THE
MYSTERY OF
DISEASE

hy, in a body of such exquisite design, are there a

thousand flaws and frailties that make us vulnerable

to disease? If evolution by natural selection can

shape sophisticated mechanisms such as the eye,
heart, and brain, why hasn’t it shaped ways to prevent nearsighted-
ness, heart attacks, and Alzheimer’s disease? If our immune system
can recognize and attack a million foreign proteins, why do we still
get pneumonia’ If a coil of DNA can reliably encode plans for an
adult organism with ten trillion specialized cells, each in its proper
place, why can’t we grow a replacement for a damaged finger? If we
can live a hundred years, why not two hundred?

We know more and more about why individuals get specific dis-
eases but still understand little about why diseases exist at all. We
know that a high-fat diet causes heart disease and sun exposure causes
skin cancer, but why do we crave fat and sunshine despite their dan-
gers? Why can’t our bodies repair clogged arteries and sun-damaged
skin? Why does sunburn hurt? Why does anything hurt? And why
are we, after millions of years, still prone to streptococcal infection?

The great mystery of medicine is the presence, in a machine of
exquisite design, of what seem to be flaws, frailties, and makeshift
mechanisms that give rise to most disease. An evolutionary approach
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WHY WE GET SICK

transforms this mystery into 2 series of answerable questions: Why
hasn’t the Darwinian process of natural selection steadily diming?é?
the genes that make us susceptible tO d_@ﬁfﬁ?fiWhY hasn’t it selected
for genes that would ﬁéﬁégour ability to resist damage and enhance
n answer—that natural

repairs so as to eliminate aging! The commo
selection just isn’t powerful enough—is usually wrong. Instead, as we—

Se€, 50dy is a bundle of care Qlw

The body’s simplest structures reveal exquisite designs unmatched
by any human creations. Take bones. Their tubular form maximizes
strength and flexibility while minimizing weight. Pound for pound,
they are stronger than solid steel bars. Specific bones are masterfully
shaped to serve their functions—thick at the vulnerable ends, stud-
ded with surface protrusions where they increase muscle leverage,
and grooved to provide safe pathways for delicate nerves and arteries.
The thickness of individual bones increases wherever strength is

needed. Wherever they bend, more bone is deposited. Even the hol-

low space inside the bones is useful: i rovides a safe nurse for new

blood cells.
"~ Physiology is still more impressive. Consider the artificial kidney
till a poor substitute that per-

machine, bulky as a refrigerator yet s
forms only a few of the functions of its natural counterpart. Or take

the best man-made heart valves. They last only a few years and crush
some red blood cells with each closure, while natural valves gently
open and close two and a half billion times over a lifetime. Or con-
our brains, with their capacity to encode the smallest details of
recalled in a fraction of a second. No

wi

sider
life that, decades later, can be

computer can come close.

The body’s regulatory systems are equally admirable. Take, for
instance, the scores of hormones that coordinate every aspect of life,
from appetite to childbirth. Controlled by level upon level of feed-
back loops, they are far more complex than any man-made chemical
factory. Or consider the intricate wiring of the sensorimotor system.
An image falls onto the retina; each cell transmits its signal via the

n center that decodes shape, color, and move’

optic nerve to 2 brai
s to

then to other brain centers that link with memory bank

ment,
e that the image is that of a snake, then to fear centers an

" determin
i decision centers that motivate and initiate action, then to motof

nerves that contract exactly the right muscles to jerk the hand away—

all this in a fraction of a second.
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THE MYSTERY OF DISEASE

Bones, physiology, the nervous system—the body has thousands of
consummate designs that elicit our wonder and admiration. By con-
trast, however, many aspects of the body seem amazingly crude, For
instance, the tube that carries food to the stomach crosses the tube that
carries air to the lungs, so that every time we swallow, the airway must
be closed off lest we choke, Or consider nearsightedness. If you are one
of the unlucky 25 percent who have the genes for it, you are almost cer.
tain to become nearsighted and thus unlikely to recognize a tiger until
youare nearly its dinner. Why haven’t these genes been eliminated? O
take atherosclerosis. An intricate network of arteries carries just the
right amount of blood to every part of the body. Yet many of us
develop cholesterol deposits on the walls of our arteries, and the result.
ing blockage in blood flow causes heart attacks and strokes. It is as if a
Mercedes-Benz designer specified a plastic soda straw for the fuel line!
@clzens of other bodily designs seem equally inept. Each may be
considered a medical mystery. Why do so many of us have allergies?
The immune system is useful, of course, but why can’t it leave pollen
alone? For that matter, why does the immune system sometimes
attack our own tissues to cause multiple sclerosis, theumatic fever,
arthritis, diabetes, and lupus erythematosus? And then there is nau-
sea in pregnancy. How incomprehensible
should so often plague future mothers at ¢
assuming the burden of nourishing their developing babies! And how

are we to understand aging, the ultimate example of a universal
occurrence that seems functionally incomprehensible?

Even our behavior and emotions seem to have been shaped by a
prankster. Why do we crave the very foods that are bad for us but

hav:;sﬁme grains and vegetahles? Why do we keep eat-

ing When we know we are tog fat? And why is our willpower so weak

that nausea and vomiting
he very time when they are

, instead of being shaped for maxi-
mum mutual satisfaction? Why are so many of us constantly anxious,

spending our lives, as Mark Twain said, “suffering from tragedies
that never occur”? Finally, why do we find happiness so elusive, with
the achievement of each long-pursued goal yielding not contentment,
but only a new desire for something still less attainable? The design.of
our bodies is simultaneously extraordinarily precise and unbeliev;

a - It is as if the best engineers in the universe took every

seventh day off and turned the work over to bumbling amateurs:

N
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e must discover the evolutionary
By now it is obvious that these evo-
e different from the causes

most people think of. Consider heart attacks. Eating fatty
4 .
ose to atherosclerosis are major

foods and having genes that predisp
causés of heart attacks. These are what biologists call proximate
1 » . . - &
We are more interested here 1n thf: evolutionary
we are designed the way

(“neat”) causes.
r————
causes, those that reach further back to why
ks, the evolutionist wants to know why

we are. In studying heart attac

natural selection hasn’t eliminated the genes that promote fat craving
and cholesterol deposition: Proximate explanations address how the
body works and why some people get a disease and others don't.
Evolutionary e,w%/lmmeneral, are suscep-
tible to some diseases and not to others. We want to know why some
parts of the human body are so prone to failure, why we get some dis-

eases and not others. .
When proximate and evolutionary explanations are carefully dis-

shed, many questions in biology make more sense. A proxi-
2 trait—its _anatomy, physiology, and
biochemis well as its development from the genetic instruc-
tions | provided by a bit of DNA in the fortilized egg to the adult indi-

vidual. An evolutionary explanation is about why the DNA specifies
| why we have DNA that encodes for one

the trait in the first place and wh
her. Proximate and evolutionary

kind of structure and not some ot
explanations are not alternatives—both are needed to understand
every trait. A proximate explanation for the external ear would

include information about how it focuses sound, the tissues it s
made of, its arteries and nerves, and how it develops from the

e adult form. Even if we know all this, however, we still
atures

o resolve this paradox,

causes for each disease.
o —
lGfionary causes of disease ar

tingui
mate explanation describes

|

embryo to th
need an evolutionary explanation of how its structure gives cre

with ears an advantage, why those that lack the structure are at a dis’
advantage, and what ancestral structures were gradually shaped by
natural selection to give the ear its current form. To take another
example, a proximate explanation of taste buds describes their struc-
ture and chemistry, how they detect salt, sweet, sour, and bitter, a0

how they transform this information into impUISe; that trave’l via
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neurons to the brain. Ap evolutionary explanation of taste byds '
shows why they detect saltiness, acidity, sweetness, and bitterness
instead of other chemical characteristics, and how the capacities to
detect these characteristics help the bearer to cope with life. :

Proximate explanations answer “what?” and “how?” questions

about structure and mechanism; evolutionary explanations answer
Why?” questions about origins and functions. Most medical research
seeks proXimate explanations about how some part of the body works
or how a disease disrupts this function. The other half of biology, the
half that tries to explain what things are for and how they got there, has
been neglected in medicine. Not entirely, of course. A primary task of
physiology is to find out what each organ normally does; the whole
field of biochemistry is devoted to understanding how metabolic mech-
anisms work and what they are for. But in clinical medicine, the search
for evolutionary explanations of disease has been halfhearted at best.
Since disease is often assumed to be necessarily a}bnormal, the study of
its evolution may seem preposterous. But an evolutionary approach to
disease studies not the evolution of thedisease but the design charac-
teristics that make us susceptible to the disease. The apparent flaws in
the body’s design, like everything else in nature, can be fully under-
stood only with ervolutionwell as proximate explanations.

Are evolutionary explanations mere speculations, of intellectual
interest only? Not at all. For instance, consider morning sickness. If,
as Seattle researcher Margie Profet has suggested, the nausea, vomit-
ing, and food aversions that often accompany early pregnancy
evolved to protect the developing fetus from toxins, then the symp-
toms should begin when fetal-tissue differentiation begins, should
decrease as the fetus becomes less vulnerable, and should lead to
avoidance of foods that contain the substances most likely to inter-
fere with fetal development. As we will see, substantial evidence
matches these predictions.

Evolutionary hypotheses thus predict what to expect in proximate

mechanisms. For instance, if we hypothesize that the low iron levels
associated with infection are not a

the body’s defenses, we can pred
worsen the infection—as indeed it
tionary origins of disease is much
pursuit; it is also a vital yet undery
prevent, and treat disease,

Nmm——— i

cause of the infection but a part of
ict that giving a patient iron may
can. Trying to determine the evolu-
more than a fascinating intellectual
sed tool in our quest to undﬂd,
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THgE CAUSES OF DISEASE

xperts on various diseases often ask themselves why a par.

ticular disease exists at all, and they often have some good

ideas. In many cases, however, they confuse evolutionary

with proximate explanations, ot do not know how to go
about testing their ideas, or are simply reluctant to propose explana-
tions that seem outside the mainstream. These difficulties can per.
haps be reduced with the help of a formal framework for Darwinian
medicine. To this end, we propose six _categories of evolutionary
explanations of disease. Each of these will be described at length in
later chapters, but this brief overview illustrates the logic of the enter-
prise and provides an overview of the terrain ahead.

1. Defenses

efenses are not actually explanations of disease, but because
p Dthey are so often confused with other manifestations of disease
we list them here. A fair-skinned person with severe pneumonia may
take on a dusky hue and have a deep cough. These two signs of pneu-
monia represent entirely different categories, one a manifestation of
a defect, the other a defense. The skin is blue because hemoglobin is
darker in color when it lacks oxygen. This manifestation of pneumo-
nia is like a clank in a car’s transmission. It isn’t a preprogrammed
response to the problem, it is just a happenstance result with no par-
ticular utility. A cough, on the other hand, is a defense. It results
Wanmm designed specifically to expel foreign
material in the respiratory tract. When we cough, a coordinated pat-
tern ot movements involving the diaphragm, chest muscles, and
voice box propels mucus and foreign matter up the trachea and into
the back of thethroat, where it can-be-expelled or swallowed to the
stomach, v where acid destroys most bacteriaf[Cough is not a happen*
stance response to a bodily defect; it is a coordinated defense shaped
by natura‘1 sc?lection and activated when specialized sensors detect
cues tha,t indicate the presence of a specific threat \t is, like the light
on a car’s dashboard that turns on automatically when the gas tank i
nearly empty, not a problem itself but a protective response to0 ?

problem.
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This distinction between defenses and defects is not merely of aca-

demic interest. For someone who is sick it can be crucial. Correcting
a defect is almost always a good thing. If you can do something to

. . ’
make the clanking in the transmission stop or the pneumonia patient’s
skin turn warm pink, it is almost always beneficial. But eliminating a
defense by blocking it can | tastrophic. Cut the wire to the light

that indicates a low fuel supply, and you are more likely to run out of
gas. Block your cough excessively, and you may die of pneumonia.

s Infegtion

( ;iven that some bacteria and viruses treat us mainly as meals, we

can think of them as enemies. Unfortunately, they are not just
simple pests put here to bedevil us but sophisticated opponents. We
have evolved defenses to counter their threats. They have evolved
ways to overcome our defenses or even to use them to their own ben-
efit. Téﬁmmﬂxwlﬁfr,me explains why we cannot erad-
icate all infections and also explains some ' i s. We
expand greatly on these topics in the next two chapters. LECco2 !

onlve With US - (ursd 4 iac\i}me

3. Nowvel Environments

ur bodies were designed over the course of millions of years for

lives spent in small groups hunting and gathering on the plains
of Africa. Natural selection has not had time to revise our bodies for
coping with fatty diets, automobiles, drugs, artificial lights, and cen-
tral heating. From this mismatch between our design and our envi-
ronment arises much, perhaps most, preventable modern disease.
The current epidemics of heart disease and breast cancer are tragic

ome of our genes are perpetuated despite the fact that they cause

disease. SO&ME—‘WS
when we lived in a more natural environment. For instance, most of
thmpose to heart disease W

began overindulging on fatty diets. The genes thatcause nearsighted-
ness cause problems only in cultures where children do close work

examples.
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’\Qb ol’hg .l'fe Some of the genes that cause aging were subject to lit,
early in life.

i were shorter.
' en average life spans
sele;:ron ‘zl:her genes that cause disease have actually been selecte q
any

for because they provide benefits, either. to .the b;are:: OT O Other
- divi b the gene in other combinations. FOr instance, the
individuals with the g . | alarig, In additiog
gene that causes sickle-cell disease a so,pfmmd. 1“_§-d e etk ok
to m’f;mple, many others are discussed in later chap.
ters, including sexually antagonistic genes t
expense of mothers or vice versa. '

Our genetic code is constantly being disrupted by‘n'.lutatlons. On
very rare occasions these changes in DNA are beneficial, but much
more commonly they create disease. Such damaged genes are con-
stantly being eliminated or kept to a minimum by natural selection.
For this reaso'deg_fective genes with no compensating benefit are not
a common cause of disease.

* Finally, there are “outlaw” genes that facilitate their own trans-
mission at the expense of the individual and thus bluntly demon-
strate that selection acts ultimately to benefit genes, not individuals
or species. Because selection among individuals is a potent evolu-
tionary force, outlaw genes are also an uncommon cause of disease.

5. Design Compromises

ust as there are costs associated with many genes that offer an over.
all benefit, there are costs associated with every major structural

change preserved by natural selection. Walking upright gives us the

ability to carry food and babies, but it predispg

lems. Many of the body’s apparent desjen ﬂa\is S:rse:’st zﬁpﬁz
coms. To better understand disease, we need to und . d
the hidden benefits of apparent mistakes in design, - e

hat benefit fathers at the

6. Evolutionary Legacies

I Evolutlon is an incrementa] Process

It can’ :
onl : t make S,
% y small chang‘es, each of which mllsmrm_g]h%huge ]ur’n.pl
M’ jor changes are d] lcult to accomplis tately beneficial

‘h even for human engineers.
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ow there, which could cause new ngblenss :‘::L r;q\:'re
. : nstra 18-
ew compromises. Even human engineers Cﬁn ue }:C; i frotlt =
n ; o
worical legacies. Similarly, our food passes throug

ch, thus exposing
. i \ et to the stomach,
the windpipe, and must cross it t0 8 sible to relocate the

- re sen
ing. It would be mo
us to che Canger of choking X 2 but that will never happen, as we
nostrils to somewhere on the neck, bu =
explain in Chapter 9.

WHAT WE ARE NOT SAYING

efore we discuss the details of the above causes of disease,

we would like to try to forestall several potentially danger-

ous misunderstandings. First of all, our enterprise has noth-

ing to do with eugenics or Social Darwinism. We are not
interested here in whether the human gene pool is getting better or
worse, and we are emphatically not advocating actions to improve
the species. We are not even particularly interested in most genetic
differences between people, but much more in the genetic material
that we all have in common.

An evolutionary perspective on disease does not change the
ancient goals of medicine carved on a statue honoring physician E. L.
Trudeau’s work at Saranac Lake: “To cure, sometimes, To help,
often, To console, always.” The goal of medicine has always been
(and, in our belief, always should be) to help the sick, not the species.
Confusion regarding this point has justified much mischief. At the

beginning of the century, Social Darwinist ideology helped to justify
withholding medical care

of certain groups in order to improve the species (

ology has long ago earned g well-deserved
metaphorical use of g

or race!). Such ide-
ill repute. It made
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fit. Darwinism gives no moral guidel'ines about h.ov..r we should l.ive or
how doctors should practice medicine. A Da;w;inan Plefﬁpect:\re on
medicine can, however, help us to unfierstan the ff:vo sfl;mnarz Ol"i.
gins of disease, and this rnowledge will prove profoundly useful in

iti icine.
achieving the legitimate goals of gl_g_q_l_c s
[ /

—
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