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pathogenetic phenomena or mechanisms (b) testing the
efficacy of preventive and therapeutic measures such as
vaccines and drugs, and (c) completing the natural history of
disease. For aarpple. naturally occurring leprosy has been
found in armadillos. Data obtained from studying these
animals indicate that lepra bacilli might exist outside of
humans.

Animal experiments have their own advantages and
limitations. The advantages are that the experimental
animal§ can be bred in laboratories and manipulated easily
according to the wishes of the investigator. A more
important point is that they multiply rapidly and enable the
invest_igators to carry out certain experiments (e.q., genetic
experiments) which in human population would take several
years and involve many generations. The limitations of
animal experiments are that not all human diseases can be
mprodu;ed in animals. Secondly, all the conclusions derived
from animal experiments may not be strictly applicable to
human beings. An excellent example to illustrate this point is
the WHO trial of typhoid vaccine in Yugoslavia in the mid-
1950s. Laboratory tests in animals showed the alcohol-killed
and preserved vaccine to be more effective than the
traditional heat-killed phenol-preserved vaccine. But
randomized controlled trials in human beings demonstrated
that, contrary to laboratory evidence, the alcohol-preserved
vaccine was found to be less than half as effective in
preventing typhoid fever as the traditional phenol-preserved
vaccine introduced by Almorth Wright. This highlights the
difficulties encountered in extrapolating findings from
animal experiments in man.

Human experiments

Human experiments will always be needed to investigate
disease aetiology and to evaluate the preventive and
therapeutic measures. These studies are even more essential
in the investigation of diseases that cannot be reproduced in
animals.

Historically, in 1747, James Lind performed a human
experiment (clinical trial) in which he added different
substances to diet of 12 soldiers who were suffering from
scurvy. He divided his patients into 6 pairs and
supplemented the diets of each pair with cider, elixir vitriol,
vinegar, sea water; a mixture of nutmeg, garlic, mustard and
tamarind in barley water; and two oranges and one lemon
daily. All the subjects were studied for 6 days. At the end of
6 days the LIMEYS recovered from scurvy and were found
fit for duty. Then came Edward Jenner’s experiment with
cowpox in 1796. Other classical experiments are Finlay and
Reed'’s experiments (1881-1900) to elucidate the mosquito-
borne nature of vellow fever and Goldberger's classical
experiments in 1915 inducing pellagra by diets deficient in
nicotinic acid, thereby proving pellagra to be a nutritional
deficiency disease, not an infectious disease as was then
supposed. Since then, human beings have participated in
studies of malaria, syphilis, hepatitis, measles, polio and
others. These experiments have played decisive roles in
investigating disease aetiology and in testing preventive and
therapeutic measures.

Although the experimental method is unquestionably the

most incisive approach to scientific problem, ethical and
15 often prevent its application to the

nching

1S

LIC considerati

RANDOMIZED CONTROLLED TRIALS

experiment, Thus when an illness is fatal (e.q., excessive
haemorrhage) and the benefit of treatment (e.g., blood
transfusion) is self-evident, it would be ethically unacceptable
to prove or disprove the therapeutic value of blood
transfusion, However, such instances represent only a small
part of the total research effort. On the other hand, in the
present era of sclentific medicine, many unscientific or
sclentifically unsound procedures are still being carried out.
For instance, in the study of prescription drugs, a panel of
experts in USA found that only 23 per cent of some 16,000
drugs could be classified unequivocally as “effective” (36). It
is now conceded that it is equally unethical if a drug or
procedure is brought into general use without establishing its
effectiveness by controlled trials. The thalidomide disaster and
the occurrence of carcinoma of the vagina in the offspring of
pregnant women treated with diethylstilbestrol highlight the
unfortunate consequence of therapy on the basis of
uncontrolled observations. The WHO in 1980 has laid down a
strict code of practice in connection with human trials (68).

Experimental studies are of two types :

a. Randomized controlled trials (i.e., those involving a
process of random allocation); and

b. Non-randomized or “non-experimental” trials (ie.,
those departing from strict randomization for practical
purposes, but in such a manner that non-
randomization does not seriously affect the theoretical
basis of conclusions).

RANDOMIZED CONTROLLED TRIALS

Too often physicians are guided in their daily work by
clinical impressions of their own or their teachers. These
impressions, particularly when they are incorporated in
textbooks and repeatedly quoted by reputed teachers and
their students acquire authority, just as if they were proved
facts. Similarly many public health measures are introduced
on the basis of assumed benefits without subjecting them to
rigorous testing. The history of medicine amply illustrates
this. For instance, it took centuries before therapeutic blood
letting and drastic purging were abandoned by the medical
profession.

It is mainly in the last 35 to 40 years, determined efforts
have been made to use scientific techniques to evaluate
methods of treatment and prevention. An important
advance in this field has been the developmeni of an
assessment method, known as Randomized Controlled Trial
(RCT). It is really an epidemiologic experiment. Since its
introduction, the RCT has questioned the validity of such
widely used treatments as oral hypoglycaemic agents,
varicose vein stripping, tonsillectomy, hospitalization of all
patients with myocardial infarction, multiphasic screening,
and toxicity and applicability of many preventive and
therapeutic procedures.

The design of a randomized controlled trial is given in
Fig. 9. For new programmes or new therapies, the RCT is
the No.l method of evaluation. The basic steps in
conducting a RCT include the following :

1. Drawing up a protocol.
2. Selecting reference and experimental populations.
3. Randomization.
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TYPES OF RANDOMIZED CONTROLLED TRIALS

1. Clinical trials

For the most part, “clinical trials” have been concerned
with evaluating therapeutic agents, mainly drugs. The last
decades have seen clearly the utility of clinical trials. Some
of the recent examples include — evaluation of beta-blockers
in reducing cardiovascular mortality in patient surviving the
acute phase of myocardial infarction (69); trials of folate
treatment/supplementation before conception to prevent
recurrence of neural tube defects (70); trials of aspirin on
cardiovascular mortality and beta-carotene on cancer
incidence; efficacy of tonsillectomy for recurrent throat
infection (71); randomized controlled trial of coronary
bypass surgery for the prevention of myocardial infarction
(72), etc. The list is endless.

Unfortunately, not all clinical trials are susceptible to being
blinded. For example, there is no way to perform a clinical
trial of tonsillectomy and adenoidectomy without its being
obvious who received surgery and who did not, a reason why
the value of these procedures continues to be uncertain.
Many ethical, administrative and technical problems are
involved in the conduct of clinical trials, Nevertheless, they
are a powerful tool and should be carried out before any new
therapy, procedure or service is introduced.,

2. Preventive trials

In geperal usage, prevention is synonymous with primary
prevention, and the term “preventive trials” implies trials of
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s-over controlled therapeutic trials (73).

children between 6-18 months who were entered into e
trial were randomly allocated in study and control grougs
The vaccine was given in three, monthly injections, and the
children were followed up at monthly intervals to detect the
occurrence of whooping cough. The study group comprised
of 3,801 children who were vaccinated, and 149 developed
whooping cough. The control group consisted of 3751
unvaccinated children, and 687 of them developed the
infection. This gave an attack rate of 1.45 per 1000 chid
months in the vaccinated group and 6.72 per 1000 chid
months in the control group. The difference was significant

Analysis of a preventive trial must result in a clear
statement about (a) the benefit the community will derive
from the measure (b) the risks involved, and (c) the costs ©
the health service in terms of money, men and ma i
resources (21). Since preventive trials involve larger numbgl
of subjects and sometimes a longer time span to
results, there may be greater number of practical problems
in their organisation and execution.

3. Risk factor trials

A type of preventive trial is the trial of risk factors in “’m.h
the investigator intervenes to interrupt the usual sequence
the development of disease for those individuals who h‘".
“risk factor” for developing the disease; often this i
risk factor modification. The concept of “risk factor” g2
new dimension to epidemiological research.

For example, the major risk factors of coronar¥ h?m
disease are elevated blood cholesterol, 5'“°ka;
hypertension and sedentary habits. Accordingly, the fou

ossibilities of intervention in coronary heart dise
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NON-RANDOMIZED TRIALS

o, This st_ufiy is the largest preventive trial
gni,l;{ted, COmprlslnbemOTe than 15,.000 men of whc&)}reir'lt
one.third received clo IT;\ate and two-third received olive oll
as a control tre_atmen:]. pe study was conducted in 3 centres
o 8 S (Edlpb‘"g ‘d rague, and Budapest), The design
e ouble-bh"d an randpmization was  successfully
e ieved. The mean observatlc_)n was 9.6 years. The trial
showed a significant reduction in non-fatal cardiac
infarction, but unfortunately, there were 25 per cent more
deaths in the clofibrate-treated group than in the control

oup possibly due to long-term toxic effect of the drug. The
trial illustrates the kind of contribution that an
epidemiological approach can make to protect the public
health against possible adverse effects of long-term
medication with potent drugs (75).

The other widely reported risk-factor intervention trials in
coronary heart disease are : (a) The Stanford Three
Community Study (b) The North Karelia Project in Finland
(c) The Oslo Study, and (d) The Multiple Risk Factor
Intervention Trial (MRFIT) in USA.

4. Cessation experiments

Another type of preventive trial is the cessation
experiment. In this type of study, an attempt is made to
evaluate the termination of a habit (or removal of suspected
agent) which is considered to be causally related to a
disease. If such action is followed by a significant reduction
in the disease, the hypothesis of cause is greatly
strengthened. The familiar example is cigarette smoking and
lung cancer. If in a randomized controlled trial, one group of
cigarette smokers continue to smoke and the other group
has given up, the demonstration of a decrease in the
incidence of lung cancer in the study group greatly
strengthens the hypothesis of a causal relationship. A large
randomized controlled trial has been mounted to study the
role of smoking cessation in the primary prevention of
coronary heart disease (76).

5. Trial of aetiological agents

One of the aims of experimental epidemiology is to
confirm or refute an aetiological hypothesis. The best known
example of trial of an aetiological agent relates to retrolental
fibroplasia (RLF). Retrolental fibroplasia, as a cause of
blindness, was non-existent prior to 1938. It was originally
observed and reported by TL.Terryy a Boston
ophthalmologist in 1942 (77), and later in many other
countries outside the USA.

RLF was recognized as a leading cause of blindness by
descriptive studies which showed that beginning in about
1940-1941, the incidence of the disease increased at an
alarming rate (Fig. 11), and that this previously unknown
disease was occurring only in premature babies. Analytical
studies demonstrated its close association  with
administration of oxygen to premature babies. A large
randomized controlled trial was mounted involving 18
hospitals in United States by Kinsey and Hemphill (78, 79)
in which premature babies with birth weight of 1500 gram or
less were allocated into experimental and control groups. In
the experimental group, all the babies received 50 per cent
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FIG. 11
Incidence of retrolental fibroplasia in New York, 1938-1956

The dramatic rise and fall in frequency of RLF can be
seen in Fig. 11. It will be noted that RLF reached its peak
during the years 1952-53. The sharp drop in the graph after
1953 highlights the results of the decreased use of oxygen.
RLF illustrates one of the problems often introduced by
technological or scientific advances.

Since most diseases are fatal, disabling or unpleasant,
human experiments to confirm an aetiological hypothesis
are rarely possible.

6. Evaluation of health services

Randomized controlled trials have been extended to
assess the effectiveness and efficiency of health services.
Often, choices have to be made between alternative policies
of health care delivery. The necessity of choice arises from
the fact that resources are limited, and priorities must be set
for the implementation of a large number of activities which
could contribute to the welfare of the society. An excellent
example of such an evaluation is the controlled trials in the
chemotherapy of tuberculosis in India, which demonstrated
that “domiciliary treatment” of pulmonary tuberculosis was
as effective as the more costlier “hospital or sanatorium”
treatment. The results of the study have gained international
acceptance and ushered in a new era — the era of
domiciliary treatment, in the treatment of tuberculosis.

More recently, multiphasic screening which has achieved
great popularity in some countries, was evaluated by a
randomized controlled trial in South-East London. The study
led to the withholding of vast outlay of resources required to
mount a national programme of multiphasic screening in UK
(80,81). Another example is that related to studies which
have shown that many of the health care delivery tasks
traditionally performed by physicians can be performed by
nurses and other paramedical workers, thus saving physician
time (82). These studies are also labelled as “health services
research” studies.

NON-RANDOMIZED TRIALS
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to direct experimentation in human beings. Secondly, some
preventive measures can be applied only to groups or on a
community-wide basis (e.g., community trl‘als of water
fluoridation). Thirdly, when disease frequency is low and the
natural history long (e.q., cancer cervix) randomized
controlled trials require follow-up of thousands of people for
a decade or more. The cost and logistics are often
prohibitive. These trials are rare. In such situations, we must
depend upon other studv designs - these are referred to as
non-randomized (or non-experimental) trials.

Where the approach is sophisticated in randomized
controlled trials, it is rather crude in non-randomized trials.
As there is no randomization in non-experimental trials, the
degree of comparability will be low and the chances of a
spurious result higher than where randomization had taken
place. In other words, the validity of causal inference
remains largely a matter of extra-statistical judgement.
Nevertheless, vital decisions affecting public health and
preventive medicine have been made by non-experimental
studies. A few examples of non-randomized trials are
discussed below :

1. Uncontrolled trials

There is room for uncontrolled trials (i.e., trials with no
comparison group). For example, there were no randomized
controlled studies of the benefits of the Pap test (cervical
cancer) when it was introduced in 1920s. Today, there is
indirect epidemiological evidence from well over a dozen
uncontrolled studies of cervical cancer screening that the Pap
test is effective in reducing mortality from this disease. Initially
uncontrolled trials may be useful in evaluating whether a
specific therapy appears to have any value in a particular
disease, to determine an appropriate dose, to investigate
adverse reactions, etc. However, even in these uncontrolled
trials, one is using implied “historical controls”, i.e., the
experience of earlier untreated patients affected by the same
disease.

Since most therapeutic trials deal with drugs which do not
produce such remarkably beneficial results, it is becoming
increasingly common to employ the procedures of a double—
blind controlled clinical trial in which the effects of a new
drug are compared to some concurrent experience (either
placebo or a currently utilized therapy).

2. Natural experiments

Where experimental studies are not possible in human
populations, the epidemiologist seeks to identify “natural
circumstances” that mimic an experiment, For example, in
respect of cigarette smoking, people have separated
themselves “naturally” into two groups, smokers and non-
smokers. Epidemiologists have taken advantage of this
separation and tested hypothesis regarding lung cancer and
cigarette smoking. Other populations involved in natural
experiments comprise the following groups : (a) migrants
(b) religious or social groups (c) atomic bombing of Japan
(d) famines (e) earthquakes, etc. A major earthquake in
a ‘“natural experiment” to
ied thek effects of acute stress on
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source of water supply in their households. The resul

ts of th,
experiment are given in Table 23. g

TABLE 23
,aths from cholera per 10,000 houses and sourceg of
D¢ wlhwal‘::: 111[)1"\1 of these houses, London 1853

Sourcesof  Numberof  Deaths from -
MWWWPM s houses cholera
15 ‘ # a s
Sc;uthwurk & 40,046 kB
Vauxhall Co.

26,107 98

Lambeth Co. : - : .

It will be seen from Table 23 that deaths were feye, n
houses supplied by Lambeth company compared to h
supplied by Southwark and Vauxhall company,
inference was obvious — the Lambeth company water
from an intake on the River Thames well above Londe,
whereas the Southwark and Vauxhall company water w,;
derived from the sewage polluted water basin. The areat
difference in the occurrence of cholera among these gy
populations gave clear demonstration that cholera s 4
water-borne disease. This was demonstrated long before the
advent of the bacteriological era; it also led to the institutioy
of public health measures to control cholera.

3. Before and after comparison studies

These are community trials which fall into two distinet
groups:
A. Before and after comparison studies without control,
and

B. Before and after comparison studies with control.

A. Before and after comparison studies without control

These studies centre round comparing the incidence of
disease before and after introduction of a preventive
measure. The events which took place prior to the use of the
new treatment or preventive procedure are used as a
standard for comparison. In other words, the experiment
serves as its own control; this eliminates virtually all group
differences. The classic examples of “before and after
comparison studies” were the prevention of scurvy among
sailors by James Lind in 1750 by providing fresh fruit
studies on the transmission of cholera by John Snow in

1854; and later, prevention of polio by Salk and Sabin
vaccines,

In order to establish evidence in before and after
comparison studies, the following are needed; (a) data
regarding the incidence of disease, before and after
introduction of a preventive measure must be available
(b) there should be introduction or manipulation of only one
factor or change relevant to the situation, other factors
remaining the same, as for example, addition of fluorine t
drinking water to prevent dental caries (c) diagnostic criteria
of the disease should remain the same (d) adoption of
preventive measures should be over a wide area
(e) reduction in the incidence must be large following the
introduction of the preventive measure, because there is 10

‘ ) several ftrials may be needed before the
ed conclusive,
ple of a “before and afte!
n Victoria (Australia) followin
It legislation for prevention of deaths
motor vehicle accidents.
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