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Stressed out.

Under pressure. Run down. We tend to think of stress as a bad
thing—and it can be. Traumatic experiences in early childhood can
destroy mental health later in life, and chronic stress has been
linked to illnesses such as cancer and diabetes. But stress can be
good too. It helps us navigate an unpredictable world and determine
which new experiences are good, bad, or dangerous. It also primes
us to respond to similar situations in the future. The key with stress
is to strike a healthy balance—getting enough at the right moments,
but not too much overall. If the prospect of following that advice
makes you tense up, take a deep breath: Science can help.

252

Num be r o f L EG O M i n i f igure faces ex p ressi n g a n ge r,
sad n ess, a n d fea r, acco rd i n g to a study o f t h e 627 d i f ferent
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“ ST R ES S I N THE
BR OA D EST S E N S E I S A WO R D
W E G I V E TO T H E EX PER IENCES
I N OU R DAI LY LI FE , HOW W E
I N T E R P R E T T H E M , AND HOW
W E R ES P ON D TO THEM.”
—Bruce McEwen, neuroscientist, Rockefeller University

THAT
PANICKY
FEELING

Life is full of stressful situations.
Whether you’ve stepped in front of a
speeding bicycle or are bombing
a job interview, here’s the chain reaction
that’s triggered.

1

2

ALARM SIGNAL
When you hear, see, or
otherwise perceive a threat,
nerve signals whisk the
message to your brain.

BRAIN TRIGGER
The signals reach the amygdala—a brain
region that helps with decision-making
and the regulation of emotions. The
amygdala in turn alerts the hypothalamus,
which controls hormone production.

3
HORMONE CASCADE
The fast-acting part of the nervous system releases adrenaline. Meanwhile, the hypothalamus produces corticotropinreleasing hormone, initiating a sequence that finishes with the
production of the stress hormone cortisol.

4

5

6

MESSENGERS
Cortisol, epinephrine (a.k.a.
adrenaline), and other chemicals enter the bloodstream and
travel throughout the body.

THE KEY MASTER
Nearly all cells—in all organs and tissues—
are studded with proteins called
glucocorticoid receptors. Cortisol fits into
them like a key to a lock.

RESPONSE
Cortisol boosts blood sugar. Epinephrine
makes the heart pound, increasing the
oxygen flowing into major muscles. You’re primed
for fight or flight.
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DARWIN SWEAT IT TOO
Stress exists because it gives us
an evolutionary advantage—for
example, it allowed our early ancestors to dodge hungry predators.
Today’s version was shaped through
natural selection; genetic variations

that gave certain individuals an
edge were passed down through
generations. But modern times bring
new pressures, in part because
society has become increasingly
complex. “Each of us are members

of many different social groups,
and each of them have different
expectations of us,” says Randolph
Nesse, a physician and evolutionary
biologist at Arizona State University.
“All of them want more of our time

WHO’S STRESSED?

STRU NG OU T?

Most everyone, but women more so than men and the unemployed
more so than the retired. That’s according to a study by a pair of researchers at Carnegie Mellon University, who asked Americans how
much the unpredictable and uncontrollable cause stress in their
lives. They compared their 2009 results with a similar survey taken
nearly three decades earlier. The demographics vary, but one trend
is clear: We’re more stressed now than we were then. KAT I E P EEK
Year of survey

P R O P ST Y LI N G BY WE N DY S C HE LA H FO R H A LLE Y R ES O U R C ES

1983 2009

Amount of stress
None
Lots

YOU’RE NOT
ALONE
37

BY SEX

BY R ACE
Black
White
Hispanic
Other

BY AGE

BY E M P L OYM E N T STATU S

Under 25
25–34
35–44
45–54
55–64
Above 64

Retired
Part-time
Homemaker
Full-time
Unemployed
Other

BY EDUCATION L EVEL

BY IN CO ME L E VE L

Less than high school
High school
Some college
Bachelor’s degree
Advanced degree

$25,000 or less
$25,001–35,000
$35,001–50,000
$50,001–75,000
$75,001 or more

Percentage of U.S.
adults who feel overwhelmed by stress

24
Percentage of U.S.
women who report extreme stress, compared
to 17 percent of men

71
Percentage of U.S.
adults who say money
is a major source of
stress

BLOOD
PRESSURE
Notice that
your forehead
vein throbs
when you’re
about to blow
up? Stress
boosts the force
against the
artery walls
as the heart
pumps blood.

HORMONES
Changes in
cortisol and
other hormones register
in your saliva,
indicating not
only stress, but
according to a
recent study,
possibly also
how well you
respond to it.

Immediate threats trigger a
fight-or-flight response. In
addition to flooding the bloodstream with hormones, the
body releases small proteins
called cytokines, which help
regulate the immune response.
Until Firdaus Dhabhar, a neuroimmunologist at Stanford University, started studying their
effects in the 1990s, scientists
didn’t understand that acute
stress can actually enhance
the immune system, improving
your health.

People in Western and
Southern states report
more stress than those
in the Midwest and
East Coast.

C H RO N IC STR ESS
(long-term)

SIGNS OF STRAIN
Your heart races
in tense situations, which
may be one of
the reasons
Tulane University researchers
found heart
attacks were
three times
as common in
New Orleans
post-Katrina.

NAME
THAT
TENSION

ACU TE STR ES S
(short-term)

Men
Women

HEART RATE

than we can actually provide.” That’s
not to say we’re more stressed than
early humans. “Nero thought Roman
times were stressful,” Nesse says.
Ours just involves trying to parse
Facebook’s privacy settings.

INFLAMMATORY
MARKERS

ALLOSTATIC
LOAD

Thinking
about stressors
can actually
increase
inflammation
and the level of
inflammatory
markers, such
as c-reactive
protein, circulating in the
bloodstream.

A fancy word
for the toll
taken by all of
your chronic
stresses, as
measured by
the cumulative wear and
tear on the
cardiovascular
system and
other organs.

Everyday annoyances like
heavy traffic or an overwhelming inbox—or sustained crises,
such as unemployment or
caring for a sick relative—can
cause the body to activate the
stress response constantly.
The body and brain can’t reset
hormones and inflammatory
chemicals to normal levels,
damaging the immune system
and making you more likely
to get sick.
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Chronic stress stems
from many circumstances,
such as poverty, a bad
marriage, or long-term ailments. Its repercussions—
elevated cortisol levels and
inflammation—can wear
us out, from the cellular
level on up to our major
biological systems.

P HOTO GR AP H & S C U LPT UR E BY
J AS O N FR E EN Y /M O I ST P R O DU C T I O N . C O M

Both chronic stress and
stress-related disorders, such
as anxiety and depression,
increase the risk for heart
disease, although scientists
are not entirely sure why.
According to the American
Heart Association, stress may
indirectly influence cardiovascular health through high blood
pressure as well as unhealthy
behaviors, including overeating
and smoking. And the shock of
sudden, intense stress, such
as the death of a partner, can
rapidly weaken the heart, possibly because of a surge of stress
hormones. The phenomenon is
called broken heart syndrome.

C A R D I O VA S C U L A R
SYSTEM

B

GRIPES
GET UNDER
YOUR SKIN

—Amy Cuddy, social psychologist at Harvard University

“OUR BODIES C HANGE
OU R MINDS, A ND OU R MINDS CAN
C HANG E OUR BEHAVIO R ,
AND OU R BE HAV IO R CAN CHANGE
OUR OUTCO MES.”

The brain and the digestive tract are in constant
communication, says Emeran
Mayer, a gastroenterologist at
UCLA. Unsurprisingly, chronic
stress is associated with
painful gastrointestinal issues.
According to Mayer’s research,
some patients with irritable
bowel syndrome (IBS) show
abnormal levels of cortisol
and cortisol-stimulating
hormones. People with IBS
are also more likely to suffer
from stress-related psychiatric
disorders, including anxiety and
depression.

DIGESTIVE
SYSTEM

C

The brain changes in response
to experiences and the environment. This is especially
true in childhood, when key
structures—such as the
amygdala, involved in the
fight-or-flight center—develop.
Extreme childhood adversity
can alter these structures and
impact mental health later in
life. An estimated 30 percent
of anxiety disorders are linked
to early trauma. Research from
Columbia University shows that
orphans who spent their early
years in institutional care can
have abnormally large amyg
dalae, physical changes that
can persist even after adoption.

NERVOUS
SYSTEM

A
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According to research by
Janice Kiecolt-Glaser, a clinical
psychologist at the Ohio State
College of Medicine, vaccines
are less effective when we’re
stressed and wounds take
longer to heal. Research from
Carnegie Mellon University
shows that stress even makes
us more vulnerable to the
common cold. In 2012, the
scientists found a likely culprit:
In a healthy body, cortisol
helps suppress inflammation.
But the chronically stressed
have consistently elevated
cortisol levels, so the immune
system grows resistant to the
hormone, effectively ignoring it.
Inflammation-causing proteins
called cytokines—associated
with developing a cold—then
go unchecked.

IMMUNE
SYSTEM

E

rcent of U.S. adults say s
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tres
s

str
ong
ly i
m
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cts
the

The stress hormone cortisol helps regulate sugar levels in the body. Cortisol levels vary throughout the day, but typically follow a circadian rhythm
where they are highest in the morning, drop steadily, and then build up again
overnight. Researchers from the National Institutes of Health found depressed
patients tend to have abnormally high cortisol levels. Scientists still don’t know
what this means, but it points to one of the many ways that stress-related
disorders may interact with and disrupt normal body cycles.

H OW D O E S S T R E S S I N T E R F E R E
W I T H YO U R S L E E P ?

Nearly every cell has chromosomes, and the tip of each one
is capped by a bit of genetic
material; each time a cell divides,
these telomeres shorten. When
they run out, the cell dies. The
chronically stressed have unusually short telomeres, putting
them at risk for many age-related
illnesses. The effects can be
dramatic: In 2014, researchers found that disadvantaged
9-year-old boys had telomeres
19 percent shorter than those
from more stable environments.
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7 p.m.

Cortisol concentration in the blood

TYPICAL
PATIENT

Awakening
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Asleep
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M E TA B O L I C
SYSTEM

F

33
High cortisol levels boost
the amount of fat around the
belly. Extra abdominal fat may
increase the risk for diabetes,
which in turn may impair the
stress response in the brain,
says Antonio Convit, a psychiatrist at the Nathan Kline Institute for Psychiatric Research.
The system that inhibits
cortisol in the brain doesn’t
work normally in people with
type-2 diabetes. These patients
also have blunted levels of cortisol when they wake up in the
morning (see “How Does Stress
Interfere with Your Sleep?”),
as well as damage to the hippocampus, a brain region with
concentrated cortisol receptors
that is especially vulnerable to
chronic stress.

ts their
mental health.

“ PEO PLE W H O ARE G E N E R A L LY
A ME N AB LE TO C H AN G E D O T HE BEST.
T H E RI SK I S QU I T E H I G H —A M ISTA K E
C OU LD B E MAD E , AN D T H E N YO U ’ R E
R E T U RN I N G W I T H E B O L A. SO YO U ’ V E
G OT TO U N D E RSTAN D YOU R S EL F
W E LL E N O U G H TO C O PE.”
—Alex Kumar, an infectious disease doctor who volunteered with the British Red Cross in Sierra Leone

WHEN
THERE’S
NOTHING
TO DO BUT
CRACK
A CANCER
JOKE
Comedian Tig Notaro had
a famously stressful year in
2012. Within months, she got
pneumonia, Clostridium difficile
(an intestinal infection spurred
by antibiotic use), went through
a breakup, her mom died unexpectedly, and she was diagnosed
with breast cancer. It doesn’t
exactly sound like comedy gold.
But even before the shock had
worn off, Notaro was airing her
woes on a stage in Los Angeles.
The now-legendary set killed.
Popular Science recently caught
up with Notaro to talk about
finding the comedy in tragedy.
PS: At what point did you decide
to turn this distressing series of
events into material, especially
since the trauma was so fresh?
TN: It wasn’t a hard decision.
I didn’t feel like there was any
other option. With everything
that was on my mind, I couldn’t
just stand up on stage and
go into some weird topic that
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wasn’t true. I was really hoping
they would laugh, and—I mean,
it was a rough night. There
wasn’t explosive, comfortable
laughter start to finish. But
there were also real belly
laughs from the audience.
PS: Do you find comedy to be
therapeutic?
TN: In the beginning of my
horrible time in 2012, I kind of
lost my sense of humor. I didn’t
identify with being a comedian.
I felt very lost and confused.
And it wasn’t until my cancer
diagnosis that I got my sense
of humor back. It seemed so
over-the-top to be diagnosed
with cancer when I didn’t have
a mother or a girlfriend and I
couldn’t eat food. It seemed so
insane it made me laugh.

comedy changed since 2012?
TN: I’ve allowed myself to be
way more personal with the
experiences I share. I’ve realized
that—you know, it’s so obvious
and cliché, but people connect
most with someone when things
get personal. It hits harder when
you’re telling your own story.

a wave of stress that comes over
me. But that’s more excitement.
I feel alive when I don’t know
what’s happening. I think that is
what being alive is. You have no
idea what’s around the corner,
and I think if you can embrace
that, there’s no better feeling in
the world.

PS: You still talk about the cancer and subsequent treatment
in your sets. How else has your

PS: How does it feel to talk so
openly about this stuff on stage?
TN: It carries a risk, and there is

Notaro’s upcoming documentary, Knock, Knock, It’s Tig Notaro,
airs on Showtime on April 17.

Stress / I N SIG H TS

FUNNY OR DIE
A good laugh feels cathartic and that may not
be a coincidence. Scientists are still learning how
humor may help people cope with stress, but they
do know that laughter boosts heart rates, breath
rates, and oxygen consumption, and helps you relax. There is also some evidence that laughter may
affect stress-related hormones. Researchers from
Loma Linda University, for example, have found
that elderly test subjects have lower cortisol levels
in their saliva after watching humorous videos.
Humor may also be helpful for those in highstress jobs. A 2013 study of 179 firefighters by
psychologists at Indiana University and Purdue
University suggested that humor buffers the
effects of burnout and post-traumatic stress
disorder. The type of humor may matter, too.
In 2012, research by Shino Takaoka, a clinical
psychologist at Kwansei Gakuin University in
Japan, found that self-deprecating humor may
be better at alleviating stress in women, while
aggressive humor may have a negative impact
on mental health in men.

QUIZ:
HOW STRESSED ARE YOU?
Afraid of needles? Pick up a pencil. In addition to drawing
blood to check for stress markers, scientists craft quizzes to
reveal whether you’re feeling harmful stress. This one was
adapted from the Perceived Stress Scale by Sheldon Cohen, a
psychoneuroimmunologist at Carnegie Mellon University.

In the past month, how often did you…
QUESTION

SCORE

1 Feel upset because of something unexpected?

2 Feel unable to control the

important things in your life?

3 Feel nervous or stressed?

SCORING
FOR
QUESTIONS
1–6
NEVER
0 POI N TS

ALMOST
NEVER
1 POI N T

4 Feel angry because things

UNIVERSAL DEFENSE
On tough days it’s easy to envy your dog, but all life, in fact, needs
some form of a stress response to deal with its environment.

FUNGI
Fungal pathogens use chemical signals to handle
stressors, including salts (which suck water from
their cells) and toxic materials (which can strain
their protective membranes).

MONKEYS
Macaques with low social status express genes
associated with stress hormones and inflammation,
and have fewer white blood cells. When their rank
improves, so may their health.

happened that you couldn’t
control?

I LLUST R AT I O NS BY J AS O N S C H N EI DE R

2 POI N TS

FAIRLY
OFTEN

5 Feel you had so many

troubles that you couldn’t
overcome them?

3 POI N TS

VERY OFTEN
4 POI N TS

6 Find yourself unable to cope
with your responsibilities?

7 Feel confident that you

could handle your personal
problems?

8 Feel that things were going
your way?

SCORING
FOR
QUESTIONS
7–10
NEVER

RODENTS
In the laboratory, both mice and rats briefly
produce pain-inhibitors when they smell human
males—but not females. That may skew experimental data collected by men.

SOMETIMES

4 POI N TS

9 Feel able to control irritations
in your life?

ALMOST
NEVER
3 POI N TS

SOMETIMES

BUTTERFLIES
When exposed to extreme temperatures in their
chrysalis stage, butterflies release cold-shock
hormone and steroids—which may be what gives
their wings unusual colors.

PLANTS
When a leaf gets chewed, the plant increases production of hormones called jasmonates, which help
heal wounds. Volatile versions of the compounds
also warn nearby relatives of pending danger.

10 Feel you were on top of
things?

2 POI N TS

FAIRLY
OFTEN
1 POI N T

Add your points.
Scores of 13 are considered
average; scores of 20 or higher
are considered high stress.

VERY OFTEN
0 POI N TS

(See page 46 for management tips.)
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“ W E C O MBAT ST RESS M O ST LY
BY PRE PARAT I ON . IT ’ S A
BAD DAY W H E N YOU R RO BOT IC A R M
F RE E Z ES A S T H E RE ’ S A SPAC EWA L K ER
RI G H T ON T H E E N D, B U T IT ’ S
SOME T H I N G YO U KN OW H OW TO DEA L
W I T H F RO M T RAI NIN G.”
—Michael Barratt, NASA astronaut and space
medicine specialist

HACKS
FOR BETTER
HANDLING
HANGUPS
A little stress can be a good thing, but it’s
important to keep it under control. These six
strategies will help you retain your Zen.

1

2

BOUNCE BACK

S AY O M

Some people are naturally
resilient, but it’s also a learned
skill. Stress inoculation gradually exposes people to stressful
situations so they develop
calmer reactions. Elizabeth
Stanley, a security studies expert from Georgetown University, uses this training to help
soldiers prepare for high-stress
missions. And a 2014 study
from Islamic Azad University
in Iran suggests the technique
can help civilians too.

It sounds cliché, but mindful
meditation, breathing exercises,
and introspective tasks like gardening or running lower stress,
says Steve Hickman, a clinical
psychologist at the University
of California, San Diego. These
methods can actually cause
physical changes: A 2014 study
from the Ohio State College of
Medicine suggests that breast
cancer survivors who practice
yoga have lower levels of
stress-related cytokines.

3

4

5

6

GET MOVING

POP A PILL

SOCIALIZE

WA L K AWAY

Visit your doctor for advice,
and you’ll inevitably hear
that you should hit the gym.
“Both aerobic and nonaerobic
exercise have been shown to
reduce stress,” says James
Blumenthal, a psychologist
at Duke University. It can
also help treat some cases
of clinical depression. A 2013
study by Princeton University researchers suggests that, at least
in mice, exercise blocks stress
responses in the hippocampus.

No medication completely
blocks stress—we wouldn’t
want it to. But treatments exist
for severe stress-related dis
orders, including drugs that
inhibit brain chemicals in
patients with depression and
tranquilizers that reduce anxiety.
And a clinical trial on choline
sterase inhibitor, a chemical
that may make the brain more
plastic and thus able to learn
better stress responses, is
underway at Harvard University.

Family and friends help
buffer the negative effects of
experiencing conflict, says
Sheldon Cohen, a psychoneuroimmunologist at Carnegie
Mellon University who studies
how social networks mitigate
stress. In 2014, Cohen and
colleagues published research
showing that healthy adults
with strong social support—
people who regularly received
hugs—were less likely to
succumb to the common cold.

It’s not a good idea to avoid
your problems, but a short
break can help manage stress.
A 2013 study from the
University of Toronto showed
that college-age test subjects
who purposely shifted their
attention away from the
pressures of work, school, and
family were more adept at
coping, compared with those
who pretended their stress
would simply disappear
on its own.
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THE SECRET TO RESILIENCE
Some people recover from trauma
and tragedy more quickly than others
—for example, around a quarter of
war veterans develop post-traumatic
stress disorder, while many of their
peers who saw similar violence do

A TOTALLY
UNSCIENTIFIC
STRESS
MONITOR
REVIEW

not. Researchers are still trying to
unravel why, but the answer may
be partly embedded in our cells.
Neuroscientists at the Icahn School
of Medicine at Mount Sinai have
shown that mice especially resilient

1
3

There are gadgets to
measure everything from
what we eat to how many
steps we take—and now,
a new breed of devices
claims to monitor stress.
I tested three over the
course of a week. The
result? Not all stress
monitors are created equal.

ST R ES S M ON I TO R S : P HOTO GR AP H BY J O N AT HO N K A M B O UR I S ; I LLUST RATI ON BY JAS ON S CHN E I DE R

to stress have increased levels of a
protein called beta-catenin, which
acts in a reward center called the
nucleus accumbens. They have
confirmed their findings in post
mortem human brain tissue from

people who suffered from depression, a stress-related disorder. The
work may eventually lead to new
therapies for depression and other
stress disorders that help chemically
bolster resilience.

STRIKE A
POSE

Your posture might influence
how you experience stress.
Researchers at Columbia University found that people who
stood or sat for just two minutes in expansive positions—
with arms and legs taking up
more room—had lower levels
of cortisol and higher levels
of testosterone compared to
those who held guarded poses.
They also felt more powerful.

2

1 GALVANIC: THE PIP, $224

2 ZENSORIUM: TINKE, $120

3 SPIRE: SPIRE TRACKER, $150

How it works: Two gold-plated sensors detect stress-induced electrical
fluctuations in the skin eight times
per second. The device connects to
a smartphone via Bluetooth, and
comes with several apps. One measures stress over a period of time;
another is a racing game where a
character (in this case, a dragon)
adjusts its speed as you relax.
My take: The device is handheld, so
it was hard to remember to use it.
The first app usually left me feeling
antsy and I never got the second to
work. The data was bare bones
and hard to interpret, although it did
show I was 100 percent relaxed after
a massage—which was true.

How it works: A handheld unit
plugs into the bottom of your
phone. Optical sensors scan the
thumb to measure heart rate and
variability, respiratory rate, and
blood oxygen. The app offers two
options: Vita, which measures fitness based on heart and respiratory
rates and blood oxygen, and Zen,
which includes a breathing exercise
and measures heart rates.
My take: The design is slick, but
measurements were hard to make.
Each time I plugged the Tinke in,
I had to remove my iPhone case.
My best Zen score came right after
yoga; oddly, my best Vita score
came after a glass of boozy eggnog.

How it works: A wearable Bluetooth device clips to a waistband or bra, and proprietary
sensors and algorithms measure
breath patterns that betray
stress. Spire is also an activity
tracker, and flags bursts of time
when the user is particularly
tense, calm, or focused.
My take: It was the only wearable device, and the easiest for
tracking stress over time. After
some snags during setup, the
app was the best at detecting
my mental state. In the minutes
before a stint as a guest speaker,
I got a message suggesting a
mind-clearing exercise.

E AT YO U R WAY T O C A L M
The microbes that live in and on our body—collectively called the microbiome—seem to play
an intriguing role in human health, influencing ailments from chronic skin rashes to diabetes.
A growing body of research suggests the microbiome may also affect mood and behavior. Separating a rat from her pups, for example, can lead to changes in intestinal flora as well as anxious
behavior, and there is evidence that animals with low levels of gut microbe diversity have an
overactive stress response in the brain.
Eventually, such work may lead to microbe-boosting cocktails for stress-related ailments such
as depression or irritable bowel syndrome. But John Cryan, a neuroscientist at University College
Cork in Ireland who is studying the microbiome, says calming probiotic smoothies aren’t yet on
the horizon. “There are so few human studies right now,” he says. “The food companies aren’t
paying for them. And the neuroscientists are slow to move into this field.”

P OP U L AR SC I E NC E

/ 47

