SECTION II

APPLICATION OF EPIDEMIOLOGY IN CCCUPATIONAL HEALTH

by
M.A. El-Batawi

In public health, epidemiology is recogmized as the hasic
diagnastic discipline for populations. This recognition
is 4lso true in the field of cccupatienal hesalth where
working peeple are mere accessible for epidemiclogical
abservarion. Occuparional healrh has alwayg suffered from
the limited use of the epidemiclogical approach by
occupatieonal physicians and hygiemists. This lack
Teflects on workers' health in several ways: incomplete
information on etivlogical and causative facrors of
occupational heslth problems, including effects of
chemicals and other single or multifactorial eovironmental
hazards of working people; failure to recognize health
trends and to decide on priorities in plaanning
ogcupatienal health services; and failure to evaluate the
effectiveness of prevencive health programmes.

4 dafinite need exists to disseminate epidemiological
knowledge among occupational heslth personnel,
occupational and environmental hygiemists and
toxicologists. 4 need also axists to improva
epidemiolagical understanding among the workers,
management and the general public becauss zcientifie
findings are useful only Lo the extent that they can be

incalligencly applied by those responsible for
decision making.,

In 1970, the WHO Regional Office for Europe ipitiated a
study on the epidemiology of industrial intoxication Lo
some European countries (1). The study showed the great
nead for standardization of methods to be able to compare
the results of studies in different countries. & great
need also exists for more knowledge on the design of
epidemiological studies af various cccupational health
problems. For these reasons, WHO has decided to develop a
special programme area on "octupational health
epidemiology” in its vecent programme of action on
workers' heaith, This programme area includes fraining
courses and seminars, the preparation of manuals and
conducting epidemiclogical health service ressarch ia
places of employmenc {2).
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EPIDEMIDLOGICAL DATA

Epidemiclogy may be defined as the study of the
relationship of the various faccors that influence the
occcurrence and distTibution of a disease or a
pnysicliogieal state in the human community.
Epidemiological methads are used for the assessment of
health risks arising, for sxample, from exposure to
oecupational hazards. If exposure to intensive noise is a
hazard, and the occurrence, which means prevalence and/or
incidence, of hearing loss among workers exposed is the
risk resulting from such exposure, then epidemiclogy would
be the study and analysis of the cause-effect relationsnip
of the various determinants, such as noise levasl, duration
of exposure, etc., in preducing this particular effect and
the eveluation of the effect's magnitude.

In the history of epidemiology, the spidemiological
patterns of infectious diseases depend upen facters that
influence the probability of contact Between the
infectious agent and a susceptible person known as the
host. The presence of causative material varies with
envirommental factors, including Cemperatute and
reservoirs. This aspect alzo applies to noninfectious
diseazes. For example, whether or not 2 person develops a
specific form of cancer may depend upon the extent aof
his/her exposure to the carcinngenic agent, the dose and
the susceptibility which may be influenced by genetic or
imuunclogical factors. For example, carbon monoxide,
carbon tetrachloride and hoox worm are sarcincgenic
agents. Host factors include age, sex, physiological
state (outritional status and fatigue), background of
health (e.g. anaemia) and individual susceptibiliry.
Examples of envirommental factors ara the mode of entry
(inhalation, ingestivm or skin contact) and physical
factors such as heat.

The epidemiolegist is interested in the occurrence of
disease by time, place and persoms. He/she triess to
determine whether or not an incregse ar decrease of the
disease has cccurred over time or by geographic lacatien
{or work site) and whether or not the individual
characteristics of persons influence the sceurrence and
magnitude of a particular scate of health. Another way of
defining epidemiclogy identifies three main elements: a
science {which, when applied, becomes a discipline} rather
than simply a method dealing with the accurrence of a
particular state of health, in the negative or positive
sense, and concerned with humans, not other animals ar
plants {(3),.
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some general considerstion should be given Lo epidemiclogy
before going into its application in occupational health,
parcizularly oecupational toxicology.

General Purposes of Epidemiclogy

Epidemiology has three main purposes. First, it provides
data that cen, Ctegether wicth some other basic information
on, for example. experimental toxicology or microbislogy,
identify the causes and etiology of disease. Such data,
for example, are provided by etiological studies of
bladder tumours among workers éxposed to betanaphthylamine
and analine. Death rates from bladder tumours within
chemical plants were compared with zimilar races from the
entire country to determine which chemicals and, to some
extent, what degree of exposure rssulted in more bladder
tumours among the workers than weuld have been expected if
no special risk were involved (i).

Second, epidemiology proves or disproves a hypothesis
developed on the basis of impressicns froam climical
practice or from experimental studies that a certain
phenomenon is associated with a causarive factor or
independent frem 1t. For example, potentiacion of harmful
effects 1n smokers exposed tp particulate matter was at
one time & reasonable hypochesis based gn the fact that
clLgarefte smoke has a8 harmful effect on cilia of the
bronchi and also causes thickening of the murous membranes
from the prelonged contact of irritant tobacco smoke with
the bronehial wall. Several studies by

Schilling ec al. (5) demonstrated that smokers suffer more
from obstructive lung disesse in accupational exposure to
cotton dust which causes byssinosis in che texrile
loduatry. Smoking became further recognized as s factor
petenciating the carcinogenic activilLy of asbestos.
Studies by Selikeoff ac al. (&) indicated that nonsmoking
askeartos workers had a slightly increased risk of lung
cancer whereas cigarette smokers had & much higher risk of

developing lung cancer, as cgmpared £o nonsmekers and
smokers not exposed Lo azbestos.

Third, epidemiology provides the basis for the development
and evaluatios of preventive methods, including tnose
introduced in the enviromment, in personal protectiom or
€arly diagnosis of deviation from normal healtn. The
evaluation role of ¢pidemiology in health services can be
demanstrated, for example, by the evalustion of a
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particular intervention in the enviromment te bring down
the concentraciom lewels of certain chemicals to which the
workers are exposed by further envirommental and health
monitoring. In addition, the posgibility exists to
compare various means of control (e.g. ventilatiocn againsc
the vse of masks}, with various cost 1mplications, to
minimize the occurrence of a disease.

In the national plamming of health services,
epldemipiogical surveys have often been used to determine
specific needs in personnel training, laberatory
facilities and other funceipns including research and
legislative interventions (7).

Uses of Epidemiology in Occupational Health

Establishing and rewvising accupational exposure limits

4 more derriled examination of the relatiomship between
prevalence and severity of disease gnd levels of exposurc
to a causal agent makes possible the determination of
"exposure—ef fect" and "exposure-response” rmlationships?
in the form of a curve from which "exposure linits” are
derived. Many existing "exposure limits” have been based
on inadequate data from animal experiments and routine
tuman chbservations. Reliable epidemiological studies of
workers and their exposure to concaminancs provide the
most valid data om which to base permissible levels. Good
examples are those for cotton dust (%), lead, cadwium and
mergury (8).

In ordar to draw reliable conclusions on exposure-effect
and exposure-responge relationships, the prevalence and
severity of disease, or its early manifestations, must be
related to exposure levela. Hessurements of exposure to a
marmiul agent should include its concentratien,

4 "Expogure” may be used in preference to dese. It 1s

the amount of rhe sgenr Taken up by the body per unit time
ovar a period of time (8). A dose or uptake/respanse
relationship indicates the relationship between the uptake
or level of exposure Lo a4 contaminant and the proporcion
of individuals affected.
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characteristics (such as particle size Lin the case of
dusts)}, duracion anc ocher concomitant expesures. Currert
exposures can 2e measured at the time of the
investigation, but data on past exposures may not be
available. From existing information and the subiective
opinigns of management and workers, a crude ¢lassificatian
into light, moderate and severe exposures may be nossible
and thus énable the extent of the Tisk to be assessed,
Tentative hygiene standards can be established until more
accurate data are available (10},

Studving "normal values" and their recegnition

In studies in which the aim is to discover early advarse
effects of work expesure, the normal range of function of
the organ system being investigated {e.g. lung 1in the case
of respiratory disease, liver for exposures to
hepatotoxins and the igner ear for noize exposures) must
be known. Normal tanges can only be derived from
epidemiological studies of representative but healthy
populations. Assessment of risk of occcupational
respiratery disease depends increasingly on lung funetion
medsurements and comparison with predictad normal values.
A world study of normal values of lsad and mercury ameng
nonexposed populations was conducted by the World Health
Ovganization (WHO) in L1965 [11).

Identifying work factors that promote health

45 early as 1950, a joint committee of WHO and the
International Labour Office recognized the promotion of
health and wellbeing as ome of the aims of secupational
health (12). This zim has been neglected in favour of
the prevention of sickness and injury - largely because
positive health and wellbeimgz are difficult to define and
ceasure and health personnel are not trained in this

area. Abtempts to quantify physical wellbeaing have been
made by measuring physiological function and the absencs
of the precursors of disease. Mental weildeing, or its
absence, which is one of the most important human preblems
in modern industry, is generally awvaluated negacively in
terms of wental and psychosomatic disorders, abeenteeism,
alcohai abuse, labour turnover, dissatisfaction and socilal
unrest. Psychosocial and physical facters related to
these diserders may be identified by epidemiological
methods. 1In this way, the effects of work om wellbeing
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cen be investigated. The next step forwarc is likely to
be a change ia emphasis Zrom negative to positive aspects
in attempts to ldeatify sources of people's good

health (13},

Providing information on community health problems not
work related

The analysis of the daily experience of an occupatiomal
health service permits the early rvecognition of epidemic
outbreaks of diseases, such asg influenza, and can give an
indication of the occurrence of the disease in the general
papulacion. If workers are considered a representative
sample of the adulc populacion, their general health

patternis may serve as indicators of The healtn status af
the community.

Where oteupational health is an integral part of total
medical care, even batter opportunities exist for
investigating community health problems. Occupational
health services may also participacte in randomized
controlled rrials for various vaccines and, if possible,
in intervention trials for heart disease and hypertension.

Types of Epidemislogical Study

Descriptive spidemiology

Descriptive epidemiology describes situations relatimg to
mortality, morbidity, sickness absence, etc., ar different
places and times for differenc groups of peopie.
Descriptive spidemiclogy is the basic acrivity of
epidemiology witnia wecupational health, It 1s usually
the first stage which can then be developed into a
cross—sectional, case comtrol or cohort study or an
experimental epidemiological study (intervention
spicemiplogy). Examples can be cited from analyses sf
official statistics of mortality, trade union records,
records of occupationsl nealth services and orher health
records. Some of the best-known axamples are
cardiovascular diseases in carbon disuifide workers,
increased mortalicy from lung cancer in chromate workers,
mortality from bladder cancer among azodye—exposed workers
and tha observations of mortality from lung cancer among
SMoRErs,
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At times the use of natiomal mortality data or general
medical records has serious limitations, especially some
degree of inaccuracy about the cause of death and the
precise occupation. Other disadvanrages stem from the
fact that national mortality rates may be given for a
whole industry and not for its separate trades - let alone
specific work exposures and their magnitude and duration.

Cross-sectional studies

Cross-sectional scudies constitute a more dynamic form of
descriptive epidemiology which describes the state of
health and ill-health in varicus sectors of the papulation
by type of exposure and other human (age, sex,

habits, etc.) and general environmental factors at a
certain point in time. Examples of studies include the
types and magnitude of health problems or prevalence of
various occupaticnal or other diseases in occupational
sectors. As in all epidemioiogical research, such studies
should first identify the aims and tasks, make the design
{e.g. a stratified sample to represent various
parameters), standardize methods of environmental and
health examination, implement the methods, collect the
data and evaluate the results.

Case control studies (etiological epidemiology)

The aims of case control studies are to carry out tests
and form hypotheses on the eticlogy of specific
occupational or work-related diseases. Normally, a number
of cases forms the basis for hypothesis. The cases
collected should be matched with controls with respect to
sex, age, genotype, smoking habits, etc. Blind
examination of exposed and control waorkers 1s advisable to
avoid observer bias. An analysis of exposure(s) in
retrospect and possible causation is then made. Examples
include lung function studies in byssinosis, studies of
mesothelioma and asbestos, and studies of angiocsarcoma of
the liver and vinyl chloride. The study of twe factors at
the same time, such as asbestes and smoking or

malnutrition and exposure to certain pesticides, may be
useful.
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Cohort studies (prospective or longitudinai studies)

The principle is to study an occupational group exposed tg
a risk factor and compare it with the general population
not exposed to this risk factor. The study will usually
take several years and is useful for studying long-term
effects. The advantages of this method are that a
well-defined risk factor, or several risk factors at the
same time, can be studied and that the same individuals
can be observed over a long period, This method is
especially useful for occupatiomal health as the cohort,
the working population under observation by the
occupational health services, is already available. This
method is useful for studying occupational diseases as
well as work-related diseases. The disadvantages of this
method are that rare symptoms or rare diseases cannot be
studied and that cthe study will take a long time and is
usually costly.

Experimental epidemiology (intervention epidemiclogy)

The role of experiments in biological research should be
considered, together with their advantages and
limitations, especially with regard to experiments with
humans. The aims of these studies are to prevent
disesses, to study etiology for preventive purposes and to
assess the efficiency of preventive measures. For
example, intervention leading to the reduction of cases of
heart disease would support a hypothesis claiming that the

particular factor removed in the invervention study is
cgusative.

A need for pilot studies usually exists. Intervention may
be directed towards the human being (the worker), the work
involved or to the interaction between work and humans.
One should use "natural' experiments, such as major

changes in production, for studies in experimental
epidemiology.

This type of study is a cohort study, The population
under observation may change during the observation time,
as, for example, when older workers leave the group. The
use of dynamic cohorts may be necessary. The exposure
should be evaluated. Ways in which the work enviromment
has been improved through intervention should be atudied,
and the results considered in relation to a series or
endpoints. The effect of an intervention should be
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determined by means of measurements before and after it
takes place. Baselines should, therefore, be established
Eor exposyre and workload on the one hand and health and
physiological functions on che other. The etfects on
health after intervemtion should be studied, e.z. the
effects on morbidity or sickness absence. The approach ta
this type of study should be interdisciplinary, a2,g. the
gtudy on the effect of respirable or toctal cotton dust,
the use of cccupational health services to gtudy public
health problems, such as the effect of influenza
vaceipations on an industrial population, or the
application of preventive measures against cardigvascular
diseases in an industrial population.

It is important to use spidemiological methods to study
specific long=-term effects such as carcinogenic,
teratogenic and mutagenic effects.

Both environmental evaluation and healrh evaluation have
their place in epidemiolegy; they are not mutually
exclusive but, indeed, complsmentiry. Environmental
evaluarion can be used only to anticipare the risk and
decermine the nature and behaviour of causative

factor{s). Environmental measurements and assays are
reliable indicatosrs of heslth hazards. Ways to evaluate a
health hazard or a hazardous ewposure include air analysis
in various ways with dynamic or static merhods and
biological monitoring of toral body burden or apsorptiom.

For an adequate evaluation, attemtion should be Eiven to
describe:

- the source of exposurs;

the material or behaviour of the substance in the
environment;

the purity of exposure or the multitude of substances,
e.g. 28 1N miXTLures;

the changes in concentration levels over time; and

=~ the dyration of exposure La various work sites.

In health evaluations, this concern has to se carried out
in 2 standardized manner with questlounaires, batteries of
tests and examinmarion procedures.

Tests of early healch effects musc be distinguisnea from
brological tests indicative of exposure, e.g. blood
Erichlorpacetic acid levels are indicative of axppsure and
absorption of organochlorine compounds, whareas
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eglectrpencephalographic abnormalicies may be significant
in the case of zarly adverse health effeccs.

Tests must comply with certain criteris, imcluding
validity which constitutes both sensitivity and
epecificity. Validity is the extent to which subjects in
case contrel studies are correctly classified, i.e. the
extent to which a situation as observed reflects the true
gituation. It comsists of sensitivicy and specificity.

Sensitivity is the extent to which persons who truly
manifest a particular characceristic are so classified.
The prebability of false negative data is low. For
example, the examination of workers sxposed to inarganic
lead by means of a2 questionnaire will only result in many
subjects heing declared healthy {a false negative datal
whereas laboratory examingtions (e.g. haemaglobin
determination, ALA in urine} may reveal many more affected
workers.

Specificity is the extent of which persona who do not
manifest a particplar characteristic are correctly
¢lapsified. The probability of false positive data, is
low. For example, workers who do not have manifest lead
poisoning will be expected to have ALA in the uripe at
concentrations of less than 10 mg/l, and workers without
noise~induced deafness will not be expected to ashow dips
in their audiograms.

Sensitivity and specificity may be expressed in
quantitative terms. 1In one method, each term is expressed
on a scale ranging from zero to one (maximum), the
"walidity™ being the sum of the two values, thus ranging
from zero Lo two. Many examples on the use of this
approach in epidemiclogical toxicology are available; a
validity of 1.80 was regarded as an indicatiom of a walid
prediction.
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