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A brief background of some basic epidemiology concepts and methods
will provide a framework for this session. Epidemiology is de-
fined as the study of the distribution of disease in population
groups and the determinants or causes of disease. Its princi-
pal tool is the rate, a fraction defined as the number of cases
of a disease divided by the population at risk for the disease

cases of a disease

population at risk

In studying disease causation, typically, a problem is approached
first with descriptive epidemiologic methods; that is, data from
death certificates, medical care and other routine records or
surveys, are amassed by geographic area or population group. Any
differences in rates by place, time and person (age, sex, race,
occupation, etc.) lead to generation of hypotheses to account

for the wvariation in risk of acquiring, or dying, from a disease.
These hypotheses are then tested by methods of analytic epidemi-
ology; that is, more focused studies.

A schema of the three major types of analytic studies, retro-
spective (or case control) studies, prospective (or cohort)
studies and historical prospective studies is shown in Figure

1. Further detail about these analytic methods, their advantages
and disadvantages, are presented in Epidemiology, An Introductory
Text.l As will be discussed later, occupational groups are almost
uniquely useful for historical prospective studies, a method which
overcomes many of the disadvantages of the other two methods.

Figure 2 shows the feedback loop of the epidemiologic study cycle;
that is, results of hypothesis testing lead to some answers, but
also to further questions and hypotheses which in turn stimulate
further data collection and focused studies. The contribution of
basic and clinical sciences, demography, biostatistics and other
disciplinary study, is integral to epidemiology.

It should be noted that epidemiologic studies are generally based
upon observations. Experiments in which subjects are randomly
allocated to groups which are then exposed or not exposed to a
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Epidemiology: An Introductory Text, Philadelphia: W. B. Saunders
Co., 1974.)
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supposedly noxious factor cannot be carried out on human popula-
tions today. Instead, evidence for causation must depend upon

the types of observational studies outlined above in which assign-
ment of individuals to exposed and non-exposed groups is not under
the control of the investigator, but is the result of some type

of selection (e.g., smokers vs. non-smokers, those occupationally
exposed to a chemical or not). In such circumstances, the epidemi-
ologist can only observe the outcome., Therefore, deductions re-
garding risk factors must take into account selective biases

which may be present.

An important concept of disease causation is that, in general,
disease is not caused by a single factor or agent as shown in

the ecologic model of the epidemiologic triangle (Figure 3),

but rather is influenced by multiple, interactive factors. Even

in infectious diseases, illness canncot be ascribed solely to the
infectious "agent'"; interaction with host and environmental factors
also must be considered. Therefore, another ecologic model of
disease, the wheel (Figure 4) is to be preferred in which the

agent may be located in any of the environmental sectors in man -
himself,

This model shows man with his genetic makeup in the center sur-
rounded by the biologic, physical and social sectors of the environ-
ment., The importance of the genetic core varies with the disease.
The occupational physician may identify the importance of this
"core'" in hypersusceptibility problems within the workforce.
Hereditary alpha-1 antitrypsin deficiency and chronic lung dis-
ease, glucose-6-phosphate dehydrogenase (G-6-PD) deficiency and
hemolytic anemia after exposure to selected chemicals or drugs,
and hypersensitivity to organic isocyanates are examples of here-
ditary disorders or metabolic derangements that should be taken
into consideration in preplacement screening and medical surveil-
lance of employees with pertinent exposures.2

The concept of a defined population or group of persons under
observation or at risk for a disease is central to epidemiology.
This principle applies not only to disease causation, but also

to the application of knowledge to control measures, whether they
be (1) promotion of health and prevention of occurrence of disease;
(2) early detection of disease; or (3) adequate treatment and re-
habilitation. These three types of control measures are referred
to, respectively, as (1) primary prevention; (2) secondary preven-
tion; and (3) tertiary prevention. :

The concern of the practicing epidemiologist with populations
(persons at risk of disease, or the denominator of rates) as
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well as with the cases (numerator) contrasts with that of the
practicing clinician who focuses only on the numerator, those
individuals who come for care. The community.clinician generally
is unable to ''see" the total population from which his patients
arise. Individuals are referred from ill-defined population
groups or geographic areas which are served by other physicians.
It is difficult for any one physician to obtain a holistic view
of the health status of the community or to effect preventive
measures on any broad scale, Even clinicians in a prepaid group
practice or health maintenance organization, or in large indus-
trial plants, do not have the opportunities for such insights

or influences since other physicians also serve these groups.

The part-time occupational physician in the small plant, however,
is in the enviable position of being in both worlds. He is a
clinician who has the opportunity also to be an epidemiologist.
He has responsibility for the health of a group of individuals
who represent a clearly defined population at risk. He is their
triage clinician and also can practice preventive medicine on

an individual and group basis. He can monitor the health status
of his population for both known and unknown noxious factors and
use observation and an inquiring mind to contribute to new epi-
demiologic knowledge.

Unlike the typical clinician, the occupational physician has two
"sides'" to his responsibilities - as stated, to monitor the health
of individuals in order to detect impairment in its earliest state;
in addition, to,monitor the workers' environment. These two health
approaches are:

' "a) evaluation of (precursors of) health impair-
ment emphasizing where possible the detection of early
.and reversible effects;

b) evaluation of exposure; this may indirectly
indicate the presence of precursors of health impair-
if dose effect/response relationships are known."

Some suggested ways in which the part-time'occupational physician
in the small plant can intertwine the roles of clinician-epidemio-
logist are enumerated. These will be discussed under seven major
headings:

. The environmental work setting

Risk factors of the industrial population
Mass health education programs

Screening for early detection of disease

S~ LN



5. Epidemiologic studies
6. Evaluation of ongoing programs
7. The Health Record Systems

THE ENVIRONMENTAL WORK SETTING

The worker spends a major part of his day in his work environ-
ment. As illustrated in Figure 4, the environment encompasses
not only physical aspects (temperature, humidity, chemical and
mechanical exposures), but also social-psychological aspects.
The latter, through ''stress'" and other intervening variables,
affects. the physical and mental health of the worker. It should
be remembered that~:

'""Health does not mean only absence of disease
but also optimum physical and social well being.
Health is not something that one possesses as a
commodity, but connotes rather a way of functioning
within one's environment (work, recreation, living)."

Thus both overload and underload (i.e., not enough stimulation)
are important.

What is the epidemiologic role of the occupational physician with
regard to the work environment? This can be demonstrated in a
number of ways. First, by weekly or monthly tallies and graphs

of absenteeism, the incidence of symptoms, complaints, and dis-
eases he can note any unusual frequency by type of worker, by time
or by location within the plant (Who? When? Where? are the cardinal
epidemiologic questions). Any investigation can then be under-
taken for possible etiologic factors. One must be wary, however,
that the number of cases observed may increase without any true
change in the background or endemic level of a condition, merely
because the number of employees in the plant has increased; there-
fore, rates must be computed for correct inference. Or it may be
that, for a number of reasons, more of the workers with a condition
are now seeking help without a real change in the condition's
incidence or prevalence. Incidence is defined as the number of
new cases per population unit per time period; whereas, (point)
prevalence refers to the number of existing cases in the popula-
tion at a point in time, Prevalence depends upon the duration

of a disease or condition, as well as its incidence (P~I x d).
Therefore, for study of disease causation or occurrence, inci-
dence rates are used rather than prevalence rates.
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New York, 1972.
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Secondly, the physician could compare the incidence rate of health
problems, e.g., industrial fatalities, hearing loss, pulmonary
function loss with that of similar plants in the same or other
companies. Here again, comparisons must be made on a rate basis;
Table 1 illustrates the fallacy of comparisons which lack a denomi-
nator. Also, in comparisons of rates, between groups, appropriate
consideration must be made for differences in the composition of
the groups that can influence disease frequency. Such variables
as age, race, sex, etc. must be used to calculate group specific
rates, group adJusted rates, etc. in which that variable has been
adequately taken account of in evaluation for fair comparisons.

The physician can also préctice "shoe leather epidemiology" in

its true sense by taking for example, a random walk, at random
times, around the plant as a keen observer of the work environment.
As in community practice, not all those who are even overtly ill
will seek care. The alert physician could spot excessive fatigue
in a group of workers, or a potentially dangerous environmental
situation, job dissatisfaction or work instability, and take effec-
tive action,

A friendly and confidential attitude towards employees will en-~
courage them to seek the physician's advice when trouble is brew-
ing so that epidemics of physical and psychological illnesses

can be averted, Exit interviews of a sample of employees may
yield constructive suggestions as to how to improve the work
environment. 'Or, by use of a4 table of random numbers (Table 2)
individuals could be selected for confidential interview about
any stresses of their work milieu, job satlsfactlon and sugges-
tions for improvement.

The workrenvironment provides a major clue as to the job-related
examinations needed for employees. After reviewing, on a periodic
and continuous basis, the quality of the work environment, its
potential exposures and its physical demands, the attentive occupa-
tional physician prepares a '"Hazards List'". This list includes
all major environmental agents used in operations of the plant;

it identifies the location of use and the number of employees
exposed to each agent. Information of this type allows for the
better understanding of medical fitness required for the job,
identifies monitoring needs for workers exposed to specific bio-
logical, physical, or chemical agents, and leads to an increased
clinical index of suspicion in the detection of early or sub-
clinical effects resulting from accidental or inadvertent exposure
to potentially hazardous agents. This type of information is
vital, also, in the planning of epidemiologic studies on working
populations and in amassing data on biological variability in

dose response.

11



RISK FACTORS OF THE INDUSTRIAL POPULATION

Current data on age, sex and occupational task of the workers
are needed not only as the denominator of rates, but also because
these characteristics constitute the primary risk factors or

determinants of djsease occurrence. The health hazard appraisal
charts of Robbins™®, for example, indicate the probability of.

death for various causes, by age, sex, race and other parameters,
such as smoking, high blood pressure, cholesterol level.

In addition to these general prognostic or risk factors, there

are risk factors specific to the industry. Knowledge is accumu-
lating rapidly on the toxic effect, both acute and chronic, of
chemicals and other industrial hazards and stresses. However,
although acute effects are generally well-known, chronic sequelae
may be insidious- and obscure. For example, it is not known whether
there is a zero threshold for the carcinogenic effects of many
agents. The loss of Forced Vital Capacity (FVC) among persons
working with asbestos in a plant for more than twenty years was
substantial according to a recent study5, and could not be accounted
for by smoking or by age. Cigarette smoking may have an additive
or synergistic effect for different types of environmental expo-
sures; some studies have imputed smoking as a required cocarcino-
gen, for example, for asbestos®..

Knowledge emanating from epidemiologic studies about dose response,
risk factors and induction periods for various diseases and ex-
posures will assist the physician in reducing environmental stres-.
sors, in planning health education programs for workers, and in
mounting cost-effective disease screening programs.

MASS HEALTH EDUCATIONAL PROGRAMS

Stallones has pointed out’/ that we are deficient "in education of
individual members of a community with respect to how they may

best conduct themselves so as to protect and promote their health',
Although the industrial setting does offer the occupational physi-
cian unique opportunities for practicing preventive medicine
through effecting changes in the plant's work environment, in
general, modification of individual behavior so as to reduce
personal hazards 1s the principal impediment in preventive medicine
today.

Effective education programs of the public (or workers) are dif-

ficult to achieve. The generally poor outcome of programs and
clinics directed toward reducing the addictive disorders. (obesity,

12



smoking, alcoholism) and the difficulty of maintaining compliance
with anti-hypertensive drug regimens attest to the fact that it

is much easier to induce individuals to take a single preventive
health action than to do or not to do something every day of
their lives. This does not mean that permanent behavioral change
is impossible, but that we no longer naively believe that it can
be accomplished merely by lecturing or showing slides of cancerous
lung tissue.. ‘

The occupational physician should recognize, however, that expert
health educators can assist in initiating, conducting, following
through and evaluating workers' health education programs. Also,
that unions may favorably influence workers' acceptance of these
programs, and their willingness to be ''recorded" with an addic-
tive or other problem. The union can assure privacy and that the
individual's right to his job will not be affected by his level

of compliance. The occupational physician can serve primarily as
the catalyst in getting workers' health educational programs under
way in a dignified, confidential and effective manner and in assur-
ing that such programs be scientifically evaluated as to outcome.

Workers' adherence to safety‘measures against the specific hazards
of the industry is a major educational task of the occupational
physician in conjunction with nursing, safety, industrial hygiene
and management. The statistics which the physician maintains on
injuries by location, type of job, time of day of occurrence, etc.
are invaluable in monitoring such programs. Again, analysis of the
data in terms of rate (rather than just number of injuries) both
before and after educational campaigns and installation of' safety
devices, is needed for proper evaluation.

SCREENING FOR EARLY DETECTION OF DISEASE

Screening for disease, as suggested by Figure 5, is the applica-
tion of tests or procedures to groups of apparently well persons

to separate those who probably have a disease from those who
probably do not. Those who screen positive then proceed to further
diagnostic tests. In a recent series of articles in Lancet8
arguments for and against mass screening for asymptomatic disease
were presented in terms of effectiveness and efficiency.

Certain measures are critical in the evaluation of a screening’
program: One is concerned with such characteristics of a test or
procedure as its reliability (that is, repeatability) and its
validity (that is, whether it is a good preliminary indication of

13
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Figure 5. Scheme for mass screening program. (From: J. S.

Mausner and A. K. Bahn: Epidemiology: An Introductory Text,
Philadelphia: W. B. Saunders Co., 1974)
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which individuals have the disease and which do not). Thus
validity has two components: Sensitivity -- the ability to
identify correctly those who have the disease; and specificity --
the ability to identify correctly those who do not have the disease.

The symbolic definitions of sensitivity and specificity and of
their respective complements (percent false negatives and percent
false positives) are shown in Figures 6 and 7. 1In general, high
sensitivity is achieved at the expense of low specificity and
vice versa. This can be demonstrated readily with tests which
measure a continuously distributed variable, such as serum choles-
terol and intraocular pressure. For such tests it is possible to
vary the sensitivity and specificity by changing the level at
which the test is considered positive (Figure 8).

In many occupational health conditions, however, it must be remem-
bered that we are dealing with a continuum from no observed effect,
to a compensatory effect, early effect of dubious health signifi-
cance, early health impairment, and finally, manifest disease.

The prevalence of disease in the population being screened affects
both the predictive value of a positive or negative result of the
screening test, and the test's yield of cases. Therefore, prevalence
also determines cost-effectiveness of the screening program. Too
often screening programs are applied indiscriminately to population
groups without targeting in on those who are at high risk for dis-
orders amenable to early detection and intervention. Age, race,
other personal characteristics such as weight, past medical condi-
tion, smoking history, and familial history of disease may be risk
factors. Type and duration of occupational exposures represent
additional risk factors for the industrial population.

In mass screening for disease several measures of risk bear consi-
deration., Relative risk is the ratio of the ihcidence rate of
those exposed to a factor to the incidence rate of those not
exposed (incidence rate among exposed ). Attributable risk is
incidence rate among non-exposed
the arithmetic or absolute difference in incidence rates between
an exposed and non-exposed group. Population attributable risk
proportion is a measure which reflects both the relative risk and
the proportion of the population that has been exposed to the
factor. This measure would show, for example, that a large propor-
tion of the deaths from lung cancer in the total population are
due to smoking, not only because of the high relative risk (10:1)
associated with smoking, but also because of the large proportion
of the population that smokes. Thus it has been estimated that
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Result of Screening Disease State

Test Disease No Disease
_ |
Positive true positive TP false positive FP
Negative false negative FN true negative TN
e TP e _ TN
Sensitivity TP EN Specificity = TN

Figure 6. Results of screening test illustrating sensitivity
and specificity. (From: J. S. Mausner and A. K. Bahn:

Epidemiology: An Introductory Text, Philadelphia: W. B.
Saunders Co., 1974.) :
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Figure 7. (From: J. S. Mausner and A. K. Bahn: Epidemiology:
An Introductory Text, Philadelphia: W. B. Saunders Co., 1974.)
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Figure 8 Hypothetical distribution of intraocular pressures in glaucomatous anl
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Remein, Q. R.: Principles and procedures in the evaluation of screening for diseasc.
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80% to 85% of lung cancer deaths in the Unlted States can be
attributed to smoking.

Relative risk is an important measure in con51der1ng whether a
characteristic (such as famlly history of cancer) should be taken
into account in the screening protocol. However if a condition,
such as familial multiple polyposis, is 1nfrequent in the popula-"
tion, even though nearly all persons with that genetic character-
istic develop cancer of the colon, it is of little practicel con-
sideration in a mass screening program. On the other hand, even
if the relative risk is only 3:1, if many 1nd1v1duals have been
exposed then this exposure must be considered in the screening
protocol.

At this point, for illustration the features of a cost-effective,
‘'multisite cancer detection program known as CANSCREEN (Institute
for Cancer Research, Fox Chase Cancer Center, Phlladelphla, and
Preventive Medicine Institute, New York Clty) can be outlined.
CANSCREEN features: (a) a self administered questionnaire of
medical history, symptoms and risk factors; (b) use of trained
paramedical personnel (with consultant back-up) for clinic scre-
ening; (c) automated decision logic based on symptoms and risk
factors to determine type and frequency of examinations; (d)
intensive preventlve education to reduce controllable risks
(smoking, excess alcohol use); (e) storage of serum and other
biologicals as a basis for clinical and blOlOglC research (£)

a collaboratlve program in two cities” (New York and’ Phlladelphla)
using a computer data base. This program is being initiated in
some occupational settings. o

Screening programs in industry present sensitive problems of con-
fidentiality. The employee must not feel that 'his job security
is jeopardized by his truthful statements about medrcal history,
symptoms, or habits or by the findings of the screening examina-
tion. The manner in which confidentiality can be assured, perhaps
with the aid of the union, will not be addressed here but is a
key to the success of the program.

1

EPIDEMIOLOGIC'STUDIES

The current exc1t1ng advances in science relate to the hitherto
unsuspected major role of environment (chemicals, drugs) in the
etiology of cancer and other diseases. There is an urgency to
discover new risk factors as the basis for intervention programs,
particularly where large numbers of workers may be exposed.
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As the clinician for a defined population, the occupational physician
can make a significant contribution to knowledge about disease
causation. Clusters of cases of typically rare disease could be
the signal of an unusual phenomenon whose origin may be related

to an occupational exposure. Even for those diseases which tend

to occur with greater frequency, a much larger than expected aggre-
gation of cases by time and place might be observed. Although
such aggregation is easier to recognize among current employees,
systematic review of compensation claims and death certificates of
those no longer employed would prov1de additional data for the
inquiring physician,

That occupational groups could serve as the cohort for historical
prospective studies was alluded to earlier (Figure 1). The clas-
sical prosPectlve.study, while providing direct measures of incidence,
is impractical where large numbers of subjects must be followed
over a very long period of time. for diseases '0f low frequency and
with long induction periods. However, in a historical prospective
study it is possible to identify from récords all the employees of
an industry who were exposed to a noxious agent in the past. One
could then determine from routine records (death benefits, dis-
ablllty pensions, etc.) the fate of members of this cohort without
requiring additiopal years of observation. Such studies necessi-
tate, however, that industry maintain good records on employment
period, on exposures (cumulative dosage) or at least on detailed
occupation, on health status, on date and cause of death and on
nearest relative for follow-up purposes. Selikoff has conducted

a number of important studies on retrospectively identified occupa-
tional cohorts, such as asbestos workers.9

Thus, the occupational. physician with epidemiologic interests could
be most helpful in assuring good record maintenance. He could also
participate in historical prospective studies to test specific
hypotheses, or to determine whether there are as yet undiscovered
etiologic hazards in the occupational environment. We are still

in an embryonic state with respect to knowledge about industrial
agents, thelr threshold and association with chronic diseases.

Industrles concerned about the welfare of their employees could gain
the interest and cooperation of the union in conducting such studies.
Epidemiologists in schools of public health and schools of medicine
are available to assist the part-time occupatlonal physician in
these endeavors. :
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EVALUATION OF ONGOING PROGRAMS

The occupational physician, with the safety and health team, will
find the need, from time to time, to determine the effectiveness
of ongoing programs and decide to either phase out certain programs
or augment them, This decision is best made with "hard" data.
Program priorities can be established rationally if adequate
determinations of population at risk are made and if morbidity

and mortality experience is recorded in an easily retrievable
fashion. Financial and manpower data specific to program activity
is rarely reported in occupational medicine; but without such
information, the '"cost' in cost- effectlveness and cost- beneflt
determlnatlons of ongoing operations cannot be made.

The staff should have firmly in mind at the onset of initiatiom

of a program, the program objectives and measures of effect to be
monitored. With changes in plant technology, age and sex of -
employees, variations in exposures, and with new health legislation,
there is a continuous potential for inducing shifts in health
program priorities.

THE HEALTH RECORD SYSTEMS

The occupational-epidemiologist is dependent upon health records .
for the delivery of adequate direct health services and for the
practice of epidemiology-based preventive medicine. The range of
record types and quality in occupational health programs is consid-
erable -- from simple, handwritten notes on index cards to sophisti-
cated detailed forms coded for data processing. '

The needs of each place of employment are, to some extent, unique
and the health data records and system should be designed with these
in mind. Frequently missing from employee health records, however,
is a description of current and past occupational exposures, as

well as primary location of work (if applicable). This type of
information provides a basis for both numerators and denominator
classification and could be confirmed during the occupational
physician's periodic review of the work sites.

SUMMARY

This paper has attempted to acquaint the part-time occupational
physician in the small plant with some basic concepts and methods
regarding the epidemiologic approach to prevention and screening
for disease.
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Unusual opportunities exist for those curious and concerned to
practice preventive medicine of a high order including monitoring
the health of workers ranging from changes in biochemical and
morphological parameters to changes in the physical state or
functioning of physiological systems; changes in well being as
evaluated by medical history and questioning; and integrative
changes resulting from effects on several physiologicdl systems,
Equally important is modification of the environment and initiating
cost-effective screenlng programs for early detection of disease
and health educatlon programs.

The physician must be knowledgeable, not only about general risk
factors of disease, but also about those risk factors specific to
his industry. By his curiosity and his knowledge of the steps in
accumulating evidence about disease causation, he can contribute
to knowledge about new risk factors. '

His assurance that good records are maintained on the health status
and occupational exposure history of employees can be invaluable
for historical prospectlve studies. He has the unique opportunity
to follow. individuals over time since by and large he is working
with a "closed" population. Confidentiality and rapport with
employees, willingness to listen, and to observe and to conduct
'"'shoe leather epidemiology'' investigations are essential criteria
for these endeavors. ' :

The essence of the practice of epidemiology in the industrial or

any other setting is an inquiring mind, alertness to opportunities
for study, a critical view toward one's own data and those of others,
concern both with the denominator as well as the numerator (cases

or events), recognition of the need for comparison or control groups,
and awareness of the role of chance (statistical significance) when
evaluating data.
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