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It is the wisdom of medical educators that medical students be given
a substrate of information and experience upon which to depend in
entering a medical career. In this, the school assumes an obligation
to adapt the curriculum to changing ideas and techniques. That is,
from time to time discoveries lead to new ways of coping with old
problems and medical education is renewed. For example, expand-
ing knowledge of biochemistry and molecular biology led first to a
diminishing reliance on morbid anatomy to validate pathogenesis,
and then to molecular versions that could be established in the 
living patient. The latter is much enhanced by the development of 
a variety of visual techniques. These advances in medicine have 
had consequences; for example, today’s students display less ardor
for high skill in the physical examination. Other changes in teaching
occurred. Grand rounds, a cardinal teaching exercise, has changed
out of recognition, while the clinical pathological conference has 
all but disappeared. The story of the changes in these two teaching
exercises is illuminating.

Grand Rounds

Designed as a device for demonstrating the discernment and skill 
of a superior clinician in a diagnostic approach to patients one at a
time, the content of grand rounds changed gradually from emphasis
on how one outstanding doctor deals with one patient, to lectures
on optimal approaches to all patients with some specific disease.
The appeal is now to authority, no longer to experience. In the
course of this evolution, something disappeared: the individuality 
of the patient. An important feature of the original exercise was the
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colloquy between the physician and the patient. The doctor spoke
directly to the patient, calling him or her by name, and, after asking
pertinent and personal questions, went on to the physical examina-
tion, ending the session with a reassuring word. The discussion
about the case, away from the bedside, then revolved around that
specific patient, with allusion to generalities about other cases as
aids to formulating a course of action for a single specific person.

What is reflected in this evolution of grand rounds is this. The 
problem of the individual patient gave way to the generalities of
pathogenesis. It is the literature that dominates, not the insights of
virtuoso physicians who relied on experience, skill and intuition 
to come to a diagnosis and then to design a course of management 
for a single patient. The appeal is to authority and the thinking 
is typological. Today the accolade goes to those who are artful 
in the use of mechanical and laboratory aids and ingenious in 
interpretation of the abundant data they yield. Reports of results
of tests vie with the patient for the doctor’s notice.

The Clinical Pathological Conference

The purpose of the CPC was to test the validity of a diagnosis made
in life against the reality exemplified in morbid anatomy. Again 
there was a show, this time a contest between the clinician and the
pathologist. The former recounted in detail the process whereby the
specificities of historical, physical and laboratory information had
drawn him to a diagnosis. Then the pathologist had the last word.
Observers learned not only the pathology of the case, but how a
skillful physician was led, or misled, to a diagnosis. But modern
methods have made morbid anatomy and the CPC unnecessary
because they allow pathogenesis to be traced to molecular mecha-
nisms of homeostatic dysfunction, which, with few exceptions, can
be traced to one or more variants among the proteins that constitute
the unit steps of homeostasis, and it is increasingly possible to find
and to characterize the genes that specified them. In astonishing
feats of reductive science, diseases are shown to originate in homeo-
static perturbations due to variant proteins, themselves the products
of variant alleles, and the diagnosis is based, not on morbid anatomy
or biochemical or even molecular variation alone but on the 
individuality of the gene product. But again, something has been
lost. The point of the CPC was to learn not only whether or not the
diagnosis was made in life, but to observe correlations between 
individual expressions in the history, symptomatology and course 
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of the disease with the morbid anatomy of each case. The appeal
was to the diversity of cases. In the CPC, the clinician called upon a
broader range of knowledge of the patient than that which leads to 
a molecular or genetic test today. And that made of the case a 
specific person. Molecules yes. But humanity too. 

The causes of this fundamental shift in medical teaching are not 
easily fathomable. How did the molecular definition of pathogenesis
displace the patient as the central focus? How did analysis displace
synthesis? Certainly government support of medical and basic 
science research, the efflorescence of molecular biology, the adapta-
tion of fibre optics to medicine and new approaches in radiology
were all prominent. And medicine has not escaped the influences 
of the quickening pace of social change. But, whatever the causes,
today’s medicine is readily embraced within the metaphor of the
body as a machine that has for so long exerted a strong attraction 
for the medical mind. Devices that see into the innermost recesses 
of the body, a new anatomy expressed in the molecular detail of
every kind of cell, and a biochemistry and physiology that character-
ize the actions of cellular homeostasis, all contribute to the concept
of a machine, and in our mechanized society we expect all examples
of a particular machine to conform to the same plan. This metaphor
has been very useful and will continue to be; the human body is 
a machine. But human beings are manifestly not all the same and 
it is in imposing diversity on the metaphor of the machine that
genetics adds significantly to how we think about disease. Why has
it not done so already? Perhaps because change in the conceptual
basis of a profession is always deliberate. But the wherewithal 
for such a shift is already here and it has begun to influence our
thinking about all disease. So it is time for formal action to incorpo-
rate into medical education the new ideas generated by a penetrating
understanding not only of the structure of genes, but of their 
origin in evolution and the function of their products in human
homeostasis and disease.

Genetic and Medical Thinking: A Synthesis

How does genetics add significantly? There are two ways. First,
genetics can be adapted to help in the fulfillment of the conven-
tional aims of medicine: diagnosis, treatment, prevention; and that is
more or less what medical genetics has done so successfully. But
genetics can contribute more fundamentally by modifying medical
thinking to accommodate a view of disease as originating in the
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imperatives of evolution and natural selection. 

“Modify medical thinking”. What does that mean? It means observ-
ing the human machine and its diseases through a genetic lens. It
means a synthesis of medical and genetic thinking. Such syntheses
are not new. An example is that of genetics and evolutionary biol-
ogy which emerged in the 1930s and 40s as neodarwinism, to the
profit of all of biology.

What does it mean to observe medicine through a genetic lens? 
How different is the product from conventional medical thought?
One way of putting it is to say that the machine mentality limits
its scope to what can be seen, sensed, related by the patient or
revealed by the laboratory which reports on present conditions,
while the genetic lens adds the phylogenetic past, the freedoms and
constraints imposed by development, maturation and aging, the
uniqueness of the individual and the specificity of his experiences 
of the environment. One way to bring out contrasts between ways
of thinking is to compare polar positions. Here these are expressed
in contrasting questions that are exemplary on one hand of those 
of conventional medicine, and on the other, of those asked after
genetic modification.

The medical questions are a) “What disease does this patient have
and how do I treat it?”; and b) “How can I prevent this disease?” 
In each question the emphasis is on the disease, its pathogenesis,
and its treatment or prevention, not on the patient. The latter who
constitutes the arena wherein the struggle against disease is to be
waged, could be anyone. The appeal is to authority, the thinking
typological. 

The questions asked when medicine is viewed through a genetic
lens are a) “Why do we have disease at all and how do we define
it?”; b) “Why does this person have this disease at this moment 
in his/her lifetime?”; c) What can we do to restore this person to his/
her unique steady state?; and d) “How can we employ knowledge 
of an individual’s special qualities to prevent disease and maintain
health?” These questions are added to, not substituted for, the ques-
tions above, and their answers expand greatly the conceptual
grounds upon which a patient’s problem is considered, even while
adding nothing to the burdens of diagnosis and treatment or their
cost. The answers comprise a conceptual basis for medical education,
a set of explanatory principles within which to confront individual
patients with their particular version of the disease they suffer.

4

Medicine Through a Genetic Lens



Every profession has explanatory principles that inform its practical
applications. These are unlikely to come explicitly to mind in the
course of every day’s work; they are not part of the array of facts that
are arranged and rearranged in the solution of the problem of the
moment. Rather they explain why the facts are arranged as they are.
For example, the expression of hypothyroidism depends upon the
age at onset of symptoms. That is the fact. The explanatory principle
is that development imposes its stamp upon the clinical picture of
any disease, and so the student sees this disease in babies and 
children during the pediatric rotation and in adults on the medical
wards, and the differences are assigned to the developmental stage.
But the genetic lens dissolves such stratification to remind the 
physician that the zygote has the same genes as the centenarian,
give or take a few somatic mutations, and, depending upon cellular
differentiation, such genes specify protein products that integrate to
form a homeostatic apparatus that adapts appropriately over time
and in response to innumerable experiences of the environment.
Growth and development characterize the initial adaptations, the
next stage is the steady state of adult life which gradually gives way
in highly individual patterns to aging. If this lifetime trajectory can
be perceived as a tube, a cross section representing any moment in
the lifetime would represent for each a developmental or homeo-
static matrix in which today’s conditions are outcomes of influences
of the past and the future will be influenced by those of today. This
must be so because our genes constrain us to be the same person
throughout our lives, no matter what our history. So the clinical 
picture is always a) constrained by the original plan, itself under 
limits imposed by the phylogenetic past, b) subject to modification
by what the individual was before overt disease came to light. So 
the explanatory principle illustrated in this second view of hypothy-
roidism is that all diseases are characterized by a phylogenetic past,
an ontogenetic past and conditions of the present. A similar version
of disease, which he calls “homeostatist,” has been reported by
Goldstein.1

The Questions

A. The Body as a Machine

These questions, what disease does the patient have, how do I treat
it and how can it be prevented, are true to the metaphor of the
machine. If the machine is broken, the site and nature of the damage
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must be found and named, and then an effort must be made to fix it.
From the point of view of these missions, generalizations in the form
of explanatory principles are best associated with each specific 
disease. There is little need to tie them all together except in such
ways as that all diseases afflict the same machine; all machines have
temperature, blood pressure, cerebrospinal fluid, produce urine and
so on. Within diseases generalizations consist of lists of signs and
symptoms and individual cases are judged in relation to the “classical
case”, while values of anything that can be measured are arranged 
in histograms and means and dispersions are calculated. But means
and dispersions characterize populations, not individuals, and are,
therefore, representative of typological thinking in which the “type”
prevails and individual variation is given less attention, or is ignored.

B. Through the Genetic Lens

Since evolution and natural selection inform the answers to all of the
questions asked when medicine is viewed through a genetic lens, the
sequence in which the questions are asked is determined by their
content and the answers to all derive from those given for the first.

1. Why do we have disease and what is it?

The question of “why” reasonably precedes that of “what” because
the answers to why? are likely to constrain the forms disease can
take. Whether or not these questions are commonly asked and
answered in medical education is uncertain. What is certain is that
they do not appear anywhere in textbooks of medicine, pediatrics,
pathology or any of the specialties. One has to conclude that the
answers are thought to be either too obvious to ask or of no conse-
quence. But shouldn’t students learn something about disease as
they enter into the study of diseases?

a) Why disease? 

Why do we have disease? Why are we not, after all this time,
adapted to everything? An answer to this “why” question that suits
the machine way of thinking is that human homeostasis is likely 
to be incongruent with many experiences of the environment and
may respond to their pressures by breaking down. Discovery of the
molecular details of the break will lead to a way to mend it.

The geneticist agrees, but adds that we must know whence the
incongruence arises. It arises from genetically specified variation in
the protein products that constitute the elements of homeostasis.
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These variations exist because each species requires a fund of 
variation to remain congruent with a variable and indifferent 
environment. Such variation is a result of mutation at the time of
meiosis and we know that in the formation of gametes, the range 
of mutation runs from losses of whole chromosomes to harmless 
base pair substitutions. Upon fertilization, however, the zygote is 
subject to selection, favorable in the case of variants that improve
homeostatic adaptation, unfavorable for those whose effects are to
impair the capacity to adapt, which is to say, those that lead in 
individuals, to incongruence and perhaps disease. In between, and
continuous with the favorable and unfavorable alleles, are variants
of polymorphic frequency that are for the most part neutral in 
selection, but which, given appropriate circumstances, may con-
tribute to diseases of complex origin. To preserve the symmetry of
continuity, it should be added that in other circumstances the same
genes are likely to have a favorable selective effect, however small.
So the answer to the question of “why disease?” is, it is a consequence
of an evolutionary imperative for variation without which the
species is in peril of extinction. 

Now, because this variation, so necessary for species survival, is
expressed in individuals, typological thinking, which appeals to
classes, not individuals, is inappropriate. A more apposite mode 
of thought is that which Ernst Mayr calls population thinking.2

By this he means that populations are composed of individuals
unique in genes, which, of course lead to uniqueness in develop-
ment and experiences, so it is individuality that characterizes
population thinking.

No doubt this relationship between variation and the viability of
species was at least alluded to in college courses in biology, but it is
uncertain that that viability was perceived to include susceptibility 
or resistance to disease. But even if it were, does it not need re-
emphasis in medical school? Perhaps it may be asked, why bother?
Such a concept does not influence diagnosis or treatment, nor 
prevention either. The case for “why bother”? will be made in the
answer to all of the other questions, which will be seen to flow 
from the same evolutionary imperative.

b) What is Disease?

Disease has already been defined as a consequence of incongruence
of some aspect of homeostasis with the environment. We know the
elements of homeostatic devices to be protein gene products, so 
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the variation that contributes to incongruence and disease must be
expressed in the structure, amount and adaptive capacity of these
protein unit steps of homeostasis. 

In what follows, the emphasis is on the protein gene products and
their role in homeostasis because the incongruence is not of the
genes but of their products. We are accustomed to using such locu-
tions as gene-environmental interaction when, in fact, the interaction
is between homeostasis and the environment. The virtues of the 
distinction will be evident in answers to all of these questions. 
Now, since the unit steps as well as the whole of the homeostatic
apparatus came into being according to the genetic plan, the forms
that disease can assume must be both permitted and constrained by
how that plan has influenced its products, their variations and their 
integration into workable devices. This seems to answer an age-old
question of the definition of disease. On the one hand, disease has
been defined since antiquity as having entity. That is, it is said to
exist apart from the individuals it afflicts; it has its own essence.3

Obviously in this definition, called essentialist, or ontological, 
individual variation is of little moment; it is the typological, classical
case that expresses the disease’s essence. An alternative concept,
called nominalist, or physiological, and also dating from antiquity,
has it that disease is an expression of how an individual has failed 
to adapt, and because all individuals are different, each person
evinces a personal version of whatever the disease. Today the
choice between these opposed definitions is easy to make. If 
disease originates in incongruence between variable homeostatic
devices and equally variable experiences of the environment, 
then, because each individual is unique, the choice can only be
nominalist. This argument will be strengthened in answers to the
other questions; here we emphasize that the form the disease takes
is a property of the individual who exhibits its signs. Such a defini-
tion also accommodates resistance to disease on the same grounds; 
variation in the protein unit steps of homeostasis confer congruence
with the same conditions of the environment that provoke disease 
in the vulnerable. So susceptibility and resistance are based upon
the same kind of variability and are equally expressive of individual-
ity, and because variable, represent a continuity between health 
and disease, as well as between degrees of disease. And as a conti-
nuity, there is an incommensurable area of overlap wherein
expression of its component variants is contingent, uncertain, 
and in respect to pathogenesis and prevention, to be treated with
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caution. Here is the place for population thinking, a place for concern
for the individual.

So, what is the lesson the answers to these questions teach? It is that
at the basis of disease is the necessity of the species for variation
while the clinical expression is a consequence of the failure of a
variant homeostasis to adapt to some aspect of the geographical,
biological, cultural or social condition of the environment. So 
disease is as much a consequence of variation in our social and 
cultural organization as biological, and management is best directed
to whichever component is most amenable. It is a paradox that the
genetic way is more sympathetic to prevention by social adjustment
than is conventional medical thinking which embraces hands-on
treatments. But because the student should have the wherewithal 
to think about the justification for each, these questions should be
asked and answered.

2. Why this person and why this disease?

Why should any particular person be singled out to suffer a particu-
lar disease? Patients ask, “Why me?”, and the up-to-the-minute
answer is provided by the media, usually with pontifical certainty
and authority, “It’s in your genes”. And there is some truth in it.
Investigators are able sometimes to find the genes, identify their
products, place the latter in their homeostatic contexts thereby clari-
fying pathogenesis, and we all know that treatment is dictated by
pathogenesis. But here there is another paradox; it is the patients
with those conditions in which this solution is most likely that are
the most resistant to treatment. That is the reason for the strenuous
efforts to devise safe and effective means of gene therapy for mono-
genic disorders.

a) Proximate Causes

Our techniques have been effective in exposing proximate causes in
monogenic disease and they are being extended to the discovery
and characterization of genes whose variant products are associated
with disorders of more complex origin. So may we say that once we
know the genes, we know the answer to “Why this person?” and
“Why this disease?” The answer is yes, but it is only a partial answer.
The genes have been there since conception and yet the onset of 
the disease was not at conception, may not be until old age, or may
never be, though their possessor live to be 100 years old. So we
need to know the particular experiences that have contributed and
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their impact through development and over the years, on a home-
ostasis that has failed in some detail to adapt to them. These non-
genetic influences vary no less than the genes, but in other ways:
kinds, intensities and durations, for example. So the homeostatic
matrix changes depending upon the experiential variables. That is,
early changes in the matrix are likely to influence later changes,
some in the direction of resistance, others toward vulnerability to
influences to be experienced after many years, with implications for
overt onset of disease. There is a growing movement in medicine to
trace the origins of diseases of late onset to variations of early life.
For example, nutritional and other differences in intrauterine life or
infancy characterize people with heart attacks, hypertension and
type II diabetes, all with onsets in mid to later life.3-10 And why not?
The genes have been there from the start and it is they that specify
the proteins that characterize the capacity of homeostatic devices to
respond diversely to experiences of various kinds and intensities,
early or late, and of long duration and short. Evidently states of
development, maturation and aging characterize people as individuals
no less than the genes that played their part in attaining those states;
again the need for population thinking. So the answers to the ques-
tions “Why this person?” “Why this disease?” are determined by a)
the qualities of the genes and how their products have integrated in
homeostasis; b) the history of the kinds, intensities and durations of
experiences; and c) the history of the development, maturation and
aging of the homeostatic matrix within which the day’s experiences
are sorted out and accommodated — or not. The lists of genes can
be duplicated exactly in more than one person as in twins, perhaps
the experiences, too, more or less. But it is unlikely that the develop-
ment and maintenance of the homeostatic matrix could be duplicated,
so a person’s ontogeny, maturation and aging are significant contrib-
utors to uniqueness and diversity. 

b) Remote Causes

Elements involved in incongruence and pathogenesis are proximate
causes. Other kinds of causes that contribute to individuality in 
disease are remote causes, and it is these that impose specificity on
the case. So the answer to “Why me”? is, “because you have the
genes and the experiences that have led to this disease, but you also
came by those proximate causes in ways that differentiate you from
anyone else with those same genes or those experiences. That is, a
number of events and conditions had to come together to specifiy
you as one to have the disease.”
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