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ABSTRACT

While evolution by natural selection has long been a _foundation for biomedical science, it has
recently gained new power to explain many aspects of disease. This progress results largely from the
disciplined application of what has been called the adaptationist program. We show that this increas-
ingly significant research paradigm can predict otherwise unsuspected facets of human biology, and
that it provides new insights into the causes of medical disorders, such as those discussed below:

1. Infection. Signs and symptoms of the host-parasite contest can be categorized according to whether
they represent adaptations or costs for host or parasite. Some host adaptations may have contributed
to fitness in the Stone Age but are obsolete today. Others, such as fever and iron sequestration, have
been incorrectly considered harmful. Pathogens, with their large populations and many generations
in a single host, can evolve very rapidly. Acquisition of resistance to antibiotics is one example. An-
other is the recently demonstrated tendency to change virulence levels in predictable ways in response
to changed conditions imposed incidentally by human activities.

2. Injuries and toxins. Mechanical injuries or stressful wear and tear are conceptually simpler
than infectious diseases because they are not contests between conflicting interests. Plant-herbivore
contests may often underlie chemical injury from the defensive secondary compounds of plant tissues.
Nausea in pregnancy, and allergy, may be adaptations against such toxins.

3. Genetic factors. Common genetic diseases often result from genes maintained by other beneficial
effects in historically normal environments. The diseases of aging are especially likely to be associated
with early benefits.

4. Abnormal environments. Human biology is designed for Stone Age conditions. Modern en-
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vironments may cause many diseases — for example, deficiency syndromes such as scurvy and rickets,
the effects of excess consumption of normally scarce nutrients such as fat and salt, developmental
diseases such as myopia, and psychological reactions to novel environments.

The substantial benefits of evolutionary studies of disease will be realized only if they become
central to medical curricula, an advance that may at first require the establishment of one or more
research centers dedicated to the further development of Darwinian medicine.

INTRODUCTION

EDICAL EDUCATION stresses phys-

ics, chemistry, and those branches of
biology that deal with proximate mechanisms.
Application of this knowledge to biology and
medicine has resulted in impressive advances
in the prevention and treatment of human dis-
ease. Evolutionary biology, however, has not
been emphasized in medical curricula. Thisis
unfortunate, because new applications of evolu-
tionary principles to medical problems show
that advances would be even more rapid if med-
ical professionals were as attuned to Darwin
as they have been to Pasteur.

In one sense, physics and chemistry may fur-
nish a complete explanation of all events in the
human body, from subatomic aspects of cellu-
lar metabolism, to the mechanical character-
istics of the skeletal system, to the cognitive
mechanisms that regulate behavior. For in-
stance, there are seven vertebrae in the neck.
Can physics and chemistry explain that? Yes,
in an important sense. These vertebrae arise
by a series of developmental events of a mate-
rial nature, very much the realm of the proxi-
mate sciences of physiology and embryology.

In another important sense, however, the an-
swerisno. A complete explanation of how seven
cervical vertebrae are normally produced by
a human zygote leaves untouched the question
of why that zygote’s DNA should be so pro-
grammed. Why is it not organized to produce
six or eight cervical vertebrae? And why should
the zygote be capable of producing a function-
ally adequate neck at all? These last two ques-
tions find their answers in the Darwinian con-
cepts of phylogeny and natural selection,
respectively. Such answers are not alternatives
to answers from physiology and embryology,
they are answers to different kinds of questions.

This review presents the current status of
natural selection as a predictive theory of hu-
man biology, and illustrates its application to
four categories of causes of disease. The first
is infection: conflicts between pathogens and

their human hosts and the adaptations with
which both contestants attempt to influence the
outcome in their own favor. We suggest that
an evolutionary taxonomy of manifestations of
infectious disease must underlie any attempt
to understand such conflicts, and that an ap-
preciation of the implications of the rapid evo-
lution of pathogens may help with the solution
of some public health problems. We then turn
to the understanding and treatment of physi-
cal injuries that result from mechanical or
chemical agents. We next consider genetic dis-
ease, and genetic factors that affect suscepti-
bility to disease, especially those maintained
by pleiotropic effects that offer benefits in youth
but exact a cost later in life by increasing sus-
ceptibility to the diseases of aging. Finally, we
consider how differences between present cir-
cumstances and the environment of evolution-
ary adaptedness may contribute to diseases of
civilization including deficiency states, toxins
from various natural and artificial sources, and
some behavioral and psychological disorders.

NATURAL SELECTION AS A PREDICTIVE
THEORY OF HUMAN BIOLOGY

An evolutionary explanation, of the history
and current utility of some feature of some or-
ganism, always implies more than the obser-
vations that suggested the explanation. The im-
plications constitute predictions of the results
of investigations and may thereby lead to new
discoveries. The relentless operation of muta-
tion pressure, Mendelian genetics, selection,
and other Darwinian factors for hundreds of
millions of years in every lineage means that
organisms must have certain features and not
others. The most universally reliable expecta-
tion is of a near maximum for a gen€’s ability
to get itself replicated. An intuitively useful if
not entirely accurate restatement is that selec-
tion maximizes the abilities of organisms to
gain genetic representation in future genera-
tions. This is substantively different from older
“wisdom of the body” or “survival of the fittest”
notions, and can lead to different and counter-
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intuitive expectations. Selection need not max-
imize fitness in the vernacular sense of strength,
health, and longevity. It does not necessarily
enhance the welfare of the species or the hap-
piness of the individual. In fact, many of the
capacities for suffering seem to have been
shaped by natural selection to serve special
adaptive functions.

The expectations generated by applying
evolutionary theory to.particular problems of-
ten constitute hypotheses testable by ex-
perimental, comparative, or other kinds of in-
vestigations. When such testing confirms
predictions, it often results in the discovery of
phenomena that would not have been noticed
without the aid of the theory. Failure of a
prediction often results from some easily iden-
tified error of reasoning or information. More
rarely, a negative result discloses an instruc-
tive anomaly that offers a starting point in a
quest for more refined understanding.

This kind of interaction between evolution-
ary theory and the field and laboratory work
of biologists was exemplary in the work of Dar-
win and has continued ever since. It has be-
come a conspicuous part of biology in the last
two decades, often in the special form recog-
nized as the adaptationist program (Gould and
Lewontin, 1979; Mayr, 1983). Adherents of this
program, when confronted with a biological
phenomenon, try to envision it as an aspect of
an adaptation. An adaptation is some sort of
biological machinery or process shaped by nat-
ural selection to help solve one or more prob-
lems faced by the organism. The phenomenon
may be interpreted as a necessary component
of the imagined machinery, or as an unavoid-
able cost of the machinery, or some incidental
manifestation of its operation. The prediction
is then made, or at least implied, that other
necessary components must be there, and that
an appropriate investigation will disclose their
presence. Thus, the adaptationist program
predicts otherwise unsuspected adaptive
processes that can be searched for and, if found,
described.

This search can start either with a trait or
a function. An observed trait gives rise to hy-
potheses about its possible usefulness. For in-
stance, the ampullae of Lorenzini are organs
in the heads of sharks. Hypotheses about their
functions ranged from regulation of buoyancy
to simply filling empty space. When the deci-
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sive experiments were done, the organs were
found to respond to tiny electrical currents.
They enable sharks to detect electrical effects
of the heartbeats of potential prey buried in the
sand (Wissing et al., 1988). When the adapta-
tionist program proceeds in the other direction,
an observed capability gives rise to a search for
its physical basis. Migrating birds, for exam-
ple, have long been known to have remarkable
navigation abilities. This led to the hypothesis
that they might be able to detect magnetic
fields, a possibility confirmed by the disorien-
tation of birds with magnets attached to their
heads (Keeton, 1971). This finding led to a fur-
ther search for the bird’s magnetic compasses,
a search that disclosed magnetic particles in the
skulls of certain species (Beason and Nichols,
1984).

The adaptationist program has been enor-
mously fruitful in the fields of ecology and an-
imal behavior, and in the study of life cycles.
The examples in Table 1 are a sample of those
in a single volume of a single journal (Evolu-
tion, Vol. 42) published in 1988. The American
Naturalist, Animal Behavior, Evolutionary Biology,
and many other journals could have served as
well. Predictions were selected that could be
easily stated in the limited space of a table. They
were further selected to illustrate the diversity
of phenomena discovered through use of the
theory.

INFECTIOUS DISEASE

A Darwinian Approach to Symptoms,
Signs, and Treatment

Even when making a transition from another
species to human hosts, an infectious agent has
along evolutionary history that must have max-
imized its ability to achieve its own survival and
reproduction despite elaborate host defenses
(many examples reviewed by Gotschlich, 1983).
Parasites interact with their hosts in complex
ways, and a first step towards understanding
this interaction is use of a valid classification
of the associated phenomena. We suggest the
following terms and categories, summarized
in Table 2, an elaboration of Ewald’s (1980)
proposals:

(1) Direct damage to host tissues caused by the
infectious agent. Gonococcal bacteria eroding
joint tissues is an example.

(2) Impairment of host function resulting from
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Examples of the use of the theory of natural selection to predict the existence of phenomena otherwise unsuspected

All examples are from Volume 42 of Evolution, published in 1988. A “ +” indicates that the prediction
was confirmed, a “ - ” that it was refuted. Both appear where results were mixed or not simply character-
ized as confirmation or refutation of the prediction. Different species or different localities, for example,
might give different results.

Page Authors Predictions Result

19 Shine Aquatic and terrestrial snakes should differ in mass and +
position of ovary or young

160-161 van der Haven Ant sex ratios will vary as a function of polyandry, +

et al. resources, and other factors

173-175 Roeloffs & Riechert There should be high levels of kinship within social spider +
colonies

239 Parker There should be great variation in resistance to pathogens +
in a legume

294 Sillen-Tullberg Distastefulness of caterpillars must have broader taxonomic +
distribution than gregariousness

303-304 Sillen-Tullberg Caterpillar gregariousness must have a broader taxonomic -
distribution than warning coloration

306 Schnebel & Flies with high reproductive output early in life should -

Grossfield have reduced longevity

404 Burd & Allen Thall teosintes will have higher male/female ratio +

545 Gwynne Measures of katydid female reproductive success will vary +
as a function of quality and number of spermatophores
provided by male

571 Nonacs Social insect queen number will vary as a function of +
ecological and genealogical factors

626-627 James et al. Fruit flies should thrive better on normal host plant than -
on an alternative

661-663 Etter Snail colors should be adaptive in relation to temperature +
stress

661-663 Etter Snail colors should be adaptive in relation to predation -

689 Snyder et al. Mouse hemoglobin structure will vary as a function of +
habitat altitude

708-709 Service et al. Increased longevity in Drosophila must result in depressed +
early fitness

718-719 Moran & Whitham Relative frequencies of one- and two-host life histories of +
an aphid will vary geographically

775 Newman Toad tadpoles should be able to anticipate and respond to +
pond desiccation

935 Payne & Westneat Female sparrows with fitter mates will have fitter young -

969-970 Zuk Female crickets will prefer older males and those with +
fewer gregarine parasites

1021 Kawecki High-rank male fish will spend more time assessing pos- +
sibly parthenogenetic females

1048-1049 Linhart Competition within and between plant species should result +
in different adaptations

1090 Joshi & Mueller Crowded Drosophila will have evolved more rapid feeding +
behavior

1101 Krebs & West A female butterfly should prefer cryptically colored over +
mimetic males

1190 King Wasp offspring sex ratio will vary in relation to host size +

1190 King Wasp female reproductive success will vary in relation to +
host size

1200 Crespi Thrips offspring sex ratio will vary in relation to antici- +

pated food abundance




MarcH 1991

TABLE 2
A classification of phenomena associated
with infectious disease

Observation Beneficiary

1. Direct damage to host tissues Neither

2. Impairment of host Neither

3. Repair mechanisms Host

4. Compensatory adjustment to Host

impairment

5.  Hygienic measures Host

6.  Host defense Host

7. Evasion of host defenses Pathogen

8.  Attack on host defenses Pathogen

9.  Trophic effects of parasite Pathogen
10.  Pathogen dispersal mechanisms Pathogen
11.  Pathogen manipulation of host Pathogen

adaptation

the damage. The distinction between damage
and impairment may prove useful. Decreased
ability to clear toxins is an impairment that
results from damage to the liver. Decreased
fleetness is an impairment from damage to joint
tissues.

(3) Repair mechanisms used by the host to rec-
tify the damage. The clearest example is re-
generation of lost tissues. Ability to regener-
ate varies according to the normal likelihood
of the usefulness of such capabilities. Skin
regenerates quickly, the lining of the gut even
faster, and severed nerves can gradually re-
grow to connections a meter from the site of
injury. By contrast, heart muscle and the cen-
tral nervous system have feeble repair capaci-
ties. Injuries at these sites are so often fatal that
natural selection cannot develop or maintain
capacities for regeneration (Williams, 1966:
83-87). The risk of cancer must also limit the
capacity for tissue regeneration, if increased
ability to regenerate makes cell division less
controllable (Sager, 1989). Mechanisms for the
restraint of maladaptive growth confine
regeneration to those tissues where they are
most needed.

(4) Compensatory adjustments made by the host
to mitigate impairment. For example, when
damaged lungs cannot adequately oxygenate
the blood, there is a secondary increase in blood
hemoglobin concentration (Vander et al.,
1990:307). Increased use of the left hand may
compensate for infection in the right.
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(5) Hygienic measures used by a potential host to
avoid infection. Such defenses start long before
infection begins. The revulsion toward odors
associated with bacterial decomposition helps
to prevent ingestion of pathogenic agents. The
special capacity to learn a conditioned nausea
response to odors previously associated with
sickness is likewise protective against pathogens
(Rusiniak et al., 1976). People avoid intimate
contact with obviously ill associates (Hart,
1990). Behavioral tendencies to defecate and
urinate some distance from a dwelling may
serve to decrease infection. Because the initia-
tion of an infection is a complex process, there
can be no sharp separation between defenses
against contagion and defenses against an es-
tablished pathogen. The importance of groom-
ing and other antiparasite behaviors is reviewed
by Hart (1990). Vomiting, coughing, and
sneezing, and associated rhinorrhea and in-
creased bronchial secretion, if initiated soon
enough, may prevent establishment of a
pathogen.

(6) Host defenses that expel, destroy, or sequester
the pathogen. Cough, sneeze, rhinorrhea,
vomiting and diarrhea expel pathogens. The
system that mediates fever and inflammation
both expels and destroys foreign matter, while
the immune system more specifically recog-
nizes and destroys pathogens. Pathogens that
cannot be destroyed are often sequestered, as
in the tubercles that the body forms around cer-
tain bacilli.

(7) Evasion of host defenses is commonly ob-
served in parasites (Gotschlich, 1983). The
mimicry of host molecular structures by hel-
minth integument is well known (Capron et
al., 1987). Some bacteria, such as certain strep-
tococci, have evolved antigenic structures so
similar to human antigens that an immune re-
sponse to them may also damage the body’s own
tissues (Burgio and Ugazio, 1975). Rheumatic
fever results when such antibodies attack the
heart, Sydenham’s chorea from antibodies that
damage the basal ganglia. Trypanosoma brucei,
the protozoan that causes African sleeping sick-
ness, escapes the immune system by changing
its antigenic coat every few days, just one step
ahead of the body’s ability to manufacture new
antibodies (Donelson, 1988; Donelson and
Turner, 1985). Hamilton et al. (1990) argue that
the host-parasite arms race has been a key fac-
tor, all through plant and animal evolution, in
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preventing the replacement of sexual by asex-
ual reproduction. A lineage can escape destruc-
tion by parasites only by drastically changing
its genotype every generation.
(8) Attack on host defenses by a pathogen, the best
known of which is the Human Immunodefi-
ciency Virus. The complications of AIDS are
largely a result, not of direct actions of the vi-
rusitself, but of infections and cancers that arise
from viral damage to the immune system. Kier-
szenbaum et al. (1989) show how trypanosomes
chemically inhibit the proliferation of host lym-
phocytes, and review other examples of patho-
gen attacks on immunological defenses. One
would expect that pathogens attack other
defenses as well. Do some bacteria attack the
system that sequesters iron during infections,
or the system that causes fever? A full appreci-
ation of the complexity of the host-pathogen
contest suggests that searches for such capaci-
ties might lead to better knowledge of patho-
genesis and treatment.
(9) Trophic mechanisms and related processes by
which the parasite provides for its own growth,
maintenance, and reproduction may harm the
host. Direct damage to the host would result
from consumption of host tissues (Mahmoud,
1989). Intestinal parasites also consume in-
gested nutrients, sometimes resulting in defi-
ciencies in the host (Hussein et al., 1989).
(10) Drspersal mechanisms by which pathogens
reach new hosts. Pathogens have special adap-
tations for getting infectious stages out of a cur-
rent host, for locating new hosts, and for sur-
viving desiccation outside the host. Encystment
as preparation for dispersal — for example, by
tapeworm cysts —must be distinguished from
the host’s defensive encapsulation of a parasite.
(11) Manipulation of host adaptations by the
parasite. Dispersal often depends on such ma-
nipulation. Intensification of coughing and
sneezing may greatly increase infectiousness,
but costs the host little, and therefore may not
be strongly countered by natural selection on
hosts, even when there is great cost to currently
uninfected individuals. When the other indi-
viduals are close relatives, kin selection might
act against this kind of manipulation. A toxin
produced by the cholera bacterium interferes
with reabsorption of liquid from the bowel, thus
resulting in profuse diarrhea that spreads the
infection (Moss and Vaughan, 1979).

The rabies virus offers a particularly remark-
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able and gruesome example of an organism
taking over a host’s behavioral machinery for
use in its own dispersal. It moves along nerve
axons from the site of penetration to the brain,
where it alters structures that regulate aggres-
sion, thus causing behavior that further spreads
the virus (Baer, 1973). Tobacco mosaic virus
causes its host to enlarge cell membrane pores
so that the virus can pass through to uninfected
cells (Wolf et al., 1989). A lancet fluke is effec-
tively transmitted from ants to sheep because
it induces an infected ant to climb to the top
of ablade of grass and grab on, never to let go.
A fluke causes snail hosts to crawl to exposed
sections of beach where they are easy prey for
the gulls that are the next host in the life cycle.
Elaborate modifications of host behavior, for
the benefit of the parasites, are known for many
host-parasite systems (Dobson, 1988), but we
are unaware of any search for such effects in
human disease.

The suggested classification of phenomena
associated with infection according to their
functional significance (Table 2) may assist ef-
forts to understand and control infectious dis-
ease. In particular, this classification distin-
guishes those manifestations of infection that
result from tissue damage and manipulations
by the pathogen from those that result from host
defenses. Medical intervention directed against
the pathogen’s adaptations will usually be help-
ful, while those that disrupt the host’s defenses
should be more cautiously applied. Physicians
are well aware of the dangers of suppressing
cough caused by pneumonia, but they are less
aware of the dangers of interfering with other
comparable defenses.

Perhaps the best example is fever, which
evolutionary biologists for many years have sus-
pected to be adaptive (Muller, 1948). It is now
known that a specialized regulatory mecha-
nism has evolved to regulate fever in response
to bacterial toxins (Kluger, 1986, 1991). When
fever is blocked by aspirin or other medica-
tions, the ability to resist infection may de-
crease (Kiester, 1984; Boorstein and Ewald,
1987; Hart, 1990). There has been remarkably
little research on the protective aspects of fever
in clinical human infections, but a recent re-
port has shown that chicken pox takes a day
longer to resolve, on the average, when it is
treated with acetaminophen, as compared to
placebo (Doran et al., 1989). This work clearly
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illustrates use of the adaptationist program to
make medically important and heuristically
useful predictions. Our ignorance about the ef-
fects of aspirin on upper respiratory infections
and influenza illustrates the blind spots that re-
sult from neglecting evolutionary considera-
tions.

Another defense is sequestration of iron.
Plasma iron levels may fall to 20 percent of nor-
mal during initial stages of infections, as iron
is bound more tightly to protein and se-
questered in the liver (Weinberg, 1984, 1989).
The plasmairon decrease has sometimes been
viewed as a deficiency to be treated by dietary
supplements. In fact, the sequestration of iron
deprives bacteria of a vital mineral and works
synergistically with fever. Weinberg (1984)
reviews the harmful medical consequences of
interfering with this mechanism. The prescrip-
tion of aspirin and an iron supplement for in-
fection blocks two interdependent evolved
defensive systems.

There are dangers of blocking other defen-
sive systems as well. For instance, routine
prescription of antidiarrheal agents for shigel-
losis causes delayed recovery, increases com-
plications, and slows eradication of the bacte-
ria from the bowel (DuPont and Hornick,
1973). The effects of decongestants on upper
respiratory infections seem to have escaped
study. A theoretical framework for interpret-
ing the host-parasite conflict encourages much
needed investigation of such treatments.

Nonetheless, there are times when it is use-
ful to interfere with the body’s defenses. They
were evolved for Stone Age conditions, and
technological substitutes may be preferable. Se-
vere cough may do more harm than good if an-
tibiotics can quickly suppress an infection. But
decisions about the appropriate use of such
technologies should be informed by an under-
standing of the evolutionary nature of the host-
parasite contest.

THE HOST-PARASITE ARMS RACE

Bacterial pathogens may complete a million
cycles of fission within the lifetime of one hu-
man host, and there may be more pathogens
in one individual than the earth’shuman popu-
lation. Even in one host, a pathogen can be ex-
pected to produce highly improbable mutations
many times and to evolve significantly in re-
sponse to even minute selection forces. This
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could happen even if the bacterial populations
and rates of reproduction were one percent of
what they actually are. Populations of pro-
tozoans and some parasitic helminths may also
evolve important changes during their resi-
dence within one host. It has been realized for
many years that some bacteria rapidly acquire
high levels of antibiotic resistance (reviewed by
Saunders, 1984) and that resistant strains can
locally replace susceptible ones in a few weeks
(Ewald, 1988:222). A less commonly appreci-
ated phenomenon, the evolution of virulence,
will be emphasized here.

Conventional wisdom has it that prolonged
host-parasite association leads to a gradual
reduction in virulence, with obligate mutual-
ism as the final stage of extended association
(Dobzhansky, 1951). Because host death re-
moves the parasite’s means of livelihood, it is
thought that parasites will be selected to mini-
mize damage to the host. Modern work on host-
parasite coevolution challenges this expecta-
tion. Natural selection can increase or decrease
virulence, depending on a variety of factors.
Conditions for the evolution of very low viru-
lence, and especially of mutualism, are rather
stringent (Gill and Mock, 1985; Massad, 1987).

The idea that parasites will normally evolve
so as to reduce virulence is defective for sev-
eral reasons. First, it fails to appreciate the ra-
pidity of parasite evolution. Pathogen charac-
teristics should almost always be near their
evolutionary equilibria. Pathogens will seldom
be in transition between virulence levels, un-
less ecological circumstances have recently
changed. Invasion of a novel host would be an
outstanding example of such an ecological
change. Another kind of error is failure to ap-
preciate that pathogen adaptations, especially
for dispersal to new hosts, may come to depend
on coughing, diarrhea, or other host defenses
that are activated only as a result of appreciable
virulence. Ewald (1987, 1988, 1991) and Ewald
and Schubert (1989) have reviewed the published
data on host-parasite coevolution in an effort to
understand virulence. Their main predictions
are: (1) Virulence, in pathogens with insect or
other animal vectors, will tend to be high in
the human host and low in the vector. Human tis-
sues provide the resource base, the vector mere-
ly a way of getting to another resource base. Any
damage to the vector would decrease its effec-
tiveness in dispersing the pathogen. By con-
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trast, the prostration of a human host, whether
it recovers or not, may make it more accessible
to the vectors. A dense pathogen population
implies high virulence but it also increases the
likelihood that an adequate number of propa-
gules will be taken up by the vector for its in-
fection and transport to the next human vic-
tim. This is in contrast to diseases spread by
personal contact between diseased individu-
als. Virulence high enough to immobilize the
victim may reduce contact with other individ-
uals and transmission of the pathogen. Dis-
eases spread by contact are expected to be less
virulent than those spread by vectors.

(2) For similar reasons, diseases transmitted
mainly by inanimate vectors, such as water, will
be more virulent than those spread by personal
contact, at least if an immobilized host releases
pathogen propagules to the water supply or
other agent of transmission. Here again a dense
(highly virulent) population of the pathogen
will be able to release the large numbers of
propagules needed to overcome dilution effects
and increase the rate of infection of new hosts.
No such dilution need be overcome when con-
tact contagion spreads the pathogen.

(3) The same principles apply to what Ewald
calls cultural vectors, such as may operate in
hospitals. Hospital workers or equipment rap-
idly transmit propagules from infected to unin-
fected patients. This is not contagion by per-
sonal contact, because the workers do not
normally become infected. Diseases with this
sort of hospital transmission, such as puerperal
sepsis or neonatal diarrhea ought to be more
virulent than related diseases spread by per-
sonal contact in the population at large.

(4) Changes in mode of transmission will have
predictable effects on virulence. A disease
spread mainly by personal contact in a peas-
ant society may come to be spread mainly by
water in a primitive urban community. If so,
it should quickly evolve a greater virulence.
Substituting a hygienic water supply will not
only curtail the spread of the disease, but also
cause it to evolve reduced virulence, as has been
demonstrated for cholera (Ewald, 1988).

(5) Parasites transmitted mainly to offspring
will be the least virulent. Any curtailment of
host survival or fecundity is a cost to the patho-
gen in direct proportion to its reliance on this
vertical transmission. It is only among organ-
isms with a high frequency of transmission to
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host offspring that there is a high proportion
of really benign or mutualistic symbionts. If
transmission is entirely from parent to off-
spring, contagion is functionally equivalent to
heredity. Population genetics might thus be
viewed as a specialized branch of epidemiology.

Ewald reviews an impressive mass of data
on human and animal diseases (see especially
1988: Table 1; in press: Tables 1 and 2), that
confirm predictions made from his theory. He
also points out the likely fruitfulness of vari-
ous kinds of research, such as the monitoring
of virulence evolution during disease out-
breaks, and the use of experimental animals
to test his models.

Ewald mentions (e.g., 1988:117), but does not
emphasize, within-host competition between
pathogens, another ecological factor that we
would suspect to be important in the evolution
of virulence. Within-host variation in virulence
is little studied but is known to occur. De Nooij
and van Damme (1988) showed markedly dif-
ferent virulences for fungus samples from dif-
ferent parts of the same plant. As an extreme
example of within-host selection of virulence,
imagine two pathogen clones competing within
a host. One uses optimal exploitation, which
results in the maximum number of propagules
dispersed during the lifetime of the host. The
other uses maximal (lethal) exploitation, which
converts host resources to propagules at the
maximum possible rate. The host will disperse
more of the lethal type than its restrained com-
petitor. The cost of the host’s death is borne
equally by the two competitors, whereas only
the more virulent benefits from a greater rate
of transmission. Mayr (1988:120-121) advances
a similar argument.

In highly virulent cases of cholera and shigil-
losis propagules may be dispersed at more than
a hundred times the rate in less virulent cases
(Ewald, 1988:217). The host’s final output of
both strains, of course, may be less than the
long-term output from the less virulent type
when it is the sole exploiter. The evolutionary
outcome will depend on relative strengths of
within-host and between-host competition in
pathogen evolution. This is a clear example of
group vs. individual (clone) selection for altru-
ism, for which many formal models have been
proposed (e.g., Nunney, 1985; Wilson, 1987,
De Nooij and van Damme, 1988). A particu-
larly dramatic example of clone selection is
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provided by plasmids that generate a toxin that
kills the bacterial cell they inhabit and nearby
bacteria that are not infected with these plas-
mids. Plasmids in other bacteria generate a pro-
tein that protects against the toxin. The genes
that cause some plasmids to generate the toxin
give a selective advantage to their kin whose
bacterial hosts benefit from the elimination of
competitors (Maynard-Smith, 1978; Eberhard,
1990).

Competition between species or clones of one
species within a host results in the evolution
of greater virulence than would be favored with
only one strain of one pathogen. The magni-
tude of the increase depends in complex ways
on the magnitude of virulence variation and
the levels of clonal diversity within and between
hosts. The complexity does not preclude a
qualitative prediction: diseases that result from
single infections of each host will be less viru-
lent than those that normally arise from mul-
tiple infections from different sources.

Mutation is another, but slower, way to pro-
duce genetic diversity within a host. Only quite
early in a host’s incubation of a bacterial patho-
gen, when the total count is in the millions or
less, is the pathogen likely to be genetically ho-
mogeneous. Thereafter, various mutants will
be competing with the ancestral type. The great
majority of these mutations will be eliminated
by selection, but a small minority will increase
competitive ability and survive. Such differ-
ences generated by mutation are likely to be
minor compared with those produced by mul-
tiple infection. Whatever its origin, the clone
that more rapidly converts host tissues into
more of itself will come to predominate within
the host. The expected steady increase in vir-
ulence will be reversed only as a result of im-
proved host defense, either natural or artificial.

Lusso et al. (1990) found that genetic recom-
bination between HIV strains produced a new
form with increased virulence in tissue culture.
While decreased virulence is to a patient’s ad-
vantage, it also offers a longer symptom-free
period and thus increased opportunity for
transmission to new hosts. Retroviruses in
general can evolve rapidly (Doolittle et al.,
1989) and evolution of increased resistance to
an effective AIDS drug is now documented
(Larder et al., 1989). Also of concern is the pos-
sibility that some strain will evolve more effi-
cient transmission.
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Wallace (1989) has suggested another possi-
ble problem. Individuals with severely sup-
pressed immune systems provide an abnor-
mally benign environment for invading
pathogens. The presence of large numbers of
such people could provide a “stairway” to hu-
man pathogenicity for organisms that have not
previously caused human disease. Having
gained access, they might rapidly evolve adap-
tations for exploiting the new host and evad-
ing its remaining defenses. These adaptations,
in turn, might make it easier to invade uncom-
promised hosts.

INJURIES, BREAKDOWNS, AND TOXINS
Mechanical Damage

Healing of mechanical damage is less com-
plex than eliminating an infection, because it
is not a contest between two organisms with
divergent interests. Only the first five catego-
ries of symptoms in Table 2 are relevant: dam-
age, impairment, repair, compensatory adjust-
ments, and processes analogous to the hygienic
precautions. The remaining six relate to spe-
cial host-parasite interactions that apply only
to injuries that provide parasites access to host
tissues.

An evolutionary perspective suggests the
value of distinguishing among several kinds of
repair mechanisms and secondary adjust-
ments. Repairs include both rebuilding of
damaged tissues and other processes that in-
directly aid in repair. Increased temperature
associated with inflammation might be one ex-
ample of indirect aid (Kiester, 1984; Boorstein
and Ewald, 1987), along with mechanisms that
restrict use of damaged parts, such as pain and
swelling. Their initiation by injury is presum-
ably optimized for Stone Age conditions. Now,
artificial restraints and advice from physicians
may substitute for pain to discourage activity.
Swelling that is bothersome or physiologically
costly can often be safely blocked by medica-
tion and local cooling.

As a specific example, consider the usual
sprained ankle. Blood escapes from damaged
tissues to cause a bruise. This and increased
extravascular fluid contribute to local swelling.
Histamine and other diffusible products of the
injured tissues initiate the process that attracts
phagocytes and other mobile cells, some of
which start removing damaged structures and
synthesizing their replacements.
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An evolutionary biologist, and adaptation-
conscious physiologists and pathologists
(Vander et al., 1990:599-640), would ask a
number of questions about the pathophysiol-
ogy of a sprain. To what extent is swelling
merely an incidental result of the trauma, and
to what extent is it an adaptation to immobi-
lize the joint or to otherwise favor healing?
What harmful consequences may result from
limiting swelling? What is the role of each cell
type in the repair program and how are these
roles coordinated for the efficient achievement
of the repair? Are the repair processes influ-
enced by temperature, and is healing fastest
at a certain temperature? What exactly is the
mechanism that results in pain, and is the pain
adjusted to the expected need for immobil-
ization under normal conditions of human
ecology? Is local pain supplemented by more
general injury-induced effects on motivation
(lethargy and malaise)?

Reliable answers to such questions would
facilitate design of a program of therapy.
Evolved mechanisms that produce pain or mal-
aise can be suppressed in favor of artificial sub-
stitutes: splints, wrappings, wheelchairs, and
sick-leave. Cellular mechanisms of repair and
related processes that facilitate their action
should be augmented unless there is reason to
think them already optimal. Thus, the assump-
tion that the increased temperature is adaptive
would preclude routine application of ice un-
less well-designed studies confirmed its benefits.

There can be no sharp distinctions among
injury, injurious weat and tear from abnormal
usage, and normal wear and tear, but an evolu-
tionary perspective can aid in deciding what
uses are normal. For instance, osteoarthritis
mainly affects those joints that received in-
creased use and loading with upright posture —
especially the back, knees, and ankles. Sitting
for long periods dramatically compresses the
lumbar disks and can be regarded as abnor-
mal usage. Other joints, by contrast, are over-
designed for current demands and therefore
less prone to osteoarthritis — especially those of
the shoulders, arms, and metacarpals (Hutton,
1987). Yet even an overdesigned joint can be
damaged by abnormal usage. An example is
carpal tunnel syndrome caused by hypertrophy
of the fascia over the median nerve at the wrist.
It results from repeated wrist twistings of the
sort that are often necessary for carpenters.
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Some adaptations for the avoidance of in-
jury are analogous to hygienic precautions
against infectious diseases. The actual mech-
anisms of injury avoidance and infection avoid-
ance are quite different, of course, but in both
cases we are prepared to avoid some kinds of
modern dangers much better than others. For
instance, tissue damage elicits spinal reflexes
that cause withdrawal before the information
even reaches the brain. Likewise, defensive ac-
tion is initiated when specialized sensors de-
tect pressure, excessive strain, or thermal stress.
There are, however, no detectors for PCBs or
for most of the electromagnetic spectrum. Lack
of precursor detectors would make it difficult
for natural selection to create protective mech-
anisms against such hazards.

Other adaptations to prevent injury are cog-
nitive and behavioral. For instance, snakes and
other objects of common phobias are by no
means random, but seem to represent “pre-
pared fears” of stimuli associated with danger
in previous generations (Marks, 1987). Simi-
larly, the changes associated with a panic at-
tack are not an autonomic storm, but a care-
fully coordinated pattern that is adaptive in
life-threatening situations (Nesse, 1988a).

Psychological and physiological responses to
danger are particularly intriguing since their
adaptive significance and evolutionary origins
have long been recognized (Cannon, 1929), but
they also contribute to the etiology of various
diseases (Winer, 1977). Why do stress responses
cause disease? and why, if stress responses make
the organism function more effectively, hasn’t
natural selection shaped continuous expression
of these responses? One reason is that stress
arousal is calorically expensive, and another
is that an organism in a state of arousal may
be less capable of dealing effectively with every-
day tasks. A third explanation is the possibil-
ity that certain useful components of the stress
response also interfere with metabolism or
damage bodily tissues. Such components will
be retained by natural selection only if their
expression can be restricted to situations when
the damage or disruption they cause will be
more than outweighed by the benefits they of-
fer —in short, if expression can be limited to
emergency situations.

The stress response is an example of an in-
ducible defense (Harvell, 1990). An analysis
of its costs and benefits may help to explain why
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extended states of stress cause disease. Some
physiological changes are components of the
stress response precisely because they cause
damage. Increased secretion of adrenal steroids
haslong been associated with stress, but many
of their actions seem to be the opposite of what
one would expect. For instance, steroids de-
crease inflammation and increase susceptibil-
ity to infection, but the opposite would seem
appropriate in the face of danger. An adaptive
view of the functions of the adrenal cortex sug-
gests that they may have been shaped by natu-
ral selection specifically to protect the body
against other components of the stress response
(Munck et al., 1984).

Post-traumatic stress reactions, though of-
ten pathological in modern circumstances, may
sometimes be adaptive. When Ayla’s first at-
tempt at hunting almost assigned her the role
of prey rather than predator, she ruminated
about the attack and how it might have been
better dealt with or, better yet, avoided (Auel,
1980). It was surely adaptive for her to enter
a special state of unpleasant arousal in response
to stimuli such as the weapon she had tried to
use that suggest the possible recurrence of a
similar life-threatening situation (Beahrs,
1990).

Toxins

Which substances are and which are not
toxic results largely from the action of natural
selection on both producers and potential vic-
tims of toxins. Our typically catholic tastes im-
ply the ability to detoxify a wide variety of
chemicals. Recent preoccupation with possi-
ble dietary toxins has focused on novel sub-
stances. This is in accord with evolutionary
thinking; there is no reason to expect that we
have evolved mechanisms for dealing with even
moderate amounts of nickel, organic mercury,
PCBs, or recently invented insecticides (Cala-
brese, 1985). Not in accord with evolutionary
thinking, however, is the belief that it should
be possible to find a perfectly natural, perfectly
safe, toxin-free diet.

Plants defend themselves against herbivores
mainly by synthesizing toxic chemicals, which
may comprise 10 percent of the dry weight of
some plant products (Abelson, 1990). Veg-
etables all contain at least trace amounts of such
toxins (Ames and Gold, 1989). The complex
chemicals that make coffee so appealing are
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toxins that protect coffee seeds from insects and
small mammals. We can safely consume veg-
etables and even coffee because we have evolved
effective detoxification mechanisms. Also, like
many other animals, we prefer diverse diets.
This avoids overloading any particular detox-
ification mechanism (Janzen, 1978; Curtin and
Chivers, 1978) and helps to provide all needed
trace nutrients. No diet is perfectly safe; all are
compromises arising from the plant-herbivore
arms race. This has important implications for
current efforts to develop plant strains that re-
quire less pesticide protection. Artificial selec-
tion for such disease-resistant plants should
make it possible to reduce pesticide use, but
we must expect such selection to increase the
concentrations of natural plant toxins.

Profet (1988; in press) reviews extensive evi-
dence that the nausea and taste aversions of the
second to fourteenth weeks of pregnancy are
not epiphenomena, but adaptations that pro-
tect the embryo and fetus against toxins. The
embryo is especially susceptible from the sec-
ond to fourteenth week to toxins that affect tis-
sue differentiation. Pregnant women especially
avoid substances with bitter tastes, which are
reliable cues to the presence of plant toxins.
Miscarriages are more common in women who
do not experience pregnancy sickness.

Profet (1991) also argues that the IgE sys-
tem that mediates allergic response must
serve some specialized defensive function, and
she marshalls evidence that it protects against
toxins. Her arguments suggest a need for in-
vestigations of suppressing the symptoms of al-
lergy without removing the cause. It is worth
asking iflong-term antihistamine use increases
the rate of cancer in tissues exposed to pollen
toxins.

GENETIC FACTORS IN DISEASE
Single-Locus Genetic Diseases

Almost all genetic mutations are deleterious
and selection purges some of these in every
generation. Their prevailing frequencies reflect
the balance of mutation pressure and adverse
selection. Because mutation rates are usually
orders of magnitude lower than selection coeffi-
cients, abnormal genes tend to be rare. They
most often manifest themselves in inbred popu-
lations or those established by small numbers
of founders (Diamond, 1988). Darwinian the-
ory has little to contribute beyond what is al-
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ready widely understood about such rare
genetic diseases.

In contrast, genetic diseases with appreci-
able frequency, perhaps higher than one in
twenty thousand (Diamond, 1989), are likely
to require another kind of evolutionary expla-
nation. Apparently abnormal genes with high
frequencies are likely to have some adaptive
benefits. Even diseases that severely depress
both biological fitness and perceived well-being
may be caused by genes with subtle beneficial
effects, perhaps in other individuals or other
stages of development.

It has long been known that sickle-cell ane-
mia afflicts people who are homozygous for a
gene that protects against malaria in the much
more numerous heterozygotes (Allison, 1954).
It has more recently been realized that other
hemoglobinopathies and glucose-6-phosphate
dehydrogenase deficiency may also be main-
tained because they augment resistance to
malaria (Diamond, 1989). A dramaticillustra-
tion of evasion of host defense is the ability of
some malarial organisms to make their own
glucose-6-phosphate dehydrogenase (Usanga
and Luzzatto, 1985).

Peptic ulcer is associated with a genetic ele-
vation of pepsinogen-1. Petersen and Rotter
(1983:77) argue that “The evolution of hyper-
secretory forms of peptic ulcer may be a con-
sequence of selection by infectious disease
agents for higher gastric proteolytic activity”
They review substantial evidence for the pro-
tective effects of high proteolytic activity against
bacterial infection, and suggest that selection
for high pepsinogen-1 production may have
resulted from the prevalence of tuberculosis in
recent centuries. This raises the possibility that
antacid use may predispose to some bacterial
infections.

Senescence

Much of modern medicine addresses dis-
eases of senescence, but evolutionary analyses
have had little impact. Many physicians assume
that such a deleterious trait could not have been
shaped by natural selection. Even some influen-
tial gerontologists discount the possibility that
life span can evolve by natural selection (Sacher,
1982). This ignores the substantial work in the
last few decades on life-history evolution (Rose,
1985).

The most important advance is recognition
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that genes causing senescence can be favorably
selected if they also have beneficial effects early
in life (Medawar, 1952; Williams, 1957; Hamil-
ton, 1966; Rose, 1990). Because the force of se-
lection is stronger at earlier ages to which larger
numbers survive, a gene that causes substan-
tial morbidity and mortality during the tail end
of the expected life span in the wild may
nonetheless be favored if it has even minor ear-
lier benefits. Conversely, a gene that prevents
or repairs the abnormalities of aging will not
be selected for if it imposes even small costs
early in the life span. Senescence may also re-
sult from deleterious genes that act so late in
life that they are never subject to selection in
the natural environment. The relative impor-
tance of these genes and pleiotropic genes may
differ substantially between species (Nesse,
1988b).

The diseases of senescence are not limited
to gross afflictions such as Alzheimer’s disease
and osteoarthritis, but include all progressive
impairments of adaptive function that occur
after the age of earliest reproduction. They in-
clude declining sensory and motor perfor-
mance, increased susceptibility to infection,
autoimmune diseases, many endocrine dis-
orders, arterial diseases, and most kinds of can-
cer (Fries and Crapo, 1981). Any changes that
decrease fitness late in the expected life span
under natural conditions but have not been
eliminated by natural selection are likely to re-
sult from genes with beneficial effects earlier
in life, perhaps effects that may even be essen-
tial. There is evidence for such pleiotropic
benefits for hemochromatosis (iron retention)
and for pepsinogen-1-related peptic ulcer (patho-
gen resistance) (Albin, 1988). Cytokines may be
examples of gene products that produce early
benefits at steadily increasing later costs (Marx,
1988).

Gout may be an instance of the presumably
less common situation in which genes are
selected for later benefits despite possibly ear-
lier costs. Damage from free radicals is a cause
of aging; uric acid is an effective scavenger of
free radicals; and mean plasma uric acid levels
for a species are strongly correlated with its
maximum life potential. Thus the loss in hu-
mans of uricase, which converts uric acid to al-
lantoin in other mammals, may not be a de-
fect, but an adaptation that increases longevity
at the cost of increased susceptibility to gout.
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Are there benefits from genes that contrib-
ute to Alzheimer’s disease, osteoarthritis, ath-
erosclerosis, and other diseases of aging?
Searches for early benefits from the genetic
bases of such conditions become especially im-
portant as we gain the capacity for genetic sur-
gery. Therapeutic alterations of genotypes of
specific tissues for the cure of disease in affected
individuals holds great promise, but we must
begin looking now for possible benefits of the
genes to be changed. Germ-line alteration
should be approached even more cautiously
(Friedman, 1989). If we naively assume that
ridding the population of the genetic capabil-
ity for Alzheimer’s disease is an uncondition-
ally desirable goal, we might incidentally elim-
inate unsuspected benefits.

Two recently prominent lines of gerontologic
research suggest that senescence can be re-
tarded by dietary restriction and by decreas-
ing DNA damage (Weindruch and Walford,
1988; Miller and Hadfield, 1990). Major effects
depend on severe calorie reduction begun early
in life, although detectable benefits can arise
from even moderate restriction begun in adult-
hood. A Darwinian perspective suggests cau-
tion in interpreting these findings. The human
developmental system was selected to make op-
timum use of the range of dietary abundance
under Stone Age conditions. Abundant nutri-
tion permits rapid maturation and higher
reproductive success than would be possible un-
der a restricted diet. Dietary restriction that
lengthens mammalian life spans also decreases
fertility (Weindruch and Walford, 1988). A
comparable effect is seen in spiders (Austad,
1989). The practical lesson is that there are costs
of delaying senescence by dietary restriction.
It may not be worth the costs for cowboys,
dancers, athletes, or those who want high fer-
tility in the usual parental years.

We also suggest that caloric restriction and
associated reduction in DNA damage will not
affect some aspects of senescence. For exam-
ple, one set of adult teeth was presumably
enough for the normal human life-span in
Stone Age conditions. Elephants, however,
may have as many as six sets of teeth in a life-
time (Diamond, 1990). Developmental pro-
gramming also limits replacement or repair
of brain cells, nephrons, and heart valves.
There may be similar limitations even at the
molecular level. We suspect that dietary restric-
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tion may achieve some benefits for people in
their seventies and eighties, but we doubt that
it will much affect maximum human longevity.

The public and many physicians continue
to view senescence as a single disease of uni-
form etiology, and to hope for and look for a
cure. Yet a century of enormous progress in
medical science, and decades of major effort
in gerontological research, have failed to pro-
duce any increase in maximum human life span
or support for any central proximate mecha-
nism that might be changed in ways that slow
aging (Bell, 1984). An evolutionary approach
strongly suggests that senescence has diverse
interwoven developmental causes with a poly-
genic basis, and that no cure, in the sense of
correction of one or a few genes or other causes,
will be possible. The fountain of youth is a fan-
tasy, but it should still be possible to augment
and prolong youthful vigor and postpone some
degenerative changes.

ABNORMAL ENVIRONMENT
The Environment of Evolutionary Adaptedness

Adaptations are produced and maintained
only in the range of environments in which se-
lection takes place (Endler, 1986). For humans,
the physical environment of evolutionary adap-
tiveness is probably that of the Pleistocene
savannah (Orians, 1980). The socioeconomic
environment consisted of small groups of rela-
tives hunting, gathering, mating, raising chil-
dren, and responding to threats and opportu-
nities provided by neighboring groups (Eaton
etal., 1988; Campbell, 1985). The unique abil-
ity to use culture to adapt to diverse and chang-
ing environments enabled human populations
to grow enormously, spread widely, and adapt
technologically to a great range of conditions
(Cavalli-Sforza and Feldman, 1981).

In the past ten thousand years, we have
largely created our own environments, by the
domestication of plants and animals and by the
industrial and technological revolutions. These
advances have led to the virtual elimination,
in many parts of the world, of many of the most
enduring and prominent agents of selection,
such as starvation, parasites, and infectious dis-
eases. There can be no doubt that people are,
on the average, substantially healthier to a
greater age than their predecessors.

Yet many of the diseases now confronted by
medicine in technological societies are “diseases
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of civilization” (Eaton et al., 1988). They are
either caused by differences between our cur-
rent environment and the environment we
evolved to live in, or they are aspects of senes-
cence that have been uncovered by preventing
earlier causes of mortality. The effects of re-
cent increases in mean life span have changed
medicine more than many people realize. For
instance, since 1900, 80 percent of mortality
from causes other than senescence in the
United States has been eliminated (Fries and
Crapo, 1981:73). An individual who could
somehow escape senescence would, on average,
live seven times as long as is now possible
(Nesse, 1988b), a fact that may explain why
people are so intent in their determination to
extend the life span, despite the pessimistic les-
sons of history and evolutionary theory.

Before dealing with specific diseases that re-
sult from novel aspects of our environment, we
would like to emphasize again that our health
has been immensely improved by medical ad-
vances and other environmental changes. Cur-
rent rates of mortality and morbidity in eco-
nomically advanced societies allow no challenge
to this conclusion. We do not advocate a re-
turn to any earlier way of life, but only the rec-
ognition that some net improvements of mod-
ern civilization are mixed blessings.

Nutritional Deficiencies and Excesses

Historically, nutritional shortage may have
been a major cause of human disease and in-
directly, from socioeconomic competition and
strife, a source of much additional distress.
These phylogenetically normal conditions still
prevail in some cultures, but there may be im-
portant differences between the stresses of mod-
ern and Stone Age poverty. Today’s economi-
cally stressed populations are almost entirely
agricultural and industrial and subsist on
highly abnormal diets that may result in trace-
nutrient deficiencies that must have been rare
in more normal environments. The under-
nourished, in the Stone Age, probably suffered
most often from inadequate protein and fat,
less often from a shortage of calories, and only
rarely from trace-nutrient deficiencies that
cause such diseases as rickets and scurvy (John-
ston, 1987; Cassidy, 1980).

This conclusion presupposes that early hu-
man habitats and diets nearly always provided
needed minerals. A needed organic compound
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can be an essential nutrient only if it is present
in excess in the normal diet. Even an occasional
shortage of a metabolite will favor retention of
the ability to synthesize or conserve it. If a syn-
thetic ability is entirely lost, selection will fa-
vor instincts of habitat selection and life-style
that assure qualitatively suitable diets. For ex-
ample, since the ability to synthesize ascorbic
acid waslost, as a result of an abundant supply
of this vitamin in a largely frugivorous diet,
subsequent evolution of dietary preferences has
been constrained by the necessity of ingesting
a critical minimum of certain kinds of plant tis-
sues. It is unlikely that there will ever be a
purely carnivorous higher primate. These ar-
guments are developed in detail by Charnov
(1984) and Scriver (1984).

Special dietary preferences also evolved be-
cause of the high value of certain scarce re-
sources, like fat, salt, and sugar. Our normal
motivational systems interact with their abun-
dance in our modern environment to result in
extraordinarily high intake. Because our bod-
ies are poorly prepared for such plenitude, new
diseases have emerged. Tooth decay, rare in na-
tive societies, is largely a consequence of ex-
tended exposure of teeth to sugar. Athero-
sclerotic disease and increased risk of cancer
are associated with high levels of dietary fat.
The relationship of salt intake to blood pres-
sure remains uncertain, but hypertension is
rare in some inland tribal groups with low-salt
diets (Intersalt Cooperative Research Group,
1988).

Human motivations and metabolism are
programmed to store fat reserves in times of
plenty for later times of shortage. A tendency
to minimize physical activity may also be adap-
tive for minimizing expenditure of such
reserves. The variability in these processes may
be great, with some individuals, who have what
Neel (1982) calls thrifty genotypes, now especially
vulnerable to diabetes and obesity (see also
Knowleret al., 1983). They store calories more
efficiently than others, but never benefit from
the episodes of famine to which they are espe-
cially adapted. Attempts to restrict food intake
voluntarily may be interpreted by the regula-
tory mechanism as uncertain food availability;
in such situations, binges of eating would be
adaptive (Nesse, 1984). It appears that repeated
increases and decreases in weight may slow me-
tabolism and increase the set-point for body
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weight (Hill, et al., 1988). Such a response
would be quite appropriate in the face of wide
variations in food availability, but directly op-
poses the goals of modern dieters. Early iden-
tification of individuals at risk for eating dis-
orders and alerting them to their special
vulnerabilities may be helpful.
Accumulation of increased fat stores in preg-
nancy is evidently an adaptation to ensure ade-
quate milk for the infant, even if food becomes
scarce (Frisch, 1988). Inadequate fat stores set
off a mechanism that stops ovulation, thus
preventing conception at times when insuffi-
cient food is available to sustain the costs of
pregnancy and lactation (Wasser and Barash,
1983; Profet, 1991). Pond (1981) provides a
well-reasoned account of the evolution of adi-
posity in general, and of the human example
in particular, with special attention to the ana-
tomical distribution of fat reserves in relation
to age and sex. Extending this work to the prob-
lem of how diet regulation mechanisms are im-
paired by our unnatural environment should
assist our understanding of anorexia and
bulimia (Voland and Voland, 1989).
Vitamin D is synthesized in skin exposed to
sunlight. The spread of humans to forested, of-
ten overcast, and seasonally cold regions, such
as central and western Europe, and the ther-
mally adaptive use of clothing in such habitats,
may have selected for reduced skin pigmenta-
tion as a way of maintaining adequate supplies
of vitamin D. Russell and Russell (1983) dis-
cuss this and related matters, and point out that
rickets was common among black but not white
children in northern U.S. cities until the 1930s,
when vitamin D supplementation of milk was
initiated. They also suggest that the heterozy-
gous state for phenylketonuria may be advan-
tageous in vitamin D synthesis and that this
may explain the increased frequency of this
gene in fair-skinned populations. They also
propose that the special ability of adult Euro-
peansto digest lactose may relate to the capac-
ity of dairy products to partially substitute for
the role of vitamin D in calcium metabolism.
Excess nutrition is a dramatic aspect of our
abnormal environment, but current efforts to
help people to control their weight rely on further
environmental changes. The use of artificial
sweeteners has increased dramatically even
though their use does not seem to assist weight
control (Stellman and Garfinkel, 1986). There
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has been little consideration of the long-term
effects of artificially stimulating taste receptors,
and thus eliciting endocrine and physiological
responses appropriate to sugar intake, without
actually providing it. The same issue will cer-
tainly arise as imitation fats become widely
available.

Other Diseases from Modern Environments

While artificial foods stimulate peripheral
gustatory and olfactory receptors, psychotropic
drugs induce pleasure by direct actions on
brain mechanisms. Alcohol and tobacco have
long been available, but distillation of alcohol
and the invention of cigarettes dramatically in-
creased health risks. Complications from alco-
hol and tobacco addiction now account for a
substantial proportion of disease and health-
care expenditures in industrialized countries.
Opioids and cocaine were also used for centu-
ries, perhaps with only moderate medical and
social costs, but new delivery methods, espe-
cially the invention of the hypodermic needle
and crack cocaine, have created new epidemics.

Finally, new pharmaceutical agents devel-
oped in the past 30 years now allow physicians
to relieve symptoms of psychosis, anxiety,
depression, and other kinds of mental suffer-
ing. Some of these agents, especially amphet-
amines and benzodiazapine-like drugs, are
reinforcing and cause pharmacologic and psy-
chologic dependence. These addictions are dis-
eases of civilization. We simply were not evolved
to resist substances that directly stimulate re-
ward mechanisms in the brain. Genetically
based tendencies to use drugs are not inter-
preted as biological abnormalities, but as
quirks that result in maladaptive behavior only
as a result of special environmental abnormal-
ities. With this in mind, it is possible to ask,
in an evolutionarily sophisticated way, why
some people use drugs and others do not. All
psychotropic drugs change how people feel. To
better understand drug use, we will need to un-
derstand the evolutionary functions of the emo-
tions (Thornhill and Thornhill, 1989; Nesse,
1990). In the meantime, the Darwinian physi-
cian presumes that the emotions have been
shaped to maximize fitness, and therefore, that
any drug that disrupts them will often disrupt
normal adaptive capacities. Better understand-
ing of the evolutionary functions of the emo-
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tions will provide guidance about when the use
of particular psychotropic drugs is advisable.

Myopia is another disease of civilization, one
that shows much genetic variability. Teikari et
al. (1988) showed high levels of concordance for
both monozygotic and dizygotic twins in re-
spect to mypoia, and Karlsson (1986) found evi-
dence for a strong single-locus effect. This evi-
dence for genetic control is hardly evidence
against decisive environmental causation. A se-
rious handicap with a high heritability, such
as myopia, could not possibly persist under nat-
ural conditions. Corrective lenses were invented
far too recently to have allowed a substantial
increase in genes that cause myopia. This ar-
gument is supported by the dramatic myopia
increase in native groups newly subjected to
formal education in childhood (Young et al.,
1969). Myopia may be a fine example of a dis-
ease that is strongly heritable, but is seen only
in a special environment.

Recent research on the development of my-
opia in experimental animals has revealed an
exquisite adaptation: eye growth is regulated
by the kind of usage and the quality of retinal
images received (Raviola and Wiesel, 1985).
Each eye grows independently and different
parts grow differentially to keep images in fo-
cus (Wallman et al., 1987; Schaffel et al., 1988).
The strong genetic factor in myopia most likely
reflects differences in the sensitivity of the
mechanism that regulates eye growth. None of
the experimental data derive from human sub-
jects, and conflicts among some results even
within the same species indicate that many is-
sues await resolution (Angela Brown and
Howard C. Howland, pers. commun.). Still,
an evolutionary approach gives reason to be op-
timistic about the possibility of preventing or
reducing myopia. For example, could it be that
the burden of myopia would be dramatically
reduced if children’s books had large print and
wide margins, and if schools made more fre-
quent use of larger, more distant reading ma-
terials, such as posters and blackboards?

Patterns of child rearing and acculturation
have changed so dramatically that many chil-
dren may not receive the minimum amounts
of certain kinds of stimulation. Psychiatrists
and psychologists have appropriately empha-
sized the importance of the early mother-child
interaction and attachment (Bowlby, 1969;
Ainsworth et al., 1978; Trevathan, 1987), and
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studies continue about the psychological and
intellectual effects of extended early exposure
to day-care by strangers. Less emphasis has
been given to such factors as family size, loss
of availability of extended family, and lack of
consistent early exposure to groups of peers.
The hunter-gatherer child, playing with other
children in a clearing between huts under the
casual supervision of several related adults,
may be having developmentally significant
experiences that are not available to a child in
even the best day-care center or single-family
dwelling.

There are strong genetic predisposing fac-
tors for many of the diseases of modern civili-
zation. Examples include obesity, myopia,
hypertension, substance abuse, atherosclero-
sis, and adult-onset diabetes mellitus. These
genetic factors have often been characterized
as “defects,” but they might better be called
“quirks,” since they have probably been of little
biological detriment (or possibly of some ben-
efit) until recent generations when individu-
als have been exposed to certain novel circum-
stances. A genetic tendency to overeat sweets
is of little consequence when sugar is scarce and
extensive exercise is involved in meeting basic
needs; if famines are frequent, it might even
be advantageous. A preference for fats will
mainly be adaptive when calories and fat are
scarce and few people live into their sixties. The
strong genetic factors in myopia and dyslexia
will remain latent until literacy becomes a
necessary accomplishment. It will be valuable
to understand the nature of the genetic varia-
tions that make some individuals especially sus-
ceptible to these diseases. An adaptive analy-
sis reveals the fundamental distinction between
such genetic quirks (genes of little cost in the
natural environment), genes that impose costs
that are worth their biological benefits, and
true genetic defects that are necessarily rare
and maintained by mutation pressure.

HOPES AND PRACTICAL SUGGESTIONS

Disease looks different from an evolution-
ary perspective. Infection is not a happenstance
encounter with another organism, but an arms
race between host and paras‘te, with extraor-
dinary elaborations of weapons, strategies,
defenses and counterdefenses. Trauma is not
a mere matter of damaged tissue, but of the
failure of protective mechanisms, the yielding
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of the soma at weak spots, and repair processes
that have been shaped and constrained by nat-
ural selection. Genes that cause disease are not
just the result of mutation, but may be selected
for known or unknown benefits, such as the
vigor in youth that may result from genes that
later cause aging. Environmental abnormali-
ties, not limited to changes in the last few gener-
ations, are major causes of common diseases,
often in interaction with genetic “quirks” that
are harmless in the environment of evolution-
ary adaptedness. For all four causes of disease,
an evolutionary perspective adds another
dimension to proximate explanations.

We are only at the dawn of Darwinian medi-
cine. Although evolutionary theory has long
been the foundation for many branches of biol-
ogy, adaptationist analyses are just beginning
to be applied in medicine. We expect them to
grow rapidly in number and explanatory
power, and to make major contributions to fu-
ture progress in the understanding of disease.

One might ask why this is happening now,
but it may be more edifying to ask why evolu-
tionary theory was not fully applied to medi-
cine decades ago. We predict this will eventu-
ally be a topic for historians of science, but our
present guess is that the delay resulted mainly
because scientific medicine arose during the
heyday oflogical positivism, with its condem-
nation of all implications of purpose. This was
transmitted to many physicians, who remain
suspicious of adaptationist arguments. An-
other reason, also worthy of the attention of
historians of science, is the surprising slowness
of evolutionary biologists to provide useful the-
ory. The historians may well marvel that the
role of kinship in evolution was not seriously
examined until 1964. While some branches of
biology have made rapid strides as a result of
testing evolutionary as well as proximate ex-
planations, the evolutionary approach has so
far provided few benefits to medicine.

Many people seem to think that an adapta-
tionist approach is based on the assumption
that organisms are perfect. This is a miscon-
ception. Itis true that the adaptionist holds the
power of selection in high regard and is skepti-
cal of explanations that take quick refuge in
proposed defects in the organism. Paradoxi-
cally, however, the adaptationist is also partic-
ularly able to appreciate the adaptive com-
promises that are responsible for much disease.
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Walking upright has a price in back problems.
The capacity for tissue repair has a price of can-
cer. The immune response has a price of im-
mune disorders. The price of anxiety is panic
disorder. In each case, natural selection has
done the best it can, weighing benefits against
costs. Wherever the balance point, however,
there will be disease. The adaptationist does
not view the body as a perfect creation, but as
a bundle of compromises. By understanding
them, we will better understand disease.

Medical research should benefit substan-
tially from an adaptationist approach. While
most researchers well understand the basics of
evolution and apply them intuitively in their
work, more explicit evolutionary explanations
should facilitate the study of proximate abnor-
malities. Some current medical research seems
a bit like trying to understand a clock’s mal-
function by analysing all its gears, without dar-
ing to ask about their function. A dirt-in-the-
gears analogy can be misleading in relation to
genes that cause senescence or cancer. Such
genes should be suspected of having beneficial
effects in most individuals most of the time. A
search for such benefits may lead to ways of aug-
menting them. We look forward to the day
when research articles routinely address both
evolutionary and proximate explanations. We
look forward to textbooks that include, in ad-
dition to the traditional sections on Epidemi-
ology, Etiology, Pathophysiology, Diagnosis,
Course and Treatment, another section on
Evolutionary Considerations.

Clinical practice will also benefit from an
evolutionary perspective. We hope that Dar-
winian medicine never becomes a sect or a
rallying cry for a branch of medicine. Instead
we hope that the addition of an evolutionary
perspective can help to integrate every practi-
tioner’s knowledge as it is applied to individual
cases. This has immediate practical utility
when considering what to do about a low iron
level in a person with a chronic infection,
whether to suppress the cough in a person with
pneumonia, or when to adopt new technology.
For instance, when chest X rays came into com-
mon use, some physicians believed that an en-
larged thymus caused susceptibility to infec-
tion and prescribed radiation treatments to
shrink the thymus. Now, people who received
such treatments have a risk of thyroid cancer
45 times greater than that of controls (Shore
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et al., 1985). This tragedy might have been
prevented either by distrust of radiation be-
cause it is a novel environmental factor, or by
the presumption that a complex organ like the
thymus must serve important adaptive func-
tions. Those who see the body as a machine
designed by a careless engineer are prone to
therapeutic hubris. The antidote is a deep un-
derstanding of each organ’s phylogeny and
functions, as well as its ontogeny and structure.

At present, evolutionary considerations are
included haphazardly in medical curricula, of-
ten with inappropriate apologies for their
“speculative” or “teleological” nature. Such mis-
conceptions will not be corrected until evolu-
tionary medicine is taught, like other aspects
of biology, by specialists. It should be taught
by those who can communicate a view of the
organism as a complex and interrelated bun-
dle of adaptations and compromises designed
to maximize reproduction in competition with
conspecifics and other organisms. It should be
taught by those who see evolution as the frame-
work that can link diverse aspects of medicine.

There is already widespread dissatisfaction
with the disjointedness of medical curricula or-
ganized along traditional departmental lines,
but there are also difficulties with alternatives
organized according to bodily systems or clin-
ical problems. In contrast to such artificial
devices, evolution provides a natural frame-
work for a conceptually cohesive medical cur-
riculum. While awaiting such curricular inno-
vation, we recommend that medical students
receive at least 20 hours of instruction specifi-
cally on Darwinian theory, human evolution,
and the functional analysis of organ systems.
In addition, lectures in other basic sciences
should routinely address the phylogeny and
adaptive significance of the systems under dis-
cussion. We believe that such curricular
changes would provide a payoffin a new gener-
ation of physicians with a deeper understand-
ing of disease.

Major reform of medical curricula is diffi-
cult. Lecture schedules swell with burgeoning
knowledge about proximate causes, and de-
partments compete for scarce time to present
this knowledge. Departments organized around
the traditional medical sciences are rarely able
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to support the study of evolutionary hypothe-
ses. They lack both funds and mentors for the
support of faculty who specialize in evolution-
ary aspects of medicine. The creation of De-
partments of Evolutionary Medicine is the nat-
ural solution to this problem, but few deans will
accept the challenge of establishing a new
discipline.

A more modest step in this direction would
be the creation of interdisciplinary programs
or institutes to advance the development of
evolutionary medicine. Such institutes could
include geneticists, physiologists, micro-
biologists, biochemists, anthropologists, and
psychologists in addition to specialists in the
various areas of clinical medicine. They would
be charged with further developing the concep-
tual tools and standards of evidence necessary
to formulate and test explicit evolutionary hy-
potheses at all levels of organization of the
organism. They would write textbooks that
address, for each disease, the evolutionary
considerations that are missing from current
presentations. Their work would soon demon-
strate that evolutionary considerations are not
speculations to be discussed by review commit-
tees that have finished allocating their funds,
but fundamental scientific hypotheses that re-
quire rigorous testing if medicine is to realize
the benefits of recent advances in evolutionarv
biology.
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