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Epidemiologic studies further our under­
standing about environmental determinants 
of disease and serve as a basis for developing 
public health policy. All health professionals 
rely to some degree on epidemiologic litera­
ture. To remain current in their fields they 
need to be able to assess the quality of stud­
ies. This chapter is designed to assist health 
professionals in understanding how epidemi­
ology is applied to occupational health and 
in critically interpreting the relevant epide­
miologic literature. 

The relation between any group of work­
ers and their work environment is dynamic. 
New workers are hired and others leave the 
workforce. Exposures vary over time be­
cause of job transfers, changes in technology 
or production processes, and other factors . 
The workforce ages, and individual workers 
alter their personal habits, such as cigarette 
smoking. The epidemiologist uses analytic 
tools to examine this complex mix of vari­
ables in an attempt to understand the effects 
of workplace conditions on injury, disease, 
disability, and death. 

Epidemiology complements clinical medi­
cine in addressing occupational health prob­
lems. The clinical approach focuses on the 
individual and is concerned with diagnosis, 
treatment, and education of the worker re­
garding risk factors and preventive behavior. 
In contrast, the epidemiologic approach fo­
cuses on groups and is concerned with de-
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scribing the distribution of injuries and dis­
ease in work groups, identifying population 
subgroups at high risk for a particular out­
come, providing evidence for causal associa­
tions, estimating dose-response relations, 
and determining the effectiveness of preven­
tive measures. 

In epidemiology, the health outcome may 
be a discrete end point, such as diagnosis 
of a disease, or measurement of a biologic 
parameter, such as pulmonary function. The 
measure of exposure may be crude, such as 
membership in an occupational group, or 
more refined, such as the average daily time­
weighted average exposure to a particular 
substance. Epidemiologists collaborate with 
toxicologists, ergonomists, environmental 
scientists, statisticians, and others to collect 
exposure data and to develop more precise 
methods for estimating exposures to chemi­
cal, physical, biomechanical, biologic, and 
psychosocial factors. 

MEASURING EXPOSURE 

Exposure is characterized by intensity or 
concentration, such as parts per million, and 
the duration over which it occurs. Cumula­
tive or aggregate exposure is the product of 
intensity and duration and is an approxima­
tion of dose (to an organ or tissue). There 
are several degrees of refinement for approx­
imating dose. 

Potential Exposure 

The most common available measure of ex­
posure is simply a history of employment in 
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a specific industry or a specific job. Although 
this is a crude surrogate for exposure, if the 
relation between exposure and outcome is 
sufficiently strong a true association can be 
seen. For example, lung cancer was associ­
ated with asbestos in a study of shipyard 
workers, despite the fact that fewer than half 
of the shipyard workers had asbestos expo­
sure (1). Nevertheless, the estimate of risk 
associated with exposure to a specific agent 
is greatly diluted by such a surrogate mea­
sure. A study of diesel exposure among rail­
road workers was largely negative, but only 
7% of workers were found to have had expo­
sure to diesel fumes. 

Quantity of Exposure 

Measures of exposure should include both 
intensity and duration. Because data on du­
ration of employment may be more easily 
and accurately determined than intensity of 
exposure, duration is frequently used as the 
dose surrogate. It is often possible to docu­
ment the number of years employed from 
payroll records or from union seniority re­
cords. Sometimes length of employment is 
unknown, but data such as pension plan eligi­
bility may provide at least a dichotomous 
measure of duration ( e.g., more than or less 
than 10 years of employment). 

Exposure estimates are improved when in­
dustrial hygiene input is available, either as 
judgments of potential exposure or as mea­
surements of actual exposure. Variation in 
exposure occurs as a result of changes in 
work assignments between days and within 
any given day, differences in work habits, 
seasonal changes in ventilation patterns, use 
of personal protective equipment, and other 
factors. Knowledge about these variations is 
used to adjust job-specific exposure esti­
mates. Current exposure estimates alone can 
be used to study acute effects, but for the 
study of chronic effects such estimates must 
be integrated with job histories to develop a 
measure of cumulative exposure (2). A com­
plete work history ideally includes documen­
tation of time spent in specific jobs together 

with information on gaps in employment, 
such as prolonged sick leaves, periods of lay­
off, or military leaves. 

Estimations of cumulative exposure ide­
ally rely on compilation of current and histor­
ical industrial hygiene data and interviews of 
plant personnel about the history of changes 
in the production process and exposure con­
trols. Estimates can be made of past expo­
sures by reconstructing and testing old work 
environments. For example, in studies of pul­
monary function in the Vermont granite in­
dustry, there was a need to account for old 
exposures, but no measurements were avail­
able. An old granite shed was reopened and 
operated without modern exhaust ventila­
tion controls to arrive at appropriate esti­
mates of the old exposures (3). 

To compute cumulative exposure, esti­
mated exposure levels are weighted by the 
number of years in successive jobs and 
summed over all jobs held by each worker. 
An implicit assumption in the computation 
of cumulative exposure is that 1 year of ex­
posure to 20 fibers/cubic centimeters of as­
bestos is equivalent to 10 years of exposure to 
2 fibers/cc. Furthermore, exposure that oc­
curred years ago is assumed to be biologically 
equivalent to the exposure last year. More 
complex weighting schemes are possible but 
should be based on specific biologic hypothe­
ses about the relative importance of different 
exposure patterns. For example, exposures in 
the distant past can be weighted more heavily 
than those in the recent past for diseases such 
as silicosis, in which irreversible changes are 
believed to accumulate gradually over years. 

Biologic Monitoring 

Evaluation of workers for toxic agents ( or 
their metabolites) in blood, urine, or exhaled 
air sometimes permits improved estimation 
of real dose. One advantage of a biologic 
index is that it accounts for exposures from 
multiple routes of absorption, including in­
halation, skin absorption, and ingestion. For 
example, urinary hippuric acid levels can be 
used to estimate total recent dose of toluene 
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to an exposed worker via both inhalation 
and skin absorption. Another advantage of 
biologic markers is that they may reflect ex­
posure over specific time intervals. For exam­
ple, although blood lead levels indicate re­
cent lead exposure, x-ray fluorescence of 
bone provides an estimate of total body bur­
den of lead, reflecting long-term exposure 
(4). Although no biologic monitoring tests 
currently exist for a substantial number of 
hazardous workplace substances, biologic 
monitoring is receiving more attention today 
and new measures of the body burden of 
toxic agent can be expected. 

In summary, there are a variety of ways 
to estimate both current and past exposures. 
An accurate measurement of exposure is 
equally as important as an accurate measure­
ment of health outcome in arriving at an 
unbiased and precise estimate of the expo­
sure-outcome relationship. 

COMMON MEASURES OF 
DISEASE FREQUENCY 

If a disease is extremely rare, the occurrence 
of even a few cases can prompt further inves­
tigation of a possible workplace hazard. For 
example, three cases of angiosarcoma diag­
nosed during a 3-year period among a group 
of workers exposed to vinyl chloride was suf­
ficient to make a plant physician suspect that 
the chemical was a carcinogen (5). In most 
instances, however, a count of cases cannot 
be interpreted without knowing the size of 
the population from which the affected 
workers came. The problem is illustrated by 
the example of a study of workers in a coated 
fabrics plant, 68 of whom were found to have 
a peripheral neuropathy (6). Even though 
this end point is uncommon in the general 
population, it is not sufficiently rare that the 
expected number of cases can be treated as 
zero. A case count by itself has little or no 
meaning without a standard of reference; 
that is, disease frequency can be interpreted 
only in relation to the size of the population 
at risk. The measures of disease frequency 

that are most commonly used are prevalence 
and incidence. 

Prevalence 

The simplest quantity, known as point preva­
lence, is the ratio between the number of 
cases present and the size of the population 
at risk at a single point in time. 

Point prevalence 
= No. cases ..,.. Total population 

To interpret the public health significance 
of the 68 cases of peripheral neuropathy in 
the coated fabrics plant, we first need a 
denominator. The total plant population 
was 1,157, so the point prevalence was 68 ..,.. 
1157 = 5.9%. To determine whether this is 
excessive, the prevalence in the plant must be 
compared with the prevalence in the general 
population or in another, more appropriate 
comparison group. A limitation of point 
prevalence is that it does not distinguish be­
tween old and new cases. 

Incidence Rate 

By contrast, incidence measures the occur­
rence of new cases. The incidence rate is 
based on the number of new cases occurring 
during a specified period of time. 

Incidence rate 
= No. new cases -;- Total population at risk 

In the coated fabrics plant, only 50 affected 
workers had onset of the disease within the 
past year; 18 of the 68 prevalent cases oc­
curred more than 1 year ago. Therefore, the 
population at risk for development of a new 
case within the past year was 1,157 - 18 = 
1,139. Because the number of new cases in 
that period was 50 the plant-wide annual 
incidence rate was 50 ..,.. 1,139 = 4.4% for the 
preceding year. 

The incidence rate can also be refined to 
reflect monitoring of individual workers for 
varying lengths of time. The appropriate de­
nominator incorporates the concept of per­
son-time, usually expressed in units of per-
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20 Time Age 
Period Group Person-years 

1950- 1954 20 - 24 1.5 
25 

"' 25 - 29 1.0 
bl) 

< 
30 1955 - 1959 25 - 29 4.0 

30 - 34 1.0 

35 1960 - 1964 30 - 34 2.5 

1950 55 65 

Year 10.0 

FIG. 6-1. Person-years experienced by a worker entering a follow-up program at age 23 years 6 
months in mid-1952 and leaving in mid-1962. (Adapted from Monson RR. Occupational epidemiology, 
2nd ed. Boca Raton, FL: CRC Press, 1989.) 

son-years. This denominator takes into 
account not only the number of at-risk per­
sons but also the period during which they 
were at risk for development of the disease. 
An example of how to calculate the contribu­
tion of a single worker to a person-years de­
nominator is illustrated in Fig. 6-1. 

COMPARISONS OF RATES 

To understand whether an incidence rate in 
an exposed population is excessive, it is nec­
essary to compare it with the rate in an unex­
posed population. The two most common 
comparisons, or estimates of risk, are relative 
risk (the ratio of rates) and attributable risk 
(the difference between rates). 

Relative Risk 

The relative risk, or rate ratio, is designed 
to communicate the relative importance of 
an exposure by comparing rates from an ex­
posed population with those from a nonex­
posed or normal population. In its simplest 
form, it is the ratio of two rates (Table 6-1). 
In the case of the fabrics plant, the suspect 
neurotoxin was in the print department, so 
it was possible to create a within-plant com­
parison. Of the 1,139 disease-free workers in 
the plant, 169 worked in the print depart­
ment and 34 of those had onset of peripheral 
neuropathy in the past year, resulting in an 
annual incidence rate of 34 -;- 169 = 20.1 %. 

Among the remaining 970 workers, there 
were 16 new cases, resulting in an annual 
incidence rate of 16 -;- 970 = 1.6%. The rela­
tive risk ( or incidence rate ratio) therefore 
was .201 -;- .016 = 12.6. 

When examining different diseases or the 
effects of different hazards, relative risks can 
be compared directly. For example, the rela­
tive risk of lung cancer in heavy smokers 
compared with nonsmokers is very large 
(32.4), whereas that for cardiovascular dis­
ease is small (1.4). This suggests that smoking 
is more potent as a lung carcinogen than as 
a cardiotoxic agent. 

Attributable Risk 

Whereas the relative risk is a measure of 
the potency of the hazard, attributable risk 
measures the magnitude of the disease bur-

TABLE 6-1 Derivation of relative and 
attributable risk* 

Exposure 

Disease Present Absent Total 

Present 
Absent 
Total 

a 
b 

a + b 

C 

d 
c + d 

a + c 
b + d 

a + b + c + d 

* Calculations: 
Exposed disease rate = a/(a + b) 
Nonexposed disease rate = c/(c + d) 
Relative risk = a/(a + b) -c- c/(c + d) 
Attributable risk = a/(a + b) - c/(c + d) 
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den in the population ascribed to the expo­
sure under study. This concept is particularly 
useful in occupational disease studies be­
cause occupational exposure is generally 
only one of several possible causes of any 
specific disease. The attributable risk is cal­
culated by subtracting the rate of the particu­
lar disease in the nonexposed population 
from that in the exposed population (see 
Table 6-1). This risk difference is attributed 
to the exposure. In the coated fabrics plant, 
the incidence rate in the unexposed popula­
tion (.016) is subtracted from the rate in the 
exposed population (.20), yielding an attrib­
utable risk of .184. 

In the example of the impact of cigarette 
smoking on health, Table 6-2 shows that the 
smoking-attributable risk for lung cancer 
(2.20/1,000) is smaller than the smoking-at­
tributable risk for cardiovascular disease 
(2.61/1,000). The attributable risk takes ac­
count of both the potency and the magnitude 
of the disease in the population. Despite the 
lower relative risk of cardiovascular disease 
due to smoking, the larger attributable risk 
indicates that reduction of smoking has a 
greater impact on cardiovascular disease 
than on lung cancer in a population. 

Relative risks are commonly presented in 
epidemiologic studies as a measure of associ­
ation between an exposure and a disease out­
come. In contrast, attributable risks are use­
ful in setting priorities for public health 
interventions or control. 

INTERPRETING RATES 

Crude Rates. When rates are calculated 
without consideration of factors such as age 
or calendar year, they are referred to as crude 
rates. Crude rates can be misleading. For 
example, if the exposed group includes a high 
proportion of elderly persons and disease in­
cidence increases with age, then observed 
differences in crude rates may only reflect 
differences in age. 

Specific Rates. These are rates estimated 
for homogeneous subgroups of a population 
defined by specific levels of a factor, such 
as age-specific rates. Sometimes an elevated 
disease risk exists only in one subgroup. 

Adjusted Rates. Although specific rates 
can sometimes provide valuable information, 
it is cumbersome to compare many specific 
rates. Methods have been developed for esti­
mating a single summary rate that takes ac­
count of differences in the distribution of pop­
ulation characteristics such as age. Such rates 
are known as adjusted or standardized rates. 
Two types of adjustment are commonly used: 
direct adjustment (rates in the study popula­
tion are weighted by person-time in a refer­
ence population) and indirect adjustment 
(rates in a reference population are weighted 
by person-time in the study population). 
These methods can be illustrated with exam­
ples of adjustment for age (Table 6-3). For a 
description of these types of adjustment, see 
the appendix at the end of the chapter. 

TABLE 6-2 Relative and attributable risk of death among British male physicians from selected 
causes associated with heavy cigarette smoking 

Death rate* 

Cause of death Nonsmokers 

Lung cancer 0.07 
Other cancers 1.91 
Chronic bronchitis 0.05 
Cardiovascular disease 7.32 
All causes 12.06 

'Number of deaths per 1,000 per year. 
tSmokers of 2:25 cigarettes per day 

Heavy Relative Attributable 
smokerst risk risk 

2.27 32.4 2.20 
2.59 1.4 0.68 
1.06 21.2 1.01 
9.93 1.4 2.61 

19.67 1.6 7.61 

From Doll R, Hill AB. Mortality in relation to smoking: ten years' observations of British doctors. Br Med 
J 1964;1:1399. 



TABLE 6-3 Age effect on incidence of myocardial infarction* 

Workers < 45 yr Workers ~ 45 yr All workers 

Population Age-specific Population Age-specific Population Crude 
Location Cases at risk incidence rate Cases at risk incidence rate Cases at risk incidence rate 

Factory 1 4 400 10.0 18 600 30.0 22 1,000 22.0 
Factory 2 10 800 12.5 10 200 50.0 20 1,000 20.0 

* The incidence rate is expressed as new myocardial infarctions occurring in a 10-year period of observation per 1,000 population. 
t Based on age distribution summed for factory 1 and factory 2. 

Age-adjusted 
incidence ratet 

18.0 
27.5 
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Drawing by Nick Thorkelson. 

TYPES OF EPIDEMIOLOGIC 
STUDY DESIGNS 

Epidemiologic studies can be categorized 
into three general types: cohort, case-con­
trol, and a hybrid called cross-sectional. The 
population in a cohort study is defined on 
the basis of exposure status and often repre­
sents a complete enumeration of both cur­
rent employees and past workers. The cohort 
is monitored over time, and the incidence of 
symptoms, functional abnormalities, disease, 
and death are observed. By contrast, the 
study group in a case-control study is defined 
on the basis of health status (Fig. 6-2), and 
exposures are compared between subjects 
with and without disease. The cross-sectional 
design typically focuses on active employees 
at a single point in time, collecting both expo­
sure and health information simultaneously. 

Cross-Sectional Studies 

The cross-sectional approach is commonly 
used in field investigations because it is the 
simplest study design to execute. Either the 
prevalence of disease is compared between 
groups defined by exposure status, or the 

prevalence of exposure is compared between 
groups defined by disease status. Exposure 
can be classified dichotomously ( e.g., ex­
posed versus nonexposed) or along a gradi­
ent (e.g. , high, medium, and low). Exposure 
classification can be based on either current 
or lifetime exposure. 

Example: Cross-sectional Study, 
Exposure-Based 

A pathology resident died of an acute heart 
attack at the age of28 years. In discussing this 
incident, a number of the other pathology 
residents noted that they had been experi­
encing abnormal heart rhythms (palpita­
tions). Those with palpitations had all 
worked with fluorocarbon propellants, which 
were used to prepare frozen sections of pa­
thology tissue and to clean instruments or 
specimen slides. This discovery led to a study 
of all pathology department employees (the 
exposed group). Employees of a radiology 
department of similar size and distribution of 
physicians and nonphysician staff members 
were selected as a nonexposed comparison 
group. Each person was asked about occur-
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Cohort Case-control 

Illness Exposure 
Population Exposure ~ 
no illness ~ollow-up ~ ~'---· ~ 

ex © ! 0bl 
~Cases 

! 0b! Exposure t Investigator 
is found out selects nvestigator 

orrns cohorts 

~!Ef>c! 
~ in retrospect subjects 

~~Controls ~!0d! 

Relative risk 

_a_ 
1

_c_ 
a+b c+d 

Attributable risk 

a C 

a+b c+d 

Risk ratio 

{ I -;r = ad/be 

FIG. 6-2. General outline of cohort and case-control studies. 

rence of palpitations and current use of fluo­
rocarbon propellants. Those exposed to the 
propellants had twice the prevalence of pal­
pitations as those not exposed (7). 

Example: Cross-sectional Study, 
Disease-Based 

In the study just described, the investigators 
wanted to further explore their hypothesis 
that exposure to fluorocarbon propellants ac­
counted for the elevated risk of palpitations 
among pathology department employees. A 
follow-up analysis was designed in which 
groups were defined on the basis of disease 
prevalence (7). The pathology department 
staff was divided into those with palpitations 
(cases) and those without palpitations (con­
trols). Forty percent of the cases but only 
20% of the controls had exposure to fluoro­
carbon propellants, for an odds ratio (OR) 
of 2.7. The OR is an approximation of the 
relative risk (see later discussion). 

Cohort Studies 

In a cohort study design, an exposed group 
is identified and monitored forward in time 
to measure the occurrence of adverse health 
outcomes. The incidence is observed in the 
study group and compared with that in a 

nonexposed, reference group. Cohort studies 
are described as retrospective (the cohort is 
defined at some point in the past and moni­
tored to the present) or prospective (the co­
hort is defined at the present and monitored 
into the future). 

Cohort Mortality Studies. Although the 
cohort design can be used to examine nonfa­
tal outcomes, most occupational cohort stud­
ies examine mortality from specific causes. 
The most common of type of cohort study 
is the standardized mortality study, in which 
the cause-specific mortality rate of the ex­
posed cohort is compared with that of the 
general population (assumed to be nonex­
posed). This comparison results in an ap­
proximation of relative risk, known as the 
standardized mortality ratio (SMR). If the 
number of deaths observed in the exposed 
cohort is equal to the number expected based 
on death rates in the standard population, 
the SMR equals 1.0, which indicates neither 
an excess nor a deficit of risk. If the SMR is 
greater than 1.0, the data suggest an in­
creased risk in the exposed population. 

To conduct an SMR study, the following 
information must be obtained for each mem­
ber of the cohort: date of birth, date of entry 
into cohort, date of leaving cohort, vital sta­
tus (alive or dead), and cause of death for 
those who died. With these data, person-
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years at risk can be determined that take into 
consideration times when workers entered 
or left during the study period. This permits 
a calculation of years at risk, adjusting for 
length of time since entry into the study and 
for age. This type of study requires personnel 
records with accurate employment data; if 
such data on the total population at risk are 
lacking, the mortality experience can be eval­
uated by proportional mortality analysis. 

Cause-specific proportional mortality ra­
tios (PMRs) are calculated as the proportion 
of all deaths attributed to each specific cause 
of death. These ratios in the study population 
are compared with those from the general 
population and are adjusted for age, sex, 
race, and year of death (again, indirect stan­
dardization). In contrast to an SMR study, 
an excess or deficit of deaths from causes 
other than the one under scrutiny in a PMR 
study can affect the proportional distribu­
tions. Therefore, PMR study results are less 
reliable than SMR study results. 

Example: Retrospective Cohort 
Mortality Study, Standardized 

Mortality Ratio 

A study of mortality in steelworkers was 
planned in 1962 (8). The workers were se­
lected for study if they were employed in 
1953; they were monitored until the end of 
1%2 for vital status. More than 59,000 work­
ers participated, and 4,716 deaths recorded. 
When the numbers of deaths from specific 
causes were compared with the numbers ex­
pected, based on deaths in the study county, 
there appeared to be no excesses. (SMR for 
all cancers combined was only .92.) The study 
population was large enough, however, to 
examine the SMRs for particular subgroups 
and compare them in each case with the SMR 
for the rest of the workers ( documented as 
nonexposed). This in-depth evaluation led 
to the discovery that lung cancer risk ap­
peared to be higher among the coke plant 
workers and that the excess was much 
greater for the nonwhite employees. Further 
analysis showed that those who worked on 

TABLE 6-4 Standardized mortality ratios for 
lung cancer among nonwhite male coke oven 

workers for "2:. 5 yr 

Work area Observed Expected SMR 

Side oven 19 9.5 2.00 
Part-time topside 9 2.3 3.91 
Full-time topside 23 1.9 12.10 
Total 51 19.0 2.68 

Adapted from Redmond CK, Wieand HS, Rockette 
HE, et al. Long-term mortality study of steelworkers. 
Department of Health and Human Services (NIOSH) 
Publication No. 81-120, U.S. Government Printing Of­
fice, Washington, DC, 1981 . 

top of the coke ovens (the most heavily ex­
posed job assignment) had the highest risk 
for lung cancer (Table 6-4). The large size 
of the study population permitted detailed 
examination of a number of subgroups. As 
a result, the very high risk of lung cancer in 
coke oven workers was extracted from the 
overall unremarkable results. 

Cohort Morbidity Studies. Increasingly, 
the cohort design is being used to study occu­
pational risks associated with a variety of 
nonfatal health outcomes. Retrospective 
studies can be conducted if information on 
past health status is available ( e.g., in medical 
records or collected in health surveys). More 
often, morbidity studies require prospective 
study designs so that the health information 
can be collected directly by administering 
medical examinations, physiologic tests, or 
surveys of current health status. Studies that 
look at episodic health events, such as recur­
rent symptoms or changes in pulmonary 
function, are referred to as Longitudinal stud­
ies, and the change in health status over time 
becomes the outcome. 

Example: Retrospective Cohort 
Morbidity Stucly 

A cohort of approximately 1,000 hospital 
nurses was studied to examine possible re­
productive effects associated with use of ster­
ilizing agents (9). Questionnaires and medi­
cal records were used to collect information 
retrospectively about both exposure and 
pregnancy history as far back as 30 years. 
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The frequency of spontaneous abortion 
among nurses currently using the sterilizing 
agents was only slightly higher than that for 
currently nonexposed nurses. A more strik­
ing difference was observed when results 
were stratified according to whether expo­
sure to sterilizing agents had occurred during 
a past pregnancy. Among those exposed, the 
rate of spontaneous abortion was 16%, com­
pared with 6% among the nonexposed. Of 
the three specific sterilizing agents consid­
ered, ethylene oxide showed the strongest 
association with spontaneous abortion. 

Example: Prospective Cohort 
Morbidity Study 

A study was designed to characterize adverse 
respiratory effects associated with exposure 
to toluene diisocyanate (TDI). Because TDI 
was already known to be a cause of asthma, 
the study was designed to measure other 
types of acute and chronic respiratory ef­
fects. Pulmonary function tests (including 
measurement of the forced expiratory vol­
ume in 1 second, FEV1) were administered 
to all workers at a polyurethane-foam manu­
facturing firm on the first shift on a Monday 
morning. The workers were then divided into 
three exposure groups and retested at the 
end of the workday-a 1-day, prospective 
study design. 

Generally, FEV1 changes only slightly 
over the course of a workday. However, on 
average these workers were losing lung func­
tion over the duration of the shift, and the 
amount of loss increased with exposure 
(Table 6-5). To examine whether this acute 
response (presumably caused by broncho­
spasm) reflected a more persistent chronic 
effect, those who were still employed were 
retested 4 years later. The annual decline 
in FEV1 was estimated for the same three 
exposure groups (10). Again, an exposure­
related response was observed (see Table 
6-5), with the high-exposure group losing 
lung function at the greatest annual rate. Cig­
arette smoking habits did not explain the 

TABLE 6-5 Acute and chronic change in 
FEVi, by exposure group, in polyurethane 

foam manufacturing workers* 

Exposure group 

Low 
Medium 
High 

FEV, differences from beginning 
to end of study period 

Acute (1-day) 
change (ml) 

- 78 
- 108 
- 180 

Chronic change 
over 4 yr 

(ml/yr) 

0.5 
- 33.3 
-60.5 

* Negative change means loss over time. 
Adapted from Wegman DH, Musk AW, Main OM, et 

al. Accelerated loss of FEV-1 in polyurethane produc­
tion workers: a four year prospective study. Am J Indus 
Med 1982;3:209-215. 

effects noted in either the 1-day or the 4-
year prospective study. 

Case-Control Studies 

In the case-control, or case-referent, study 
design, the investigator compares the fre­
quency of exposure between groups with and 
without the disease of interest (see Fig. 6-2). 
The case-control design is particularly well 
suited to study diseases that occur with low 
incidence; a cohort study would have to be 
prohibitively large to generate enough cases 
to study. 

There are three types of case-control stud­
ies: (a) studies nested within occupational 
cohort studies, (b) population-based case­
control studies, and ( c) registry-based case­
control studies. In nested case-control 
studies, all cases of the selected disease are 
identified from the cohort, and controls are 
sampled from among those without the dis­
ease. In a mortality study, disease status may 
be determined at death from a particular dis­
ease; in a morbidity study, disease status may 
be determined by disease incidence based on 
diagnosis. In a population-based case-con­
trol study, all cases occurring in residents of 
a defined geographic area are included, and 
controls are selected from the same defined 
population. In a registry-based case-control 
study, cases of disease that are reported to 
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the registry with onset during a defined time 
period are identified, and controls are se­
lected from the same registry base. Because 
registries often are not population-based 
(e.g., a hospital cancer registry), the selection 
of controls requires identification of patients 
with other diseases from the same source as 
the cases (e.g. , from the same hospital). 

The measure of risk typically calculated in 
a case-control study is the OR. The OR is a 
ratio of the odds of exposure ( exposed to non­
exposed) among the cases compared with the 
odds of exposure among the controls. From 
Table 6-1, it can be seen that alb is the odds 
of exposure among the cases, and c/d is the 
odds of exposure among the controls. ORs 
approximate the incidence rate ratios that 
are obtained in cohort studies. Their inter­
pretations are similar: OR = 1 means that 
there is no excess or deficit of risk. 

A case-control study need not include all 
the cases within a defined population. Valid 
results may still be obtained when the case 
group includes only a sample of all cases. The 
major requirement for a valid case-control 
study is that the controls selected be compa­
rable to the population from which cases 
were identified and that both cases and con­
trols be selected without prior knowledge of 
past exposure history. 

Example: Population-Based 
Case-Control Study 

Non-Hodgkin 's lymphoma has been associ­
ated with agricultural pesticide use in men, 
but little is known about risks in women. 
To address this lack of knowledge, National 
Cancer Institute investigators conducted a 
population-based case-control study (11) in 
which cases were defined as incident cases 
of non-Hodgkin's lymphoma among women 
residing in 66 counties in eastern Nebraska, 
diagnosed between 1983 and 1986 in all area 
hospitals. Controls were selected from fe­
male residents in the same counties using 
random digit dialing. No risk was found to 
be related to living or working on a farm. 
Small risks were observed for women who 

personally handled insecticides (OR = 1.3) 
or herbicides (OR = 1.2), and women who 
personally handled organophosphate insecti­
cides had a 4.5-fold increased risk (Table 
6-6). Because non-Hodgkin 's lymphoma is a 
rare disease with a long latency, the case­
control design was more feasible than a co­
hort study. Because exposures occur on 
farms, each of which employs a small number 
of workers, a community-based study was 
more practical than a workplace-based 
study. 

Example: Nested Case-Control Study 

The carcinogenic risk of pulsed electromag­
netic fields was studied in a series of case­
control studies nested in a cohort of electric 
utility workers (12). Case groups were de­
fined as all diagnosed cases of selected can­
cers that occurred at any time after entry 
into the cohort until the end of follow-up in 
1988. Controls were chosen at random from 
sets of cohort members matched to each case 
who had survived to the date of diagnosis of 
the case. Cumulative exposures were esti­
mated up to the date of diagnosis of the case. 
Smoking information was obtained from 
company medical records. No associations 
were found between exposure to pulsed elec­
tromagnetic fields and cancers previously 
suspected of being associated with magnetic 
fields. However, the investigators reported a 
clear association between cumulative expo­
sure to pulsed electromagnetic fields and 
lung cancer (after adjusting for cigarette 
smoking history), with an OR of 3.1 in the 
highest exposure category. 

SELECTION OF TYPE OF STUDY 

The study designs described have relative 
strengths and weaknesses. The choice of de­
sign is based on a variety of factors. 

Cross-Sectional Studies 

Cross-sectional studies have several advan­
tages over cohort studies. First, cross-
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TABLE 6-6 Non-Hodgkin's lymphoma according to insecticide use among women in 
eastern Nebraska 

Used on farms Personally handled 

Insecticide class Cases OR 95% Cl Cases OR 95%CI 

Any insecticide 56 0.8 0.5-1 .3 22 1.3 0.7-2.3 
Chlorinated hydrocarbons 20 1.6 0.8-3.1 5 1.7 0.5-5.8 
Organophosphates 14 1.2 0.6-2.5 6 4.5 1.1-17.9 
Metals 3 1.6 0.3-7.5 0 

OR, odds ratio; 95% Cl, 95% confidence interval. 
Adapted from Zahm SH, Weisenburger DD, Saal RC, Vaught JB, Babbitt PA, Blair A. The role of agricultural 

pesticide use in the development of non-Hodgkin's lymphoma in women. Arch Environ Health 1993;48:353-358. 

sectional studies permit the examination of 
disease morbidity or measures of physiologic 
function. Second, because the subjects are 
alive at the time of the study, it is often possi­
ble to collect information directly on nonoc­
cupational risk factors such as cigarette 
smoking or diet (potential confounders). Fi­
nally, because both disease prevalence and 
exposure data are collected at one point in 
time, cross-sectional studies usually require 
less time to complete than cohort or case­
control studies. 

These studies also have important limita­
tions. They are regarded as less appropriate 
for investigating causal relations because 
they are based on prevalent, rather than inci­
dent, cases of disease. A second limitation is 
that they are based on actively employed 
workers and do not include employees who 
retired or terminated their employment be­
fore the beginning of the study. In the pres­
ence of an occupational hazard, workers 
whose health has been affected are more 
likely to leave the workforce; therefore, the 
absence of such workers may result in an 
underestimate of the association of interest. 

Cohort Studies 

These studies focus on exposure and look 
ahead to outcome or disease incidence. Sev­
eral outcomes can be studied in the same 
population. Data collected on exposure ret­
rospectively depends on the quality of past 
records, in contrast to data collected pro­
spectively according to a specific study plan. 
If questionnaires or interviews about past ex-

posures are used, selective recall can be a 
source of bias. Furthermore, because retro­
spective studies typically rely on outcomes re­
corded for other purposes, the end point is 
more likely to be cause of death than an ear­
lier marker of disease. In comparison to cross­
sectional studies, of cohort studies have the 
advantage of including the entire population 
of interest. However, the difficulty of long­
term follow-up means that some subjects are 
inevitably "lost." 

Case-Control Studies 

The principal advantage of the case-control 
study is its relative simplicity and relatively 
low cost. Case-control studies are valuable 
when multiple exposures are being explored 
in the etiology of a disease. If the investigator 
wishes to examine a spectrum of diseases 
associated with an exposure, such as lead, a 
cohort study is desirable; but if the interest 
is in the causes of a specific disease, such as 
bladder cancer, then the case-control study 
is more suitable. 

Case-control studies are regarded as 
slightly more susceptible to biases than co­
hort studies (see below). For example, expo­
sure information may be recalled differently 
by subjects with and without disease. More­
over, there is the need to identify a control 
group with the same general exposure his­
tory of the population that generated the 
cases. 

PROBLEMS RELATED TO VALIDITY 

Because epidemiologic studies are observa­
tional studies rather than randomized experi-
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ments, they are prone to biases, some of 
which are unavoidable. Careful consider­
ation needs to be given to a study's validity 
(lack of bias). Bias is defined as a distortion 
of the measure of association between expo­
sure and health outcome, such as an SMR 
or an OR. The degree to which the inferences 
drawn from a study are warranted is deter­
mined largely by the absence of bias. Reports 
of epidemiologic studies should provide suf­
ficient information for the reader to under­
stand what potential sources of bias were 
present and how these biases were ad­
dressed. There are three sources of bias: se­
lection, misclassification, and confounding. 

Selection Bias 

Selection bias results from the inappropriate 
inclusion or exclusion of subjects in the study 
population. For example, in the past it was 
customary in studies of pulmonary function 
to exclude subjects who did not perform re­
producible pulmonary function tests. It was 
subsequently discovered that subjects who 
had difficulty performing a reproducible 
forced expiratory maneuver had compro­
mised respiratory health (13) . The exclusion 
of such subjects could result in an overesti­
mation of the respiratory health of a working 
population and possibly the underestimation 
of a dose-response association, if one exists. 

Most types of selection bias, such as exclu­
sion of short-term workers from the study 
population, cannot easily be corrected or 
controlled for in the analysis; they can only 
be prevented. To prevent selection bias in a 
cohort study, investigators should be kept 
unaware ("blinded") of cohort members' 
outcome status. Similarly, in case-control 
studies, investigators should be blinded as to 
the exposures status of cases and controls. 
Furthermore, selection of subjects should 
not be influenced by prior knowledge or sus­
picion of health outcome in a cohort study 
or of exposure status in a case-control study. 

The most common type of selection bias 
in occupational epidemiologic studies is the 
"healthy worker effect" (HWE). This bias 

results from workers ' selecting themselves 
out of the study groups rather than investiga­
tor error or oversight. For example, as de­
scribed earlier, cross-sectional studies may 
result in an underestimate of the dose-re­
sponse association if the occupational expo­
sure causes disease which, in tum, causes 
workers to leave the workforce. Another ex­
ample of HWE, common to cohort mortality 
studies, occurs because employed people are 
healthier than the general population, which 
includes the aged, the chronically ill, and 
those who are otherwise unfit to obtain and 
maintain employment. 

As a result of the HWE, studies of illness 
or death among working populations often 
show lower rates of chronic diseases ( e.g. , 
cardiovascular diseases) than in the general 
population. In the mortality study of steel­
workers described previously, the overall 
SMR, expected to be 1.00, was only .82 when 
the mortality rates of the surrounding county 
were used for comparison. 

It is rare that an appropriate alternative 
comparison group of sufficient size is avail­
able. When possible, HWE bias is minimized 
by using a nonexposed comparison group 
drawn from within the study population. The 
HWE is reduced, although not necessarily 
eliminated, when analyses are based on this 
sort of "internal" comparison between ex­
posed and nonexposed workers. 

Misclassification 

Misclassification (information bias) refers to 
an investigator's inadvertent placement of a 
worker into an incorrect category or group. 
Either disease or exposure can be misclassi­
fied. However, for purposes of illustration, 
the focus here is on exposure misclassifica­
tion, because it is more relevant for occupa­
tional epidemiology. There are two types of 
misclassification: nondifferential and differ­
ential. 

Exposure misclassification that is nondif­
ferential is random misassignment of expo­
sure that occurs regardless of disease status. 
Nondifferential misclassification is common 
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in occupational studies, in which there is of­
ten little information on subjects' exposures 
and subjects cannot be well classified into 
exposure categories. The problem is gener­
ally worse in retrospective studies, because 
adequate documentation of historical expo­
sures is more difficult. The net effect is to 
reduce a study's ability to detect exposure­
disease associations when such associations 
truly exist. Thus, nondifferential misclassifi­
cation may result in an existing occupational 
hazard going unrecognized. 

Bias of a different sort is presented by 
differential misclassification, in which the 
likelihood of misassignment of exposure is 
related to disease status. This type of bias 
can result in either a stronger or a weaker 
association than truly exists. In cohort stud­
ies, differential misclassification is commonly 
prevented by keeping the investigators 
blinded to exposure status during collection 
of outcome information. In this manner, any 
errors in collection should be randomly dis­
tributed among both exposed and nonex­
posed groups. In case-control studies, control 
of differential bias is much more compli­
cated; it is difficult for the investigator, and 
usually impossible for the subject, to be un­
aware of the disease status when exposure 
information is being obtained. Prevention of 
differential misclassification depends on col­
lecting data as objectively as possible. 

Confounding 

Confounding is present when two study 
groups (e.g., exposed and nonexposed) are 
not comparable with respect to a characteris­
tic that is also a risk factor for the disease. 
For example, in a study comparing stomach 
cancer in coal miners and iron miners, chew­
ing tobacco was considered to be a potential 
confounder because (a) it is used more com­
monly by coal miners who are prohibited 
from smoking in coal mines and, (b) it may 
be an independent risk factor for stomach 
cancer. 

Confounding can be controlled either in 
the design of the study or in the analysis of 

the data. In case-control studies, matching 
of study subjects on potential confounders 
in the design phase can facilitate control of 
confounding in the analysis. To control con­
founding in the example of the stomach can­
cer study, subjects could be matched on to­
bacco-chewing habits so that the proportion 
of tobacco chewers is the same among cases 
and controls. 

Stratification is the major approach to con­
trol of confounding in the analysis phase of 
cross-sectional, cohort, and case-control 
studies. A confounder such as age is used to 
define strata (e.g., 10-year age groups). The 
exposure-response association is then esti­
mated in each stratum. Stratification, how­
ever, becomes problematic as the number 
of confounders increases, because the strata 
become too small to allow stable measures 
of risk. For example, if age, smoking, race, 
and gender must be controlled for simultane­
ously, there may be no nonsmoking 40-to-
45-year-old white females in the study popu­
lation. In this case, stratification becomes an 
inadequate method of controlling confound­
ing, and mathematical modeling must be 
used to control confounding statistically. 

Multivariate models impose particular 
mathematical forms on the dose-response re­
lations, such as a linear or exponential form. 
By restricting the data to a specific structure, 
one can interpolate between sparse strata. 
Mathematical modeling generally involves 
"smoothing" of the data the distributions of 
confounders and exposure categories. 

INTERPRETATION OF 
EPIDEMIOLOGIC STUDIES 

The interpretation of epidemiologic studies 
depends on the strength of the association, 
the validity of the observed association, and 
supporting evidence for causality (Box 6-1). 
The strength of an association usually is mea­
sured by the size of the relative risk in studies 
of discrete health outcomes such as cancer, 
or by the magnitude of the difference be­
tween groups in studies of physiologic pa-
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Box 6-1. Guide for Evaluating 
Epidemiologic Studies 

To assist health professionals in reading, un­
derstanding, and critically evaluating epide­
miologic studies, the following questions, 
adapted from Monson's Occupational Epi­
demiology (15), should serve as a useful 
guide. 

Collection of Data 

1. What were the objectives of the study? 
What was the association of interest? 

2. What was the primary outcome of inter­
est? Was it accurately measured? 

3. What was the primary exposure of inter­
est? Was it accurately measured? 

4. What type of study was conducted? 
5. What was the study base? Consider the 

process of subject selection and sam­
ple size. 

6. Selection bias: Was subject selection 
based on the outcome or the exposure 
of interest? Could the selection have dif­
fered with respect to other factors of 
interest? Were these likely to have in­
troduced a substantial bias? 

7. Misclassification: Was subject assign­
ment to exposure or disease categories 
accurate? Were possible misassign­
ments equally likely for all groups? 
Were these likely to have introduced a 
substantial bias? 

rameters such as FEY 1• Further evidence of 
the strength of an effect is provided by dose­
response relations, in which the effect esti­
mate rises over increasing categories of ex­
posure. 

When an association appears to be pres­
ent, the validity of the association must be 
evaluated. This can be done in studies that 
provide adequate detail on design and re­
sults. The internal validity should be evalu­
ated by examining for selection bias, by mis­
classification, and confounding. All studies 

8. Confounding: What provisions, such as 
study design and subject restrictions, 
were made to minimize the influence of 
external factors before analysis of the 
data? 

Analysis of the Data 

9. What methods were used to control for 
confounding bias? 

10. What measure of association was re­
ported in the study? Was this appro­
priate? 

11. How was the stability of the mea­
sure of association reported in the 
study? 

Interpretation of Data 

12. What was the major result of the study? 
13. How was the interpretation of this result 

affected by the previously noted biases? 
14. How was the interpretation affected by 

any nondifferential misclassification? 
15. To what larger population may the re­

sults of this study be generalized? 
16. Did the discussion section adequately 

address the limitations of the study? 
Was the final conclusion of the paper a 
balanced summary of the study 
findings? 

suffer to some degree from problems with 
validity, so a judgment must be made con­
cerning the importance of the biases. The 
important biases are those that could ex­
plain the findings-that is, biases large in 
magnitude and operating in the direction 
of the finding (away from the null in posi­
tive studies, toward the null in negative 
studies). 

Finally, the consistency of the associa­
tion-that is, the repeated demonstration of 
a particular association in different popula-
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tions and by different investigators-is valu­
able supporting evidence that the association 
truly exists. Toxicology data and reasonable 
consistency with a postulated biologic mech­
anism may also assist in determining causal 
associations. 

Results of statistical tests of significance, 
probability values (p-values) or confidence 
intervals, usually are presented along with 
estimates of the relative risk. These results 
contribute to interpretation of studies by 
providing a measure of stability of the associ­
ations reported. Statistical tests evaluate the 
probability that the observed association 
could have occurred by chance alone (assum­
ing that no effect is expected a priori). For 
example, a p-value less than .05 indicates that 
the likelihood of observing an effect at least 
as large as the one actually observed is less 
than 5%, given that no association truly ex­
ists. Some investigators define significance 
as a probability value less than .01; others 
require only that it be less than .10. Confi­
dence intervals provide more information 
than probability values alone because they 
provide information on the magnitude of the 
association as well as the stability of the es­
timate. 

The statistical power of a study to detect 
a true effect depends on the background 
prevalence of the disease or exposure, the 
size of the group studied, the length of fol­
low-up, and the level of statistical signifi­
cance required. Monitoring of a small cohort 
for a brief period can yield a falsely negative 
result. For this reason, it is important, when 
interpreting a negative study, to examine 
whether the design itself precluded a positive 
finding. For example, a retrospective cohort 
study of formaldehyde exposure had only 
80% power to detect a fourfold risk in nasal 
cancer mortality, despite having 600,000 per­
son-years of observation (14). The power 
was low because nasal cancer has a very low 
background prevalence. Formulas for calcu­
lating the statistical power associated with a 
given sample size are available in standard 
biostatistics and epidemiology texts. 
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APPENDIX 
Adjustment of Rates 

For purposes of illustration, adjusting for dif­
ferences in age is examined in detail. Table 
6-3 presents a hypothetical problem involv-

ing the myocardial infarction experience in 
two viscose rayon factories. To compare the 
incidence of myocardial infarction, a sum­
mary rate is calculated for each factory. If 
crude rates were calculated, it would appear 
that workers in factory 2 have a slightly 
greater risk. Comparison of these rates, how­
ever, ignores the rather striking difference 
in age distribution of the populations in the 
two factories. These can be taken into ac­
count by adjusting for age differences by ei­
ther the direct method or the indirect 
method. 

Direct Adjustment 

The principle of direct adjustment is to apply 
the age-specific rates determined in the study 
groups to a set of common age weights, such 
as a standard age distribution. The selection 
of the standard is somewhat arbitrary, but 
often the sum of the specific age groups for 
the study groups is chosen. In Table 6-3, the 
standard population is 1,200 persons younger 
than 45 years and 800 persons 45 years or 
older. The specific rates are applied to this 
set of weights and then added to create an 
adjusted rate. 

F 1 
_ (.010 X 1,200) + (.030 X 800) 

actory -
2 000 
' 

= .018 

F t 2 
_ (.0125 X 1,200) + (.050 X 800) 

ac ory -
2 000 

' 

= .0275 

Not only is the magnitude of the rate of 
myocardial infarction affected by the adjust­
ment procedure, but the rank order is re­
versed. Note that if another age distribution 
had been selected as the standard, the stan­
dardized rates would change. For example, 
for 1,500 persons younger than 45 years and 
500 age 45 or older, the rate for factory 1 
would become .015 and that for factory 2 
would become .022. Although the absolute 
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magnitudes of the two adjusted rates have 
no inherent meaning, the relative magni­
tudes do. While the size of the ratio will 
change slightly, it will be closely duplicated 
regardless of the weights. In these two exam­
ples of weighting, the ratios of the adjusted 
rates are 1.53 and 1.47. 

INDIRECT ADJUSTMENT 

In indirect adjustment, standard rates are ap­
plied to the observed weights or the distribu­
tion of specific characteristics ( e.g. , age, sex 
or race) in the study populations. This pro­
vides a value for the number of cases (events) 
that would be expected if the standard rates 
were operating. The expected number of 
cases can be compared with the number actu­
ally observed for each study group in the 
form of a ratio. In Table 6-3, assume a na­
tional standard rate for myocardial infarction 
of 1 in 1,000 (.001) for those younger than 
45 years of age and 2 in 1,000 (.002) for those 
45 years or older. The expected number of 
cases in the two factories would then be as 
follows: 

Factory 1 = (.001 X 400) + (.002 X 600) 

= 1.6 

Factory 2 = (.001 x 800) + (.002 X 200) 

= 1.2 

These expected values are compared with 
the observed values to calculate a standard­
ized morbidity ratio, as follows: 

22 
Factory 1 SMR = 1.

6 
= 13.8 

20 
Factory 2 SMR = 1.

2 
= 16.7 

It is tempting to compare the two SMRs 
and calculate a ratio similar to that calculated 
for the directly standardized rates. However, 
a drawback of indirect standardization is that 
SMRs cannot be compared. Because the age 
distributions and age-specific rates are sig­
nificantly different for the two factories , the 
resulting comparison of the two SMRs would 
not distinguish differences caused by a differ­
ent disease incidence rate from differences 
caused by a different age distribution. 

It is reasonable, then, to ask why indirectly 
standardized rates are used. One reason is 
that often only one population is being stud­
ied, so comparison with the general popula­
tion experience is convenient and possibly 
the only reasonable comparison available. 
Probably of greater importance is the insta­
bility of observed rates. In the example pre­
sented here, if five rather than two age 
groups were used and it was also necessary 
to adjust for both race and sex, then the total 
number of subdivisions necessary would be 
5 X 2 X 2 = 20. With a maximum of 22 cases 
in either factory , several of the subdivisions 
would contain no cases and therefore have 
no reliable rate estimate. Even in the illustra­
tion provided, one case more or one case 
less among the group of younger workers in 
factory 1 would have changed the age-spe­
cific incidence rate to 12.5 or 7.5 , respec­
tively, a very large difference. 
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