




















PRINCIPLES OF EPIDEMIOLOGY AND EPIDEN

HOLOGIC METHODS

after Dr. Joseph Berkeson who recognized this problem. The
bias arises because of the different rates of admission lc;
hospitals for people with different diseases (ie., hospnlta
cases and controls). (e) Interviewer s bias : Bxa§ may aiso
occur when the interviewer knows the hypoth.esls and also
knows who the cases are. This prior information may lead
him to question the cases more thoroughly than controls
regarding a positive history of the suspected causal fa_ctor. A
useful check on this kind of bias can be made by noting the
length of time taken to interview the average case and the
average control. This type of bias can be eliminated by

double-blinding (see page 83).

Advantages and disadvantages
Table 13 summarizes the advantages and disadvantages

of case control studies.

TABLE 13
Advantages and disadvantages of case control studies
e - - ADVANTAGES
1. Relatively easy to carry out.

3. Require comparatively few subjects.

4. Particularly suitable to investigate rare diseases or diseases

~ about which little is known. But a disease which is rare in the |

- general population (e.g., leukaemia in adolescents) may not |

i e rare in special exposure group (e.g. prenatal X-rays). {
|
|

|

g ;

o Rapidlnd inexpensive (compared with cohort studies). I
l

t

“Aiowsﬂle;gldy of several diff:rent aetiological faciors (e.g..

- smoking, physical activity and personality characteristics in |
. »mm,%am I infarction). ;
factors can be identified. Rational prevention and

on p s, because case conirol studies do not
require follow-up of individuals into the future.
Ell.'y_-‘l r l l - . d‘
Al DISADVANTAGES
Problems of bias relies on memory or past records, the
- accuracy of which may be uncertain; validation of
- information obtained is difficult or sometimes impossible.
- 2. Selection of an appropriate control group may be difficult.
~ 3. We cannot measure incidence, and can only estimate the
vl L' mlaﬁveﬁsk.
4. Do not distinguish between causes and associated factors.
5. Not suited to the evaluation of therapy or prophylaxis of
- 6. Another major concern is the representativeness of cases and
___ controls. h

Source : (35,36)

Examples of case control studies

Case control studies have provided much of the current
base of knowledge in epidemiology. Some of the early case
control studies centred round cigarette smoking and lung
cancer (34,37,38). Other studies include: maternal smoking
and congenital malformations (39), radiation and leukaemia
(40), oral contraceptive use and hepatocellular adenoma
(41), herpes simplex and Bell palsy (42), induced abortion
and spontaneous abortion (43), physical activity and

coronary death (44), artificial sweeteners and bladder
cancer (45), etc.

A few studies are cited in detail :

Example 1: Adenocarcinoma of vagina (26).

An excellent example of a case control study is
adenocarcinoma of the vagina in young women. It is not
only a rare disease, but also the usual victim is over 50 years
of age. There was an unusual occurrence of this tumor in

shown : : .
significantly from the controls in their past history <

7 young women (15 to 22 years) l_ﬁ‘f:\ ;ﬂ ‘o..
hospital between 1966 and _196 Sath 3 L.‘p;\.\.(‘
clustering™ of cases — 7 occurnng wn;hmh _u‘a‘rs \ 4R
hospital — led to this enquiry. An eight ca_».‘ occy
1969 in a 20 vear old patient who was treated at .
Boston hospital in USA.

The cause of this tumor was investigated by a cas:
study in 1971 to find out the factors that might be ass
with this tumor. As this was a rare disease. for each .
matched controls were put up. Tl_we c.omrols were
from the birth records of the hospital in which each
born. Female births occurring closest in time to ea
were selected as controls. Information was cc
personal interviews regarding (a) maternal age (b
smoking (c) antenatal radiology, and (d) d@njﬁ
(DES) exposure in foetal life. The results of the <
in Table 14 which shows that cases

the eight cases had been exposed to DES in foeta
drug had been given to their mothers during :
trimester of pregnancy to prevent possible miscar
none of the mothers in the control group had rece
Since this study, more cases have been reported
association with DES has been confirmed. The casc
method played a critical role in revealing exposure
in utero as the cause of vaginal adenocarcinoma
exposed child 10-20 vears later.

TABLE 14
Association between maternal DES therapv an
adenocarcinoma of vagina amongst female offsp:

Information - Cases Controls  Signific: -
acquied BENE LT B e
Maternal age 26.1 293 ns
Maternal smoking & 21 n.s.
Antenatal radiology 1 4 n.s.
Qestrogen exposure 7 S P<0.000C
Source : (26)

Example 2: Oral contraceptives and thromboembo .
disease (46,47).

By August 1965, the British Committee on Safetv ©
Drugs had received 249 reports of adverse reactions and 1t
reports of death in women taking oral contraceptives
became apparent that epidemiological studies were ne.d-
to determine whether women who took oral contracepi
were at greater risk of developing thromboembolic discas

In 1968 and 1969, Vassey and Doll reported the findine
of their case control studies in which they intervicus
women who had been admitted to hospitals with venos
thrombosis or pulmonary embolism without medical caus
and compared the history with that obtained from ot
women who had been admitted to the same hospital «
other diseases and who were matched for age, marital stat®
and parity.

It was found that out of 84, 42 (50%) of thosg-‘f
venous thrombosis and pulmonary embolism had 5
using oral contraceptives, compared with 14% of "O.!,‘“f.‘
(Table 15). The studies confirmed that taking the p!l
having pulmonary embolism co-existed more freque’™
than would be expected by chance. The relative risk 0! !
to non-users was 6.3:1. That is, the investigators foud =
users of oral contraceptives were about 6 times as """
non-users to develop thromboembolic disease.



TABLE 15
trol studies on the safety of oral contraceptives

Per cent who

No. used oral
contraceptives

84 50

1§8 14

E Thalidomide tragedy (48).

ide was first marketed as a safe, non-barbiturate

Britain in 1958. In 1961, at a congress of
'sts, attention was drawn to the birth of a large
~f babies with congenital abnormalities, which was
rare. In the same vear, it was suggested that
> might be responsible for it.

pspective study of 46 mothers delivered of
pabies showed that 41 were found to have
their early pregnancy. This was
th a control of 300 mothers who had delivered
bies; none of these had taken thalidomide.
experiments confirmed that thalidomide was
ic in experimental studies (48).

\” COHORT STUDY

study is another type of analytical (observational)
hich is usually undertaken to obtain additional
> to refute or support the existence of an association
suspected cause and disease. Cohort study is
n by a variety of names : prospective study, longitudinal

dence study, and forward—looking study. The most
sed term, however, is “cohort study” (4).

distinguishing features of cohort studies are :

the cohorts are identified prior to the appearance of
the disease under investigation

e study groups, SO defined, are observed over a
period of time to determine the frequency of
. disease among them

c. the study proceeds forward from cause to effect.

Poncept of cohort
In epidemiology, the term “cohort” is defined as a group of
people who share a common characteristic or experience
within a defined time period (e.g., age, occupation, exposure
to a drug or vaccine, pregnancy, insured persons, etc). Thusa
group of people born on the same day or in the same period
pf time (usually a year) form a “birth cohort”. All those born
in 2010 form the birth cohort of 2010. Persons exposed to a
common drug, vaccine or infection within a defined period
constitute an “exposure cohort”. A group of males or females
“married on the same day or in the same period of time form a
marriage cohort”. A cohort might be all those who survived
a myocardial infarction in one particular year.

. The gomparison group may be the general population

O?m which the cohort is drawn, or it may be another cohort

% l;)ersons_ thought to have had little or no exposure to the
stance in question, but otherwise similar.

Indications for cohort studies

ewg:rl:ort :tudies are indicated : (a) when there is good
ce of an association between exposure and disease,

ervations

as derived fr S dies
descriptive and
rare, but the incide
special exposure grou k
X-rays, etc (c) when attritio! :
minimized, e.9. follow-up is ea 53 ) oo Sanle hinds
operative and easily accessible, an

are available.

k of a cohort study
r | studies which procegd f}rom
in cohort studies is 10

is in a case

ady occurred

Framewo
In contrast to case coptro
“effect to cause”, the basic a‘?prolac gt
work from “cause to effect ‘(Flg.
control study, exposure
when the study is initia
has occurred, but the dis
The basic design of a simple €O

Table 16. We begin with a group or € oo
aa particular factor thought to pe related tO dise

that
occurrence, and a group (;+d) not eth(:‘sled :ghort”,
articular factor. The former is known as S Y
and the latter “control cohort™.
TABLE 16

Framework of a coho

hort study is shown in
ohort (a+b) exposed to

Di

Exposedto .
putative aetiologic
factor R
Not exposed to
putative aetiologic
factor ¥53

[n assembling cohorts, the following general

considerations are taken into account

a. The cohorts must be free from the disease under
study. Thus, if the disease under study is coronary
heart disease, the cohort members are first examined
and those who already have evidence of the disease
under investigation are excluded.

b. Insofar as the knowledge of the disease permits, both
the groups (i.e., study and control cohorts) should be
equally susceptible to the disease under study, o
efficiently reflect any difference in disease occurrenc
(for example, males over 35 years would b
appropriate for studies on lung cancer).

¢. Both the groups should be comparable in respect of @
the possible variables, which may influence tt
frequency of the disease; and

d. The diagnostic and eligibility criteria of the disea
must be defined beforehand; this will depend up
the availability of reliable methods for recognizing
disease when it develops.

Tt}e‘ groups are then followed, under the same ident
conditions, over a period of time to determine the outcc
of exposure (e.g., onset of disease, disability or death
both the groups. In chronic diseases such as cancer the
required for the follow-up may be very long

Table 16 shows (a+b) persons were exposed t i
?:ﬁi:‘:, study, ‘a’ of which developed the %ise:seodtth&
WhiCh-ugeg:;:od; (c+d) gg@sons were not exposed, |
elatol l:: cases (it is assumed for simplicif
g ah on that there were no intermittent deaths or |

uring the follow-up period). After the end of the follo

ks

™



the incidence rate of the di
ound that the incid

determined. If it is f
the exposed group, a/(atb)iss
non-exposed group, c/(c+d),
disease and suspec
approach is prospective,
observe events that have not vet 0
are frequently referred to as “prospec
A well-designed cohort study 18
reliable means of showing an association bet
risk factor and subsequent disease because it
of the problems of the case contro! study an
the experimental model of the physical sciences.

Types of cohort studies

Three types of cohort studies have bgen
on the basis of the time of occurrence _of d1sea§
to the time at which the investigation is in

continued :
1. Prospective cohort studies
2 Retrospective cohort studies,
3. A combination of retrospective an
studies.

1. Prospective cohort studies

A prospective cohort study (or “curren
one in which the outcome (e.q., disease) has not yet
occurred at the time the investigation begins. Most
prospective studies begin in the present and continue into
future. For example, the long-term effects of exposure to
uranium was evaluated by identifying a group of uranium
miners and a comparison group of individuals not exposed
to uranium mining and by assessing subsequent
development of lung cancer in both the groups. The principal
finding was that the uranium miners had an excess frequency
of lung cancer compared to non-miners. Since the disease
had not vet occurred when the study was undertaken, this
was a prospective cohort design. The US Public Health
Service’s Framingham Heart Study (49), Doll and Hills (50)
prospective study on smoking and lung cancer, and study of
oral contraceptives and health by the Royal College of
General Practitioners (51) are examples of this type of study.

planned o
, cohort studies
tive" studies.

considered the most
ween a suspecte

eliminates many
d approximates

distinguished
e in relation
itiated and

and
d prospective cohort

t” cohort study) is

2. Retrospective cohort studies

A retrospective cohort study (or “historical” cohort study)
is one in which the outcomes have all occurred before the
start of the investigation. The investigator goes back in time,
sometimes 10 to 30 years, to select his study groups from
existing records of past employment, medical or other
records and traces them forward through time, from a past
date fixed on the records, usually up to the present. This
type of study is known by a variety of names : retrospective
cohort study, “historical” cohort study, prospective study in

retrospect and non-concurrent prospective study.
The successful application of this approach is illustrated
in one study undertaken in 1978 - a cohort of 17,080
babies born between January 1, 1969 and December 31,
1975 at a Boston hospital were investigated of the effects of
electronic foetal monitoring during labour. The outcome
measured was neonatal death. The study showed that the
neonatal death rate was 1.7 times higher in unmonitored
infants (52). The most notable retrospective cohort studies
to date are those of occupational exposures, because the
recorded information is easily ayallable, eg., study of the
role of arsenic in human carcinogenesis, study of lung

study of the mortality ey,
in relation to their "
(63,54,55). More ..
a very rare disease, |,
cess frequency in {elation to po
ciation was plcilq(ed up only h,
ohort design. Retrospectiy, :

s re;ros;r:‘eecrgklflz rilore economical and produc.
?rt:)ilge;uﬂkr:klg than prospective cohort studies.

L Combination of retrospec

cohort studies . r
e of study, bot e retrospect
prc::pegzilse :;S;Ements are combined. TZe cohort i
from past records, and is assessed of agq for the o
The same cohort is followed up prospectively into |
further assessment of outcome.

Court=Brown and Doll (1957) applied this appr
study the effects of radiation. 'They assembled a
1955 consisting of 13,352 patients who had receiv

therapy for ankylosing spondyliti:

doses of radiation
1934 and 1954. The outcome evaluated was dea

leukaemia or aplastic anaemia between 1935 ar
They found that the death rate from leukaemia or
anaemia was substantially higher in their cohort than
the general population. A prospective component wa
to the study and the cohort was followed, as establ
1955, to identify deaths occurring in subsequent year

ELEMENTS OF A COHORT STUDY

anium miners
hysicians
radiation
a of the liver,

cancer in ur
of groups Of
exposure o
anglosarcom

eporte in ex
Lhrl)orlde (656). This asso

tive and pros,

The elements of a cohort study are :
1. Selection of study subjects
2. Obtaining data on exposure
3. Selection of comparison groups
4. Follow-up, and
5. Analysis.

1. Selection of study subjects

The subjects of a cohort study are usually assembled ir
one of two ways — either from general population or select
groups of the population that can be readily studied (e
persons with different degrees of exposure to the suspectec
causal factor).

(a) General population : When the exposure or cause 0!
death is fairly frequent in the population, cohorts may 0¢
assembled from the general population, residing in we-
defined geographical, political and administrative are®
(e.g., Framingham Heart Study). If the population is ver
large, an appropriate sample is taken, so that the results can
be generalized to the population sampled. The exposed and
unexposed segments of the population to be studied shoul¢
be representative of the corresponding segments of the
general population.

(b) Special groups :
exposure groups that can readily be studied : (i
groups : These may be professional groups (e.q.,
nurses, lawyers, teachers, civil servants), insured
obstetric  population, college  alumni, governm®’
employees, volunteers, etc. These groups are usually ?
homogeneous population. Doll's prospective study O
smoking and lung cancer was carried out on British docfogé
listed in the Medical Register of the UK in 1951 (58) '255
study by Dorn on smoking and mortality in 3
veterans (i.e., former military service) in Unite

These may be special groups
) Seled

doctors

pel‘sonb
[

d S£a195

>



ELEMENTS OF A COHORT STUDY

urance policies is another example of a stud
cial groups (59). These groups are not on,ly
s, but they also offer advantages of accessibilitz
ow-up for a pr.otracled period (ii) E.vc;;dsure
the exposure is rare, a more economical
to select a cohort of persons known to have
the exposure. In other words, cohorts may be
suse of special exposure to physical, chemical
sease agents. A readily accessible source of
ups is workers in industries and those employed in
tuations (e.g., radiologists exposed to X-rays).
“hortS have been selected because of special
5t facilitates classification of cohort members
' to the deagree or duration of exposure to the
or for subsequent analytical study.

jning data on exposure

ation about exposure may be obtained directly from
bhort members : through personal interviews or
ﬁ'onnaires. Since cohort studies involve large
of population, mailed questionnaires offer a simple
omic way of obtaining information. For example,
Hill (60) used mailed questionnaires to collect
ries from British doctors. (b) Review of
2in kinds of information (e.g., dose of radiation,
rgery, or details of medical treatment) can be
from medical records. (c) Medical examination
sts - Some types of information can be obtained
odical examination or special tests, e.g., blood
serum cholesterol, ECG. ' (d) Environmental
This is the best source for obtaining information on
, levels of the suspected factor in the environment
cohort lived or worked. In fact, information may be
more than one or all of the above sources.

on about exposure (or any other factor related
pment of the disease being investigated) should
llected in a manner that will allow classification of
bers :

according to whether or not they have been exposed
o the suspected factor, and

according to the level or degree of exposure, at least in
vad classes, in the case of special exposure groups
able 17).

addition to the above, basic information about
araphic variables which might affect the frequency of
disease under investigation, should also be collected. Such
information will be required for subsequent analysis.

3. Selection of comparison groups
There are many ways of assembling comparison groups :

(a) Internal compartsoné

In some cohort studies, no outside comparison group is
required. The comparison groups are in-built, That is, single
cohort enters the study, and its members may, on the basis
of information obtained, be classified into several
comparison groups according to the degrees or levels of
exposure to risk (e.g., smoking, blood pressure, serum
chole_ste‘rol) before the development of the disease in
g:le.staon. The groups, so defined, are compared in terms of
ill:;r subsequent morbidity and mortality rates. Table 17
v ates tl'u§ point. It s!\ows that mortality from lung cancer
rein?:se_s with increasing number of cigarettes smoked
h rcing the conclusion that there is valid association
etween smoking and lung cancer.

TABLE 17

d death rates per
f current

Age standardize 100,000 men per year
o SO smoking

by amount O

Classification of
exposure (clgarettes)
i nbshid a2 e
1/2 pack
1/2 -1 pack
1-2 packs
2 packs +
Source : (b)

(b) External comparisons iy
When information on degree of exposure 15 not alvalt: t:é
it is necessary to put up an external control, to evalua

experience of the exposed group, €9 smokers and non—f
smokers, a cohort of radiologists compared with a cohort (l)d
ophthalmologists, etc. The study and coqtrol cohorts sbou
be similar in dermographic and possibly important variables
other than those under study.

(c) Comparison with general population rates

ortality experience of the exposed

1f none is available, the m
ortality experience of the general

group is compared with them
population in the same geographic area as the ex

people, e.d., comparison of frequency of lung cancer gmong
uranium mine workers with lung cancer mortality m_the
general population where the miners resided (54); comparison

of frequency of cancer among asbestos workers with the rate in

general population in the same geographic area (61).

Rates for disease occurrence in sub-groups of the control
cohort by age, sex, and other variables considered
important may be applied to the corresponding sub-groups
of the study cohort (exposed cohort) to determine the
“expected” values in the absence of exposure. The ratio of
“observed” and “expected” values provides a measure of the
effect of the factor under study.

The limiting factors in using general population rates for
comparison are : (i) non-availability of population rates for
the outcome required; and (i) the difficulties of selecting the
study and comparison groups which are representative of
the exposed and non-exposed segments of the general
population.

4. Follow-up

One of the problems in cohort studies is the regular follow-
up of all the participants. Therefore, at the start of the study.
methods should be devised depending upon the outcome to
be determined (morbidity or death), to obtain data for
assessing the outcome. The procedures required comprise :

(a) periodic medical examination of each member of the
cohort !

(b) reviewing physician and hospital records

(c) routine surveillance of death records, and

(d) mailed questionnaires, telephone calls, periodic hom
visits — preferably all three on an annual basis.

Of the above, periodic examination of ea

) on ch member of th
cohort, yields greater amount of information on the individua
examined, than would the use of any other procedure.

However, inspiteof best efforts, a certai
losses to follow-up are inevitable due to dZaEﬁfc:t:\;:gz
residence, migration or withdrawal of occupation. The
!osses may bias the results. It is, therefore, necessary to bu
into the study design a system for obtaining ba

1
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