racism and gender

discrimination. Achieving health equity requires multi-sector collaborations between industry, health research and care delivery systems, government and community partners

waorking together to address health disparities and inequities that disproportionately impact disadvantaged and underserved communities and patients. Source: The illustration above is

based on the ariginal 2017 Robert Wood fohnsan Foundation's 'What is Health Equity’ graphic,

are those that are structured
and governed in ways that
leverage each partner's particular
resources and strengths.
For collaborations seeking
community-level impact, that
means putting community
leaders in the driver's seat,
making decisions based on local
needs and priorities. It means
‘decolonizing’ global health efforts
and instead co-creating solutions
that empower communities to
meet their own immediate needs
while also developing solutions
that narrow existing inequities
and prevent future ones over the
long term.

Achieving community-level
impact is what we've sought
to do through our own health
equity partnerships. Since 2016,
Takeda has been teaming up with
non-governmental organizations
(NGOs) to help doctors and
researchers in low- and middle-
income countries to build their
capacities to address health
inequities in their communities.

“For collaborations
seeking community-
level impact, that
means putting
community leaders
in the driver’s seat,
making decisions
based on local needs
and priorities. It
means ‘decolonizing’
global health
efforts.”

Projects include helping to build
cancer care programmes in Kenya
and Tanzania and establishing a
community-based mental health
program in Haiti®. The projects

in which Takeda partners with
MNGOs focus on sharing scientific

and technical knowledge that is
critical to building health research
and care delivery systems in
underserved communities.

Takeda employees contribute
their scientific and technical
expertise virtually and on-site
through project teams composed
of NGOs, academic partners
and local medics, scientists and
healthcare workers, Hundreds
of Takeda experts have
participated in these knowledge
sharing programmes and we
currently have approximately
150 community partners in
30 countries.

We learn a lot from these
partnerships. We gain valuable
insights into what it takes to
identify and address local
health inequities and how the
private sector can be most
effective helping communities
tackle local issues, empowering
communities and improving
patient health now and for
the next generation. Takeda's
employees bring back innovative

ideas, new energy and a sense
of urgency to activate change,
within Takeda and across the
industry. These partnerships
inform what we do as a company
and help us integrate health
equity principles and priorities
into our business activities.

EMBRACE AND ENACT
THE ‘MEGACOMMUNITY’
Partnerships that leverage private
sector resources, civil society
and governmental expertise
and deliver reciprocal impact
are needed now more than
ever. Health inequities are a
multifactorial problem that can
manifest in each and every part
of a person’s health journey,
anywhere, and at any time.
While we can understand the
social determinants of health,
addressing and even solving
any of them singularly will not
move the needle when it comes
to enabling health equity across
communities globally. No one
entity can do this alone, and

Sponsor retains sole responsibility for content
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Partnering to achieve community-level impact

everyone must do their part.
Progress towards many
global health goals has been
threatened, halted and, in some
cases, even reversed by service
disruptions and other pandemic-
related burdens on health
systems. To get back on track,
we need to increase investment
in upstream programmes led by
organizations that are already
gaining traction on addressing

“We need to
increase investment
in upstream
programmes led

by organizations
that are already
gaining traction

on addressing the
social determinants
of health and the
root causes of health
inequities. We can
be catalytic.”

Dominican Republic: Strengthening the local
COVID-19 response and pandemic preparedness to

protect public health,

Dr Raobert Paulino-Ramirez in the Dominican Republic has
been involved in the creation of a world-class research hub,
the country's first and only such facility dedicated to the
study of global health and infectious diseases. When the
COVID-19 pandemic struck the country, Paulino-Ramirez
and his team were able to accelerate testing thanks to the
specialized equipment and training they had received from
Takeda in partnership with the NGO Seeding Labs. As a
result, the Institute of Global Medicine and Tropical Health
at Universidad Iberoamericana is now able to process more
than 1,000 COVID-19 tests daily. And once the acute phase
of the health crisis passes, the Institute’s expanded research
capacity will set them up for success in mitigating the impact

the social determinants of health
and the root causes of health
ineguities, We can be catalytic.
We can be one of many doing
their part for ‘megacommunities’,
a problem-solving partnership
dynamic that sheds what

the authors of a book by the
same name described as the
traditional top-down, command-
and-control, reductionist
management methods in favour
of innovative, integrative and
holistic approaches. We can
support partnerships that

focus on understanding the
complexities of an issue as much
as on finding solutions”.

Building local capacities to
meet local needs is the first part of
the equation. Helping patients to
achieve their best possible health
can't be ensured without also
clearing the deep-seated hurdles
of poverty: food deserts, water
scarcity, unstable housing and
low education and employment
levels. Whether you're a first-
year obstetrics and gynecology
resident in Detrait, United States,
or a practising cardiologist in
Erlangen, Germany, as we were,
the lesson is the same, and often
learned the hard way: a positive
patient outcome, today and in
the future, depends on evaluating

Sponsoar retains sole responsibility for content

of future health emergencies and protecting public health.

and understanding the whole
person, their life situation and

life experience. We can't just
think about the science and the
medicine. We can help a clinic in
an underserved community build
capacity to treat more patients but
those patients and their families
still need food, transportation and
jabs to survive and thrive past the
initial treatment.

We are still learning how to
address the social determinants
of health but know that our
partnerships to build local
capacity within communities
have put us on the right path
towards health equity.

INCREASE DIVERSITY
IN CLINICAL TRIALS
Takeda believes that diversity
in clinical trials is critical. Trials
should represent the patients who
will ultimately benefit from using
the product. With diverse trials,
we gain the clinical knowledge to
effectively reach broad patient
populations and create shared
learnings for everyone,

But how can we achieve
a meaningful representation
of diverse participants and
providers as we strive to bring
innovative new therapies to
the world? To start, we can

look at our researchers and
where we conduct our research
to create opportunities for
providers and patients outside
of the usual geographies. We
can set up trial sites in more
communities including those
who are underserved. We can
hire staff who are based in the
same areas as the patients we
want to recruit - strengthening
local economies as an added
benefit. We can provide
training on how to engage more
effectively with participants
from different backgrounds. We
can create mechanisms that
enable patients from different
communities to help define
our research priorities. We
need to ask ourselves: How
are we engaging, empowering
and elevating patients - from
both underserved and more
advantaged communities - to
guide our work?

We also need to:

» Commit to continuously
deepening our presence
and understanding of
global communities and
our community-level
engagement;

* Foster closer and long-
standing relationships with
community leaders and
patient groups;

* Focus on improving patient
outreach and communication
to enhance awareness of trial
opportunities;

* Take to heart the regulatory
guidance on broadening
eligibility criteria wherever
possible to maximize
inclusivity®;

* Remain aware of the many
social and environmental
barriers to trial participation
and work proactively to clear
those barriers; and

* Consider and address issues
related to housing and
transportation challenges and
food insecurities, and revise
scheduling to accommaodate
inflexible work schedules or
issues with childcare.
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Lessening a clinical trial's
reliance on in-person visits may
be improved with remote trial
modalities, but these require
access to technology that some
patients may not have. Digital
solutions are one possible
approach to managing a trial, and
during the COVID-19 pandemic,
technology played a pivotal role in
healthcare. But we also witnessed
how that digital shift exacerbated
inequities among those who lack
Internet access at home, or a
smartphone, or a good data plan.
Technology has become a new
determinant of health.

Takeda is committed to
continuing to enhance the ability
for patients and communities to
inform clinical trials, their design
and their execution. Patients
and communities have the
answers for how to overcome
the burdens of participation, by
meeting patients where they are
in their lives and building trust.
Building confidence is also key
to recruiting a diverse cohort
of patients for clinical trials and
helping them stay committed for
the duration of the trial.

Takeda's efforts to
understand and engage patients
don't stop when a trial is over.
We have to be vigilant about
looking at health outcomes and
how pharmaceutical innovation
is contributing to improving
patients’ health and quality of
life. This type of assessment
of medicines, diagnostics and
devices is challenging, but
even more so for underserved
populations who are too often
left out of the picture.

SHIFTING MINDSETS FOR AN
INCLUSIVE WAY FORWARD
We know we are not the first or
only company in our industry -
or any industry - that is already
hard at work thinking about how
to achieve health equity. We
believe that the solution is to
take an inclusive approach, one
that recognizes the expertise of
each person, each community
and each entity, incorporating

Partnering to address local inequities

expertise shaped by individual
lives and personal experiences.
At Takeda we are learning
to find our way towards
tackling the issues surrounding
healthcare equity and
contributing to global health
goals in meaningful ways.
To help us achieve our aims
and to build on our corporate
philosophy which puts patients
first followed by building trust
within society, we created a
centre of excellence called the
Center for Health Equity and
Patient Affairs. The centre
is composed of a dedicated
multidisciplinary team waorking
internally and externally globally
to address health inequities, and
build structural and knowledge
capacity in communities. The
centre also provides eligible
patients with early access
to Takeda medicines, brings
together stakeholders fram
multiple sectors to solve
problems that are too large for
one entity to salve, and which
engages patients throughout
the development process.
One of our goals is to inspire
and motivate others, mindful
that we are still at a critical
early stage of action. We know
that achieving health equity

/3

requires everyone from across
our global organization to

have an internalized health
equity mindset. We know that
this work should continue to
‘live' inside the heart of our
organization and be the driving
force as both a business priority
and a moral imperative.

We are clear-eyed about the
role that we can play. By forging
and nurturing partnerships
that include the community,
government and other
businesses = within and outside
of health - we can effect change
that makes an impact and
fortifies communities around the
world today, tomorrow and for
generations to come.

It's on all of us to close
the gaps that persist, reduce
disparities and provide equitable
access to care. We invite you to
join us on this collective journey
to provide the best possible
healthcare and to make the best
possible health cutcomes a
reality for everyone.

Vietnam: Improving treatment for a rare disease that
is prevalent in developing countries.

Dr Anh-Hoa Pham Nguyen in Vietnam was able to expand
her work and career path as a principal research investigator
through a programme established by Takeda and the NGO
Cures Within Reach. She is now leading clinical trials at
three hospitals studying the use of inexpensive and readily
available cancer medicines to improve outcomes for children
with biliary atresia (BA), a rare congenital liver disease that
causes bile duct inflammation and destruction that has a
high disease burden in developing countries.
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Neutrino Trap
19 72 “It is believed that
the sun’s radiant energy originates
with thermonuclear reactions deep
in the interior. One product should
be a flood of neutrinos: massless,
uncharged particles that interact
so little with other particles that
solid bodies such as the earth are
virtually transparent to them. Ray-
mond Davis, Jr., of the Brookhaven
National Laboratory has devised
a detector to test the theory. It is
buried a mile under solid rock
in the Homestake Gold Mine in
Lead, S.D., a huge tank containing
100,000 gallons of the dry-cleaning
solvent tetrachloroethylene, 85 per-
cent chlorine. When a neutrino is
absorbed by an atom of chlorine,
an atom of the radioactive isotope
argon 37 is formed. At intervals of
about 100 days the tank is swept
with helium gas to remove the
argon 37. Theory predicts that neu-
trinos are produced at such a rate
that Davis’s detector should cap-
ture two neutrinos per day. Results
over the past two years show that
the capture rate is less than 0.2
neutrino per day. Explanations
of the discrepancy are varied, but
none is very satisfactory. The prob-
lem is certain to receive intense
study in the near future.”
Guatemala

19 QQ in Two Acres

“The republic of Guatemala, to
make it easy for visiting capitalists
to decide on proposed investments,
has built what seems by all odds
the most extraordinary relief map
in the world. This map is two acres
in extent, and shows every contour,
every town and every stream or
lake in Guatemala and the neigh-
boring territory of British Hondu-
ras. The giant topographical map
is of concrete, assembled in sec-
tions. Almost two years were spent
making the molds, and checking
them up. The ultimate cost was
$100,000, and another like sum
was spent in gathering the data
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on which the map is based. The
big map is located in the hippo-
drome, or racetrack, at Guatemala
City, and it has passed through
two earthquakes without harm.”
The map still exists, albeit as

a tourist attraction.

We Ought to Be

in Pictures

“Scientific American has entered
the motion picture field, as pro-
ducers of Scientific American films,
in collaboration with the Coronet
Films Corporation of Providence,
R.I. The films, which will appear
once a month, will be shown in
theaters throughout the country.
Subjects will be taken from our
columns and transplanted to

the screen. We also have inaugu-
rated a special radio-phone broad-
casting talk in order that we might
report and comment on the scien-
tific news of the day. We are using
the WJZ station of the Radio Cor-
poration-Westinghouse organiza-
tions, located at Newark, N.J., cov-
ering a range of several hundred
miles. In the very near future we

—

shall make arrangements to cover
more or less the entire country.”
Solar System
1 872 Causes Cholera
“B. G. Jenkins recently read, before
the Historical Society of London,
a remarkable paper, in which he
maintained that cholera is inti-
mately connected with [the cycle
of sun spots, which has a period
of 11.11 years]. He said, ‘Cholera
epidemics have, I believe, a period
equal to a period and a half of sun
spots. The date 1816.66 was shortly
before the great Indian outbreak;
another period and a half gives
1833.33, a year in which there was
a maximum of cholera; another,
1849.99, that is, 1850, a year having
a maximum of cholera; another,
1866.66, a year having a maximum
of cholera; in 1883.33 there will be
a maximum. I am not prepared to
say that sun spots originate chol-
era; for they may both be the
effects of some other cause. My
own opinion is that planets, in
coming to and going from peri-
helion—more especially about the
time of the equinoxes—produce a
violent action upon the sun [pro-
ducing] a maximum of sun spots,
and in connection with it a maxi-
mum of cholera on the earth.””

Sanitary Lead Pipes

“Several citizens of Sacramento,
Calif., having been poisoned by
the use of what is known as the
‘sanitary composite’ water pipe.
The Board of Health has ordered
its use to be discontinued. Water
flowing through this pipe was
found, on chemical analysis, to
contain lead and arsenic. The pipe
in question is believed to be com-
posed of a species of brass.”

1972: The map shows the “range of submarine-launched ballistic missiles that could hit strategically
important targets in the U.S.S.R., assumed to include population centers and industrial complexes,
within 200 miles of the border (gray areas). Contours are concentric with the border. The solid (blue)
contour shows the range of the Polaris A-3 and Poseidon C-3 missiles (2,500 nautical miles). The
two inner broken contours show the ranges of older missiles. The two outer broken contours show
the estimated ranges of the Navy's proposed undersea long-range missiles (4,500 and 6,000 nautical
miles). Black dots denote home ports and forward bases of the U.S. missile-submarine fleet.”
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Skin Cancer around the World

This leading cancer affects some populations and regions much more than others

Skin cancer is the most common form of cancer, and
because older people make up a greater share of the
population in many places, including the U.S., it is on
the rise. The main cause of skin cancer is exposure
to the sun’s ultraviolet rays, but the risk varies great-
ly across the globe because of differences in skin pig-
mentation—which protects against skin cancer—and
the amount of direct sunlight that regions receive.
“Skin melanoma is nearly 30 times higher in whites
than in Blacks,” says Ahmedin Jemal, a cancer epide-

miologist at the American Cancer Society. “And even
in white populations there is a difference in sus-

ceptibility—those with fairer skin, blue eyes

and blond hair are more susceptible.”

Yet there are reasons for optimism. New
treatments for skin cancer, including immu-
notherapy, have helped raise survival rates,
which are now around 93 percent after five
years for people diagnosed with melanoma
relative to the general population.

Skin Melanoma: Country-Level Mortality and Incidence Rates in 2020 (age-standardized)

UV radiation is
about 40 percent stronger
in New Zealand thanitis at
corresponding latitudes in the
Northern Hemisphere. Because of
Earth’s tilt, the Southern Hemi-
sphere is closer to the sun during
its summer than the north is
during its own summer.
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The Where and When of Sunburns in the U.S.

A May 2021 study in the American Journal of Preventive Medicine analyzed a survey of more than 4,000 U.S. adults to find out what people were doing when they got
sunburned and where burns occurred. Although sunburns are a major risk factor for skin cancer, exposure that doesn’t lead to a burn can still be harmful, Jemal says.

“It’s important not to think you're safe just because you're not getting sunburned.”

Locations on the

Body Where Face or hse;l Neck or shoulders
the Most Recent Back 66%
Sunburn 24%
Occurred Chest or abdomen
(percent of more 15% Arms or hands
than 3,000 survey 40%
respondents that
ticked each box)

Legs or feet Don't know/

19% remember 3%

Activities Adults Swimming or spending time in water 33%
Were Engaged Working outside own/family/friend’s home 26%
in When They Traveling or vacationing for leisure 21%
Experienced Engaging in nonswimming physical activity 14%
Their Most Attending an outdoor event 13%
Recent Sunburn Relaxing (e.g., reading, napping) 1%

Trying to get a tan 6%

Working at job 5%

Sl

Drinking alcohol 3%
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their teams are working to achieve pioneering breakthroughs in
all areas of women'’s health and improve care for all our patients.
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