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Most pathologists are part-time epidemiologists as weiL 
The two medical disciplines are more closely allied than 
most realize. Epidemiologists study the distribution and 
determinants of diseases in human populations. In current 
medical practice, diseases often are defined by histopatho
logical diagnoses or by clinical pathological test values. 
Thus, whenever a pathologist shifts intellectually from the 
Ievel of the individual slide or specimen to thinking about a 
group of diagnoses, an informal epidemiologic question is 
being raised. For example, "How common is this diagno
sis?" is a question of prevalence or incidence. "Why am I 
seeing so many cases ofthistype of tumor?" is a question of 
time trends. "How would my colleague interpret these 
slides compared with me?" is a question of interpathologist 
agreement. "What causes this disease I am seeing every 
week?" is a question of etiology that can be addressed by 
pathologists working as epidemiologists, or with them. 

This chapter is meant to introduce the major epidemio
logic concepts of greatest use to pathologists who are con
sidering a research project or who wish to think more 
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formally, at the population Ievel, about their case material 
or diagnostic criteria. The review is certainly not exhaus
tive; rather, it is meant to be informal and readable, and to 
encourage the pathologist to pursue epidemiologic 
projects and collaborations. The first section, accordingly, 
is organized around types of possible epidemiologic studies 
that a pathologist might wish to pursue. The next section 
outlines nonmathematically a few basics of statistical think
ing that pathologists need to know if they wish to do more 
formal epidemiologic research. The third section discusses 
a few problern issues that often emerge when epidemiolo
gists and pathologists work together. The final section sum
marizes what is known about the epidemiology of the ma
jor gynecological cancers. 

Applications of Epidemiology to 
Pathology 

This section illustrates the types of epidemiologic projects 
that a pathologist may undertake, either informally or for
mally. The examples are drawn mainly from etiologic and 
screening studies of gynecological neoplasia, especially 
cervical neoplasia. 

Throughout this section, epidemiologic terms are intro
duced and simply defined. There is a useful dictionary of 
epidemiology for readers interested in leaming more ter
minology.104 For a more complete understanding of basic 
epidemiologic concepts, the reader is referred to one of 
several introductory texts.109·114•119 For readers with some 
statistical training, abrief text summarizing the basic meth
ods of epidemiology also is available. 84 

Prevalence, Incidence, and Mortality Rates 
ofDisease 

One of the first questions that an expert or novice epidemi
ologist is likely to ask about a disease under study is "How 
common is it?" The pathologist at the microscope is inter
ested in how common various conditions are, as one ele
ment of differential diagnosis (witness the maxims, "Rare 
diseases occur rarely," and "If you hear hoofbeats, think of 
a horse not a zebra.") 

For the pathologist considering a research study, the 
frequency of disease occurrence is crucial for two reasons: 
On the practicallevel, very rare conditions are difficult to 
study epidemiologically. The statistical principles under
lying epidemiology require moderately large numbers 
in order to deal with chance, which is the unavoidable 
and defining characteristic of observational studies in hu
mans. 

More importantly, the amount of disease in a population 
is the starting point for epidemiologic thought, leading to 
all of the major epidemiologic comparisons, such as "How 
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much disease occurs in Population A compared with Pop
ulation B, and what does the difference tell us? Why is the 
amount of disease changing over time? What risk factors 
are associated with groups having the most disease ?" 

Because measuring the occurrence of disease is so im
portant to epidemiologists, they find it important, like 
skiers discussing snow, to define terms carefully using 
a resultant epidemiologic jargon. A few key terms re
lated to the frequency of disease occurrence are essen
tial and wo~h memorizing by anyone interested in epide
miology. 

The prevalence of a disease is the number of occur
rences of the disease in a given population at a given time, 
for example, "Twenty percent of the patients seen in this 
clinic have at least reactive changes on their Papanicolaou 
smears." Often, prevalence is discussed with reference to a 
single point in time, as in a screening program, yielding a 
point prevalence: "Two percent of the screening smears 
last month showed changes suggestive of CIN ." 

The incidence of disease is the number of new cases that 
develop in a given time period. Accordingly, incident dis
ease refers to new disease, whereas prevalent disease refers 
to all the cases in the population, whether new or chronic. 
The connection between prevalence and incidence is the 
duration of the condition (Prevalence = Incidence X 

Duration); thus, the prevalence of rabies in a given week is 
close to the incidence because duration is unfortunately 
short, whereas the prevalence of a long-duration disease 
such as rheumatoid arthritis much exceeds the incidence 
for any time period. 

lncidence is defined most often as a yearly rate, as in 
"13,500 incident cases of cervical cancerwere diagnosed in 
the United States in 1993." However, lifetime cumulative 
incidence also is an intuitively useful term, meaning the 
estimated risk of occurrence of a disease over a woman' s 
life: "About 1% of women in the United States will develop 
cervical cancer in their lifetime." For chronic diseases such 
as cancer, endometriosis, or genital herpes, incidence usu
ally is thought of as a one- time phenomenon, for example, 
second primaries rarely occur. (Recurrences of the same 
disease imply that it is prevalent, not incident). For acute, 
self-limited, or curable conditions, such as gonorrhea, inci
dence must be defined over a fairly narrow range of time if 
one wishes to avoid counting twice the same patients in a 
population. 

Rates of death from a disease are measured as the mor
tality rate. The connection between incidence and mortal
ity is, of course, survival, measured often by the case/ 
fatality ratio. 

In sum, the epidemiologist is interested in the preva
lence, incidence, and mortality rates of a disease as the 
fundamental basis of further study. These terms can be 
applied to any study population, whether that population is 
a single gynecological practice or hospital, a city, country, 
or the world. 
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National incidence and mortality data are cited most 
often when discussing the scope of a medical problem. 
Where can national data be obtained? In the United 
States, most pathologists probably are aware that mortality 
rates from all causes are compiled and available from a 
variety of sources, most notably and simply from the Na
tional Center for Health Statistics ( 6525 Belcrest Road, 
Room 1064, Hyattsville, MD 20784; 301-436-8500). 
Despite the problems of death certificates as the source of 
the mortality data, with the obvious uncertainties and er
rors in ascribing causes of death, mortality rates for often
fatal diseases usually are the most reliable gauge of disease 
occurrence, when comparing different populations or time 
periods (except when the case/fatality ratio has been al
tered sharply by improved treatment). 

If a condition is not often fatal, mortality rates may not 
be useful for disease surveillance. It is often more difficult 
to obtain reliable incidence data, and the researcher must 
rely on data from voluntary registries, published surveys, or 
occasionally govemment-mandated registries. For cancer, 
fortunately, careful and complete incidence rates for a 
(nonrandom but stable) 10% sample of the U .S. population 
are compiled by the National Cancer Institute's Surveil
lance, Epidemiology, and End Results (SEER) Program. 
The most accessible source of SEER cancer incidence and 
survival data (as weil as national cancer mortality data) is 
CA-A Cancer Journal for Clinicians, published annually 
by the American Cancer Society and mailed free to physi
cians. More detailed cancer data can be obtained from 
other American Cancer Society publications, such as Can
cer Factsand Figures, or from the SEER program itself 
(EPN 343 National Cancer Institute, Bethesda, MD 
20892; 301-496-8510). 

Geographie Differenees and Time Trends in 
Disease Oeeurrenee 

Pathologists may wish to go beyond descriptions of disease 
occurrence at a place and time, to compare rates between 
geographic areas or over time. The usual hope isthat the 
comparisons may yield clues to etiology and pathogenesis. 
A cautious approach is critical because of the omnipresent 
effects of chance on observational data. How can one teil if 
the amount of disease in one place or time is truly different 
from the amount found earlier or elsewhere? Disease rat es 
fluctuate over time and place. Many geographic differ
ences and temporal trends do not persist over time, ap
pearing random (to the Iimit of our understanding!). 

Hence, the need for statistics as one of the disciplines 
underlying epidemiology. Distinguishing chance differ
ences from true differences requires s tatistical thinking 
and an appreciation of the types of differences that arise by 
chance. This point is important because overinterpretation 
of chance differences is one of most common errors that 
novice epidemiologists mal<e when comparing disease 
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rates from one place or time with another. For example, 
many cancer "outbreaks" in which several neighbors get 
similar tumors turn out to be quite explainable as chance 
dusterings of events, expected for common malignancies 
like breast cancer. A good bit of advice might be to treat 
health statistics like the monthly economic news: it takes a 
long-term trend or a persistent difference to trust that 
something important is happening. 

When comparing place to place or analyzing time 
trends, the cardinal rule is to make sure that the compari
son is valid. A checklist of common-sense questions should 
be asked: 

1. Are the rates being compared truly comparable (inci
dence, prevalence, mortality)? In particular, are the 
sources of data comparable (e.g., a mandatory registry 
cannot be compared with a voluntary reporting system 
because of differences in the completeness of report
ing). 

2. Are the diagnostic criteria the same in both comparison 
groups? This particular problern has plagued the inter
pretation of time trend data regarding minor cervical 
cytological abnormalities b ecause increased r ecognition 
by pathologists of subtle koilocytotic changes cannot be 
distinguished easily from increased incidence of koilo
cytotic atypia. 

3. Are the two populations comparable in age and other 
factors affecting risk of disease? No one would think of 
comparing the prevalence of CIN in a gynecological 
referral practice to the prevalence in a screening clinic 
because, of course, the prevalence would be higher in 
the referral clinic. But some researchers make the anal
ogaus mistake of comparing populations that differ with 
regard to age, socioeconomic status, or other more sub
tle characteristics related to the risk of disease ( called 
confounding variables in epidemiologic jargon). Most 
importantly, almost all diseases vary in incidence and 
prevalence by age; thus, almost all comparisons should 
take age into account. The section on error and bias 
below mentions simple methods of adjustment for age 
and other confounding variables. The statistical bases of 
making geographic and temporal comparisons are cov
ered b elow in the sections on descriptive data and mea
sures of risk. 

Validating New (or Old) Histopathologie 
Diagnostie Distinetions 

The creation and refinement of pathological classifications 
can be aided by epidemiologic corroboration. For exam
ple, the Bethesda System of cervical cytology combines 
koilocytotic atypia and CIN 1 as low grade squamous in
traepithelial lesion (LSIL). This combination was sup
ported by epidemiologic data. The two diagnoses, which 
are not reliably distinguishable on morphologic grounds, 
share the same epidemiologic profiles of younger average 
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age and varied human papillomavirus (HPV) types as com
pared with the older average age and restricted HPV types 
found in higher grade lesions. As another example, a recent 
pathological study of squamous vulvar cancer, which pro
posed new pathological subtypes, was strengthened by a 
separate epidemiologic analysis showing that the new sub
types had different epidemiologic characteristics. Patholo
gists and epidemiologists can work iteratively to refine 
disease classifications, asking each other "Do cate
gories X and Y Iook the same or different from your point 
ofview?" 

Jodging Intra- or Interpathologist Agreement 

Pathology agreement studies have been motivated by the 
needs of both disciplines. Pathologists obviously are con
cemed with the reliability of the diagnoses they make. 
Epidemiologists are concemed with uniform case defini
tion in their studies. When comparisons of intra- and inter
pathologist agreement are performed, the epidemiologist 
can serve the role of scientific organizer, ensuring inde
pendence of the reviews by masking the reviewers (also 
called blinding) to each others' diagnoses until after the 
data are complete. It is the widespread opinion of epidemi
ologists that unmasked comparisons, in which reviewers 
have access to each others' diagnoses, have limited scien
tific value. Like all human beings, pathologists tend to 
agree much more in public than in private, and masking 
provides a guarantee that a comparison rather than a con
sensus is being achieved. In the area of cervical pathology, 
the diagnosis of CIN by either cytology or histology has 
proved much more variable among experts when masked 
comparisons were performed than initially expected. 

Epidemiologie Studies of Disease Etiology 

Epidemiologists attempt to find the determinants of dis
ease by statistically correlating the presence or absence of 
possible exposures ( often called risk factors) with the pres
ence or absence of disease. Epidemiologie studies attempt
ing to relate exposures and disease are called analytic stud
ies, as distinguished from descriptive studies that yield 
rates of disease without explicitly addressing etiology. 

A description of the many types of analytic studies is 
beyond the scope of this chapter. At the simplest Ievel, 
prospective or cohort studies start with the measurement 
of an exposure, then proceed to compare incidence rates or 
absolute risk of disease in the exposed versus the unex
posed groups. The ratio of the incidence rate in exposed 
subjects divided by the incidence rate in the unexposed i s 
called the incidence rate ratio. The reader might correctly 
expect that there are as many types of rate ratios as there 
are types of rates (e.g., prevalence rate ratio, lifetime cu-
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mulative risk ratio). Many epidemiologists casually refer to 
the entire group as the relative risk of exposed versus 
nonexposed subjects, and use the abbreviation RR as a 
general shorthand. 

Prospective studies are the most appealing type of ana
lytic study because they determine most directly how com
monly disease occurs in exposed versus unexposed individ
uals. The relative risk, measured directly, is an intuitively 
clear answer to the question: "If a woman has this charac
teristic (the exposure), how much more likely is she to 
develop the disease, compared with a similar unexposed 
woman?" The absolute risk translates as "How likely to get 
disease is an exposed woman?" (see below, Measures of 
Risk). The problern with prospective studies is that they 
are expensive, usually take years to organize and complete, 
and must be very large to generate enough occurrences of 
disease for reliable estimates of risk, unless the disease is 
extraordinarily common. 

Other analytic study designs try, in general, to estimate 
the relative risk that might be observed in the ideal pro
spective study while saving time and money. Analytic stud
ies that start by collecting a series of c~es (women diag
nosed with a given disease) and appropriate controls 
(women without that disease who are measured for com
parison) are called c~e-control studies. The exposures of 
interest are ascertained for both groups and the relative 
risk (RR) of disease among the exposed versus the unex
posed is estimated by calculating the ratio of the odds of 
exposure in cases versus controls (for more explanation, 
see the the statistical section on measures of risk). 

The estimation of the prospective relative risk by the 
case-control odds ratio (OR) is one of the most important 
statistical concepts in epidemiology, and one of the most 
subtle. For this statistical approximation to be valid, inci
dent cases and controls must be chosen to be strictly com
parable. The control group must represent the group of 
subjects at risk of developing disease at the time the inci
dent case was diagnosed, otherwise the estimation of the 
relative risk can be grossly mistaken because of b~ (a 
nonrandom or systematic error in estimation of a statistic, 
to be distingushed from random error). 

In practice, it is difficult to define and recruit an unbi
ased sample of the general population that gave rise to the 
cases appearing in one hospital or clinic. Thus, all kinds of 
compromises of convenience and practicality must be 
made, and it becomes difficult to avoid bias in choosing 
controls. For example, smoking causes or worsens so many 
kinds of illness that it is very difficult to use hospitalized 
controls to estimate the relative risk of a disease in smokers 
compared with nonsmokers. The exposure to smoking in 
the hospitalized controls is elevated compared with the 
general at-risk population; thus, the odds ratio obtained in 
a naively conducted hospital-based study tends to provide 
too low an estimate of the relative risk. 
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Because case-control studies are used so commonly as 
an analytic design, choosing proper controls is one of the 
two most important aspects of epidemiology. The other is 
assuring proper measurements of exposure and disease. 
The mark of a good epidemiologist is a dedicated attention 
to control selection, whereas many novices tend to focus 
more on the cases while relying on a convenience sample of 
whichever controls are most easily available. 

Besides prospective and case-control studies, another 
common analytic study design is the cross-sectional study, 
in which exposure and disease status are ascertained con
currently for a study population. An example would be a 
screening study of HPV infection and abnormal cervical 
cytology, in which all women attending a clinic are tested 
for viral DNA at the same time the cytological smear is 
taken. The analysis of a cross-sectional study is somewhat 
similar to that of a case-control study, but the researcher 
must be careful because the cases are a combination of 
incident and prevalent disease. The odds ratio computed in 
a cross-sectional study is a good estimation of the prospec
tive relative risk only if certain conditions are met, includ
ing an assumption that the disease under study is rare (an 
assumption not met for cervical cytological abnormalities 
in many clinics). 

The pathologist collaborator should play a key role in all 
analytic studies of diseases whose definitions rely on non
routine pathological expertise. Misclassification of disease 
status can be damaging to a study because the effect of 
misclassification on correlative statistics such as the rela
tive risk and odds ratio is, generally, to reduce the apparent 
strength of the association between disease and exposure. 
If the disease is poorly defined, no epidemiologic risk fac
tors may be found even if they exist. Moreover, it is often 
very difficult to measure the risk factors (exposures) with
out substantial error, whether laboratory testing or inter
views are being used. The combination of multiple errors 
in measuring both exposure and disease can literally make 
a study worthless. For example, early studies correlating 
HPV DNA detection and CIN revealed only a moderate 
association, in that less than 50% of cases were found to be 
HPV positive.148 Moreover, HPV infection was not appar
ently associated with sexual activity, an established strong 
risk factor for CIN. These weak associations were due to 
misclassification. Subsequent studies with better HPV 
tests and expert review of pathology revealed that virtually 
all cases of CIN contain HPV D NA, 153 and that HPV is the 
sexually transmitted agent explaining the association of 
sexual activity and risk of CIN .148 

As the result of the strong, damaging effects of misclas
sification on epidemiologic studies, epidemiologists pay 
careful attention to the pathological classifications that de
fine their study cases and controls, and often establish 
formal collaborations with reviewing pathologists as part of 
epidemiologic studies. 

Follow-up Studies of Patients with the Same 
Pathological Diagnosis 
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Clinicians, pathologists, and epidemiologists are all inter
ested in leaming what happens to patients diagnosed with 
a given disease. Fora possibly fatal disease, survival rates 
are critical, whereas for other chronic diseases, progression 
rates or recurrence rates often are estimated. lt is often of 
interest to divide the patients into groups to determine 
whether subtypes of disease follow different courses, or 
whether different treatments influence outcome. The ran
domized clinical trial is a specialized version of such a 
follow-up study, in which subjects are randomly assigned 
to various treatment groups to maximize the comparability 
of the groups. The hope is that the randomization will 
minimize differences in both known and unknown con
founding variables that could bias the comparison. 

Follow-up studies almost invariably involve the concept 
of time to an event. In other words, it is important when 
death or recurrence or progression occur, not just if they 
occur. Clearly, all participants in any clinical trial eventu
ally die, the question is when ( and why). A good treatment 
prolongs time to death, a bad type of disease shortens it. 

Because ofthe critical notion of"time to event" in epide
miologic follow-up studies, they depend heavily on actuar
ial methods, like survival curves and life-table analyses, 
when comparing exposed to unexposed patients or treated 
to untreated patients. The central statistical concept in 
such studies is a kind of rate called a hazard, which refers 
to the risk of disease occurring in a unit of follow-up time. 
Ahazardis computed as the number of events (e.g., death, 
eure, progression) divided by the amount of person-time of 
follow-up. One thousand women followed for a year or 100 
women followed for 10 years both yield 1000 person-years 
of follow-up time. Two cancers arising during that fol
low-up would yield a hazard of two cases per 1000 person
years. 

A hazard is a special kind of rate because it is conceived 
of as the rate of disease at a single moment in time, as the 
mathematical "Iimit" of the rate as time "goes to zero." 
Accordingly, the hazard of disease can change from mo
ment to moment as conditions change. A woman lights up 
a cigarette and her hazard for lung cancer increases. She 
quits smoking the next day and her hazard decreases. 

Moreover, the computation of the denominator of haz
ards, person-time, of follow-up requires some training and 
thought. For each successive time interval during follow
up, the denominator of women at risk for an event 
changes. For example, women are lost to follow-up as they 
drop out of the study, or they die for other reasons, or they 
experience the event itself (since one can develop a disease 
for the firsttime only once). Thus, computing the proper 
amount of person-time during which the events occurred 
requires some knowledge of censoring, which is the proper 
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deletion of irrelevant follow-up time during which the sub
ject was not truly at risk of diagnosis of the event. 

Usually, researchers arenot content to describe the simple 
survival curve of a disease, which represents the hazard of 
death over time after diagnosis. They wish to determine 
which factors affect the hazard, that is, what the relative or 
proportional hazard of death, etc., might be for women in 
different groups defined by pathological differences or treat
ment types. The proportional hazard is almost identical to the 
incident rate ratio discussed above, but the denominator is 
person-time of follow-up, not just time. Proportional hazard 
analyses are too complex to be described here, and patholo
gists performing follow-up studies might consider consulting 
an epidemiologist or biostatistician early in the design phase 
of such projects. Data collection must be organized carefully 
to permit a correct determination of person-time. 

Screening for Gynecological Malignancies 

Screening is inherently epidemiologic, thus, the patholo
gist involved in screening programs (e.g., cervical cytologi
cal screening or CA125 testing) needs to understand the 
interrelated concepts of sensitivity, specificity, and predic
tive value. The basics are outlined below in a statistical 
section on screening. 

A common mistake in evaluating the results of a Screen
ing trial is to ignore the clinical setting. The sensitivity of a 
screening technique (percentage of diseased women who 
test positive) and its specificity (percentage of disease-free 
women who test negative) theoretically do not change 
when the test is taken out of a high-risk hospital clinic tobe 
applied to the general population. But most clinicians are 
more interested in the positive predictive value and nega
tive predictive value, two statistics that are highly depen
dent on the clinical setting. For example, the positive pre
dictive value is the percentage of women testing positive 
who truly have disease. Given the same sensitivity and 
specificity, positive predictive value decreases sharply as 
the prevalence of the disease decreases. Therefore, the 
same screening test that Iooks promising because of high 
sensitivity in a high-risk clinic often will perform poorly in 
the general population, producing so many false positives 
compared with the disease yield that the costs outweigh 
the benefits. As a general rule, specificity is the prime 
requirement of a Screening test. A screening test such as a 
tumor marker must be highly specific (negative in virtually 
all nondiseased women, certainly more th;m 95%) to be 
cost effective for general population screening. 

Basic Statistical Concepts 

Hopefully, the preceding discussion has firmly established 
the relevance of epidemiology to gynecological pathology 
research and even daily practice. Epidemiologie work re-
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quires an understanding ofbiostatistics. This section men
tions the bare basics of what the author believes patholo
gists collaborating in epidemiologic research might wish to 
know about biostatistical methods. Introductory biostatis
tics texts are available and easy to read for the pathologists 
wishing to work independently, or for those who want 
computational formulae for chi-square or other commonly 
used tests. 

Variability as a Fundamental Principle of Pathology 

Virtually all measurements that one could make about a 
human population are variable. Height, weight, fine points 
of anatomy, metabolic pattems, serum Ievels ofhormones, 
and nutrients are all commonly recognized to be variable. 
The same variability is seen by pathologists at the tissue 
and cellular Ievels, and by research pathologists at the 
molecular biological Ievel (e.g., varying tissue Ievels of 
DNA adducts given equivalent carcinogenic exposures, ge
netic polymorphisms in human genes, and varying molecu
lar responses to infection with viral DNA). Even the intri
cate, multistep molecular pathways to cancer demonstrate 
substantial variability between individuals who develop the 
sametype of malignancy.171 

Vatiability in pathology is mainly described by categori
cal or discrete data and statistics, as compared with contin
uaus data and statistics ( the province of the mean, median, 
and standard deviation). Similar (but not identical) histo
logical and cytological appearances are categorized and 
named. More attention is paid to the borderlines and over
laps of the categories, rather than subtler differences 
within the categories ( unless splitting into finer categories 
is being considered). Categorical data analysis relies on 
contingency tables, which are discussed in a section below. 
Contingency tables, like the common 2 X 2 table, are fre
quency counts of categorical data, for example, how many 
(not what percent of) CIN 2 lesions demonstrated aneu
ploidy or not, compared with how many CIN 3 lesions 
demonstrated aneuploidy or not. 

The variability in categorical data such as pathology cat
egories shows up in diagnostic error (i.e., the misassign
ment of a patient to the wrong category). In general, error 
cannot be avoided. To the epidemiologist, categorization 
of variable biological continuua virtually dictates that there 
will be error. If two categories blend into each other with 
regard to a characteristic ( even one as complex and general 
as microscopic appearance), they cannot be perfectly sepa
rated based on that characteristic. Thus, pathologists 
search for additional characteristics to discriminate diffi
cult-to-distinguish indeterminate cases, such as immuno
cytochemistry, but these ancillary measurements also have 
error and overlap. There is a field of statistics called dis
criminant analysis, in which the goal is to determine how 
many characteristics must be measured to maximize cor
rect assignment to overlapping categories. This compli-
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cated set of statistical methods underlies the development 
of computer-assisted cytology screening. 

Error Versos Bias 

Error is inevitable, but epidemiologists hope that it is 
mainly random, not systematically pushing the data in one 
way or the other. Random error reduces the reliability of 
repeated measurements, affecting their precision, and re
duces the perceived strength of correlations, but the aver
age measured value still becomes increasingly true or accu
rate as the study size increases. Systematic error, called 
bias, impacts directly on the accuracy of the measurement; 
no matter how large a study based on biased measure
ments is, the answer will be wrong. Thus, epidemiologists 
struggle to reduce random measurement error, but they 
have an even stronger dislike of biased measurements. If 
the exact direction and magnitude of a fixed bias were 
known, the data could be adjusted (like a scale that always 
reads three pounds heavy), but adjustments for bias usually 
are not possible. 

Epidemiologists combat error and bias in a few Standard 
ways. To quantif)r and reduce random error, reliability is 
measured by repeating data collection, whether that in
volves re-asking a question, re-running an assay, or submit
ting a pathology slide for re-review. 

For continuous variables, statistics of reliability include 
the variance (sum of the squared deviations of the mea
surements from their arithmetic average or mean, divided 
by the number of data points minus one), the standard 
deviation ( the square root of the variance) of the raw data 
or of the mean ( called the standard error of the mean), and 
the coefficient of variation (the ratio of the standard devia
tion to the mean). 

For categorical variables, statistics of reliability include 
the simple percentage of agreement and more complicated 
statistics mentioned below in the section on measures of 
interpathologist agreement. 

To reduce bias, epidemiologists would like to compare 
the study measurement to a reference standard of truth, 
but such reference standards virtually never exist. Cer
tainly, there is no source of absolute truth in pathology, 
only advancing degrees of expertise correlated with de
creasing amounts of diagnostic error. Therefore, to reduce 
bias in pathology, researchers are limited to the compari
son of different experts. To the extent that truly indepen
dent experts agree (without consideration of each other's 
opinion), the possibility that either one is biased is re
duced. 

Of course, experts can share or even teach each other 
the same biases, destroying the notion of independence 
and reducing the possibility of identif)ring the biases. 
Hence the value to epidemiologists of outspoken patholo
gists, who point out beliefs in pathology that might be 
changing. 
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Also to reduce the possibility ofbias, epidemiologists try 
to ensure that all study measurements are made indepen
dent of each other, so that knowledge of one variable 
cannot bias a decision about another. The difficulties of 
masking are discussed in a section below. 

Descriptive Data 

The terms used most often to describe and summarize 
descriptive data, such as prevalence and incidence, are 
defined in the section on geographic differences and time 
trends above, and are not repeated. A few additional statis
tical concepts critical to the interpretation of descriptive 
data are mentioned. 

First, there is an important choice of scale in the plotting 
of descriptive data. The scale of the y or vertical axis greatly 
affects the appearance of the data, and must always be 
noted when examining plotted data. A log scale flattens 
curves and reduces the apparent strength of trends and 
differences, whereas an arithmetic scale does the opposite. 
On a log scale, an increasing, straight-line trend implies an 
exponential, not linear, rate of increase. 

A common error in inference when interpreting descrip
tive data is the ecologic fallacy, the attribution of causality to 
an association seen only in descriptive data. For example, the 
international risk of colon cancer (mortality rates for each 
country plotted on a graph) correlates with the average di
etary intake of those countries for fat, meat, and sugar, and 
with the average amount of sunlight ( the major determinant 
of vitamin D Ievels). To assume that all fourvariables are true 
risk factors for colon cancer at the Ievel of the individual 
would be an example of the ecologic fallacy, confusing de
scriptive data for analytic (individual Ievel) data. 

In the interpretation of time trend data, the possibility of 
a cohort effect must be kept in mind. A cohort effect, 
familiar by analogy to anyone who studies the sociology of 
baby-boomers, is the variation in disease occurrence that 
occurs in a population over time, as successive birth co
horts (persons of the same age) experience the unique 
environment that typifies their life course. For example, 
based on cross-sectional prevalence data compiled in 1991, 
the prevalence rates of koilocytotic atypia of the cervix 
decrease sharply with increasing age, from a peak at about 
age 20 to 25 years. This age trend might represent a biolog
ical phenomenon, the result of immunity, with many 
women becoming infected with HPV at the time of initia
tion of sexual intercourse, then becoming increasingly im
mune and having fewer new sexual partners as they age. 
Or, the age trend also could reflect a cohort effect, with 
changing sexual practices and increasing prevalence of 
HPV infection over the past decades placing younger 
women today at higher risk for koilocytotic changes com
pared with their older sisters and mothers. 

To distinguish cohort effects from simple age trends 
requires a cohort analysis, a type of descriptive graphing in 
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Table 29.1. The basic contingency table 

Disease No disease Total 

Exposed or test a b a+b 
positive 

Unexposed ortest c d c+d 
negative 

Total a+c b+d a+b+c+d=n 

which the age- specific prevalence rates are graphed sepa
rately for each birth cohort. These analyses usually are 
difficult enough in interpretation to merit a statistical con
sultation. 

The Basic Contingency Table 

The pathology slide of epidemiology is the contingency 
table, the basic form of which is the 2 X 2 table (Table 
29.1). 

Most important epidemiologic findings, relating an ex
posure to risk of a disease, have been derived and can be 
expressed in this simple form. Extension of the table to 
more rows or columns does not change the concepts, only 
the statistical complexity. 

The most common statistics computed from a contin
gency table are simple percentages, which can then be 
compared: "Ninety percent of the group with disease were 
smokers [(al a + c) = 0.90] compared with 20% of the 
nondiseased [(b/ b + d) = 0.20]. These proportians could 
be compared statistically using the well-known t test or 
another test of the difference between independent pro
portions. More often, the chi-square statistic is computed, 
which gives equivalent interpretations but has a slightly 
different intent. 

The chi-square test is meant to determine whether the 
disease categories and the exposure categories are associ
ated or independent (i.e., does being exposed affect the 
probability of having disease?). Chi-square values are de
rived by comparing the expected counts of a, b, c, and d to 
the values that would be expected if disease and exposure 
were totally independent. For example, the expected value 
of a is the cross-product of (a + b) X (a + c) divided by n. 
The divergence of observed from expected values for all of 
the cells of the table (a, b, c, d) are summed to derive the 
chi-square statistic. The larger the statistic, summarizing how 
much observed counts differ from expected, the more likely 
disease and exposure are associated by more than chance. 

The chi-square statistic obtained is compared with the 
tabled values of the chi-square distribution to yield a p 
value, the probability of observing such a chi-square value 
if disease and exposure are not related. If the p value is less 
than 0.05 or 0.01, then convention dictatesthat chance is 
unlikely to explain the degree of association seen in the 
table, and the association is considered statistically signifi
cant. 
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Thanks to many recent published cautions, most clini
cians and researchers know that a strict dependence on p 
values is incorrect, because the magnitude of the p value 
depends on the size of the study. Smaller studies require 
stronger associations to achieve the same Ievel of statistical 
significance; thus, a p value of 0.06 in a small study by no 
means rules out a true exposure-disease association 
whereas a highly statistically significant difference from a 
huge study may be so small as to be clinically irrelevant. 

Contingency tables larger than 2 X 2 should be ana
lyzed in a methodical and hierarchical fashion, not restrict
ing the analysis to the most "significant-looking" intemal 
comparisons. First, the evidence for association in the full 
table should be assessed and, if there is none, then the 
analysis should stop. A common · mistake some novices 
make is to Iook at a large contingency table, choosing the 
most interesting difference seen, then testing the signifi
cance ofthat extracted comparison. Given a large enough 
contingency table, some subtables will yield statistically 
significant results by chance alone. Permitting a prescreen
ing of the data before applying a statistical test to the most 
divergent data points is wrong. If one wishes to define the 
likely source of the association when the overall contin
gency table indicates statistical significance, the proper 
approach is to analyze smaller subtables in a complete and 
hierarchical manner. A formal description of the proper 
approach to contingency table analyses can be found in 
standard biostatistics texts. 

When the number of study subjects is very small, such 
that the expected count in any cell is less than about five, 
then chi-square analyses are unreliable and should be re
placed by a test called Fisher's exact test. Of course, if the 
study is too small, no result will be statistically significant. 

One other key point about contingency tables is that the 
two measurements ( disease status and exposure, for exam
ple) must be assumed tobe independent, as one embarks 
on statistical testing. Although a significant chi-square sta
tistic indicates that the measurements are not indepen
dent, the initial or null hypothesis of independence is what 
the test is designed to reject. Thus, standard chi-square 
analyses should not be performed to test tables in which 
the measurements are explicitly correlated, as in inter
pathologist agreement studies, or comparisons of the effi
cacy of two cell collection techniques used in the same 
group of patients. Forpaired-sample comparisons, the Mc
Nemar's test is easy to use. The test ignores the points of 
agreement of the two measurements and tests the statisti
cal significance of the amount of divergence. 

Measures of Risk (Absolute, Relative, and 
Attributahle Risks) 

The chi-square provides limited information regarding the 
strength of an association (yes/no). Therefore, epidemiolo
gists often prefer instead to compute the more informative 
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statistic, the relative risk ( or odds ratio estimate of the 
relative risk). These key terms are defined in the section on 
epidemiologic studies of disease etiology. In this section, 
the relation of the terms to the contingency table are ex
plained, with a brief discussion of ancillary topics such as 
statistical adjustment of confounding variables, interaction, 
and confidence intervals. 

Suppose a prospective study started by defining an ex
posed group and an unexposed group of women, then 
followed the two groups for disease occurrence. The abso
lute risk of disease following exposure can be represented 
as an incidence rate al(a + b). (See Table 29.1.) The time 
period for this incidence rate is implicitly the duration of 
follow-up. The absolute risk of disease in the unexposed 
group, analogously, would be the incidence rate c/(c + d). 
The ratio of these absolute risks would be the relative risk 
(specifically, the incidence rate ratio) in exposed versus 
nonexposed women, al(a + b) divided by c/(c + d). A 
relative risk above 1.0 implies an increased risk. For exam
ple, a relative risk of 2.0 means that the risk of disease in 
exposed women is twice that of unexposed women. In 
contrast, a relative risk between 0.0 and 1.0 indicates a 
protective association (a relative risk of 0.5 implies a halv
ing of risk associated with the exposure). A relative risk of 
approximately 1.0 implies the exposure is not related to 
risk of the disease. 

Prospective studies permit the computational directness 
and intuitive quality of the relative risk calculation and the 
ability to decompose the relative risk into the absolute risks 
among the exposed and unexposed groups. 

In contrast, absolute risks usually cannot be calculated in 
case-control studies because the true numbers of exposed 
women (a + b) and unexposed women (c + d) are not 
known. In fact, in 2 X 2 tables from case-control studies 
the values a + b and c + d are meaningless and should 
never be computed. The numbers of cases (a + c) and 
controls (b + d) are chosen first, and not in proportion to 
the true ratio of cases to controls in the population. Cases 
are almost always sampled in excess; in fact, oversampling 
cases to overcome the Iimitation of rarity is the major 
reason to perform a case-control analysis. 

As mentioned earlier, although case-control data do not 
permit direct calculation of the relative risk, the odds ratio 
provides a valid estimate if the cases and controls represent 
an unbiased sample of all women with and without disease 
in the population, and if the disease in question is very rare 
(if the cases are all incident, the rare disease assumption is 
not as important, unless the disease is so common that a 
nonnegligible percentage of the population is developing it 
at any given time). 

To understand the concept of the odds ratio, again con
sider a prospective study. The odds of disease in exposed 
women is alb, very close to the risk of disease al(a + b) if a, 
the occurrence of disease among the exposed, is very infre
quent. Similarly, the odds of disease in nonexposed women 
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is c/d, close to the risk of the disease if uncommon in the 
nonexposed women, c/(c + d). 

With a little algebra, it is easy to see that the relative 
odds or odds ratio for a rare disease (alb divided by c/d, 
often computed as the cross- product adlbc) is quite close 
to the relative risk. 

The important point is that the cross-product adlbc can 
be computed from a case-control study without knowing 
the total number of exposed and unexposed women. As 
long as the odds a/c and b/d are unbiased with regard to the 
entire population, then a/c divided by b/d equals adlbc 
equals the prospective odds ratio of alb divided by c/d. The 
key is to select an unbiased sample of cases and controls. 
Because epidemiologists usually try to recruit all cases oc
curring in a population, bias among cases usually is not an 
issue unless participation rates are poor. The place where 
bias is a major concem is among the controls. Epidemiolo
gists spend most of their intellectual energy attempting to 
ensure that the ratio b/d in controls (also thought of as the 
percentage of controls exposed to the risk factor) is un
biased compared with the same ratio in the whole popula
tion that gave rise to the cases. Without the elimination of 
bias, the odds ratio does not estimate the relative risk, and 
the case-control design will yield a false result. 

Gonfaundingis the type ofbias that concems epidemiol
ogists the most, particularly when they are conducting 
case-control studies or nonrandomized prospective stud
ies. Gonfaunding variables are factors that influence both 
the risk of disease and the likelihood of exposure to a risk 
factor under study. The relationship between exposures, 
confounding variables, and disease outcome is illustrated 
in Figure 29.1. 

When assessing whether an exposure such as smoking 
causes cervical cancer, the researcher must consider and 
adjust for the confounding influence of sexual activity lead
ing to HPV infection, a central cause of cervical cancer. 
Women who smoketend to have moresexual partners and, 
consequently, are more likely tobe HPV infected (i.e., the 
confounding variable is linked to the likelihood of the study 
exposure). HPV is a cause of cervical cancer. The apparent 
influence of smoking on risk of cervical cancer is reduced 
by statistically adjusting for HPV infection status. A resid
ual association between smoking and cervical cancer risk 

Confounding variable 

Exposure ------------------------------------------• Disease 

(Smoking) (Cervical cancer) 

FIG. 29.1. Confounding. Confounding variables are risk fac
tors for diseases correlated with the exposure under study. 
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may still exist, as mentioned later in the chapter, but the 
true strength of the association is only estimated, correct
ing when adjusted for confounding. In summary of this 
important point, epidemiologic analyses must adjust statis
tically for the influence of confounding factors to generate 
unbiased risk estimates. 

Adjustment for confounding is commonly undertaken 
by one of three methods: exclusion, stratification, or re
gression modeling. Exclusion is exemplified in the example 
above by restricting the analysis to women known to be 
infected with HPV, or to virgins (limiting the exposure to 
HPV). U sing stratification, one could analyze either of 
the two "strata" defined on HPV status, eliminating the 
possibility of confounding (if HPV infection status could 
be defined perfectly). Rather than excluding any sub
jects, the association of smoking with cervical cancer 
could be examined separately in each of the two strata 
(HPV -/ HPV + ), providing two unconfounded esti
mates akin to those derived by exclusion. The risk esti
mates could then be pooled to obtain a global estimate for 
the risk of smoking adjusted for HPV. This kind of strati
fied analysis is commonly performed using a group of pro
cedures called a Mantel-Haenszel analysis in recognition 
of its developers. 

A more conceptually difficult approach that is widely 
used is logistic regression analysis, a multivariable regres
sion technique available in the major statistical software 
packages such as SAS and BMDP. This is especially well 
suited to calculation of the odds ratio as an estimate of the 
relative risk in case-control studies. This technique permits 
the simultaneaus estimation of the relative risks for multi
ple risk factors, adjusted for each others' confounding in
fluences. A discussion of this technique, its uses and mis
uses, is beyond the scope of the chapter. The commercially 
available statistical packages offer multivariable regression 
packages in a seductively simple format that might inspire 
some novice epidemiologists to perform complicated anal
yses. However, to master the art of multivariable regres
sion analysis takes statistical training and apprenticeship. 
Moreover, the results cannot be "checked" easüy. It is wise 
both to avoid and distrust complicated analyses, especially 
because the bulk of what can be leamed from most data 
sets can be expressed using simple tables and intuitively 
approachable statistics. 

Adjustment for confounding often is not perfectly 
achieved, particularly when the confounding variable can
not be measured well or when variables under study are 
highly correlated. In fact, it is sometimes virtually impossi
ble using statistical methods to adjust for the confounding 
influences of correlated variables. For example, the most 
conceptually difficult areas of chronic disease epidemiol
ogy relate to time. In all data analyses involving time, the 
correlated effects of age at first exposure, duration of expo
sure, and latency (time since first exposure) are among the 
most difficult to figure out. 
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Sometimes the risk of an exposure is modified by Ievels 
of another variable. For example, the risk of esophageal 
cancer associated with smoking is much higher among 
alcohol drinkers than among nondrinkers. This effect mod
ification, often called interaction, is different from con
founding in that no global adjustment to arrive at a single 
correct risk estimate for the exposure is possible. The 
proper approach is to present the risk estimates for the 
exposure separately for each Ievel of the effect modifier. 

lt is common to place confidence intervals araund rela
tive risk estimates to indicate the likely range of the true 
risk that we are trying to estimate. Confidence intervals 
take into account only random error, not bias, and are 
conceptually somewhat similar to p values although more 
informative. Thus, a 95% confidence interval and a p value 
of 0.05 are both commonly chosen as standard, and have 
analogaus interpretations. For example, if the relative risk 
of an exposure for a disease is 1.8 with a 95% confidence 
interval of 1.1 to 3.0, this implies that given random error, 
the true relative risk has a 95% chance of falling within that 
range. If the confidence interval for a relative risk excludes 
1.0, the result is conventionally considered statistically sig
nificant. A relative risk with confidence intervals including 
1.0 indicates no statistically significant association between 
exposure and disease. As with p values, confidence inter
vals should be used as a guide but not followed slavishly in 
interpreting data. 

Most analytic epidemiologic research centers around es
timation of relative risks. Another useful concept, espe
cially for public health applications of epidemiologic re
sults, is the attributable risk, also known as the attributable 
proportion, or etiologic fraction. These terms subsume 
several computational forms and subtle differences in 
meaning, but the general meaning is clear: how much of 
the disease is due to the exposure and would theoretically 
disappear if the exposure were eliminated (from 0 to 
100%). One useful computational formula for the attribut
able risk, using the notation in Table 29.1, is: Attributahle 
risk = [(ala + c) X ( 1 - 11 RR)] X 100%. In words, the 
fraction of disease attributable to the risk factor is equal to 
the percentage of cases of the disease who are exposed, 
adjusted for the strength of the estimated relative risk. 
Although the formula may appear a bit complicated, it is 
easy to use. The adjustment part of the formula, (1 -
1/RR), goes to zero as the relative risk goes to 1.0, and goes 
to 1 as the relative risk goes to infinity. Thus, even if all 
cases are exposed, the attributable risk will be 0% if all 
controls also are exposed, because the RR is 1.0 and the 
adjustment term is 0. 

Measures of Interpathologist Agreement 

Simply put, there is no universally accepted statistical mea
sure of interrater agreement. The problern is adjustment 
for the influence of chance agreement, which varies with 
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the numbers of categories and the composition of the study 
population. All currently available statistical methods have 
limitations and, therefore, it is best when possible to 
present the actual data to the reader, in addition to any 
percentage or statistic. 

Consider a study of interpathologist agreement for the 
categories of the Bethesda System of cervical cytology. A 
group of 100 smears was given to two pathologists, who 
were asked to rate them as normal or benign reactive 
changes, atypical squamous cells of undetermined signifi
cance (ASCUS), LSIL, or HSIL. The trouble with simply 
calculating percent agreement is not only that some agree
ment is expected by chance, but the results are strongly 
dependent on how the smears are chosen. If mainly normal 
smears were submitted, the percentage of agreement 
would be high. If a wide range of changes were equally 
represented, then agreement undoubtedly would de
crease. In general, the most information is obtained by 
choosing a wide range of smears, oversampling the rarer 
grades to achieve a balanced study group. 

The most widely used, more sophisticated statistic of 
agreement of use to pathologists is the kappa statistic. Its 
limitations are discussed in a worthwhile reviewY2 The 
kappa statistic computes the proportion of agreement in 
excess of the expected chance agreement. Kappa values 
can range from 1.0 (perfect agreement) to less than 0.0 
(zero implies only chance agreement). The interpretation 
ofkappa values is not clear cut, in that researchers disagree 
as to what good agreement is. According to one group, 
values greater than 0. 75 represent excellent agreement 
beyond chance, 0.40 to 0. 75 is fair to good, and less than 
0.40 indicates poor agreement beyond chance.60 

Screening Terms 

Screening is a special area of epidemiology distinct from 
descriptive or analytic studies. lt is rare to find a useful 
screening test. Finding a strong risk factor for a disease 
does not imply that we should screen for that risk factor, 
because the factor often is too common in the general 
population to permit its use as a trigger for clinical action. 

Screening terms have exact meanings, which may vary 
from other common uses of the same terms. In Table 29.1 
above, the women in cell "a" have trne-positive screening 
tests, in that they have the disease and tested positive. The 
women in cell "c" have false-negative results because they 
have the disease but tested negative. The sensitivity of a 
test, also called the true positive rate, is the percentage of 
diseased women who testpositive [al(a + c) in Table 29.1]. 
The screening sensitivity must be clearly distinguished 
from the analytic sensitivity of a laboratory assay, which has 
a different meaning. 

The trne-negative results are in cell "d"; the false-nega
tive results are in cell c. The specificity, also called the true 
negative rate, is the percentage of women without the 
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disease who testnegative [d!(b+ d)]. The concept of spec
ificity is more important in screening than most realize. 
Because the overwhelming majority of women in a popula
tion do not have the disease under study, as the specificity 
percentage falls even slightly, the absolute numbers of 
false-positive screening tests rise dramatically in compari
son to the number of true positives. 

Therefore, decreased specificity Ieads to low positive 
predictive value, the percentage of women with a positive 
test who truly have the disease [al(a + b)]. Positive predic
tive value is, for many diseases, the major Screening statis
tic of interest. Clinicians ask: If a woman tests positive, 
what is the likelihood that she will have disease confirmed 
on referral to the next clinical step (e.g., colposcopically 
directed biopsy, laparoscopy, or more major surgery). Low 
positive predictive value Ieads to overreferral and over
treatment. 

For grave diseases, in which overtreatment of normal 
women is less of a concern than not missing any cases, the 
negative predictive value is an important concept. The 
negative predictive value is the percentage of women who 
test negative who are truly disease-free [d!(c + d)]. A 
clinician may ask, accordingly, "If the test is negative, what 
is the percentage assurance that the disease is not present, 
and that I can safely stop the diagnostic workup?" The 
sensitivity of the test usually is the key determinant of 
negative predictive value. 

Some of the current controversy regarding the proper 
clinical management of inconclusive cervical cytological 
smears centers around the competing needs for good neg
ative predictive value (assurance that we are not missing 
any high-grade disease) and good positive predictive value 
(desire not to overtreat). This problern highlights an ines
capable feature of screening (or more fundamentally of 
trying to categorize overlapping distributions): increased 
sensitivity virtually always Ieads to decreased specificity 
and, as a corollary, increasingly reassuring negative predic
tive value can be obtained only at the price of decreased 
positive predictive value. 

There is a formal method for choosing the proper 
screening cutpoint (e.g., Ievel of a serologic assay, degree 
of atypia meriting the diagnosis of LSIL) to achieve an 
optimal compromise between sensitivity and specificity. 
The technique is called the receiver operating characteris
tic (ROC), because the approach was developed to test 
how weil an electronic receiver could distinguish signals 
from electrical noise. The concepts areeasy to understand, 
useful, and weil explained in one key article that is recom
mended to anyone wishing to evaluate a screening test. 79 

When screening is mentioned, there is always an implicit 
notion of a reference standard or gold standard of disease. 
The performance of screening tests is described statisti
cally in relation to this reference standard and if it is 
flawed, then the screening statistics will be flawed. For 
example, colposcopically directed biopsy with pathological 
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diagnosis often is taken as the reference standard of ceiVi
cal intraepithelial neoplasia, but the colposcopic biopsy 
may be misdirected or the histopathological diagnosis may 
be in error. Thus, the true performance of screening tests 
such as cytology, ceiVicography, or HPV testing may be 
misinterpreted when compared with the results of col
posopically directed biopsies. 

Screening tests may detect prevalent disease or predict 
the future diagnosis of disease, and the two time frames 
may be confused. If some type of HPV test could truly 
predict incipient ceiVical neoplasia, even when biopsies 
were still negative, it would be misleading to compare the 
HPV screening result only to prevalent (same-day) disease 
defined by biopsies. 

Another mistake is the following: Researchers who wish 
to compare the sensitivity of two screening tests cloubie
test a research population, referring for a d efinitive diag
nostic procedure those women who are positive for either 
screening test. If they then compute and report the "sensi
tivity" of each test, an error of circular reasoning has been 
made. Because both Screening tests could have missed 
disease (double false-negatives), the true sensitivity of ei
ther test cannot be known without referring all women in 
the study population for the definitive work-up. Some
times, in large studies it suffices to refer a random sample 
of the women who screen negative on both tests as a way of 
correcting (or of verifying, tothink optimistically) the esti
mates of sensitivity. 

The point of this discussion is that, when screening 
terms such sensitivity or specificity are mentioned, then 
the reference standard must be explicitly stated and, if 
necessa:ry, questioned. 

Problem Areas 

The major goal of including an introduction to epidemiol
ogy in a t extbook on gynecological pathology is to encour
age pathologists to do epidemiologic studies, and to work 
with epidemiologists. Accordingly, it may be worth alerting 
the pathologist to recurrent problern areas that exist at the 
juncture of the two disciplines. This section informally 
catalogs a few practical problems that appear to arise most 
commonly. 

Dividing a Spectrum of Disease into Categories 

Unfortunately, some epidemiologists may seek out pathol
ogists to perform a seiVice function of "making sure the 
cases are right," without understanding much about pa
thology (just as pathologists might seek out statisticians to 
do a rote data analysis or to figure "how many cases are 
needed for statistical significance?"). Providing rote pa
thology review may prove a difficult collaboration, because 
epidemiologists are prompted by their statistical methods 
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to seek overly simplistic and discrete categorization of dis
ease outcomes. Because the statistical methods for consid
ering a spectrum of disease are difficult to perform and 
understand, epidemiologists tend to simplify disease mea
surements into a few (ideally two) reliably distinguished 
categories, such as "invasive ceiVical cancer" versus "nor
mal." But as the example of ceiVical neoplasia demon
strates, diseases may exist as a spectrum of changes that are 
impossible to divide perfectly into a few categories. 

When an epidemiologist asks a pathologist to state 
whether a slide shows disease (i.e., defines a case) or not 
(i.e., rejects the case), an uncertain or heavily qualified 
diagnosis is difficult to force into the study dichotomy. 
Often, the epidemiologist must subsequently exclude the 
uncertain diagnoses from the analyses. lt is possible to 
perform a "malicious analysis" in which the uncertain cases 
are added to the analysis as cases, then reanalyzed as con
trols, in order to see whether the uncertainty in pathologi
cal definition affects the comparisons being made. But too 
large a proportion of uncertain diagnoses can make an 
analytic study unreliable. 

The collaborating epidemiologist must be willing to un
derstand diagnostic error as a fact of nature and not a 
failing of pathologists. The pathologist must be willing to 
sacrifice absolute truth in order to simplify the statistical 
data to the point of understanding. The limitations of epi
demiology should be recognized. As a great physician
epidemiologist once said: "Epidemiology isahuteher shop, 
don't t:ry to use a scalpel." In other words, epidemiology 
can only study strong risk associations, because even strong 
associations are made to appear weak by unavoidable mea
surement errors and biases. Truly weak associations prob
ably will be missed by all but the largest and luckiest 
studies. With this in mind, the routine use of pathological 
qualifiers such as "consistent with" and "cannot exclude" 
should be abandoned in epidemiologic studies, with the 
recognition that diagnostic errors will exist ( the extent of 
which should be measured by reliability studies and re
ported). 

The Need for Masking 

Epidemiologists tend to mask all data collection as an auto
matic part of good research t echnique, to avoid the influ
ence of possible subtle biases that could distort risk esti
mates. Thus, they do not routinely teil inteiViewers the 
disease status of the subjects to minimize bias in question
ing, they do not telllaborato:ry collaborators the identity of 
specimens until the results are obtained, and they ask pa
thologists to make their diagnoses with a minimum of in
formation regarding the patients. Epidemiologists are 
seeking a completely independent decision from patholo
gists, without influence from previous diagnoses or clinical 
tests, which often are being studied as risk factors for the 
current condition. All common statistical tests assume that 
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the study measurements are completely independent of 
each other; thus, using any data to influence a decision on 
another piece of data is wrong. 

Pathologists, however, realize that diagnoses are best 
made in the context of complete information regarding 
the patient, and that asking for a microscopic diagnosis out 
of context, as one would demand a Iab result from a 
machine, risks error. Some pathologists incorrectly view 
the request for masking as a sign of distrust of their intel
lectual integrity or ability to make an independent deci
sion. The request actually is a sign of epidemiologists' be
lief that everyone is biased about every decision unless 
masked. As a revealing example, an epidemiologist' s wine 
tasting group in Maryland covers alllabels from the bottles 
before tasting, and unmasks the results only after the 
"data" (opinions) are in. Fortunately, it is usually easy for 
good collaborators to achieve a balance between automatic 
demands for complete masking, and the kind of complete 
disclosure of study information that could Iead to serious 
biases. 

Standardization of the Scientific Art of Pathology 

A more thomy problern arises when epidemiologists chal
lenge the accuracy and reliability of pathologic diagnoses, 
either as part of a formal pathology agreement study or 
as part of a !arger epidemiologic project. This challenge 
takes the form of calculation and publication of rates of 
(dis)agreement between experts, or between the expert 
and him/herself on different days. The epidemiologist is 
trained to believe that all biological phenomena are vari
able and that all measurements of biological phenomena 
are prone to random error. The pathologist has the weighty 
daily task of being the final arbiter of disease definition, a 
responsibility that does not mesh weil with error. 

The epidemiologist authors have leamed something 
about the world of gynecological pathology only because of 
the intellectual humility of expert gynecological patholo
gists (responsible for several of the chapters in this text) 
whose curiosity outweighed their urges to preserve their 
national reputations for infallibility. Most of the compari
sons performed have related to the cytopathology and his
topathology of cervical intrepithelial neoplasia and benign 
"look-alikes." Agreementrates between expert pathologists 
have been only fair at best, but have led to a greatly in
creased understanding of the diagnoses. 

If a pathologist ever feels irritated at the demands for 
reliability studies from new epidemiologist colleagues, it 
should suffice to ask them when the last time was that they 
performed a masked logistic regression data analysis in 
parallel with other epidemiologists, then published the 
agreement obtained for the relative risk estimates. Since 
such painful comparative exercises are almost never perpe
trated by epidemiologists on themselves, mutual humility 
and curiosity should reign. 

Specimen Adequacy Versus the Bias of 
Convenience Sampies 
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Epidemiologists seeking to minimize bias are loathe to 
permit exclusions from a complete series. They suspect 
that the excluded members of the set will differ from those 
included in a systematic (biased), rather than random, way. 
Thus, epidemiologists working with pathologists wish to 
start their analyses by considering the entire collection of 
pathological specimens available, winnowing down as 
needed to usable specimens but always with an eye to 
possible biases of exclusion that could affect the general 
applicability of the results. Epidemiologists distrust conve
nience samples, groups of specimens that happen to be 
available for testing or for review. Pathologists may view 
the task of defining and retrieving all relevant specimens 
from their centertobe unnecessary. lt may be difficult to 
decide in advance when a convenience sample is sufficient 
and when a more definitive collection is required. In gen
eral, convenience samples are useful for preliminary meth
odologic work, as in checking if genomic DNA can be 
amplified from the paraffin blocks available, but such stud
ies cannot be used to reach definitive, generalizable con
clusions. 

Deciding How Large a Study to Do: Statistical 
Significance Versus Practicality 

Bigger is better for the epidemiologist. lt is not much more 
difficult to do a statistical analysis of 1000 patients than 
100; in fact, it is methodologically easier because the num
bers are clearly sufficient. But the pathologist collaborator 
may view it differently. The question of study size is almost 
always negotiable, in that bigger studies permit the detec
tion of smaller differences, but the critical difference that 
needs to be detected usually is open to discussion. 

There are minimum numbers of subjects that permit 
epidemiologic analyses. lt is impossible to generate a statis
tically significant result with fewer than five subjects, re
gardless of how strong an association is. Thirty subjects is 
another breakpoint. One M.D. epidemiologist's wife re
ports that when she asked her busband about her rash, he 
replied: "Give me 30 of them, with the right controls, and 
I'll venture a guess at what it is." Thirty subjects is a 
common minimum number in that common statistics such 
as means start to "behave" more reliably when there are 
about 30 or more data points. About 200 cases and 200 
controls are needed to find reliably a relative risk of about 
2.0 (a doubling of risk), given typical prevalences of com
mon exposures. Case-control studies of more than 1000 
subjects are relatively rare. Cohort studies, however, often 
require thousands or even tens of thousands of subjects to 
generate enough disease end points for analysis. Clinical 
trials range from small (20 subjects) to large (thousands of 
subjects) based on the size of the difference being sought. 
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In general, small studies miss weak associations, do not 
permit adequate adjustment for confounding, and gener
ate less reliable estimates of risk. Still, many Iandmark 
studies of new topics have been small. 

The key to defining the proper size of the study is to 
agree on the hypothesis and the range of expected results. 
Sampie size calculations are very assumption-dependent, 
and usually demand information not available until the 
study is completed. Most epidemiologists choose a reason
able number based on cost and time available, then com
pute the statistical power of such a study to detect associa
tions of various strengths. lt is standard to require the 
study to have an 80% or greater chance of finding (as 
statistically significant) the key disease-exposure associa
tion under study, assuming the association truly exists. 

Epidemiologie Features of the 
Major Gynecological Cancers 

There have been a number of investigations focusing on 
the etiology of the major gynecological cancers, with a 
number of risk factors identified. Both cervical and en
dometrial cancers have been intensively studied, and for 
both there have been important recent insights regarding 
possible mechanisms of action of many of the previously 
identified risk factors. Fewer advances have been made 
with respect to ovarian cancer, although several etiologic 
clues have e merged from recent studies. Less is known 
about the etiology of cancers of the vulva and vagina and of 
trophoblastic disease, mainly because their rarity renders 
epidemiologic investigations difficult. 

Cervical Cancer 

An estimated 13,500 new cases of cervical cancer w ere 
diagnosed in the United States in 1993.14 The average 
annual age-adjusted incidence in all SEER areas was 8.8 
per 100,000 women for 1990, with a corresponding age
adjusted mortality rate of 3.0. The 5-year survival rate for 
cervical cancer is 67%, with the rate rising to 88% for 
cancers diagnosed at early stages. 1 

Substantial decreases in the incidence of invasive cervi
cal cancer have occurred over time in the United States. 
Among whites, the incidence per 100,000 women declined 
75% from 32.6 in the late 1940s to 8.3 in the early 1980s.53 

The decline in incidence in blacks started later than that 
forwhites. 

There is about a twofold difference in age-adjusted inci
dence for invasive cervical cancer for blacks as compared 
with whites. This differential, although previously ob
served for all ages, now appears restricted to older women. 
The incidence also is approximately two times higher for 
Hispanics and even higher for American Indians. Racial 
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differences also exist in survival experience, with blacks 
having a 59% 5-year survival rate compared with a 67% 
5-year survival rate among whites. 

At least some of the racial differences can be explained 
by strong inverse associations observed between cervical 
cancer rates and socioeconomic indicators, such as educa
tion and income. These relationships prevail among both 
whites and blacks. When adjustment is made for socioeco
nomic differences, the excess risk of cervical cancer among 
blacks is substantially reduced from more than 70% to less 
than 30%.51 

There is considerable geographic diversity in cervical 
cancer rates, with the highest rates having been reported 
from certain Latin American countries, where rates exceed 
those of the United States by approximately sixfold.124 

Although rates in the United States are among the lowest 
in the world, mortality rates are higher in certain Southem 
areas, particularly in Appalachia. 

Recent uptums in incidence and mortality rates among 
young warnen have been observed in a number of coun
tries, including Canada, Great Britain, New Zealand, and 
Australia. Similar increases may be slower to appear in the 
United States because of the effectiveness of cytology 
screening programs. The greatest evidence of increased 
incidence in the United States is for cervical adenocarcino
mas among white women 35 to 54 years of age.54 

Cervical cancer is believed to result from the progres
sion of milder epithelial abnormalities, that is, dysplasia or 
cervical intraepithelial neoplasia. Support for a continuum 
of disease is provided b y the observations that cervical 
dysplasia is diagnosed most often among women in their 
20s, carcinoma in situ in women in their 30s, and invasive 
cancer after age 40 years. Because of this presumed con
tinuum, there is little doubt that exfoliative cytology or the 
Pap smear can have profound effects on morbidity and 
mortality. The eradication of precursor lesions has pre
ceded significant declines in cervical cancer incidence and 
mortality in areas where screening has been widespread, 
such as Kentucky and British Columbia. 16•40 The rates for 
cervical cancer have not declined in regions with limited 
screening programs.88 Case-control studies that have eval
uated the role of screening in preventing invasive cervical 
cancer have found relative risks ranging from 0.2 to 0.4 
associated with screening within the last 3 to 5 years.41•100 

In a Finnish study, even patients who had been screened 
more than 5 years previously had a relative risk of 0.7 
compared with those who had never been screened. 128 

Risk factors for cervical cancer are shown in Table 29.2. 
lt is well established that women with either early ages at 
first sexual intercourse or multiple sexual partners are at an 
elevated risk.15 •22•77•91•143•166 Although s everal studies have 
attempted to determine the independence of these two 
risk factors (since they usually are highly correlated), both 
appear tobe important predictors. Early age at first inter
course is thought to support a notion of increased suscepti-
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Table 29.2. Risk factors for ce!Vical cancers 

Factors injluencing risk 

Older ages 
Residence in certain parts of Latin America, Asia, or 

Africa 
Lower Ievels of education or income 
Black, Hispanic, or American Indian 
Multiparity 
Early ages at first sexual intercourse 
Multiple sexual partners 
Previous episodes of sexually transmitted disease, 

especially genital herpes and warts 
Long-term smoking 
Long-term oral contraceptive use 
No prior regular Pap smear screening 
Diets low in carotene, vitamin C 
Human papillomavirus infection 

Esti11Ulted 

relative risk" 

2 
2-6 

2-3 
2 

2-4 
2-4 
2-5 
2-10 

2-4 
1.5-2 

2-6 
2-3 
>20 

• Relative risks depend on the study and referent group employed. 

bility of the ceiVix during adolescence, and the effect of 
multiple partners is postulated to operate through an infec
tious mechanism, in particular HPV infection. In contrast, 
most investigations have failed to find any influence on risk 
of frequency of intercourse after adjusting for the effects of 
these other sexual factors.15•22·143·166 

Although most attention has focused on the role of fe
male sexual behavior, there has been recent interest in the 
contribution of the male factor in the etiology of cervical 
cancer, especially given geographic clusters of cervical and 
penile cancer rates62 and elevated rates of cervical cancer 
among the wives of men with penile cancer.64·118·160 Sev
eral case-control studies have examined the sexual behav
ior of the husbands of women with cervical cancer, finding 
that the husbands of these women ref:ort more sexual 
partners than the husbands of controls.3 •33·92•190 The hus
bands of affected women also were more likely to report 
prior venereal diseases, early sexual experiences, affairs 
during marriage, and visits to prostitutes.33 In contrast, 
there appears to be no effect on risk of circumcision status 
of the partner.15•30•143 

Although there is little evidence that the character of 
menses affects cervical cancer risk, 15•22·143 there is increas
ing support for the role of reproductive factors. A number 
of studies indicate that women with multiple births are at 
elevated risk.29•91•131 Possible explanations for the associa
tion include cervical trauma during parturition, hormonal 
or nutritional influences of pregnancy, or an immunologic 
effect on HPV infection. 

The epidemiologic association of cervical neoplasia with 
sexual risk factors motivated the search for a venereally 
transmitted agent. Among the agents most widely investi
gated have been herpes simplexvirustype 2 (HSV-2) and 
HPV. An etiologic role for HSV-2 was suggested on the 
basis oflaboratory findings that HSV-2 can transform cells 
in culture, that HSV-2 proteins and integrated DNA can 
be found in some cervical cancers, and that the prevalence 
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of antibody to HSV-2 was generally greater among cervical 
cancer patients than controls.120 However, several fol
low-up studies106•172 have cast doubt on the association 
because of the failure to demonstrate significantly in
creased risks of cervical neoplasia related to HSV-2 serol
ogy. Thus, more recent studies have focused on an etio
logic role for HPV. 

There is now extensive Iabaratory evidence for the onco
genic potential of HPV.137 Initial studies demonstrated the 
presence of viral particles in cervical tissues by electron 
microscopy and of structural proteins by immunocy
tochemistry. However, these techniques are relatively in
sensitive and, because serologic techniques were not avail
able to permit assessment of past exposure to HPV, it was 
not until the application of DNA hybridization methods 
that the frequent presence of venereal HPV infection 
among cervical neoplasia patients was fully recognized. 
Approximately 85-90% of squamous cervical carcinomas 
have been found to contain HPV, mainly types 16 and 18. 

Only recently have analytic epidemiologic investigations 
been undertaken to estimate the relative risk of cervical 
neoplasia associated with HPV infection after adjustment 
for known risk factors. One of the first studies, which used 
filter in situ hybridization to test for HPV (a method now 
generally considered fairly insensitive and nonspecific) 
found a ninefold increased risk associated with high Ievels 
of HPV types 16 and 18 after controlling for other risk 
factors.136 In more recent studies, which have used the 
morevalid polymerase chain reaction (PCR) test to assess 
HPV infection, the estimates have been found to be con
siderably higher-more than 20.126•145 The more recent 
studies, in contradiction to early studies, also support the 
notion that HPV detection correlates with most suspected 
risk factors for cervical cancer, including number of sexual 
partners, use of oral contraceptives, and race.108 In one 
recent study, these factors failed to persist as risk predic
tors after adjustment for HPV, supporting the view that 
HPV is a central causal factor. 145 

Despite the central etiologic role of HPV in cervical 
cancer, an effect of other infections as independent or 
supporting factors has not been dismissed. Most recently, 
infection with the human immunodeficiency virus (HIV) 
has been correlated with the detection of HPV-related 
cytological changes.116 

In recent years, there have been an increasing number 
of reports linking cigarette smoking to an elevated risk of 
both preinvasive and invasive cervical cancer.184 Although 
initially the association was thought to reflect the influence 
of correlated factors, such as increased sexual activity and 
greater use of oral contraceptives, studies now seem to 
support an independent role for smoking. 7•27•42•98•157 It is 
notable that the recent Surgeons' General Report noted 
cervical cancer as a likely consequence of smoking. In most 
studies, a history of smoking is associated with about a 
twofold elevation in risk, with stronger relationships ob-
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seiVed among women who report either high intensity or 
long durations of smoking. The association with smoking is 
most apparent for squamous cell tumors. 27 Further sup
porting a biologic mechanism are studies that have demon
strated high Ievels of smoke-derived nicotine and cotinine 
in the cervical mucus of smokers.146 However, the immu
nosuppressive effects of smoking also should be consid
ered, 8 particularly as an enhancement to the effects of 
infectious agents (e.g., HPV). 

Oral contraceptive use also has emerged recently as a 
predictor of cervical cancer, particularly invasive disease. 
Issues of study design and analysis have been complex, 
generating questions about confounding factors, especially 
sexual behavior.18 Even after considering correlated ef
fects, most studies show some evidence of an increased 
risk, risin~ to approximately twofold for users of 5 or more 
years.24·2 In several studies, higher risks have been ob
seiVed for adenocarcinomas, in line with descriptive sur
veys showing increasing rates of this cell type among young 
women.39,151 

In a number of studies, users of barrier methods of 
contraception have been shown to be at a low risk of 
developing cervical cancer.15·185 This association usually is 
attributed to the prevention of spread of infectious agents. 

A number of recent studies have suggested a role for 
dietary factors in the etiology of cervical cancer. Micronu
trients associated with protection include vitamin A, beta
carotene, vitamin C, and vitamin E.9·32·95·117·156·170·174 In 
addition, it has been suggested that folate deficiency may 
increase risk, possibly by acting as a cocarcinogen with 
HPV.35 Although case-control studies do not generally 
support an effect of folates on risk,32·189 the hypothesis 
deseiVes further attention, particularly as an explanation to 
the high risks associated with parity. 

Vulvar Cancer 

Carcinoma of the vulva is a r are genital neoplasm, with an 
average annual age-adjusted incidence in all SEER areas 
during 1985 to 1989 of 1.6 per 100,000 women. The dis
ease occurs primarily in older women. 

Cancers of the vulva occur significantly more frequently 
among women with primary cancers of the ceiVix, and the 
two diseases often occur simultaneously.82·139 Approxi
mately 15-20% of women with vulvar cancer have a second 
primary cancer occurring simultaneously or nonsimulta
neously in the ceiVix, vagina, or anogenital area. Many 
patients with vulvar cancer have multifocal genitallesions, 
commonly including a mixture of condyloma acuminatum 
and intraepithelial neoplasia, with evidence that these mul
tifocallesions are HPV-related.94•124 

Given synchronaus occurrences of vulvar and cervical 
cancers, there has been interest in determining whether 
cervical cancer risk factors are predictive of vulvar cancer 
risk. In one study, there appeared to be a strong relation-
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ship between the number of reported sexual partners and 
risk, with women reporting five or more partners being at a 
two- to threefold excess risk compared with sexually mo
nogamous women. 25 A sexual etiology for vulvar carcinoma 
derives further support from serologic findings of antihocl
ies against HSV-2 in vulvar cancer patients and identifica
tion of HSV-2 in vulvar tumor tissue.87 More recently, 
interest has focused on the role of HPV, with a number of 
studies showing that certain types of vulvar cancers contain 
HPV DNA whereas other types do not.2·94·167 This may 
explain recent time trends in the occurrence of the disease, 
with rates of in situ vulvar cancer having nearly doubled 
while rates of invasive disease having remained relatively 
stable.164 Several studies suggest that a history of vulvar 
warts is associated with an elevated risk of vulvar cancer, 
with the relative risks ranging from 15 to 23.25•49 In one 
study, a particularly high risk was associated with multiple 
episodes of genital warts,25 possibly reflecting poor immu
nologic response among these women. 

Other suggested, although unconfirmed, risk factors for 
vulvar cancer include low socioeconomic status, nulliparity 
andlor late ages at first birth, diabetes, obesity, and hyper
tension. A more consistently obseiVed risk factor is ciga
rette smoking, 25,1ll ,l 27 with one study showing particularly 
high risks for current smokers. 25 Smokers with a history of 
genital warts were at especially high risk, possibly support
ing the suggestion that the effects of HPV depend on the 
presence of co-factors.191 An excess risk of vulvar cancer 
among users of oral contraceptives was found in one 
study, 25 but not in another. 127 

Vaginal Cancer 

Cancer of the vagina is rare, with an average annual age
adjusted incidence of0.7 per 100,000 women in the SEER 
areas for the period from 1985 to 1989. The incidence is 
approximately three times higher for blacks than for 
whites, but the reasons for the discrepancy are unknown. 
About 1000 new cases and 350 deaths from vaginal cancer 
occur each year in the United States.1 The average 5-year 
survival rate is 46% for whites. 

Vaginal cancer is primarily a disease of older women, 
with almost 60% occurring among warnen 60 years or 
older. In the past, carcinoma of the vagina was only rarely 
reported in young girls, but starting in the late 1960s cases 
of clear cell adenocarcinoma of the vagina, an uncommon 
cancer at any a ge, began to be obseiVed with much greater 
frequency than expected among warnen between 15 and 
22 years of age. Most of these cases have been related to 
prenatal exposure to diethylstilbestrol (DES).75 

There are few etiologic clues r egarding vaginal cancer, 
and most clues for this cancer derive from clinical studies. 
Among factors that have been suggested, trauma to the 
vagina has received the most attention. Injury to the vagina 
from wearing ring pessaries (i.e., to support the uterus or 
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rectum or as a contraceptive device) has been mentioned 
as a possible carcinogen.150 The one case-control study of 
vaginal cancer, based on relatively few cases ( n = 41), found 
associations of risk with low socioeconomic status, histories 
of genital warts or other genital irritation, and previous 
abnormal Pap smears.26 Women who had a previous hys
terectomy were at high risk, consistent with several clinical 
observations, 10·163 but in contrast with one analytic study, 
in which vaginal cancer cases were matched to controls on 
history of previous dysplasia or neoplasia of the cervix. 76 

Vaginalcancer is found frequently as a synchronous or a 
metachronous neoplasm with cervical cancer. 139 This has 
led to the suggestion that there may be shared etiologic 
features between vaginaland cervical cancers. Recent re
ports of the co-existence of condylomatous lesions with 
vaginal cancer and the existence of HPV antigens and 
DNA in preinvasive and invasive vaginal tumors provide 
further support to this notion. 

Endometrial Cancer 

Cancer of the endometrium is the most common invasive 
gynecological cancer and the fourth most frequently diag
nosed cancer among American women today. An esti
mated 31,000 new cases were diagnosed in the United 
States in 1993.14 The average annual age-adjusted inci
dence for corpus and not otherwise specified uterine can
cers from the SEER Program, was 21.5 per 100,000 
women for 1990; the age-adjusted mortality rate for corpus 
cancers was 3.5 per 100,000, reflecting the relatively good 
prognosis for this cancer. 

Endometrial cancer rates are highest in North America 
and Northem Europe; intermediate in Israel, Southem 
Europe, and Latin America; and lowest in Asia and Af
rica.124 The disease is rare before the age of 45 years, but 
the risk rises sharply among women in their late 40s to 
middle 60s. The age-adjusted incidence for whites is ap
proximately twice as high as for nonwhites, with reasons for 
the discrepancy largely undefined. Within the last several 
decades in the United States, a dramatic change in the 
incidence pattem for endometrial cancer has occurred, 
characterized by a marked increase that peaked about 
1975.173 This rise and fall has been linked with the wide
spread use of estrogen replacement therapy in the late 
1960s and early 1970s. Recent reports show a continued 
decline in endometrial cancer incidence rates since 1979, 
despite an upswing in the use of menopausal estrogens to 
prevent osteoporosis and cardiovascular disease. 134 This 
may reflect the increased use since 1980 of progestins with 
estrogen replacement therapy to offset the adverse effects 
of unopposed estrogens. 

Table 29.3 shows the variety of the risk factors and the 
range of magnitude of relative risks that have been identi
fied for endometrial cancer. Many of these risk factors 
support a central role for estrogenic factors in the etiology 
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Table 29.3. Risk factors for endometrial cancers 

Estimated 
Factars influencing risk relative risk" 

Older ages 2-3 
Residence in North America, Northem Europe 3-18 
Higher Ievels of education or income 1.5-2 
White race 2 

Nulliparity 3 
History of infertility 2-3 
Menstrual irregularities 2 
Early ages at menarche 1.5-2 
Late ages at natural menopause 2-3 
Long-term use or use of high doses of menopausal 10--20 

estrogens 
Use of oral contraceptives 0.3-0.5 
Stein-Leventhal disease or estrogen-producing >5 

tu mors 
Histones of diabetes, hypertension, gallbladder 1.5-3 

disease, or thyroid disease 
Cigarette smoking 0.5 

"Relative risks depend on the study and referent group employed. 

of the disease. Apart from age and residency in North 
America or Europe, the most consistent and strongest risk 
factors include nulliparity, menstrual irregularities (includ
ing late ages at menopause), and obesity. Most studies 
demoostrate approximately a threefold or greater excess 
risk for nulliparous than parous women, and decreases in 
risk with increasing parity.57·74·101 There is some indication 
that the association with nulliparity may reflect prolonged 
periods of infertility,59·74·169 especially if anovulation was 
involved.59 Although early ages at menarche have been 
inconsistently related to endometrial cancer risk,58·74·88·169 

several studies have noted associations with various mea
sures of menstrual irregularity, including amenorrhea and 
heavy bleeding.20·74·187 Mostendometrial cancers are diag
nosed postmenopausally, and among these women late 
ages at natural menopause are associated with increased 
risk, on the order of a twofold greater risk for those with 
menopause after the age of 52 as compared with before 
age 49Y5 Obesity also is a well-recognized risk factor for 
endometrial cancer, with as much as 25% of the disease 
possibly explained by this factor.57·81·89·96•178 Obesity (as 
measured either by total weight or a measure of weight 
adjusted for height) appears to affect both premenopausal 
as weil as postmenopausal onset disease, and there is some 
indication that very heavy·women appear to have a dispro
portionately high risk. 20.187 Although one study has sug
gested that adolescent obesity might be the most important 
risk factor, 12 other studies indicate that weight gain later in 
life is the stronger predictor.74·154·187 In addition, recent 
interest has focused on the distribution of body fat, with 
several studies showing that those whose fat distributes on 
either the trunk or upper body are at highest risk.5·55·154 

Despite the fact that obesity has been consistently re-
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Iated to endometrial cancer risk, few studies have focused 
on the etiologic role of dietary factors. Geographie correla
tions between per capita fat intake and endometrial cancer 
incidence4 have raised interest in this dietary effect, with 
there being some support from analytic studies for the 
association.96 Studies in vegetarians suggest that dietary 
factors may affect endometrial cancer risk through modifi
cations in hormone metabolism.3 Alterations in endoge
nous hormones also have been offered as the explanation 
for the reduced risk of endometrial cancer observed 
among regular consumers o( alcoholic beverages, 175 al
though this association has not been consistently ob
served.96 

Endometrial cancer also has been noted to be elevated 
in women with histories of certain diseases (e.g., diabetes, 
hypertension, thyroid disease),57·115 but until recently the 
extent to which the association might reflect correlations 
with obesity was unclear. Of interest therefore was a recent 
study0 that showed that associations with most diseases 
did not persist after adjustment for body mass; the rela
tionship with diabetes, however, did appear independent, 
possibly reflecting the role of associated hormonal alter
ations. 

As previously noted, use of menopausal estrogens has 
been found associated with a 2- to 12-fold elevation in 
risk. 23,65,81·113·144·152·179 In most investigations, the in
creased risk was not observed until the drugs were used for 
at least 2 to 3 years, and Ionger use of estrogens was 
generally associated with higher risk.23·65·81·144·179 The 
high~st relative risks have been observed after 10 years of 
use, reaching risks of approximately 10 to 20. In most 
studies, cessation of use appears associated with a relatively 
rapid decrease in risk, continuous use is associated with 
higher risks than cyclic administration, and use of prepara
tions with higher estrogen doses imparts the highest risks, 
although these relationships have not been consistently 
observed. 23,65,113,144,152,179 

Studies also have attempted to identif)r whether certain 
subgroups of estrogen users may be more adversely af
fected, with there being some evidence that effects are 
strongest among women who are thin, nondiabetic, or nor
motensive.81·113·159 In addition, a recent study showed that 

cigarette smokers may be more adversely affected by estro
gen use than nonsmokers.23 These findings suggest that 
estrogen metabolism differs in these groups of women. 
Altematively, risk already may be high enough in obese, 
hypertensive, or diabetic women that exposure to exoge
nous estrogens has only a small additional effect. Further
more, it has been shown that estrogen use predisposes 
toward tumors that demoostrate favorable characteristics, 
including earlier stages at diagnosis, lower grade, and 
fewer instances of myometrial invasion.65·81·89·113·144 Es
trogen users also tend to be younger at diagnosis than patients 
who have not used estrogens, and the tumors are accompa
nied more frequently by hyperplasia or adenomyosis.57·159 
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Further evidence for the role of exogenous hormones in 
the pathogenesis of endometrial cancer derives from stud
ies that have demonstrated significantly high risks in users 
of sequential oral contraceptives (i.e., containing a high 
dose of estrogen and a weak progestin?4·178 and signifi
cantly low risks of endometrial cancer in women using 
estrogen-progestin combination pills.37·80·86·178 Users of 
combination oral contraceptives experience about half the 
risk of nonusers, and long-term users have even further 
reductions in risk. Recent evidence suggests that the re
duced risk associated with use of oral contraceptives re
lates more to the dose of the progestin rather than to the 
dose of the estrogen in the oral contraceptives.142 The 
extent to which reduced risk persists after discontinuation 
remains an area of controversy.86·178 In several studies, the 
protective effect of the pill appears greatest among nul
liparous women, nonobese subjects or those who have not 
used menopausal estrogens.37·74·178 

Several recent studies suggest that smokers are at a 
reduced risk of endometrial cancer. 7·19·105·107·169 In most 
of these studies, a gradient of decreasing risk with increas
ing amounts smoked has not been observed, but current 
smokers are at the lowest risk, leading to the suggestion 
that smoking may affect risk through an alteration in the 
absorption, distribution or metabolism ofhormones.19 

Women of upper socioeconomic status also have been 
reported to be a higher risk of endometrial cancer.58•89 

Findings related to socioeconomic status may be partially 
explained by other endometrial cancer risk factors corre
lated with affluence (e.g., ovemutrition or use of replace
ment estrogens). 

Genehe factors also may explain a small proportion of 
endometrial cancer, since some women present with 
Lynch syndrome II, a familial aggregation of endometrial, 
ovarian, and colon cancers.110 

Ovarian Cancer 

Ovarian cancer accounts for 4% of all cancers in women, 
with approximately 1 in 70 American women developing 
the disease in their lifetimes.1 The average annual age
adjusted incidence for all SEER areas during 1990 was 
14.9 per 100,000 women, with an estimated 22,000 new 
cases having been diagnosed in 1993. A relative survival of 
85% can be achieved if ovarian cancer is diagnosed early, 
but usually the disease is not detected until it has reached 
an advanced stage, which imposes a high fatality rate (38% 
5-year survival rate). 

Ovarian cancer rates are high in North America and 
Northem Europe and low in Japan.124 White women had 
considerably higher rates of ovarian cancer than blacks, but 
there is evidence that this difference may be narrowing.52 

Table 29.4 shows the identified risk factors for ovarian 
cancer. Although the incidence of ovarian cancer increases 
with age, there is a marked flattening in the age-specific 
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Table 29.4. Risk factors for ovarian cancers 

F actors injluencing risk 

Older ages 
Residence in North America, Northem Europe 
Higher Ievels of education or income 
White race 
N ulligravidity 
History of infertility or use of infertility drugs 
Early ages at menarche 
Late ages at natural menopause 
History of a hysterectomy 
U se of oral contraceptives 
Perineal talc exposure 
Fernale relative with ovarian cancer 

Estimated 
relative nsk• 

3 
2--5 

1.5-2 
1.5 
2--3 
2--5 
1.5 

1.5-2 
0.5--0.7 
0.3--0.5 
1.5-2 

3-4 

• Relative risks depend on the study and referent group employed. 

incidence curves shortly after menopause. Fewer risk fac
tors have been identified for ovarian cancer than for en
dometrial cancer, although nulligravidity and infertility 
have been fairly consistent predictors.13·73·83·180·186 Com
pared with nulligravidous women, women with a single 
pregnancy have a relative risk of 0.6 to 0.8, with each 
additional pregnancy lowering risk by about 10-15%. This 
derives primarily from associations with nurober of full
term births, although in several studies, risk also has been 
found to decrease with increasing number of incomplete 
pregnancies. In most studies that have adjusted effects of 
age at first pregnancy by nurober of pregnancies, no resid
ual effect of age at first pregnancy persisted.73·78·83•186 

There is, however, support from several recent studies for 
a reduced risk of ovarian cancer for women who breast 
feed for extended periods.13·66•73·180 

The extent to which the relationship of risk to pregnancy 
history reflects a hazardous role for infertility or a protec
tive role for pregnancy remains unresolved. Studies appear 
to support a role for infertility in the etiology of ovarian 
cancer.13·73·83·181 In a recent combined analysis of data 
from multiple studies, the relationship with infertility was 
linked to use of infertility drugs. 180 Although provocative 
because of the fact that many of the drugs used in the 
treatment for infertility stimulate ovulation, the relation
ship requires confirmation from additional studies. 

Several studies have reported early ages at menarche 
and late ages at menopause as ovarian cancer risk factors, 
although these pattems have not always been ob
served.13·61·78·130·186 Numerous studies have noted a re-
duced risk of ovarian cancer associated with hysterectomy, 
with the apparent proteelive effect ranging from 30% to 
40%.13·45•61,'7t,83·182 This may reflect the opportunity for 
visualization and removal of abnormal ovaries during sur
gery, although it is also possible that hysterectomy compro
mises ovarian function through reduced blood supply to 
the ovaries.56 

Similar to endometrial cancer, oral contraceptive use 
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has been linked with a reduced risk of ovarian cancer. A 
reduction in risk is apparent after only a few months' use, 
but the apparent protection is greatest among long-term 

38 1<il111 183 i86 Th d t' · · k users. · · · · e re uc ton m ns appears to per-
sist for a nurober of years after discontinuation and applies 
to all histological types of ovarian cancer. 

Most studies that have examined the effect of meno
pausal estrogens on ovarian cancer risk have not found an 
association.13·45·61·73·78·85·186 However, in one study, a 
threefold excess risk of endometrioid ovarian cancers was 
linked with estrogen use.176 This relationship was not con
firmed in another study. 85 

The role of dietary factors in the etiology of ovarian 
cancer only recently has been given attention. Interna
tional data correlating ovarian cancer incidence and per 
capital fat availability3 and the increased incidence of ova
rian cancer among Japanese migrants to the United 
States68 has stimulated interest in the role of dietary fat. 
Several follow-up studies support an association, 135·138·161 

although the relationship has not been consistently ob
served.90 Similarly, several case-control studies show a 
greater consumption of a variety of indicators of fat con
sumption among cases than controls.46·97·155 However, 
other studies do not support the association, but rather 
show that risk is more dependent on low consumption of 
fruits and vegetables and foods containing either beta
carotene or vitamin A.36·158 Cramer and others43·44 found a 
high risk of ovarian cancer associated with consumption of 
lactose-rieb dairy products. This association was restricted 
to women with low Ievels of galactose-1-phosphate uridyl 
transferase activity, an enzyme linked with hypergonado
tropic hypogonadism. 

Familial clusters of ovarian cancer suggest a genetic 
component. Case- control studies have attempted to esti
mate the magnitude of the genetic contribution,93·133·149 

with the largest of the studies showing estimated relative 
risks of3.6 and 2.9 associated with having a first- and second
degree relative with ovarian cancer, respectively.149 

Other suggested factors afffecting ovarian cancer risk 
include talc exposure, a history of mumps infection, and 
alcohol consumption. Tale exposure, which has been re
lated to an excess risk of ovarian cancer in a nurober of 
case-control studies,47·69·70·182 is of interest biologically in 
that ovarian cancer is thought to arise from the mesothe
lium that lines the peritoneal cavity. Ovarian cancer may 
be analogous, therefore, to pleural mesothelioma, which 
has been shown to be caused by asbestos, a chemical simi
lar to talc. Mumps infection, which usually has been as
sessed by history, has been shown to correlate poorly with 
mumps serology, raising questions about the biological re
ality of infection history as a true predictor.121·147 Smoking 
has not been related to ovarian cancer in most investiga
tions. Some studies have shown slightly lower risks of ova
rian cancer among alcohol drinkers.36·63•67 Coffee drink
ing, linked to an excess risk of ovarian cancer in several 
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studies, has not been confirmed as a risk factor in other 
investigations. 72,99,123,168,182 

Gestational Trophoblastic Disease 

Choriocarcinoma isarare malignancy in the United States, 
with a recent incidence in all SEER areas of 0 .2 per 
100,000 women, or approximately 1 per 22,623 live
births.21 Hydatidiform mole occurs about once in every 
1000 pregnancies, and approximately one of six occur
rences results in invasion. Trophoblastic disease has been 
reported to be more common in certain parts of the world, 
although part of the differences may be due to a variety of 
selection biases.17 The epidemiologic study of choriocarci
noma has been complicated by its relative infrequency. 
Most studies have focused on defining risk factors for hy
datidiform or invasive mole, and it is uncertain the extent 
to which these findings can be extrapolated to choriocarci
noma. 

Apart from a history of hydatidiform mole, the most 
clearly established risk factor for choriocarcinoma and hy
datidiform mole is late matemal age. In one study, a 24-
fold increased incidence of choriocarcinoma was found for 
women with a pregnancy after 45 years as compared with 
those with a pregnancy between 20 and 39 years.165 Rates 
of trophoblastic disease also appear to be considerably 
higher in Asian and African countries, but the true extent 
of difference from Western rates is difficult to decipher 
because of variations in reporting practices. One incidence 
survey in the United States showed that, even after adjust
ment for birth distribution effects, blacks and other non
white races had 2.1- and 1.8-fold greater risks, respec
tively, than whites.21 

An association between blood group A and choriocarci
noma has been found in two studies, and the combination 
of mother' s group A and father' s group 0 was considerably 
higher than expected (10.4-fold risk).6.5° Blood groups A 
and AB were associated with elevated risks ofhydatidiform 
molein one study, although blood group was not predictive 
of risk in two others.122·129·165 

In several studies that have adjusted for effects of later 
matemal age, parous women have remained at substan
tially reduced risk of hydatidiform mole compared with 
nulliparous women, with some evidence of further reduc
tions in risk with multiple births.31·122·132 Several studies 
found an increased risk associated with the occurrence of a 
prior spontaneaus abortion, although this has not been 
consistently observed.31·102 An increased risk of hydatidi
form molewas associated with induced abortions, although 
information was not available on reasons for the termina
tions. 31 A history of infertility has been suggested in one 
study, although other studies do not confirm the associa-
t . 31 102 132 I t d eh· . . 1on. ' ' n one s u y, mese patlents reportmg use 
ofherbal medicines during the first trimester of a previous 
pregnancy were at elevated risk.31 
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Low body mass, unrelated to dieting or exercise, has 
been reported as a risk factor for choriocarcinoma in one 
study.34 Patients also had later onset of menarche and 
lighter menstrual periods than controls, possibly reflecting 
lower estrogen Ievels. 

Although several studies have found an increased risk of 
trophoblastic diseases associated with long-term use of oral 
contraceptives, 11·31·140 others have found no such influ
ence.102·122 Others have suggested that oral contraceptives 
may increase the risk of malignant sequelae after mole 
evacuation through a tumor-stimulating effect.162·188 In 
one study, this effect was restricted to users of high-dose 
estrogens, although in others, there were no such ef
fects.11,48,188 

Late patemal age has been suggested in one study as a 
risk factor for trophoblastic disease, 103 although other 
studies have failed to confirm this.31·122 Cigarette smoking 
also has been linked with the occurrence of trophoblastic 
disease.102 One study suggested that low carotene intake 
affected the risk of hydatidiform mole, 11 but no s~ecific 
dietary associations were observed in another study. 1 
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