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EDITORIAL COMMENT

As governmental and public interest in environmental quality increases, and
as conservation or remedial programs are planned, a number of scientists are called
upon for advice or decision in areas involving fields beyond their own personal
expertise. Program managers, experienced in administration, also fird themselves
in need of information on technical matters that fall within their jurisdiction.

The announcement that a United Nations Conference on human environment
was to be held in Stockholm in June 1972 pointed out the fact that these needs
are worldwide. It stimulated the John E. Fogarty International Center of the
National Institutes of Health to investigate how these needs might be met. In
conjunction with the National Institute of Environmental Health Sciences, also
part of the National Institutes of Health, a decision was made to prepare four
books on the aspects of environmental health for which suitable résumés were not
readily available.

The interplay of multiple factors in the causation of environmentally related
disease was the topic selected for the fourth of the set. As for the other volumes,
a small panel of experts in the field was asked to delimit the scope that should be
followed, to indicate the specific topics within that scope, and to suggest other
experts who could contribute to the volume. Contributors brought draft papers to
a three-day workshop where the drafts were thoroughly discussed, amendments
suggested, and integration among chapters developed. Extensive editing followed.

The contributors to the previous three books had a relatively easy task in
that they were asked to condense existing knowledge on the particular subjects
into a form that would be instructive for scientists and scientific managers who
had to make decisions involving fields in which they were not themselves expert.
The contributors for this fourth book had a much more difficult task. They were,
in effect, asked to comment in learned fashion on a concept rather than on factual
information. The concept, moreover, was one which is often invoked but seldom
defined. The previous three books, in presenting relatively hard knowledge, re-
vealed their own areas of deficiency, such as lack of information on the environ-
mental distribution of stressors or the poor comparability of information on even
closely related stressors. This book goes further in repeatedly revealing that the
information necessary for good comprehension and sound recommendation is
simply not readily at hand. It is believed, however, that the very demonstration of
deficiencies is important, and that the development of a more adequate approach
to environmental problems will result from attention being drawn to them.

After an introduction based mainly on the epidemio'ogy of infectious dis-
case, but applicable to other environmental factors, some diseases believed to have
multiple etiological factors are reviewed in Part I. Part II goes to to the other end of
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EDITORIAL COMMENT

the pathological spectrum and looks at disturbances of cellular processes resulting
from two or more factors operating simultaneously or in succession. Part III
examines the further complicating role that storage of potentially toxic material
in body tissues and its subsequent release introduce into an already complex
situation. Part IV deals with some implications of multiple factor operation.

It has not been easy to preserve a balance between simplification for the
nonspecialist and adequacy as viewed by the expert. The text now appearing has
been checked by the contributors, but we must accept responsibility for any
undue selectivity that may have occurred as well as for errors of omission or
commission. We hope, however, that the text will help those who need to know
the state of current knowledge on the health significance of multiple environ-
mental factors but who do not have the time to pursue the detailed literature or
to seek a compilation directed to their special needs.

Douglas H. K. Lee
Paul Kotin
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CONCENTRATION UNITS AND
CONVERSION FACTORS

Metric and proportional units are used somewhat indiscriminately for in-
dicating the concentration of toxic agents. In this volume the units preferred by
the individual contributor have been retained. The reader who wishes to make
comparisons between concentrations expressed in different units will find the
following data useful.

In solid and liquid mixtures, proportional units refer to weights and are
easily converted to metric equivalents:

1 part per million (ppm) =1 mg/kg
1 part per billion (ppb) =1 ug/ks
(1 kg of liquid of density 1 =1 i)

In gaseous mixtures, however, proportional units refer to volumes, so that
conversion varies with the molecular weight of the dispersed substance, tempera-
ture, and barometric pressure. The conversion formula is

1 part per million by volume

at 25°C and 760 mm HG pressure = 0.041 (molecular weight) mg/m?

Note: The factor 0.041 represents 273/(298 X 22.4)

Particulate matter in air is often expressed in terms of millions of particles
per cubic foot or per cubic meter. To convert from cubic foot to cubic meter,
multiply by 35.3. (This also gives particles per cubic centimeter.)

xvii



ety

o31¢o 3!

CONTENTS

CONTRIBUTORS .
EDITORIALCOMMENT . . . . . . . . . . . . .

CHAPTER 1. INTRODUCTION: CONCEPTS OF MULTIPLE FACTORS
Brian MacMahon

PRACTICAJ. UTILITY OF THE CONCEPT OF

MULTIPLE FACTOR ETIOLOGY. . . . .

THE CHANGING CAUSES OF DISEASE . . .

ACUTE AND CHRONIC DISEASE . .

DIFFERENT CONCEPTS OF MULTIPLE-FACTOR ETIOLOGY

SYNERGY IN MULTIPLE-FACTOR ETIOLOGY . . . . . .

PART 1. DISEASES OF MULTIFACTOR ORIGIN

CHAPTER 2. CANCER: A DISEASE INVOLVING MULTIPLE FACTORS
Paul Kotin

ENVIRONMENTAL CARCINOGENESIS . . . . . . .

EXOGENOUS FACTORS. . . . . . . . e e e

ENDOGENOUS FACTORS . . . . . . . . . . ..

COMMENT . . . . . . . . . . . ..

DEFINITION OF CURRENT BOUNDARY BBTWEEN

KNOWLEDGE AND IGNORANCE . . . . . . .
CONCLUSION e e e e e

CHAPTER 3. POTENTIAL CONTRIBUTIONS OF MULTIPLE
RISK FACTORS TO THE ETIOLOGY OF CIRRHOSIS
Thomas C. Chalmers
ALCOHOLICCIRRHOSIS . . . . . . . . . e ...
Clinical Observations . . . . . . . .
Epidemiologic Data . . . e e e e e e
“POST-HEPATITIC” CIRRHOSIS ........
AnecdotalData . . . . . . . . . ..
SerologicData . . . . . . . . . .
EpidemiologicData . . . . . . . . .
ExperimentalData . . . . . . . . .
“AUTO-IMMUNE” CIRRHOSIS . . . . .
TOXICCIRRHOSIS . . . . . . . . .

% E

NNV bhWN

—

16
17
22

26



CONTENTS

OTHER FACTORS THAT MAY FACILITATE THE
DEVELOPMENT OF CIRRHOSIS . .
Dietary Deficiencies . ..
Genetic Factors . .
Geographic Factors and Relatnon to Hepatoma
Air Pollution .

A POSSIBLE MECHANISM TO EXPLAIN COMBINED EFFECTS .

COMBINATIONS OF TWO OR MORE OF
THE ABOVE FACTORS . .
REFERENCES ..

CHAPTER 4. MULTIPLE FACTOR ETIOLOGY IN
CORONARY HEART DISEASE
Jerome Comnfield
INTERNATIONAL COMPARISONS .
RISK FACTORS IN FRAMINGHAM .
OTHER RISK FACTORS . .
PRE-AND POST-INFARCT POPULATIONS
JOINT EFFECTS . .
INTERVENTION STUDIES
SUMMARY . . . .
REFERENCES

CHAPTER 5. MULTIPLE FACTOR ETIOLOGY IN
CHRONIC OBSTRUCTIVE LUNG DISEASE
Jerome Kleinerman
CHARACTERISTICS .
PREVALENCE . . .
SMOKING AS ETIODOGIC AGENT ..
AIR POLLUTION AS ETIOLOGIC AGENT
GENETIC FACTORS IN ETIOLOGY . .
OCCUPATIONAL FACTORS IN BTIOLOGY
SUMMARY. . .
REFERENCES

CHAPTER 6. MULTIPLE FACTORS IN THE CAUSATION
OF RENAL DISEASE
Edward H. Kass
ENVIRONMENTAL TOXINS AFFECTING THE KIDNEY
NEPHROTOXIC DRUGS . . . .
INFECTIOUS AND IMMUNOLOG!CAL DISORDERS
OF THE KIDNEY . .
HYPERTENSION AS AN ACQU]RED DISORDER
OF CHILDHOOD L.

vi

43
45
47
49
50
51
52
53

57
59
61

67
70

75
76

87

89



CONTENTS

PART II. MECHANISMS OF MULTIFACTOR EFFECT

CHAPTER 7. INTERACTIONS OF CHEMICALS AS A
RESULT OF ENZYME INHIBITION

Kenneth P. DuBois

POTENTIATION OF MALATHION .

INHIBITION OF ALIESTERASES

COMMENTS . ..

SUMMARY

REFERENCES

CHAPTER 8. INTERACTIONS OF CHEMICALS AND DRUGS
TO PRODUCE EFFECTS ON ORGAN FUNCTION
James R. Fouts
TEXT . . .
REFERENCES
CHAPTER 9. DRUG-CHEMICAL INTERACTIONS AS A FACTOR
IN ENVIRONMENTALLY INDUCED DISEASE
Jerry R. Mitchell and James R. Gillette
DIRECT DRUG-CHEMICAL INTERACTIONS
SENSITIZATION BY REPEATED EXPOSURE
ALTERATION OF RENAL EXCRETION . .
ALTERATION OF HEPATIC METABOLISM .
Inhibition . . . ..
Induction . .
INDUCTION OF METABOLISM AS A CAUSE
OF TISSUE DAMAGE .
SUMMARY
- REFERENCES

PART IlIl. COMPLICATIONS INTRODUCED BY
STORAGE OF CAUSATIVE AGENTS

CHAPTER 10. ROLE OF BODY STORES IN ENVIRONMENTALLY
INDUCED DISEASE -- DDT AND LEAD
Wayland J. Hayes, Jr., Robert A. Neal, and Harold H. Sandstead
DDT . e e e . .
STORAGE OF DDT IN MAN
DDT in Adipose Tissue . . .
DDT in other Tissues and Flunds ..
EFFECT OF DDT ON THE NERVOUS SYSTEM
The Biochemical Lesion . . .
OTHER EFFECTS OF DDT AND ITS ANALOGS .
Induction of Microsomal Enzymes .
Direct Estrogenic Action .
Action on the Adrenal Cortex and lts Secretnom
Tumors . .
Action on Birds .

97

104
105
106

109
115

120
121
123
123
123
124

124
127
127

136
136
136
138
141
141
142
142
143
144
145
145



CONTENTS

DOSAGES OF DDT TOLERATED BY MAN AND ANIMALS
CONCLUSION . . . . . . . . . . . . ...
LEAD
SOURCES OF CONTAMINATION OF THE ENVIRONMENT
WITH LEAD AND THEIR SIGNIFICANCE .
BODY STORES OF LEAD . C
REFERENCES .

CHAPTER 11. BODY BURDENS OF RADIOACTIVITY
A. B. Brill, F. L. Parker, and R. E. Johnston
NATURALLY OCCURRING RADIOACTIVE NUCLIDES
Radioactivity in the Earth’s Crust . .
Radioactivity in Food and Water . .
IRRADIATION FROM RADIOACTIVE CONTAMINATION
OF THE ENVIRONMENT DUE TO EXPLOSIONS OF
NUCLEAR WEAPONS . . .
NUCLEAR POWER PLANTS AND THE ATOMIC ENERGY
INDUSTRY . .
OCCUPATIONAL EXPOSURES 'l‘0 lNTERNAL EMI'IT ERS
MEDICAL ADMINISTRATIONS OF RADIOACTIVE
COMPOUNDS .
LATE EFFFCTS OF RADIATION FROM RAD]OACT IVE
ISOTOPES AND RELATION TO BODY STORES
REFERENCES

CHAPTER 12. STORAGE AS A FACTOR IN DISEASE
- DUE TO MINERAL DUSTS
J. C. McDonald, G. W. Gibbs, J. Manfreda, and F. M. M. White
STORAGE PROCESS . .
SILICOSIS AND ANTHRACOSIS
Pathology .
Epidemiology . . .
* ASBESTOSIS AND TAI£OSIS
Pathology .
Epidemiology .
LUNG CANCER . . .
MALIGNANT MESOTHELIOMA .
CONCLUSION
REFERENCES

>
X
PART IV. SOME GENERAL CONSIDERATIONS

CHAPTER 13. IMPLICATIONS OF MULTIPLE FACTORS
FOR PREVENTION AND CONTROL
Lester Breslow
SELECTING ENVIRONMENTAL FACTORS FOR
DISEASE CONTROL . .
INTERRELATIONSHIP OF ENVIRONMENTAL AND
ENDOGENQUS FACTORS .

viii

146
147
148

148
149
151

166

167

167

170
172

173

174
179

186
188
188
189
189
189
190
191
192
193
195

205

208



CONTENTS

ENVIRONMENTAL AND HUMAN SURVEILLANCE AS
THE BASIS FOR PLANNING CONTROL MEASURES
IMPLEMENTATION OF CONTROL MEASURES

HEALTH AS A VALUE IN ENVIRONMENTAL CONTROL .

CHAPTER 14. COMMENTS AND PERSPECTIVES
Douglas H. K. Lee
TEXT

ix

211
213
215

219



CHAPTER 1. INTRODUCTION:
CONCEPTS OF MULTIPLE FACTORS

BRIAN MACMAHON, Department of Epldemiology, Harvard
School of Public Health, Boston, Massachusetts

Almost 2400 years ago, Hippocrates polinted out
the need to understand the causes of disease If we
are to control it. Only in the 1last one hundred
years, however, have we begun to make measurable
progress In thls dlirection. In this brlef span of
time many 1llving and Inanimate agents capable of
Inducing human disease have been Identifled. The
reductions In mortality and morbidity that have
followed are clear -- at least in those areas of the
world fortunate enough to possess the resources to
apply the knowledge for the benefit of their
populations.

For many years after the beginning of this era
of discovery the gulding philosophy was that each
human allment had Tts own particular cause, in much
the same way that each force had its own equal and
opposite reaction. This philosophy was most vividly
expressed In the postulates of Koch -~ a set of
“"rules" that for many decades speclfied the
condltlons that must be met If a particular microbe
was to be consldered the cause of a particular human
{1lness. The concept, In general, served us well,
providing the means for controlling many Infectious
and chemically-induced dlseases.

. As the 1ist of factors known to be capable of
Inducing human disease has lengthened, It has become
clear that a particular disease manifestation may
have more than one causal antecedent. In addition we
have learned that exposure to a known cause of
i11ness does not always lead to the expression of
that Illlness and that Identlflication of a causal
antecedent does not necessarlly provide the abllity



BRIAN MacMAHON

to prevent or control the allment. We have come to
recognlze that the one cause-one disease model Is too
simple. Illness in an Individual Is the result of a
multitude of prior clrcumstances -- Including those
multiple, Independent, minor clrcumstances that we
call chance -- and causal circumstances differ from
one Individual to another, even when the
manifestations of their I1lness are
Iindistinguishable, Seemingly minor dlfferences In
diet or In physical or chemical environment determine
the reaction of a person to a given microblal or
genetlc stimulus, and vice versa. Indeed the causal
antecedents of Illness In any Individual comprise a
web of Intertwlined circumstances that In their full
breadth and complexity lle quite beyond our
understanding.

PRACTICAL UTILITY OF THE CONCEPT OF MULTIPLE
FACTOR ETIOLOGY

It may appear that, In our recognition of the
complexity of disease etiology, we have gone from one
extreme to the other -- from the 1imited utility of
the one cause-one disease model to a philosophy that,
because of the 1imitations of our ability to
comprehend, may be of no more, and perhaps even less,
practical utility for the development of dlsease
control measures. Fortunately, to develop effective
control measures It 1Is not necessary to understand
the entire causal web but merely to ldentlfy
significant strands, the disruption of which can lead
to alteration In the whole structure. Recognition of
the possibility of multiple etiology -- even when we
know that we can never understand the antecedents of
a particular I1iness in thelr entirety -~
enormously increases the opportunities for preventive
action since It increases the number of points at
which such action can be effected. This Is clearly
illustrated by two kinds of sltuation:

1. A factor is identified as an unequlvocal
cause of disease but proves to be  not
manipulatable for preventive purposes.
Genes generally fall 1Into this class. It
may then be possible to Identify other
components of the causal web that can
be altered. Phenylketonurla, for example,
Is a disease that thirty years ago
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mlight have been considered a single

factor disease -- determined
exclusively by the presence of a single
recessive gene In homozygous form.

Certalnly it appeared that everybody
carrylng the required genetic comblnation
manl fested the disease. The discovery that
the manlfestation depended, In addition, on
the presence of phenylalanine In the dliet
opened the way for the prevention of at
least some of the disease manifestations.

A factor that causes dlisease also has
desirable effects that make Its ellmination
unacceptable, or at 1least 1less acceptable
than other ways of achieving the health
objective. For example, the community at
large appears to find unacceptable the
elimination of cigarettes as a measure to
prevent the more than 100,000 deaths that
these cause annually. In spite of the
avalilability of measures directed agalnst
specific microbial causes of enterlc
diseases, prevention of such diseases In
this country Is still based on the provision
of unadulterated water and food rather than
on what would have to be massive vaccination
programs.

concept of muitiple-factor etiology often
to be used as a last refuge by Investigators
to identify any causal factor of

signiflcance. As such the term has a pessimistic

ring.
ex]stenc
more, ra
action.
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We should recognlize, therefore, that the

e of multiple etlologic factors provides us
ther than less, opportunities for preventlive

CHANGING CAUSES OF DISEASE

The profile of the human envlronment -- and for
that matter of the human gene pool -- Is In a

cons tant
living

state of flux. The microblial and other
agents of a disease to which a typical North

American Is now exposed are considerably less varled

and less
ago. Al
milieu

widely distributed than those of fifty years
so more homogeneous Is the general ecological
that hosts such agents. On the other hand,



