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C O R P U S  C O U C H

Born to Rest

D
aniel lieberman has spent  
much of his professional career 
exploring how natural selec-
tion shaped humans into one of 

the best endurance athletes on the planet. 
Now he is investigating how evolution si-
multaneously honed a propensity to lazi-
ness. “It is natural and normal to be physi-
cally lazy,” he writes in a recent paper, “Is 
Exercise Really Medicine? An Evolutionary 
Perspective.” Lieberman reconciles the ap-
parent juxtaposition of evolutionary forces, 
showing how competing mandates to run 

or to rest affect human behavior, physiol-
ogy, and health. He explains the deep ori-
gins of the obesity epidemic—40 percent of 
women, 35 percent of men, and 17 percent 
of children in the United States are obese—
and by pinpointing the causes, points to a 
solution. In an interview, Lieberman even 
suggests how Harvard could make changes 
to support student well-being.

He has shown that human evolution has 
been a story of adaptations that enhance 
running ability: shorter toes and heel bones, 
and the ability to cool off through sweating, 

for example. He’s drawn attention to human 
prowess in persistence hunting, rarely prac-
ticed today, in which small bands of hunt-
ers chase animals until they collapse of heat 
exhaustion.

But Lieberman, Lerner professor of bio-
logical sciences, says that humans have also 
been selected to exercise only as much as 
they must to survive. The ancestors of mod-
ern humans lived as hunter-gatherers. In 
this subsistence lifestyle, food was often 
scarce, so resting was key to conserving en-
ergy for survival and reproduction. In other 
words, humans were born to run— but as 
little as possible.

“No hunter-gatherer goes out for a jog, 
just for the sake of it, I can tell you from 
personal experience,” says Lieberman. “They 
go out to forage, they go out to work, but 

anything else would be 
unwise, not to men-
tion maladaptive” 
in calorie-restricted 
envi   ronments.

This tension be-
tween activity and 
rest, he says, plays out 
in human physiological 
and anatomical systems 
that “evolved to require 
stimuli from physi-
cal activity to adjust 
capacity to demand.” 
Muscles become big-
ger and more powerful 
with use, for example. 
With disuse, they at-
rophy. Bone deposition 
and repair mechanisms 
likewise require the 
presence of mechani-
cal stimulation, such as 
running. The absence of 
such stimuli can even-
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tually lead to a risk of osteoporosis. “In the 
circulatory system,” Lieberman continues, 
“vigorous activity stimulates expansion of 
peripheral circulation,” improves the heart’s 
ability to pump blood, “and increases ar-
terial elasticity.” Without exercise, arter-
ies stiffen, the heart pumps less blood, and 
metabolism slows.

All of this “downregulation” of biological 
systems evolved to conserve energy whenev-
er possible. Muscles use about 25 percent of 
daily calories, so they are costly to maintain. 
Muscle wasting thus evolved as one among a 
range of adaptive mechanisms that lowered 
energy consumption whenever physical ac-
tivity was not required. But at no prior point 

in human history was it feasible to lead an 
existence devoid of activity; exercise was lit-
erally part of the environment. The result 
is that mechanisms for reducing energy ex-
penditure in the absence of physical activ-
ity now manifest as diseases. Heart disease, 
diabetes, osteoporosis, and other maladies 
of modern life are the consequence of adap-

t H E  P E N  M A D E  M i g H t i E R

Printing in  
Free Space

In action,  what looks like a sharp glowing pen squeezes out a 
coil of silver, starting from a base and curling upward into the 
air. It’s actually a nozzle attached to a 3-D printer, and the 
coil of silver, made of an ink composed of nanoparticles, is 

thinner than a strand of hair. A few twisting motions, and the 
microscopic wire emerges from the nozzle to form sharp angles, 
a spherical antenna, a butterfly with open wings.

These complex shapes, and their ability to hold up as free-
standing structures, represent a big step forward in 3-D metal 
printing, which in the past has produced curvilinear structures 
by printing them flat on a supportive base (also called a substrate) 
and later heating them to solidify the material. That two-step 
process limited the structures’ complexity. Now a technique 
pioneered by Harvard researchers at the Wyss Institute for 
Biologically Inspired Engineering and the Paulson School of En-
gineering and Applied Sciences opens new possibilities: printed 
metal will be able to assume more—and more complicated—
shapes, for applications ranging from 3-D antennas to electrical 
interconnects.

The breakthrough innovation is a laser positioned right beside 
the 3-D printer nozzle, says Mark Skylar-Scott, a Wyss Institute 
postdoctoral fellow in materials science and electrical engineer-
ing and lead author of a May 31 Proceedings of the National Acad-
emy of Sciences paper on the research. As the ink—actually silver 
nanoparticles suspended in a polymer solution— flows out of 
the nozzle, the metallic wire has the consistency of toothpaste: 
not liquid, but also not rigid enough to form freely supported, 
complex 3-D structures.

The laser heats the ink as it emerges from the nozzle, anneal-
ing it; the nanoparticles fuse together and the polymer decom-
poses so that the printed filament becomes a solid yet flexible 
metal wire able to support its own weight as the printhead, 
moving in x, y, and z axes, forms it into a number of shapes, in-
cluding helical springs and those curved butterfly wings.

During the fusing process, the metal achieves an electrical 
conductivity that nearly matches that of bulk silver. And the la-
ser’s precision and the ability to adjust its temperature “on the 
fly,” Skylar-Scott says, enables researchers to vary the level of 

conductivity within a single structure and to heat only the wire, 
without risking damage to the substrate, which could be made 
of plastic, rubber, or flexible materials. 

Working as he does in the research lab of Wyss professor of 
biologically inspired engineering Jennifer Lewis, who is his coau-
thor on the paper, Skylar-Scott sees many potential uses for 
these complex metal structures: in biomedical devices, wearable 
and flexible electronics, sensors, displays, small antennae, elec-
tromagnetic devices, a coil in a speaker, a transformer to am-
plify signals. But first, he says, someone will have to further refine 
the technique. “Right now there are a lot of knobs to tweak,” he 
says, including the position of the laser, its pulse frequency and 
direction, and the print speed. “With a bit more work,” adds 
Lewis, “these parameters can be optimized and automated.”   
                 vlydialyle gibson

jennifer lewis website:
http://lewisgroup.seas.harvard.edu

A 3-D printer “draws” a coiled antenna in the air. What allows 
the printer to work this way is a laser that hardens the silver 
nanoparticles as soon as they emerge from the nozzle.
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Aiding the “Doubly Disadvantaged”

S
eemingly in unison,  elite colleges 
like Harvard have in the last decade 
opened their doors to more students 
from poor families than ever before. 

Eighteen percent of today’s Harvard un-
dergraduates receive federal Pell Grants 
(commonly used as a proxy for low-income 
status), up from 10 percent in 2004. Such pro-
gressive admission policies, aside from their 

obvious social benefits, have diversified the 
college experience at schools like Harvard 
(whose student bodies remain overwhelm-
ingly wealthy). They’ve also forced colleges 
to learn, sometimes uncomfortably, that cre-
ating a more economically diverse student 
body can’t just be a matter of recruiting more 
economically disadvantaged students. It also 
must mean accommodating them. 

Scholars in education and sociology have 
observed generally that low-income college 
students often feel culturally alienated from 
their better-off peers, fear approaching pro-
fessors, and lack the experience to navigate 
elite social networks. Sociologist Anthony 
Jack, Ph.D. ’16, a Junior Fellow with a pend-
ing appointment at the Graduate School of 
Education, has begun to complicate this story. 

tations that evolved as a means of trimming 
energy demand, and modern medicine is 
stuck with treating the symptoms. There is 
thus “no silver bullet,” says Lieberman, that 
will cure them all. And exercise itself stands 
against two million years of human evolution 
screaming, “Don’t do it!” That is why getting 
people to exercise is often so difficult.

Lieberman returns to the hunter-gatherer 
model in dissecting the motivations for ac-
tivity, which he describes in terms of carrots 
and sticks. For a Kalahari bushman, who 
travels five to 10 miles a day over the course 
of four to six hours, the reward is food. But 
humans also “evolved with a very large stick: 
if you didn’t exercise, you had nothing to eat.” 
Exercise was mandatory. For many humans 
today, he points out, there are very few in-
centives and no penalties.

One way to fix that as a society, he rea-
sons, is “to figure out ways to make activ-
ity more fun for more people, and the way 
to make it fun is to make it social.” Lieber-
man encourages investment in community 
sports, ranging from soccer teams to fun 
runs. He decries the fact that “we spend less 
than 5 percent of our national healthcare 
budget on prevention” when “more than 
70 percent of all diseases are preventable.” 

But are carrots enough? Within the Uni-
versity, Lieberman has an idea inspired by 
evolution, and best described as compelling, 
that “might start a firestorm.” Given its long 
history of research demonstrating massive 
reductions in rates of morbidity and mor-
tality among alumni who exercise, he says, 
Harvard “needs to reopen a discussion 
about…a physical-education requirement.” 
Surveys of undergraduates by Harvard 
University Health Services (HUHS) have 

shown that very few students who are not 
athletes on a team get sufficient exercise, 
and that a quarter are sedentary. Further-
more, says HUHS director Paul Barreira, the 
same surveys show that students’ own sense 
of health and well-being tracks the amount 
of exercise they report getting. Those with 
the most depression and anxiety also get 
the least exercise. The happiest students 
get the most.

The Faculty of Arts and Sciences voted 
Harvard’s physical-education requirement 
“out of existence in the 1970s,” says Barreira. 
Any new requirement would have to respect 
students’ differing backgrounds, and those 
who have disabilities, Lieberman says. But 
“if ever there was a coercive environment it 
is a university,” he continues. “Faculty spend 
hours dreaming up new ways to compel stu-
dents. We have all kinds of requirements in 
language, writing, math, and various man-
datory courses within departments be-
cause we think they are beneficial for our 
students. Given the correlation between the 
mind and the body, how is a physical-edu-
cation requirement any different?”

The most common critique Lieberman 
hears for this idea is that students don’t 
have the time to exercise. “But study af-
ter study shows that there is actually no 
trade-off in time because people who get 
more physical activity have better concen-
tration, their memories are better, they focus 
better,” he adds. “So the time spent exercis-
ing is not time lost, but returned in spades. 
And not only in the short term, but also in 
the long term. Shouldn’t we care about the 
long-term mental and physical health of our 
students? Just giving people information is 
not enough. As a University—as a commu-

nity—we need to ask ourselves whether or 
not we should help each other do what most 
of us want to do already: be more physically 
active.” vjonathan shaw

daniel lieberman website:
https://www.fas.harvard.
edu/~skeleton/danlhome.html

How Antibiotics 
Disrupt Babies’ 
Microbiomes
Killing good bugs as 
well as bad may 
harm early immune 
“education.”
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Broad Institute Researchers 
Find New Method to Edit RNA
Building on earlier work on a system to 
edit human DNA, Harvard scientists 
announce the discovery of a protein 
capable of editing RNA. 
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Performance Programs Failing?
Economic incentives aren’t working to 
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ingly finds. 
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