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PREFACE

It is indeed gratifying that this book has seen twenty two successful editions
and is now entering the twenty-third edition with a brand new look. This new
edition is in keeping with the tradition of release of new editions at regular
intervals, with the objective to match the pace of everchanging subject matter.
The book has been thoroughly updated and revised.

The Chapter on Communicable Diseases now contains the new treatment
guidelines released by WHO (2013) for HIV/AIDS and December 2014 guidelines
for post-exposure prophylaxis of HIV and use of cotrimoxazole in HIV cases. New
treatment and diagnostic directives (2013) against malaria by Government of
India have been incorporated. WHO has issued updated guidance on definitions
of cases and treatment of tuberculosis to accomodate diagnosis using Xpert, MIB/
RIF and other WHO endorsed molecular tests. These definitions now replace the
2006 definitions. Extensive work is going on in MDR-TB investigations and
treatment in different situations, e.g., adult tubercular cases, paediatric cases, TB
with HIV/AIDS, during pregnancy etc. These regimens have been covered in
detail. Ebola Virus Disease has been included in re-emerging Diseases. Soil
transmitted helminthiasis contains new matter.

Chapter on Health Programmes in India now contains new plans introduced in
2013 and 2014 i.e., National Health Mission, National Urban Health Mission,
RMNCH +A strategy (2013), India Newborn Action Plan (2014) etc. The chapter
also contains details about NACP-IV, latest on RNTCP, malaria and leprosy.

The other topics of interest are Global Hunger Index, the current situation
about Millennium Development Goals, revised classification of adverse events
following immunization, the new and updated matter about child and maternal
mortality, Mission Indradhanush (launched on 25th December 2014), and many
more. 12" Five Year Plan replaces the 11* Plan.

In conclusion, I wish to express my gratitude to all those undergraduate and
postgraduate students whose comments and encouragement has helped me to
keep the book upto-date.

Lastly, I extend my appreciation to Mr. Brij Mohan Bhanot for the care
bestowed in publication of this book.

Jabalpur K. PARK
January 2015
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__Towards Health for All

Man and Mediciﬂe :

“Those who fail to read history are destined to suffer the repetition of its mistakes”

Fron time immemorial man has been interested in trying
to control disease. The medicine man, the priest, the
herbalist and the magician, all undertook in various ways to
cure man’s disease and/or to bring relief to the sick. In an
almost complete absence of scientific medical knowledge, it
would not be fair to say that the early practitioners of
medicine contributed nothing to the alleviation of man'’s
suffering from disease. Medical knowledge in fact has been
derived, to a very great degree, from the intuitive and
observational propositions and cumulative experiences
gleaned from others. A history of medicine thus contributes
a review of accomplishments and errors, false theories and
misinformation and mistaken interpretations. It is also a
study of the evolution of man and of human knowledge
down the ages; of the biographies of eminent individuals
who developed medicine; of the discoveries and inventions
in different historical periods, and of the ever-changing
concepts, goals and objectives of medicine. In the course of
its evolution, which proceeded by stages, with advances and
halts, medicine has drawn richly from the traditional cultures
of which it is a part, and later from biological and natural
sciences and more recently from social and behavioural
sciences. Medicine is thus built on the best of the past. In the
crucible of time, medicine has evolved itself into a social
systern heavily bureaucratized and politicized. The
“explosion” of knowledge during the 20th century has made
medicine more complex, and treatment more costly, but the
benefits of modern medicine have not yet penetrated the
social periphery in many countries. The glaring contrasts in
the state of health between the developed and developing
countries, between the rural and urban areas, and between
the rich and poor have attracted worldwide criticism as
“social injustice”. The commitment of all countries, under
the banner of the World Health Organization, is to wipe out
the inequalities in the distribution of health resources and
services, and attain the Millenium Development Goals. The
goal of modern medicine is no longer merely treatment of
sickness. The other and more important goals which have
emerged are prevention of disease, promotion of health and
improvement of the quality of life of individuals and groups
or communities. In other words, the scope of medicine has
considerably broadened during recent ‘years. It is also
regarded as an essential component of socio-economic
development.

I. MEDICINE IN ANTIQUITY

In ancient times, health and illness were interpreted in a
cosmological and anthropological perspective. Medicine was
dominated by magical and religious beliefs which were an

integral part of ancient cultures and civilizations. Henry
Siegerist, the medical historian has stated that every culture
had developed a system of medicine, and medical history is
but one aspect of the history of culture (1). Dubos goes one
step further and says that ancient medicine was the mother
of sciences and played a large role in the integration of early
cultures (2). Since there is an organic relationship between
medicine and human advancement, any account of
medicine at a given period should be viewed against the
civilization and human advancement at that time, i.e.

philosophy, religion, economic conditions, form of
government, education, science and aspirations of the
people. )

Primitive medicine

It has been truly said that medicine was conceived in
sympathy and born out of necessity; and that the first doctor
was the first man, and the first woman, the first nurse. The
prehistoric man, motivated by feelings of sympathy and
kindness, was always at the behest of his kindred, trying to
provide relief, in times of sickness and suffering.

Since his knowledge was limited, the primitive man
attributed disease, and in fact all human suffering and other
calamities, to the wrath of gods, the invasion of body by
“evil spirits” and the malevolent influence of stars and
planets. The concept of disease in which the ancient man
believed is known as the “supernatural theory of disease”.
As a logical sequence, the medicine he practised consisted in
appeasing gods by prayers, rituals and sacrifices, driving out
“evil spirits” from the human body by witchcraft and other
crude means and using charms and amulets to protect
himself against the influence of evil spirits. The
administration of certain herbs or drugs whose effect is
doubtful or nil, but hopefully harmless, may also be likened
to a kind of magic ritual associated with the need to “do
something”. There is also evidence that prehistoric man
improvised stone and flint instruments with which he
performed circumcisions, amputations and trephining of
skulls. It is thus obvious that medicine in the prehistoric
times (about 5000 B.C.) was intermingled with superstition,
religion, magic and witchcraft.

Primitive medicine is timeless. If we look around the
world, we find that the rudiments of primitive medicine still
persist in many parts of the world — in Asia, Africa, South
America, Australia and the Pacific islands. The supernatural
theory of disease in which the primitive man believed is as
new as today. For example, in India, one may still hear the
talk of curing snake bites by “mantras”. Diseases such as
leprosy are interpreted as being punishment for one’s past
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sins in some cultures. Although primitive man may be
extinct, his progeny — the so-called “traditional healers” are
found everywhere. They live close to the people and their
treatments are based on various combinations of religion,
magic and empiricism.

indian medicine (3)

The medical systems that are truly Indian in origin and
development are the Ayurveda and the Siddha systems.
Ayurveda is practised throughout India, but the Siddha
system is practised in the Tamil-speaking areas of South
India. These systems differ very little both in theory and
practice (4). Ayurveda by definition implies the “knowledge
of life” or the knowledge by which life may be prolonged. Its
origin is traced far back to the Vedic times, about 5000 B.C.
During this period, medical history was associated with
mythological figures, sages and seers. Dhanvantari, the
Hindu god of medicine is said to have been born as a result
of the churning of the oceans during a ‘tug of war’ between
gods and demons. According to some authorities, the
medical knowledge in the Atharvaveda (one of the four
Vedas) gradually developed into the science of Ayurveda.

In ancient India, the celebrated authorities in Ayurvedic
medicine were Atreya, Charaka, Susruta and Vaghbhatt.
Atreya (about 800 B.C.) is acknowledged as the first great
Indian physician and teacher. He lived in the ancient
university of Takshashila, about 20 miles west of modern
Rawalpindi (5). Ayurveda witnessed tremendous growth and
development during the Buddhist times. King Ashoka
(226 B.C.) and the other Buddhist kings patronized
Ayurveda as State medicine and established schools of
medicine and public hospitals. Charaka (200 A.D.), the most
popular name in Ayurvedic medicine, was a court physician
to the Buddhist king Kanishka. Based on the teachings of
Atreya, Charaka compiled his famous treatise on medicine,
the “Charaka Samhita”. Charaka mentions some 500 drugs.
The Indian snakeroot (rauwolfia) was employed for
centuries by the Indian physicians, before reserpine was
extracted from the root and found spectacularly effective in
the treatment of hypertension.

Among the many distinguished names in Hindu
medicine, that of Susruta, the “father of Indian surgery”
stands out in prominence. He compiled the surgical
knowledge of his time in his classic “Susruta Sambhita”. It is
believed that this classic was compiled between 800 B.C.
and 400 A.D. Though this work is mainly devoted to
surgery, it also includes medicine, pathology, anatomy,
midwifery, ophthalmology, hygiene and bedside manners.
The early Indians set fractures, performed amputations,
excised tumours, repaired hernias and excelled in cataract
operations and plastic surgery (6). It is stated that the British
physicians learned the art of rhinoplasty from Indian
surgeons in the days of East India Company (7). However,
during Buddhist times, Indian surgery suffered a setback
because of the doctrine of ahimsa (non-violence).

Of significance in Ayurveda is the “tridosha theory of
disease”. The doshas or humors are: vata (wind), pitta (gall)
and kapha (mucus). Disease was explained as a disturbance
in the equilibrium of the three humors; when these were in
perfect balance and harmony, a person is said to be healthy
(8). This theory of disease is strikingly similar to the “theory
of four humors” in Greek medicine. Medical historians admit
that there was free exchange of thought and experience
between the Hindu, Arab, Persian, Greek and Jewish
scholars. The Samhitas of Charaka and Susruta were
translated into Persian and Arabic in about 800 A.D.

Hygiene was given an important place in ancient Indian
medicine. The laws of Manu were a code of personal
hygiene. Archaeological excavations at Mohenjo-daro and
Harappa in the Indus valley uncovered cities of over two
thousand years old which revealed rather advanced
knowledge of sanitation, water supply and engineering. The
golden age of Indian medicine was between 800 B.C. and
600 A.D. During the Moghul period and subsequent years,
Ayurveda declined due to lack of State support.

Medical historians admit that Indian medicine has played
in Asia the same role as the Greek medicine in the west, for
it has spread in Indochina, Indonesia, Tibet, Central Asia,
and as far as Japan, exactly as the Greek medicine has done
in Europe and Arab countries (7).

Mention must be made of the other indigenous systems of
medicine namely Unani-Tibb and Homoeopathy, which are
not of Indian origin. The Unani-Tibb system of medicine,
whose origin is traced to the ancient Greek medicine, was
introduced into India by the Muslim rulers about the 10th
century A.D. By the 13th century, the Unani system of
medicine was firmly entrenched in certain towns and cities
notably Delhi, Aligarh, Lucknow and Hyderabad (5). It
enjoyed State support under successive Muslim rulers in
India, till the advent of the British in the 18th century.
Homoeopathy, which was propounded by Samuel
Hahnemann (1755-1843) of Germany gained foothold in
India during 1810 and 1839 (9). It is a system of pharmaco-
dynamics based on “treatment of disease by the use of small
amounts of a drug that, in healthy persons, produces
symptoms similar to those of the disease being treated” (10).
Homoeopathy is practised in several countries, but India
claims to have the largest number of practitioners of this
system in the world (9).

The Indian systems of medicine including Unani-Tibb and
Homoeopathy are very much alive in India even today. In
fact, they have become part of Indian culture, and they
continue to be an important source of medical relief to the
rural population.

Chinese medicine

Chinese medicine claims to be the world’s first organized
body of medical knowledge dating back to 2700 B.C. (11). It
is based on two principles — the yang and the yin. The yang
is believed to be an active masculine principle and the yin a
negative feminine principle. The balance of these two
opposing forces meant good health. Hygiene, dietetics,
hydrotherapy, massage, drugs were all used by the Chinese
physicians.

The Chinese were early pioneers of immunization. They
practised variolation to prevent smallpox. To a Chinese, “the
great doctor is one who treats not someone who is already ill
but someone not yet ill”. The Chinese have great faith in
their traditional medicine, which is fully integrated with
modern medicine. The Chinese system of “barefoot doctors”
and accupuncture have attracted worldwide attention in
recent years (12).

Egyptian medicine

Egypt had one of the oldest civilizations in about
2000 B.C. A lot is known about ancient Egypt because they
invented picture writing and recorded their doings on
papyrus. In Egyptian times, the art of medicine was mingled
with religion. Egyptian physicians were co-equals of priests,
trained in schools within the temples. They often helped
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priests care for the sick who were brought to the temples for
treatment. There were no practical demonstrations in
anatomy, for Egyptian religion enjoined strict preservation
of the human body. Egyptian medicine reached its peak in
the days of Imhotep (2800 B.C.) who was famous as a
statesman, architect, builder of the step pyramid at
Sagqgarah and physician. The Egyptians worshipped many
gods. Imhotep was considered both a doctor and divinity.
Specialization prevailed in Egyptian times. There were eye
doctors, head doctors and tooth doctors. All these doctors
were officials paid by the State. Homer speaking of the
doctors of the ancient world considered the Egyptians to be
the “the best of all” (13).

Egyptian medicine was far from primitive. They believed
that disease was due to absorption from the intestine of
harmful substances which gave rise to putrefaction of blood
and formation of pus. They believed that the pulse was “the
speech of the heart”. Diseases were treated with cathartics,
enema, blood-letting and a wide range of drugs. The best
known medical manuscripts belonging to the Egyptian times
are the Edwin Smith papyrus (3000-2500 B.C.), and the
Ebers papyrus (1150 B.C.). The Edwin Smith papyrus, the
oldest treatise on surgery, accurately describes partial
paralysis following cerebral lesions in skull fractures. The
Ebers papyrus which was found with a mummy on the banks
of the Nile, is a unique record of some 800 prescriptions based
on some 700 drugs. Castor oil, tannic acid, opium, turpentine,
gentian, senna, minerals and root drugs were all used by the
Egyptian physicians. A great number of diseases are reported
in the papyri such as worms, eye diseases, diabetes,
rheumatism, polio and schistosomiasis. Unfortunately, these
ailments are still present in modern Egypt (7).

In the realm of public health also, the Egyptians excelled.
They built planned cities, public baths and underground
drains which even the modern might envy. They had also
some knowledge of inoculation against smallpox, the value
of mosquito nets and the association of plague with rats.
Their god of health was Horus. Egyptian medicine occupied
a dominant place in the ancient world for about 2,500 years
when it was replaced by Greek medicine.

Mesopotamian medicine

Contemporary with ancient Egyptian civilization, there
existed another civilization in the land which lies between the
Euphrates and Tigris rivers, Mesopotamia (now part of Iraq),
often called the “Cradle of Civilization”, as long as 6,000 years
ago.

In ancient Mesopotamia, the basic concepts of medicine
were religious, and taught and practised by herb doctors,
knife doctors and spell doctors — a classification that roughly
parallels our own internists, surgeons and psychiatrists.
Mesopotamia was the cradle of magic and necromancy.
Medical students were busy in classifying “demons”, the
causes of diseases. Geomancy, the interpretation of dreams,
and hepatoscopic divination (the liver was considered the
seat of life) are characteristic of their medical lore.
Sumerians, Babylonians and Assyrians were the authors of a
medical astrology which flourished in the whole of Eurasia.
Prescriptions were written on tablets, in cuneiform writing.
The oldest medical prescription comes to us from
Mesopotamia, dating back to 2100 B.C.

Hammurabi, a great king of Babylon who lived around
2000 B.C. formulated a set of drastic laws known as the
Code of Hammurabi that governed the conduct of physicians
and provided for health practices (14). Doctors whose

proposed therapy proved wrong, ran the risk of being killed.
Laws relating to medical practice, including fees payable to
physicians for satisfactory services and penalties for harmful
therapy are contained in the Babylonian Code of
Hammurabi, the very first codification of medical practice.
While the code of Hammurabi reflected a high degree of
social organization, the medicine of his time was devoid of
any scientific foundation.

Greek medicine

The classic period of Greek medicine was the year 460-
136 B.C. The Greeks enjoyed the reputation - the civilizers
of the ancient world. They taught men to think in terms of
‘why’ and ‘how’. An early leader in Greek medicine was
Aesculapius (1200 B.C.). Aesculapius bore two daughters —
Hygiea and Panacea. The medical historian, Douglas
Guthrie {17) has reminded us of the legend that Hygiea was
worshipped as the goddess of health, and Panacea as the
goddess of medicine. Panacea and Hygiea gave rise to
dynasties of healers {(curative medicine) and hygienists
(preventive medicine) with different philosophies. Thus the
dichotomy between curative medicine and preventive
medicine began early and we know it remains true today.
Hygiea (prevention) is at present fashionable among the
intellectuals; but Panacea (cure) gets the cash. Aesculapius is
still cherished in medical circles ~ his staff, entwined by a
serpent, continues to be the symbol of medicine.

By far the greatest physician in Greek medicine was
Hippocrates (460-370 B.C.) who is often called the “Father
of Medicine”. He was born on the little island of Cos, in the
Aegean sea, about 460 B.C. He studied and classified
diseases based on observation and reasoning. He challenged
the tradition of magic in medicine, and initiated a radically
new approach to medicine i.e., application of clinical
methods in medicine. Hippocrate’s lectures and writings, as
compiled later by Alexandrian scholars into the “Corpus
Hippocraticum”, encompassed all branches of medicine. This
72 volume work contains the first scientific clinical case
histories. Some of the sayings of Hippocrates later became
favourites with physicians, such as “Life is short, the art {of
medicine) long, opportunity fleeting, experience treacherous
and judgement difficult”, and “where there is love for
mankind, there is love for the art of healing”. His famous

-oath, the “Hippocratic oath” has become the keystone of

medical ethics. It sets a high moral standard for the medical
profession and demands absolute integrity of doctors.
Hippocrates will always be regarded as one of the masters of
the medical art.

Hippocrates was also an epidemiologist. Since he
distinguished between diseases which were epidemic anc
those which were endemic, he was, in fact, the first true
epidemiologist. He was constantly seeking the causes o
disease. He studied such things as climate, water, clothing
diet, habits of eating and drinking and the effect they had ir
producing disease. His book “Airs, Water and Places” i
considered a treatise on social medicine and hygiene. Th¢
Hippocratic concept of health and disease stressed th«
relation between man and his environment.

In short, the Greeks gave a new direction to medice
thought. They rejected the supernatural theory of diseas
and looked upon disease as a natural process, not .
visitation from a god of immolation. The Greeks believe:
that matter was made up of four elements — earth, air, fir
and water. These elements had the corresponding qualitie
of being cold, dry, hot and moist and were represented i
the body by the four humors — phlegm, yellow bile, bloo
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and black bile — similar to the “tridosha theory” in
Ayurveda. The Greeks postulated that health prevailed
when the four humors were in equilibrium and when the
balance was disturbed, disease was the result. The human
body was assumed to have powers of restoration of humoral
equilibrium, and it was the physician’s primary role to assist
in this healing process. While the humoral theory of
Hippocrates was based on incorrect foundations, the
concept of the innate capacity of the body of responding to
disturbances in the equilibrium that constitutes health is
highly relevant to modern medicine (15).

Qutstanding amongst post-Hippocratic medical centres
was Alexandria’s huge museum, the first University in the
world which sheltered a library containing over 70,000
books. To this house of learning came eminent men.
Between 300 B.C. and 30 B.C., thousands of pupils
matriculated in the school of Alexandria, which replaced
Athens as the world’s centre of learning. In short, the
Hippocratic school inspired in turn the Alexandria school,
and the Arabo-Persian medicine. The Hippocratic school
changed the destiny of medicine by separating it from magic
and raising it to the status of a science. They had scientific
method, although not scientific knowledge. The glorious
Greek civilization fell into decay and was succeeded by the
Roman civilization.

Roman medicine

By the first Century B.C., the centre of civilization shifted
to Rome. The Romans borrowed their medicine largely from
the Greeks whom they had conquered. While the politics of
the world became Roman, medicine remained Greek. In the
political philosophy of the Romans, the State and not the
individual was supreme.

The Romans were a more practical-minded people than
the Greeks. They had a keen sense of sanitation. Public
health was born in Rome with the development of baths,
sewers and aqueducts. The Romans made fine roads
throughout their empire, brought pure water to all their cities
through aqueducts, drained marshes to combat malaria,
built sewerage systems and established hospitals for the sick.

An outstanding figure among Roman medical teachers
was Galen (130-205 A.D.) who was born in the Greek city of
Pergamon in Asia Minor (now Turkey). He was physician to
the Roman emperor, Marcus Aurelius. His important
contributions were in the field of comparative anatomy and
experimental physiology. Galen was far ahead of his time in
his views about health and disease. About health he stated:
“Since both in importance and in time, health precedes
disease, so we ought to consider first how health may be
preserved, and then how one may best cure disease” (16).
About disease, Galen observed that disease is due to three
factors — predisposing, exciting and environmental factors, a
truly modern idea. The doctrines of Hippocrates and Galen

“were often in conflict since their approaches were so different

— one is synthetic, the other analytic. The author of some 500
ireatises on medical subjects, Galen was literally a “medical
dictator” in his time, and also for a long time thereafter. His
writings influenced European medicine. They were accepted
as standard textbooks in medicine for 14 centuries, till his
teachings and views were challenged by the anatomist,
Vesalius in 1543, and the physiologist, William Harvey .in
1628, almost 1500 years after his death.

Middle ages
The period between 500 and 1500 A.D. is generally

known as “Middle Ages”. With the fall of the Roman empire,
the medical schools established in Roman times also
disappeared. Europe was ravaged by disease and pestilence:
plague, smallpox, leprosy and tuberculosis. The practice of
medicine reverted back to primitive medicine dominated by
superstition and dogma. Rejection of the body and
glorification of the spirit became the accepted pattern of
behaviour. It was regarded as immoral to see one’s body;
consequently, people seldom bathed. Dissection of the
human body was prohibited. Consequently there was no
progress of medicine. The medieval period is therefore called
the “Dark Ages of Medicine” — a time of great strife, of socio-
political change, of regression and progression (7).

When Europe was passing through the Dark Ages, the
Arabs stole a march over the rest of the civilization. They
translated the Graeco-Roman medical literature into Arabic
and helped preserve the ancient knowledge. Borrowing
largely from the Greeks and Romans, they developed their
own system of medicine known as the Unani system of
medicine. They founded schools of medicine and hospitals
in Baghdad, Damascus, Cairo and other Muslim capitals.
The Arabs lit a brilliant torch from Greecian lamps, said
Osler. Leaders in Arabic medicine were the Persians, Abu
Becr (865-925) also known as Rhazes; and lbn Sina (980~
1037) known as Avicenna to the western world. Rhazes was
a director of a large hospital in Baghdad and a court
physician as well. Noted for keen observation and
inventiveness, he was the first to observe pupillary reaction
to light; to use mercurial purgatives; and to publish the first
known book on Children’s diseases (7). However, the work
most highly regarded today is his book on smallpox and
measles which he distinguished clinically. Avicenna was an
intellectual prodigy. He compiled a 21 wvolume
encyclopaedia, the “Canon of Medicine”, which was to
leave its mark on medical theory and practice. He was
responsible for elevating Islamic medicine to its zenith in the
middle ages. The greatest contribution of Arabs, in general,
was in the field of pharmacology. Seeking the “elixir of life”,
they developed pharmaceutical chemistry, introducing a
large number of drugs, herbal and chemical. Pioneers in
pharmacology, they invented the art of writing prescriptions,
an art inherited by our modern pharmacists. They
introduced a wide range of syrups, oils, poultices, plasters,
pills, powders, alcoholates and aromatic waters. The words
drug, alcohol, syrup and sugar are all Arabian (17). The
golden age of Arabic medicine was between 800-1300 A.D.

During the turbulent middle ages, Christianity exerted a
wholesome influence. The spread of Christianity led to the
establishment of hospitals. Early medieval hospitals rarely
specialized in treatment of the sick. Usually the sick were
received for the purpose of supplying their bodily wants and
catering to their spiritual needs. The first hospital on record
in England was built in York in 937 A.D. With the growth of
medicine, a chain of hospitals sprang up from Persia to
Spain— there were more than 60 in Baghdad and 33 in
Cairo. Some hospitals, like Cairo's Al Mansur had separate
departments for various diseases, wards for both sexes,
fountains to cool fever patients, libraries, musicians and
story tellers for the sleepless. : :

During the middle ages, religious institutions known as
“monasteries” headed by monks, saints and abbotts also
came up. These monasteries admitted men and women from
all ranks including kings and queens. They not only helped
preserve the ancient knowledge but also rendered active
medical and nursing care to the sick. ‘
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II. DAWN OF SCIENTIFIC MEDICINE

The period following 1500 A.D. was marked by
revolutions — political, industrial, religious and medical.
Political revolutions took place in France and America,
people claiming their just rights. The industrial revolution in
the West brought great benefits leading to an improvement
in the standard of living among people. With advancing
degrees of civilization, medicine also evolved.

Revival of medicine

For many historians, the revival of medicine encompasses
the period from 1453-1600 A.D. It was an age of individual
scientific endeavour. The distinguished personalities during
this period were: Paracelsus (1493-1541) who revived
medicine. He was born at a time “when Europe stretched
her limbs after a sleep of a thousand years in a bed of
darkness”. Labelled genius by some and quack by others,
Swiss-born Paracelsus publicly burnt the works of Galen and
Avicenna and attacked superstition and dogma and helped
turn medicine towards rational research. Fracastorius
(1483~1553), an Italian physician enunciated the “theory of
contagion”. He envisaged the transfer of infection via
minute invisible particles and explained the cause of
epidemics. Fracastorius recognized that syphilis was
transmitted from person to person during sexual relations.
He became the founder of epidemiology. Andreas Vasalius
(1514~-1564) of Brussels did lot of dissections on the human
body and demonstrated some of Galen’s errors. He raised
the study of anatomy to a science, and has been called “the
first man of modern science”. Vesalius’ great work Fabrica
became a classic text in medical education. What Vesalius
did for anatomy, Ambroise Pare (1510-1590), a French
Army surgeon did for surgery and earned the title, “father of
surgery”. Pare advanced the art of surgery, but John Hunter
(1728-1793) taught the science of it. In 1540, the United
Company of Barber Surgeons was established in England,
which later became the Royal College of Surgeons. Another
great name in clinical medicine is that of Thomas Sydenham
(1624-1689), the English Hippocrates who set the example
of the true clinical method. He made a differential diagnosis
of scarlet fever, malaria, dysentery and cholera. Sydenham
is also regarded as the first distinguished epidemiologist.

The 17th and 18th centuries were full of even more
exciting discoveries, e.g., Harvey’s discovery of the
circulation of blood (1628), Leeuwenhoek’s microscope
(1670) and Jenner’s vaccination against smallpox (1796).
However, the progress in medicine as well as surgery, during
the 19th century would not have been possible but for
Morgagni (1682-1771) who founded a new branch of
medical science, pathologic anatomy.

Sanitary awakening

Another historic milestone in the evolution of medicine is
the “great sanitary awakening” which took place in England
in the mid-nineteenth century and gradually spread to other
countries. It had a tremendous impact in modifying the
behaviour of people and ushering an era of public health.
The industrial revolution of the 18th century sparked off
numerous problems — creation of slums, overcrowding with
all its ill-effects, accumulation of filth in cities and towns, high
sickness and death rates especially among women and
children, infectious diseases like tuberculosis, industrial and
social problems — which deteriorated the health of the people
to the lowest ebb. The mean age at death in London was
reported to be 44 years for the gentry and professionals, and

22 years for the working class, in 1842 (14). Add to this, the
frequent visitations of cholera compounded the misery of the
people. The great cholera epidemic of 1832 led Edwin
Chadwick (1800-1890), a lawyer in England to investigate
the health of the inhabitants of the large towns with a view to
improve the conditions under which they lived (18).
Chadwick’s report on “The Sanitary Conditions of the
Labouring Population in Great Britain”, a landmark in the
history of public health, set London and other cities slowly
on the way to improve housing and working conditions.
Chadwick’s report focussed the attention of the people and
government on the urgent need to improve public health.
Filth was recognized as man’s greatest enemy and with this
began an anti-filth crusade, the “great sanitary awakening”
which led to the enactment of the Public Health Act of 1848
in England. A new thinking began to take shape i.e., the
State has a direct responsibility for the health of the people.

Rise of public health

The above events led to the birth of public health concept
in England around 1840. Earlier, Johanna- Peter Frank
(1745-1821) a health philosopher of his time, conceived
public health as good health laws enforced by the police and
enunciated the principle that the State is responsible for the
health of its people. The Public Health Act of 1848 was a
fulfilment of his dream about the State’s responsibility for the
health of its people.

Cholera which is often called the “father of public health”
appeared time and again in the western world during the
19th century. An English epidemiologist, John Snow,
studied the epidemiology of cholera in London from 1848 to
1854 and established the role of polluted drinking water in
the spread of cholera. In 1856, William Budd, another
pioneer, by careful observations of an outbreak of typhoid
fever in the rural north of England concluded that the spread
was by drinking water, not by miasma and sewer gas. These
two discoveries were all the more remarkable when one
considers that the causative agents of cholera and typhoid
fever were not identified. Then came the demand from
people for clean water. At that time the Thames was both a
source of drinking water and the depository for sewage. A
comprehensive piece of legislation was brought into force in
England, the Public Health Act of 1875 for the control of
man’s physical environment. The torch was already lit by
Chadwick, but the man who was actually responsible more
than any other for sanitary reforms was
Sir John Simon (1816-1904), the first medical officer of
health of London. He built up a system of public health in
England which became the admiration of the rest of the
world (18). This early phase of public health (1880-1920) is
often called the “disease control phase”. Efforts were
directed entirely towards general cleanliness, garbage and
refuse disposal. Quarantine conventions were held to
contain disease.

The development of the public health movement in
Amercia follows closely the English pattern. In 1850, Lemuel

Shattuck (1793-1859), a bookseller and publisher,
published his report on the health conditions in
Massachusetts. Like Chadwick’s report it stirred the

conscience of the American people to the improvement of
public health. France, Spain, Australia, Germany, Italy,
Belgium and the Scandinavian countries all developed their
public health. By the beginning of the 20th century, the
broad foundations of public health — clean water, clean
surroundings, wholesome condition of houses, control of
offensive trades, etc were laid in all the countries of the
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western world. After the First World War, there were three
particular newcomers to the public health scene -
Yugoslavia, Turkey and Russia (19). These three countries in
1920 presented the typical picture of the underdeveloped
world. Today they are quite advanced in public health.

While public health made rapid strides in the western
world, its progress has been slow in the developing countries
such as India where the main health problems continue to
be those faced by the western world 100 years ago. The
establishment of the WHO providing a Health Charter for all
people provided a great fillip to the public health movement
in these countries.

Germ theory of disease

For long, man was groping in darkness about the
causation of disease. Several theories were advanced from
time to time to explain disease causation such as the
supernatural theory of disease, the theory of humors by
Greeks and Indians, the theory of contagion, the miasmatic
theory which attributed disease to noxious air and vapours,
the theory of spontaneous generation, etc. The
breakthrough came in 1860, when the French bacteriologist
Louis Pasteur (1822-1895) demonstrated the presence of
bacteria in air. He disproved the theory of “spontaneous
generation”. In 1873, Pasteur advanced the “germ theory of
disease”. In 1877, Robert Koch (1843-1910) showed that
anthrax was caused by a bacteria. The discoveries of Pasteur
and Koch confirmed the germ theory of disease. It was the
golden age of bacteriology. Microbe after microbe was
discovered in quick succession — gonococcus in 1847,
typhoid bacillus, pneumococcus in 1880; tubercle bacillus in
1882; cholera vibrio in 1883; diphtheria bacillus in 1884,
and so on. These discoveries and a host of others at the turn
of the century marked a turning point in our aetiological
concepts. All attention was focussed on microbes and their
role in disease causation. The germ theory of disease came
to the forefront, supplanting the earlier theories of disease
causation. Medicine finally shed the rags of dogma and
superstition and put on the robes of scientific knowledge.

Birth of preventive medicine

Preventive medicine really dates back to the 18th
century. It developed as a branch of medicine distinct from
public health. Curiously, it came into existence even before
the causative agents of disease were known. James Lind
(1716-1794), a naval surgeon advocated the intake of fresh
fruit and vegetables for the prevention of scurvy in 1753.
Edward Jenner (1749-1823) of Great Britain, a pupil of
John Hunter, discovered vaccination against smallpox in
1796. These two discoveries marked the beginning of a new
era, the era of disease prevention by specific measures.

Preventive medicine got a firm foundation only after the
discovery of causative agents of disease and the
establishment of the germ theory of disease. The latter part
of the 19th century was marked by such discoveries in
preventive medicine as Pasteur’s anti-rabies treatment
(1883), cholera vaccine (1892), diphtheria antitoxin (1894),
anti-typhoid vaccine (1898), antiseptics and disinfectants
(1827-1912), etc. A further advance was the elucidation of
the modes of disease transmission. For example, in 1896,
Bruce, a British Army surgeon, demonstrated that the
African sleeping sickness was transmitted by tsetse fly. In
1898, Ross demonstrated that malaria was transmitted by
the Anopheles. In 1900, Walter Reed and his colleagues
demonstrated that yellow fever was transmitted by the

Aedes mosquito. With the knowledge derived from
bacteriology, it became possible to control disease by
specific measures such as blocking the channels of
transmission, e.g., quarantine, water purification,
pasteurization of milk, protection of foods, proper disposal
of sewage, destruction of insects and disinfection. The
development of laboratory methods for the early detection
of disease was a further advance. In its early years,
preventive medicine was equated with the control of
infectious diseases. The modern concepts of primary,
secondary and tertiary prevention were not known.

I1I. MODERN MEDICINE

The dichotomy of medicine into two major branches
namely curative medicine, and public health/preventive
medicine was evident at the close of the 19th century. After
1900, medicine moved faster towards specialization, and a
rational, scientific approach to disease. The pattern of
disease began to change. With the control of acute infectious
diseases, the so-called modern diseases such as cancer,
diabetes, cardiovascular disease, mental illness and
accidents came into prominence and have become the
leading causes of death in industrialized countries. These
diseases could not be explained on the basis of the germ
theory of disease, nor treated with “magic bullets”. The
realization began to dawn that there are other factors or
causes in the aetiology of diseases, namely social, economic,
genetic, environmental and psychological factors which are
equally important. Most of these factors are linked to man’s
lifestyle and behaviour. The germ theory of disease gave
place to a newer concept of disease — “multifactorial
causation”. In fact, it was Pettenkofer of Munich (1819-
1901) who first mooted the concept of multifactorial
causation of disease but his ideas were lost in the
bacteriological era. The concept of multifactorial causation
was revived by epidemiologists who have contributed
significantly to our present-day understanding of
multifactorial causation of disease and “risk-factors” in the
aetiology of disease. The developments in modern medicine
may be reviewed broadly under the following heads:

1. Curative medicine

Although curative medicine is thousands of years old,
modern medicine, as we know today, is hardly 100 years
old. Its primary objective is the removal of disease from the
patient (rather than from the mass). It .employs various
modalities to accomplish this objective, e.g., diagnostic
techniques, treatment. Over the years, the tools of diagnosis
have become refined, sophisticated and numerous; the
armamentarium for treatment more specific and potent. In
the middle of the 20th century a profound revolution was
brought in “allopathic medicine” which has been defined as
“treatment of disease by the use of a drug which produces a
reaction that itself neutralizes the disease” (10}, by the
introduction of antibacterial and antibiotic agents. These
discoveries, if they were to be recorded, would fill volumes.
Suffice it to say that curative medicine, over the years, has
accumulated a vast body of scientific knowledge, technical
skills, medicaments and machinery — highly organized — not
merely to treat disgase but to preserve life itself as far as it
could be possible,

In reviewing the history of medicine during the past 100
years, one cannot fail to note the tremendous growth of
specialization that has taken place in response to advances
in medical technology due to changes in the nature and
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distribution of health and disease pattern in the community,
and to the changing emphasis placed by society upon age
and sex groups. Some specialities have emerged, based on
clearly defined skills such as surgery, radiology, and
anaesthesia; some based on parts of the body such as ENT,
ophthalmology, cardiology, gynaecology; and, some based
on particular age or sex groups such as paediatrics, geriatrics
and obstetrics. Again, within each speciality, there has been
a growth of sub-specialities, as for example, neonatology,
perinatology, paediatric cardiology, paediatric neurology
and paediatric surgery — all in paediatrics. One wonders
whether such microspecialization is needed.

Specialization has no doubt raised the standards of
medical care, but it has escalated the cost of medical care
and placed specialist medical care beyond the means of an
average citizen, without outside aid or charity. It has
infringed upon the basic tenets of socialism (i.e., the greatest
good of the greatest number) and paved the way to varying
degrees of social control over medicine. Specialization has
also contributed to the decline of general practice and the
isolation of medical practitioners at the periphery of the
medical care system (20).

2. Preventive medicine

Preventive medicine developed as a branch of medicine
distinct from public health. By definition, preventive
medicine is applied to “healthy” people, customarily by
actions affecting large numbers or populations. Its primary
objective is prevention of disease and promotion of health.

The early triumphs of preventive medicine were in the
field of bacterial vaccines and antisera at the turn of the
century which led to the conquest of a wide spectrum of
specific diseases. Declines took place in the morbidity and
mortality from diphtheria, tetanus, typhoid fever and others.
Later, the introduction of tissue culture of viruses led to the
development of anti-viral vaccines, e.g., polio vaccines
(1955, 1960). The eradication of smallpox (the last case of
smallpox occurred in Somalia in 1977) is one of the greatest
triumphs of preventive medicine in recent times. The search
for better and newer vaccines (e.g., against malaria, leprosy,
syphilis and other parasitic diseases and even cancer)
continues.

Preventive medicine did not confine itself to vaccination
and quarantine. Discoveries in the field of nutrition have
added a new dimension to preventive medicine. New
strategies have been developed for combating specific
deficiencies as for example, nutritional blindness and iodine
deficiency disorders. The recognition of the role of vitamins,
minerals, proteins and other nutrients, and more recently
dietary fibre emphasize the nutrition component of
preventive medicine.

Another glorious chapter in the history of preventive
medicine is the discovery of synthetic insecticides such as
DDT, HCH, malathion and others. They have brought about
fundamental changes in the strategy in the control of vector-
borne diseases (e.g., malaria, leishmaniasis, plague,
rickettsial diseases) which have been among the most
important world-wide health problems for many years.
Despite- insecticide resistance and environmental pollution
mishaps (e.g., Bhopal tragedy in India in 1984), some of the
chemical insecticides such as DDT still remain unchallenged
in the control of disease. '

The discovery of sulpha drugs, anti-malarials, antibiotics,
anti-tubercular and anti-leprosy drugs have all enriched
preventive medicine. Chemoprophylaxis and mass drug

treatment have become important tools of preventive
medicine. The pattern of disease in the community began to
change with improved control of infectious diseases through
both prevention and treatment, and people are now living
for longer years, especially those in developing countries.

A new concept — concept of disease eradication — began
to take shape. This concept found ready application in the
eradication of smallpox. Eradication of certain other
diseases (e.g., measles, tetanus, guineaworm and endemic
goitre) are on the anvil.

Another notable development in the 20th century is the
development of “screening” for the diagnosis of disease in
its presymptomatic stage (21). In the 1930s, the two most
commonly used tests were the serologic blood test for
syphilis, and the chest X-ray for tuberculosis. As the number
of screening tests increased, the concept of screening for
individual diseases entered the multiphasic epoch in early
1950s. In spite of the fact that the utility of screening has
been increasingly debated in recent years, screening for
disease among apparently healthy people has remained an
important part of preventive medicine. An offshoot of the
screening is screening for “risk-factors” of disease and
identification of “high-risk groups”. Since we do not have
specific weapons against chronic diseases, screening and
regular health—checkups have acquired an important place
in the early detection of cancer, diabetes, rheumatism and
cardiovascular disease, the so-called “diseases of
civilization”.

Preventive medicine is currently faced with the problem of
“population explosion” in developing countries where
population overgrowth is causing social, economic, political
and environmental problems. This is another kind of
prevention — prevention of a problem that demands a mass
attack, if its benefits are to accrue in the present and
succeeding generations. Consequently, research in human
fertility and contraceptive technology has gained momentum.
Genetic counselling is another aspect of the population
problem that is receiving attention.

Preventive medicine has become a growing point in
medicine (21). Advances in the field of treatment in no way
has diminished the need for preventive care nor its
usefulness. Preventive measures are already being applied
not only to the chronic, degenerative and hereditary
diseases but also to the special problems of old age. In fact,
as medical science advances, it will become more and more
preventive medical practice in nature. The emergence of

‘preventive paediatrics, geriatrics and preventive cardiology

reflect newer trends in the scope of preventive medicine.

Scientific advances, improved living standards and fuller
education of the public have opened up a number of new
avenues to prevention. Three levels of prevention are now
recognized: primary, intended to prevent disease among
healthy people; secondary, directed towards those in whom
the disease has already developed; and tertiary, to reduce
the prevalence of chronic disability consequent to disease.
Preventive medicine ranges far beyond the medical field in
the narrow sense of the word. Besides communicable
diseases, it is concerned with the environmental, social,
economic and more general aspects of prevention. Modern
preventive medicine has been defined as “the art and
science of health promotion, disease prevention, disability
limitation and rehabilitation”. It implies a more personal
encounter between the individual and health professional
than public health. In sum, preventive medicine is a kind of
anticipatory medicine (22).
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3. Social medicine

Social medicine has been primarily a European speciality.
The seeds that medicine is a social science were sown late in
the 19th century by pioneers such as Neumann (1847) and
Virchow (1848). But their ideas were far too ahead of their
time. The germ theory of disease and discoveries in
microbiology checked the development of these ideas.

In 1911, the concept of social medicine was revived by
Alfred Grotjahn (1869-1931) of Berlin who stressed the
importance of social factors in the aetiology of disease,
which he called “social pathology”. Others called it
geographical pathology and population pathology. In 1912
Rene Sand had founded the Belgian Social Medicine
Association. Developments in the field of social sciences
(e.g., sociology, psychology, anthropology) rediscovered
that man is not only a biological animal, but also a social
being, and disease has social -causes, social consequences
and social therapy. The ideas of social medicine spread to
other countries. John Ryle and his group in England were
influenced by these ideas and visualized social medicine as
an evolution of medicine. They promoted the concept of
social medicine in England. A Chair of social medicine was
set up at Oxford in 1942 followed by similar others in other
Universities in England.

Social medicine has varying meanings attached to its label.
By derivation, social medicine is the study of man as a social
being in his total environment. Its focus is on the health of the
community as a whole. Professor Crew (23) had ably stated
that social medicine stands on two pillars ~ medicine and
sociology. Others stated that the maiden sociology married
public health and became social medicine (24). McKeown
(25) has this to say: “In contemporary usage social medicine
has two meanings, one broad and ill-defined, the other more
restricted and precise. In the broad sense, social medicine is
an expression of the humanitarian tradition in medicine and
people read into it any interpretation consistent with their
own aspirations and interests. Thus it may be identified with
care of patients, prevention of disease, administration of
medical services; indeed with almost any subject in the
extensive field of health and welfare. But in the more
restricted sense, social medicine is concerned with a body of
knowledge embodied in epidemiology and the study of the
medical needs or medical care of society’’. In short, social
medicine is not a new branch of medicine but rather a new
orientation of medicine to the changing needs of man and
society. It emphasizes the strong relationship between
medicine and social sciences. The pre-eminent concern of
social medicine has unquestionably been the development of
epidemiological methods and their application to the
investigation of disease. It has entered into a productive
relationship with social sciences and statistics to be able to
elucidate the role of social factors in disease aetiology (26).
These developments represent a forceful bid for the
expanding concept of medicine. However, social medicine
was criticized because it was virtually isolated from the
service world and confined mostly to academic study of
health services and chronic disease (27).

Changing concepts in public health

In the history of public health, four distinct phases may
be demarcated:

a. Disease control phase (1880-1920)

Public health during the 19th century was largely a
matter of sanitary legislation and sanitary reforms aimed at

the control of man's physical environment, e.g., water
supply, sewage disposal, etc. Clearly these measures were
not aimed at the control of any specific disease, for want of
the needed technical knowledge. However, these measures
vastly improved the health of the people due to disease and
death control.

b. Health promotional phase (1920-1960)

At the beginning of the 20th century, a new concept, the
concept of “health promotion” began to take shape. It was
realized that public health had neglected the citizen as an
individual, and that the State had a direct responsibility for
the health of the individual. Consequently, in addition to
disease control activities, one more goal was added to public
health, that is, health promotion of individuals. It was
initiated as personal health services such as mother and
child health services, school health services, industrial health
services, mental health and rehabilitation services. Public
health nursing was a direct offshoot of this concept. Public
health departments began expanding their programmes
towards health promotional activities. C.E.A. Winslow, one
of the leading figures in the history of public health, in 1920,
defined public health as “the science and art of preventing
disease, prolonging life and promoting health and efficiency
through organized community effort”. This definition
summarizes the philosophy of public health, which remains
largely true even today.

Since the State had assumed direct responsibility for the
health of the individual, two great movements were initiated
for human development during the first half of the present
century, namely (a) provision of “basic health services”
through the medium of primary health centres and
subcentres for rural and urban areas. The evolution of health
centres is an important development in the history of public
health (28). The concept of the health centre was first
mooted in 1920 by Lord Dawson in England. In 1931, the
League of Nations Health Organization called for the
establishment of health centres. The Bhore Committee
(1946) in India had also recommended the establishment of
health centres for providing integrated curative and
preventive services. Many developing countries have given
the highest priority to the establishment of health centres for
providing basic health services. (b) The second great
movement was the Community Development Programme to
promote village development through the active
participation of the whole community and on the initiative of
the community. This programme tried to do too much too
quickly with inadequate resources. It was a great opportunity
lost, because it failed to survive. However, the establishment
of primary health centres and subcentres provided the much-
needed infrastructure of health services, especially in the
rural areas (29).

¢. Social engineering phase (1960-1950)

With the advances in preventive medicine and practice of
public health, the pattern of disease began to change in the
developed world. Many of the acute illness problems have
been brought under control. However, as old problems were
solved, new health problems in the form of chronic diseases
began to emerge, e.g., cancer, diabetes, cardiovascular
diseases, alcoholism and drug addiction etc. especially in the
affluent societies. These problems could not be tackled by the
traditional approaches to public health such as isolation,
immunization and disinfection nor could these be explained
on the basis of the germ theory of disease. A new concept, the
concept of “risk factors” as determinants of these diseases
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came into existence. The consequences of these diseases,
unlike the swift death brought by the acute infectious
diseases, was to place a chronic burden on the society that
created them. These problems brought new challenges to
public health which needed reorientation more towards
social objectives. Public health entered a new phase in the
1960s, described as the “social engineering” phase (14).
Social and behavioural aspects of disease and health were
given a new priority. Public health moved into the preventive
and rehabilitative aspects of chronic diseases and
behavioural problems. In this process, the goals of public
health and preventive medicine which had already
considerable overlapping became identical, namely
prevention of disease, promotion of health and prolongation
of life. Inshort, although the term “public health” is still used,
its original meaning has changed. In view of its changed
meaning and scope, the term “community health” has been
preferred by some leaders in public health. Community
health incorporates services to the population at large as
opposedto preventive or social medicine.

d. “Health for All” phase (1981-2000 A.D.)

As the centuries have unfolded, the glaring contrasts in
the picture of health in the developed and developing
countries came into a sharper focus, despite advances in
medicine. Most people in the developed countries, and the
elite of the developing countries, enjoy all the determinants
of good health - adequate income, nutrition, education,
sanitation, safe drinking water and comprehensive health
care. In contrast, only 10 to 20 per cent of the population in
developing countries enjoy ready access to health services of
any kind (30). Death claims 60-250 of every 1000 live
births within the first year of life, and the life expectancy is
30 per cent lower than in the developed countries (30). John
Bryant in the introduction to his book: “Health and the
Developing World” presented a gloomy picture and a
challenge of inequalities in health by saying: “Large
numbers of the world’s people, perhaps more than half,
have no access to health care at all, and for many of the rest,
the care they receive does not answer the problems they
have”. The global conscience was stirred leading to a new
awakening that the health gap between rich and poor within
countries and between countries should be narrowed and
ultimately eliminated. It was conceded that the neglected
80 per cent of the world’s population too have an equal
claim to health care, to protection from the killer diseases of
childhood, to primary health care for mothers and children,
to treatment for those ills that mankind has long ago learnt
to control, if not to cure (31). Against this background, in
1981, the members of the WHO pledged themselves to an
ambitious target to provide “Health for All” by the year
2000, that is attainment of a level of health that will permit
all people “to lead a socially and economically productive
life” (32). Currently public health, along with other medical
sciences and other health-related sectors is engaged in this
broad field of effort.

IV. MEDICAL REVOLUTION

State of the art

Medicine has moved from the organism to organ, and
from the organ to the cell, and from the cell to molecular
properties. The discovery of the biological role of nucleic
acids, the uncovering of the genetic code and its role in
regulating life processes are marvellous discoveries in recent
years. Medicine has acquired a vast body of knowledge and

has become highly technical. It has acquired new
capabilities to modify and perhaps control the capacities
and activities of men by direct intervention into and
manipulation of their bodies and minds, viz. genetic
counselling, genetic engineering, prenatal diagnosis of sex,
prenatal diagnosis of genetic diseases, in vitro fertilization,
the prospect of cloning (the asexual reproduction of
unjimited number of genetically identical individuals from a
single parent), organ transplantation, the use of artificial
kidney machine, the development of an artificial heart, the
practice of psychosurgery, etc. The data presented show that
modern medicine has entered a new evolutionary stage with
the promise of continued improvements in medical
capabilities to preserve life, if not merely to solve problems
of sickness.

Failure of medicine

Despite spectacular biomedical advances and massive
expenditures, death rates in the developed countries have
remained unchanged; and also life expectancy. Today, a great
scepticism surrounds medical care (33). Like so many other
institutions in contemporary society medicine has come under
heavy fire. Medicine, as practised today, has begun to be
questioned and criticized. Some critics have even described
modern medicine as a threat to health. Their arguments have
been based on certain facts such as: (a) with increased medical
costs has not come increased benefits in terms of health
{b) despite spectacular advances in medicine, the threat posed
by certain major diseases such as malaria, schistosomiasis,
leprosy, filaria, trypanosomiasis and leishmaniasis either has
not lessened or has actually increased (c) the expectation of
life has remained low and infant and child mortality rates high
in many developing countries, despite advances in medicine
(d) historical epidemiological studies showed that significant
improvements in longevity had been achieved through
improved food supplies and sanitation long before the advent
of modern drugs and high technology, (34). (e) there is no
equity in the distribution of health services, resulting in limited
access to health care for large segments of the world’s
population, and (f} modern medicine is also attacked for its
elitist orientation even in health systems adapted to overcome
social disparities (35).

High-technology medicine seems to be getting out of
hand and leading health systems in the wrong direction i.e.,
away from the health promotion for the many and towards
expensive treatment for the few. For example, in the
developing countries, the tendency has been to follow the
Western models of medical education and favour high cost,
low coverage, elite-oriented health services. Not only is there
an increasing concern about the cost and allocation of health
resources, but the efficacy of modern medicine is
fundamentally questioned from various points of view (35).
It has given rise to the notion that limits had been reached on
the health impact of medical care and research (36,37). This
has been labelled as a “failure of success” (38).

Social control of medicine

When Virchow wrote in 1849 that “Medicine is a social
science and politics is medicine on a large scale”, he
anticipated probably the social (political) control of
medicine. Indeed, as medicine advanced, it became a highly
personalized and institutionalized service. This generated a
feeling that medicine was not rendering its full service to
humanity. As the cost of medical care increased, two kinds of
medical care came into existence — one for the rich and the
other for the poor. The gap was bridged to a small extent by
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charitable and voluntary agencies providing free medical
care to the poor. An attitude developed that charity was
worthy of man and that the benefits of modern medicine
should be available to all people. A solution was to be found
- it was “socialization of medicine”.

Social medicine should not be confused with state
medicine or socialized medicine. State medicine implies
provision of free medical service to the people at
government expense. Socialized medicine envisages
provision of medical service and professional education by
the State as in state medicine, but the programme is
operated and regulated by professional groups rather than
by the government.

Germany led the way by instituting compulsory sickness
insurance in 1883. Other countries followed suit — England
in 1911, France in 1928 and so on. Great - Britain
nationalized its health services in 1946. A few other
countries notably the socialist nations in Europe, New
Zealand and Cuba took steps to socialize their health
services. However, Russia was the first country to socialize
medicine completely and to give its citizens a constitutional
right to all health services. From a private ownership,
medicine became a social institution, one more link in the
chain of welfare institutions (39).

Socialization is a noble idea. It eliminates the competition
among physicians in search of clients. It ensures social
equity, that is universal coverage by health services. Medical
care becomes free for the patient, which is supported by the
State. However, the varying degrees of social control over
medicine, has resulted in a variety of health systems, each
system having its own merits and demerits. It is now
recognized that mere socialization was not sufficient to
ensure utilization of health services. What is required is
“community participation”, which, as envisaged by WHO
and UNICEF is “the process by which individuals and
families assume responsibility for their own health and
welfare and for those of the community, and develop the
capacity to contribute to their and the community’s
development (32). It also implies community participation in
the planning, organization and management of their own
health services. This is called simply “Health by the People”
(40). This is what Virchow had prophesied that medicine is
nothing but politics on a large scale.

Family and community medicine

Way back in 1923, Dr. Francis Peabody, professor of
medicine at Harvard, commented that specialization in
medicine had already reached its apex and that modern
medicine had fragmented the health care delivery system to
too great a degree. He called for a rapid return of the
general physician (family physician) who would give
comprehensive and personalized care. In 1966, two reports
(i.e., Millis Commission Report, Willard Committee Report)
in United States made similar recommendations. In 1971,
the American Academy of General Practice (which began in
1947) changed its name to “American Academy of Family
Physicians” to place increased emphasis upon family-
oriented health care and to gain academic acceptance for
the new speciality.

The emergence of Family and Community Medicine
represents a counterforce to the direction which medical
science has taken during the past 20 years or so. The field of
specialization of family and community medicine is neither
an organ system nor a disease syndrome, but rather in both
instances, a designation of social categories namely family

and community. Family and community medicine overlap
and strengthen each other.

Family medicine

The emergence of family medicine has been hailed as a
rediscovery of the human, social and cultural aspects of
health and disease, and of the recognition of family as a
focal point of health care and the right place for integrating
preventive, promotive and curative services. Family
medicine has been defined as “a field of specialization in
medicine which is neither disease nor organ oriented. It is
family oriented medicine or health care centred on the
family as the unit — from first contact to the ongoing care of
chronic problems (from prevention to rehabilitation). When
family medicine is applied to the care of patients and their
families, it becomes the speciality of family practice. Family
practice is a horizontal speciality, which, like paediatrics and
internal medicine, shares large areas of content with other
clinical disciplines. The speciality of family practice is
specially designed to deliver “primary care” (41).

Community medicine

Like family medicine, community medicine is a
newcomer. It is the successor of what was previously known
as public health, community health, preventive and social
medicine. All these share common ground, i.e., prevention
of disease and promotion of health. The appearance of
community medicine has caused confusion. The Faculty of
Community Medicine of the Royal College of Physicians has
defined community medicine as “that speciality which deals
with populations...... and comprises those doctors who try to
measure the needs of the population, both sick and well,
who plan and administer services to meet those needs, and
those who are engaged in research and teaching in the field”
(27). Besides this, there are at least four other definitions of
community medicine (42). To make matters worse, a WHO
study group (43) stated that since health problems vary from
country to country, each country should formulate its own
definition of community medicine in the light of its
traditions, geography and resources. There is still confusion
and conflict about roles, tasks and professional identities in
the service as well as the academic worlds of community
medicine (27).

V. HEALTH CARE REVOLUTION

Background

It was recognized that in both developed and developing
countries, the standard of health services the public
expected was not being provided (44). The services do not
cover the whole population. There is lack of services in some
areas and unnecessary duplication in others. A very high
proportion of the population in many developing countries,
and especially in rural areas does not have ready access to
health services. The health services favoured only the
privileged few and urban dwellers. Although there was the
recognition that health is a fundamental human right, there
is a denial of this right to millions of people who are caught
in the vicious circle of poverty and illhealth. There are
marked differences in health status between people in
different countries as well as between different groups in the
same country; the cost of health care is rising without much
improvement in their quality. In short, there has been a
growing dissatisfaction with the existing health services and
a clear demand for better health care.
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Health for All

The spate of new ideas and concepts, e.g., increasing
importance given to social justice and equity, recognition of
the crucial role of community participation, changing ideas
about the nature of health and development, the importance
of political will called for new approaches to make medicine
in the service of humanity more effective.

Against the above background, the 30th World Health
Assembly resolved in May 1977, that “the main social target
of governments and WHO in the coming decades should be
the attainment by all citizens of the world by the year 2000
of a level of health that will permit them to lead a socially
and economically productive life.” This culminated in the
international objective of HEALTH FOR ALL by the year
2000 as the social goal of all governments.

The goal of Health for All has two perspectives. Viewed in
the long-term context, it simply means the realization of the
WHOQO’s objective of “attainment by all peoples of the highest
possible level of health”. But, what is of immediate
relevance is the meaning that, as a minimum, all people in
all countries should have at least such a level of health that
they are capable of working productively and of
participating actively in the social life of the community in
which they live.

Health for All means that health is to be brought within
the reach of every one in a given community. It implies the
removal of obstacles to health - that is to say, the
elimination of  malnutrition, ignorance, disease,
contaminated water supply, unhygienic housing, etc. It
depends on continued progress in medicine and public
health.

Health for All was a holistic concept calling for efforts in
agriculture, industry, education, housing and
communications, just as much as in medicine and public
health. The attainment of Health for All by 2000 A.D. was
the central issue and official target of WHO and its member
countries. [t symbolized the determination of the countries
of the world to provide an acceptable level of health to all
people. Health for All has been described as a revolutionary
concept and a historic movement — a movement in terms of
its own evolutionary process.

Primary health care (45)

With increasing recognition of the failure of existing health
services to provide health care, alternative ideas and
methods to provide health care have been considered and
tried (40,46). Discussing these issues at the Joint WHO-
UNICEF international conference in 1978 at Alma-Ata
(USSR), the governments of 134 countries and many
voluntary agencies called for a revolutionary approach to
health care. Declaring that “The existing gross inequality in
the health status of people particularly between developed
and developing countries as well as within countries is
politically, socially and economically unacceptable”, the
Alma-Ata conference called for acceptance of the WHO goal
of Health for All by 2000 A.D. and proclaimed primary
health care as way to achieving “Health for All”.

Primary health care is a new approach to health care, which
integrates at the community level all the factors required for
improving the health status of the population. It consists of at
least eight elements (see page 30) described as “essential
health care”. This presupposes services that are both simple
and efficient with regard to cost, techniques, and organization,
that are readily accessible to those concerned, and that

contribute to improving the living conditions of individuals,
families and the community as a whole. Primary health care is
available to all people at the first level of health care. It is based
on principles of equity, wider coverage, individual and
community involvement and intersectoral coordination.
Viewed in these terms, primary health care is a radical
departure from the conventional health care systems of the
past. While it integrates promotive, preventive and curative
services, it is also conceived as an integral part of the country’s
plan for socio-economic development.

The Alma-Ata Declaration called on all governments to
formulate national policies, strategies and plans of action to
launch and sustain primary health care as part of a national
health system. It is left to each country to innovate,
according to its own circumstances to provide primary
health care. This was followed by the formulation and
adoption of the Global strategy for Health for All by the
34th World Health Assembly in 1981. Primary health care
got off to a good start in many countries with the theme
“Health for All by 2000 A.D.”. It presented a challenge so
formidable that its implications boggle the bravest minds.
The challenge brought us face-to-face with the Declaration
of Alma-Ata.

Deprofessionalization of medicine

The practice of primary health care involves a good deal
of “deprofessionalizaion” of medicine. Laymen have come
to play a prominent role in the delivery of health care. While
the physician still holds his unique position in the field of
health care in general, the participation of a new cadre of
health workers (e.g., community health workers, anganwadi
workers, multipurpose workers, practitioners of indigenous
medicine, social workers) with relatively little training and
support have been considered and tried to provide health
care. They now comprise part of the “health teams”. The
medical man can no longer restrict himself to his traditional
role as diagnoser of ailments, prescriber of pills and potions,
and exciser of lumps. He has acquired new roles — being an
educator, case-finder, preventer, counsellor and an agent of
social change.

The Millennium Development Goals

In September 2000, representatives from 189 countries
met at the Millennium Summit in New York to adopt the
United Nations Millennium Declaration. The leaders made
specific commitments in seven areas : peace, security and
disarmament; development and poverty eradication;
protecting our common environment, human rights,
democracy and good governance; protecting the vulnerable;
meeting the special needs of Africa; and strengthening the
United Nations. The Road Map established goals and targets
to be reached by the year 2015 in each of seven areas. The
goals in the area of development and poverty eradication
are now widely referred to as “Millennium Development

Goals” (47, 48).

The Millennium Development Goals, place health at the
heart of development and represent commitments by
governments throughout the world to do more to reduce
poverty and hunger, and to tackle ill-health, gender
inequality, lack of education, access to clean water; and
environmental degradation. Thus three of the eight goals are
directly health related and all of other goals have important
indirect effects on health; three of the 8 goals, 8 of the 18
targets required to achieve these goals, and 18 of the 48
indicators of progress, are health related.
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Conclusion

Contemporary medicine is no longer solely an art and
science for the diagnosis and treatment of diseases. It is also
the science for the prevention of disease and the promotion
of health. The scope of medicine has expanded during the
last few decades to include not only health problems of
individuals, but those of communities as well. This
expansion of the scope of medicine has required a
reformulation of its goals and objectives. Systems should
integrate health promotion and disease prevention on the
one hand, and treatment for acute illness and chronic care
on the other. This should be done across all levels of the
health care system, with the aim of delivering quality
services equitably and efficiently to the whole population.
The real progress in health depends vitally on stronger
health system based on primary health care.

It is left to the posterity to review our errors and
accomplishments. This is how medicine has evolved down
the centuries. Medicine will continue to evolve so long as
man’s quest for better health continues.
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"Hedlth is NOT mainly an issue of doctors, social services and hospitals. It is an issue of social justice."

CONCEPT OF HEALTH

H alth is a common theme in most cultures. In fact, all
communities have their concepts of health, as part of their
culture. Among definitions still used, probably the oldest is
that health is the “absence of disease”. In some cultures,
health and harmony are considered equivalent, harmony
being defined as “being at peace with the self, the community,
god and cosmos”. The ancient Indians and Greeks shared this
concept and attributed disease to disturbances in bodily
equilibrium of what they called “humors”.

Modern medicine is often accused for its preoccupation
with the study of disease, and neglect of the study of health.
Consequently, our ignorance about health continues to be
profound, as for example, the determinants of health are not
yet clear; the current definitions of health are elusive; and
there isno single yardstick for measuring health. There is thus
a greatscope for the study of the “epidemiology” of health.

However, during the past few decades, there has been a
reawakening that health is a fundamental human right and a
worldwide social goal; that it is essential to the satisfaction of
basic human needs and toc an improved quality of life; and,
that it is to be attained by all people. In 1977, the 30th
World Health Assembly decided that the main social target
of governments and WHO in the coming decades should be
“the attainment by all citizens of the world by the year 2000
of a level of health that will permit them to lead a socially
and economically productive life”, for brevity, called “Health
for All” {1). With the adoption of health as an integral part of
socio-economic development by the United Nations in 1979
(2), health, while being an end in itself, has also become a
major instrument of overall socio-economic development
and the creation of a new social order.

CHANGING CONCEPTS

An understanding of health is the basis of all health care.
Health is not perceived the same way by all members of a
community including various professional groups (e.g.,
biomedical scientists, social science specialists, health
administrators, ecologists, etc) giving rise to confusion about
the concept of health. In a world of continuous change, new
concepts are bound to emerge based on new patterns of
thought. Health has evolved over the centuries as a concept
from an individual concern to a worldwide social goal and
encompasses the whole quality of life. A brief account of the
changing concepts of health is given below:

1. Biomedical concept

Traditionally, health has been viewed as an “absence of
disease”, and if one was free from disease, then the person

was considered healthy. This concept, known as the
“biomedical concept” has the basis in the “germ theory of
disease” which dominated medical thought at the turn of the
20th century. The medical profession viewed the human
body as a machine, disease as a consequence of the
breakdown of the machine and one of the doctor’s task as
repair of the machine (3). Thus health, in this narrow view,
became the ultimate goal of medicine.

The criticism that is levelled against the biomedical
concept is that it has minimized the role of the
environmental, social, psychological and cultural
determinants of health. The biomedical model, for all its
spectacular success in treating disease, was found
inadequate to solve some of the major health problems of
mankind (e.g., malnutrition, chronic diseases, accidents,
drug abuse, mental illness, environmental pollution,
population explosion) by elaborating the medical
technologies. Developments in medical and social sciences
led to the conclusion that the biomedical concept of health
was inadequate.

2. Ecological concept

Deficiencies in the biomedical concept gave rise to other
concepts. The ecologists put forward an attractive
hypothesis which viewed health as a dynamic equilibrium
between man and his environment, and disease a
maladjustment of the human organism to environment.
Dubos (4) defined health saying : “Health implies the
relative absence of pain and discomfort and a continuous
adaptation and adjustment to the environment to ensure
optimal function”. Human, ecological and cultural
adaptations do determine not only the occurrence of disease
but also the availability of food and the population
explosion. The ecological concept raises two issues, viz.
imperfect man and imperfect environment. History argues
strongly that improvement in human adaptation to natural
environments can lead to longer life expectancies and a
better quality of life — even in the absence of modern health
delivery services (5).

3. Psychosocial concept

Contemporary developments in social sciences revealed
that health is not only a biomedical phenomenon, but one
which is influenced by social, psychological, cultural,
economic and political factors of the people concerned (5).
These factors must be taken into consideration in defining
and measuring health. Thus health is both a biological and
social phenomenon.
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4. Holistic concept

The holistic model is a synthesis of all the above
concepts. It recognizes the strength of social, economic,
political and environmental influences on health. It has been
variously described as a unified or multidimensional process
involving the well-being of the whole person in the context
of his environment. This view corresponds to the view held
by the ancients that health implies a sound mind, in a sound
body, in a sound family, in a sound environment. The
holistic approach implies that all sectors of society have an
effect on health, in particular, agriculture, animal husbandry,
food, industry, education, housing, public works,
communications and other sectors (6). The emphasis is on
the promotion and protection- of health.

DEFINITION OF HEALTH

“Health” is one of those terms which most people find it
difficult to define, although they are confident of its
meaning. Therefore, many definitions of health have been
offered from time to time.

WHO definition

The widely accepted definition of health is that given by
the World Health Organization (1948) in the preamble to its
constitution, which is as follows :

“Health is a state of complete physical, mental and
social well-being and not merely an absence of disease
or infirmity”

In recent years, this statement has been amplified to
include the ability to lead a “socially and economically
productive life” (6).

The WHO definition of health has been criticized as being
too broad. Some argue that health cannot be defined as a
“state” at all, but must be seen as a process of continuous
adjustment to the changing demands of living and of the
changing meanings we give to life. It is a dynamic concept. It
helps people live well, work well and enjoy themselves.

Inspite of the above limitations, the concept of health as
defined by WHO is broad and positive in its implications; it
sets out the standard, the standard of “positive” health. It
symbolizes the aspirations of people and represents an
overall objective or goal towards which nations should strive.

Operational definition of health

The WHO definition of health is not an “operational”
definition, i.e., it does not lend itself to direct measurement.
Studies of epidemiology of health have been hampered
because of our inability to measure health and well-being
directly. In this connection an “operational definition” has
been devised by a WHO study group (7). In this definition,
the concept of health is viewed as being of two orders. In a
broad sense, health can be seen as “a condition or quality of
the human organism expressing the adequate functioning of
the organism in given conditions, genetic or environmental”.

In a narrow sense - one more useful for measuring
purposes — health means: (a) there is no obvious evidence of
disease, and that a person is functioning normally, i.e.,
conforming within normal limits of variation to the
standards of health criteria generally accepted for one’s age,
sex, community, and geographic region; and (b) the several
organs of the body are functioning adequately in themselves
and in relation to one another, which implies a kind of
equilibrium or homeostasis — a condition relatively stable

but which may vary as human beings adapt to internal and
external stimuli.

New philosophy of health

In recent years, we have acquired a new philosophy of
health, which may be stated as below :

- health is a fundamental human right

— health is the essence of productive life, and not the
result of ever increasing expenditure on medical care

- health is intersectoral

— health is an integral part of development

— health is central to the concept of quality of life

— health involves individuals, state and international
responsibility

— health and its
investment

— health is a worldwide sacial goal.

maintenance is a major social

DIMENSIONS OF HEALTH

Health is multidimensional. The WHO definition
envisages three specific dimensions — the physical, the
mental and the social. Many more may be cited, viz.
spiritual, emotional, vocational and political dimensions. As
the knowledge base grows, the list may be expanding.
Although these dimensions function and interact with one
another, each has its own nature, and for descriptive
purposes will be treated separately.

1. Physical dimehsion

The physical dimension of health is probably the easiest
to understand. The state of physical health implies the
notion of “perfect functioning” of the body. It conceptualizes
health biologically as a state in which every cell and every
organ is functioning at optimum capacity and in perfect
harmony with the rest of the body. However, the term
“optimum” is not definable.

The signs of physical health in an individual are: “a good
complexion, a clean skin, bright eyes, lustrous hair with a
body well clothed with firm flesh, not too fat, a sweet breath,
a good appetite, sound sleep, regular activity of bowels and
bladder and smooth, easy, coordinated bodily movements.
All the organs of the body are of unexceptional size and
function normally; all the special senses are intact; the
resting pulse rate, blood pressure and exercise tolerance are
all within the range of “normality” for the individual's age
and sex. In the young and growing individual there is a
steady gain in weight and in the future this weight remains
more or less constant at a point about 5 lbs (2.3 kg) more or
less than the individual’s weight at the age of 25 years (8).
This state of normality has fairly wide limits. These limits are
set by observation of a large number of “normal” people,
who are free from evident disease.

Evaluation of physical health

Modern medicine has evolved tools and techniques
which may be used in various combinations for the
assessment of physical health. They include :

— self assessment of overall health

— inquiry into symptoms of ill-health and risk factors

— inquiry into medications

— inquiry into levels of activity {e.g., number of days of
restricted activity within a specified time, degree of
fitness)
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— inquiry into use of medical services (e.g., the number
of visits to a physician, number of hospitalizations) in
the recent past

— standardized
diseases

— standardized questionnaires for respiratory diseases

— clinical examination

— nutrition and dietary assessment, and

— biochemical and laboratory investigations.

questionnaires for cardiovascular

At the community level, the state of health may be
assessed by such indicators as death rate, infant mortality
rate and expectation of life. Ideally, each piece of
information should be individually useful and when
combined should permit a more complete health profile of
individuals and communities.

2. Mental dimension

Mental health is not mere absence of mental illness. Good
mental health is the ability to respond to the many varied
experiences of life with flexibility and a sense of purpose.
More recently, mental health has been defined as “a state of
balance between the individual and the surrounding world,
a state of harmony between oneself and others, a
coexistence between the realities of the self and that of other
people and that of the environment” (9).

Some decades ago, the mind and body were considered
independent entities. However, researchers have discovered
that psychological factors can induce all kinds of illness, not
simply mental ones. They include conditions such as
essential hypertension, peptic ulcer and bronchial asthma.
Some major mental illnesses such as depression and
schizophrenia have a biological component. The underlying
inference is that there is a behavioural, psychological or
biological dysfunction and that the disturbance in the mental
equilibrium is not merely in the relationship between the
individual and the society (10).

Although mental health is an essential component of
health, the scientific foundations of mental health are not yet
clear. Therefore, we do not have precise tools to assess the
state of mental health unlike physical health. Psychologists
have mentioned the following characteristics as attributes of
a mentally healthy person:

a. a mentally healthy person is free from internal
conflicts; he is not at “war” with himself.

b. he is well-adjusted, i.e., he is able to get along well

with others. He accepts criticism and is not easily

upset.

he searches for identity.

he has a strong sense of self-esteem.

e. he knows himself: his needs, problems and goals (this
is known as self-actualization).

f. he has good self-control-balances rationality and
emotionality.

g. he faces problems and tries to solve them intelligently,
i.e., coping with stress and anxiety.

a0

Assessment of mental health at the population level may
be made by administering mental status questionnaires by
trained interviewers. The most commonly used
questionnaires seek to determine the presence and extent of
“organic disease” and of symptoms that could indicate
psychiatric disorder; some personal assessment of mental
well-being is also made. The most basic decision to be made
in assessing mental health is whether to assess mental
functioning, i.e., the extent to which cognitive or affective

impairments impede role performance and subjective life
quality, or psychiatric diagnosis (10).

One of the keys to good health is a positive mental
health. Unfortunately, our knowledge about mental health is
far from complete.

3. Social dimension

Social well-being implies harmony and integration within
the individual, between each individual and other members
of society and between individuals and the world in which
they live (11). It has been defined as the “quantity and
quality of an individual’s interpersonal ties and the extent of
involvement with the community” (12}.

The social dimension of health includes the levels of
social skills one possesses, social functioning and the ability
to see oneself as a member of a larger society. In general,
social health takes into account that every individual is part
of a family and of wider community and focuses on social
and economic conditions and well-being of the “whole
person” in the context of his social network. Social health is
rooted in “positive material environment” (focussing on
financial and residential matters), and “positive human
environment” which is concerned with the social network of
the individual (10/.

4. Spiritual dimension

Proponents of holistic health believe that the time has
come to give serious consideration to the spiritual dimension
and to the role this plays in health and disease. Spiritual
health in this context, refers to that part of the individual
which reaches out and strives for meaning and purpose in
life. It is the intangible “something” that transcends
physiology and psychology. As a relatively new concept, it
seems to defy concrete definition. It includes integrity,
principles and ethics, the purpose in life, commitment to
some higher being and belief in concepts that are not subject
to “state of the art” explanation (1.3).

5. Emotional dimension

Historically the mental and emotional dimensions have
been seen as one element or as two closely related elements.
However, as more research becomes available a definite
difference is emerging. Mental health can be seen as
“knowing” or “cognition” while emotional health relates to
“feeling”. Experts in psychobiology have been relatively
successful in isolating these two separate dimensions. With
this new data, the mental and emotional aspects of
humanness may have to be viewed as two separate
dimensions of human health (13).

6. Vocational dimension

The vocational aspect of life is a new dimension. It is part
of human existence. When work is fully adapted to human
goals, capacities and limitations, work often plays a role in
promoting both physical and mental health. Physical work is
usually associated with an improvement in physical capacity,
while goal achievement and self-realization in work are a
source of satisfaction and enhanced self-esteem (14).

The importance of this dimension is exposed when
individuals suddenly lose their jobs or are faced with
mandatory retirement. For many individuals, the vocational
dimension may be merely a source of income. To others, this
dimension represents the culmination of the efforts of other
dimensions as they function together to produce what the
individual considers life “success” (13).
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7. Others

A few other dimensions have also been suggested such
as (15):

- philosophical dimension

— cultural dimension

— socio-economic dimension
— environmental dimension
— educational dimension

— nutritional dimension

— curative dimension

— preventive dimension.

A glance at the above dimensions shows that there are
many “non-medical” dimensions of health, e.g., social,
cultural, educational, etc. These symbolize a huge range of
factors to which other sectors besides health must contribute if
all people are indeed to attain a level of health that will permit
them to lead a socially and economically productive life.

POSITIVE HEALTH

Health in the broad sense of the world does not merely
mean the absence of disease or provision of diagnostic,
curative and preventive services. It also includes as
embodied in the WHO definition, a state of physical, mental
and social well-being. The harmonious balance of this state
of the human individual integrated into his environment,
constitutes health, as defined by WHO.

The state of positive health implies the notion of “perfect
functioning” of the body and mind. It conceptualizes health
biologically, as a state in which every cell and every organ is
functioning at optimum capacity and in perfect harmony with
the rest of the body; psychologically, as a state in which the
individual feels a sense of perfect well-being and of mastery
over his environment, and socially, as a state in which the
individual’s capacities for participation in the social system
are optimal (16). These ideas were widely ventilated some
years ago but now appear slightly ridiculous (17).

Dubos (4) said, “The concept of perfect positive health
cannot become a reality because man will never be so
perfectly adapted to his environment that his life will not
involve struggles, failures and sufferings”. Positive health
will, therefore, always remain a mirage, because everything
in our life is subject to change. Health in this context has
been described as a potentiality — the ability of an individual
or a social group to modify himself or itself continually, in the
face of changing conditions of life. In working for positive
health the doctor and the community health expert are in the
same position as the gardener or farmer faced with insects,
moulds and weeds. Their work is never done (18).

A broader concept of health has been emerging — that of
improving the quality of life of which health is an essential
component. This at once brings to focus that positive health
depends not only on medical action, but on all the other
economic, cultural and social factors operating in the
community.

HEALTH - A RELATIVE CONCEPT

An alternative approach to positive health conceptualizes
health not as an ideal state, but as a biologically “normal”
state, based on statistical averages (3). For example, a
newborn baby in India weighs 2.8 kg on an average
compared to 3.5 kg in the developed countries, and yet
compares favourably in health. The height and weight

standards vary from country to country, and also between
socio-economic groups. Many normal people show heart
murmurs, enlarged tonsils and X-ray shadows in the chest
and yet do not show signs of ill-health. Thus health is a
relative concept (7) and health standards vary among
cultures, social classes and age-groups. This implies that
health in any society should be defined in terms of
prevailing ecological conditions. That is, instead of setting
universal health standards, each country will decide on its
own norms for a given set of prevailing conditions and then
look into ways to achieve that level (19).

CONCEPT OF WELL-BEING

The WHO definition of health introduces the concept of
“well-being”. The question then arises: what is meant by
well-being? In point of fact, there is no satisfactory definition
of the term “well-being (8).

Psychologists have pointed out that the “well-being” of an
individual or group of individuals have objective and
subjective components. The objective components relate to
such concerns as are generally known by the term “standard of
living” or “level of living”. The subjective component of well-
being (as expressed by each individual) is referred to as
“quality of life” (20). Let us consider these concepts separately.

1. Standard of living

The term “standard of living” refers to the usual scale of
our expenditure, the goods we consume and the services we
enjoy. It includes the level of education, employment status,
food, dress, house, amusements and comforts of modern
living (20).

A similar definition, corresponding to the above, was
proposed by WHO: “Income and occupation, standards of
housing, sanitation and nutrition, the level of provision of
health, educational, recreational and other services may all
be used individually as measures of socio-economic status,
and collectively as an index of the “standard of living” (21).

There are vast inequalities in the standards of living of the
people in different countries of the world. The extent of
these differences are usually measured through the
comparison of per capita GNP on which the standard of
living primarily depends.

2. Level of living

The parallel term for standard of living used in United
Nations documents is “level of living” (22). It consists of
nine components: health, food consumption, education,
occupation and working conditions, housing, social security,
clothing, recreation and leisure, and human rights. These
objective characteristics are believed to influence human
well-being. It is considered that health is the most important
component of the level of living because its impairment
always means impairment of the level of living.

3. Quality of life

Much has been said and written on the quality of life in
recent years. It is the “subjective” component of well-being.
“Quality of life” was defined by WHO (23) as: “the
condition of life resulting from the combination of the effects
of the complete range of factors such as those determining
health, happiness (including comfort in the physical
environment and a satisfying occupation), education, social
and intellectual attainments, freedom of action, justice and
freedom of expression”.
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A recent definition of quality of life is as follows (20): “a
composite measure of physical, mental and social well-being
as perceived by each individual or by group of individuals
— that is to say, happiness, satisfaction and gratification as it
is experienced in such life concerns as health, marriage,
family work, financial situation, educational opportunities,
self-esteem, creativity, belongingness, and trust in others”.

Thus, a distinction is drawn between the concept of “level
of living” consisting of objective criteria and of “quality of
life” comprising the individual’s own subjective evaluation
of these. The quality of life can be evaluated by assessing a
person’s subjective feelings of happiness or unhappiness
about the various life concerns.

People are now demanding a better quality of life.
Therefore, governments all over the world are increasingly
concerned about improving the quality of life of their people
by reducing morbidity and mortality, providing primary
health care and enhancing physical, mental and social well-
being. It is conceded that a rise in the standard of living of
the people is not enough to achieve satisfaction or
happiness. Improvement of quality of life must also be
added, and this means increased emphasis on social policy
and on reformulation of societal goals to make life more
liveable for all.

Physical quality of life index (PQLI)

As things stand at present, this important concept of
quality of life is difficult to define and even more difficult to
measure. Various attempts have been made to reach one
composite index from a number of health indicators. The
“Physical quality of life index” is one such index. It
consolidates three indicators, viz. infant mortality, life
expectancy at age one, and literacy. These three
components measure the results rather than inputs. As such
they lend themselves to international and national
comparison.

For each component, the performance of individual
countries is placed on a scale of 0 to 100, where O represents
an absolutely defined “worst” performance, and 100
represents an absolutely defined “best” performance. The
composite index is calculated by averaging the three
indicators, giving equal weight to each of them. The
resulting PQLI thus also is scaled 0 to 100.

It may be mentioned that PQLI has not taken per capita
GNP into consideration, showing thereby that “money is not
everything”. For example, the oil-rich countries of Middle

East with high per capita incomes have in fact not very high
PQLIs. At the other extreme, Sri Lanka and Kerala state in
India have low per capita incomes with high PQLIs. In short,
PQLI does not measure economic growth; it measures the
results of social, economic and political policies. It is
intended to complement, not replace GNP (24). The
ultimate objective is to attain a PQLI of 100.

Human Development Index (HDI) (25)

Human development index (HDI) is defined as “a
composite index combining indicators representing three
dimensions — longevity (life expectancy at birth); knowledge
(mean years of schooling and expected years of schooling.
Before the year 2009, the indicators used were adult literacy
rate and gross enrolment ratio) and income (GNI per capita
in purchasing power parity in US dollars)”. Fig. 1
summarizes how the human development index is
constructed.

Thus the concept of HDI reflects achievements in the
most basic human capabilities, viz, leading a long life, being
knowledgeable and enjoying a decent standard of living.
Hence, these three variables have been chosen to represent
those dimensions. The HDI is a more comprehensive
measure than per capita income. Income is only a means to
human development, not an end. Nor is it a sum total of
human lives. Thus by focussing on areas beyond income
and treating income as a proxy for a decent standard of
living, the HDI provides a more comprehensive picture of
human life than income does.

The HDI values range between 0 to 1. The HDI value for
a country shows the distance that it has already travelled
towards maximum possible value to 1, and also allows
comparisons with other countries.

STEPS TO ESTIMATE THE HUMAN DEVELOPMENT
INDEX (26)

There are two steps to calculating the HDI.
Step 1. Creating the dimension indices

Minimum and maximum values (goalposts) are set in
order to transform the indicators into indices between 0
and 1. The maximums are the highest observed values in
the time series {1980-2011). The minimum values can be
appropriately conceived of as subsistence values. The
minimum values are set at 20 years for expectancy, at
0 years for both education variables and at $100 for per
capita gross national income (GNI).

DIMENSION A long and A decent standard
healthy life Knowledge of living
INDICATOR Life expectancy Mean years of Expected years of GNI per capita
at birth schooling schooling (PPP US$)
DIMENSION Life expectancy index Education index GNI index

INDEX

\

Human development index (HDI) /

FIG. 1
Calculating the Human Development Index

Source : (26)
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Goalposts for the Human Development Index

DIMENSION OBSERVED MAXIMUM MINIMUM

Life expectancy 83.4 20.0
(Japan, 2011)

Mean years of schooling 13.1 0
(Czech Republic, 2005)

Expected years of schooling 18.0 0
(capped at)

Combined education index 0.978 0
(New Zealand, 2010)

Per capita income (PPP §) 107,721 100
(Qatar, 2011)

Having defined the minimum and maximum values, the
subindices are calculated as follows:

Dimension index = Actual value — Minimum value (1)

Maximum value — Minimum value

For education, equation 1 is applied to each of the two
subcomponents, then a geometric mean of the resulting
indices is created and finally, equation 1 is reapplied to the
geometric mean of the indices using 0 as the minimum and
the highest geometric mean of the resulting indices for the
time period under consideration, as the maximum. This is
equivalent to applying equation 1 directly to the geometric
mean of the two subcomponents.

Step 2. Aggregating the subindices to produce the Human
Development Index

The HDI is the geometric mean of the three dimension
indices:

(1 Lifells x1

The construction of HDI methodology can be illustrated
with the example of India for the year 2010.

1/3 x| 1/3) (2)

Education Income

Value
65.4
Mean years of schooling (years) 4.4

10.3
3,468

Indicator
Life expectancy at birth {years)

Expected years of schooling {years)
GNI per capita (PPP $)

65.4-20 454
83.4-20 634

44 -0
13.1-0
103-0
18-0

70.335%0.572 - 0

0.978 -0

In (3468) — In (100)
In (107,721) - In (100)

= 0.716

Life expectancy index =

Mean years of schooling index = ='0.335

Expected years of schooling index = = 0.572

Education index = = 0.447

Income index = = 0.508

Human development index = ~/0.716 x 0.447 x 0.508
= 0.547

HDI classification for the year 2012 are relative — based
on quartiles of HDI distribution across 187 countries,
denoted a very high, high, medium (each with 47 countries),
and low {with 46 countries).

Norway, Australia and USA are at the top of HDI ranking
and D.R. of Congo, Niger are at the bottom. India comes in

the medium human development category, ranking at
number 136 (27).

Disparities between regions can be significant with some
regions having more ground to cover in making the shortfall
than others. The link between the economic prosperity and
human development is neither automatic nor obvious. Two
countries with similar income per capita can have very
different HDI values, and countries having similar HDI can
have very different income levels.

SPECTRUM OF HEALTH

Health and disease lie along a continuum, and there is no
single cut-off point. The lowest point on the health-disease
spectrum is death and the highest point corresponds to the
WHO definition of positive health (Fig. 2). It is thus obvious
that health fluctuates within a range of optimum well-being
to various levels of dysfunction, including the state of total
dysfunction, namely the death. The transition from optimum
health to ill-health is often gradual, and where one state
ends and the other begins is a matter of judgment.

The spectral concept of health emphasizes that the health
of an individual is not static; it is a dynamic phenomenon
and a process of continuous change, subject to frequent
subtle variations. What is considered maximum health today
may be minimum tomorrow. That is, a person may function
at maximum levels of health today, and diminished levels of
health tomorrow. It implies that health is a state not to be
attained once and for all, but ever to be renewed. There are
degrees or “levels of health” as there are degrees or severity
of illness. As long as we are alive there is some degree of
health in us.

Positive health
Better health
. Freedom from sickness

" Unrecognized sickness
Mild sickness
Severe sickness
Death

FIG. 2
The health sickness spectrum

DETERMINANTS OF HEALTH

Health is multifactorial. The factors which influence
health lie both within the individual and externally in the
society in which he or she lives. It is a truism to say that what
man is and to what diseases he may fall victim depends on a
combination of two sets of factors — his genetic factors and
the environmental factors to which he is exposed. These
factors interact and these interactions may be health-
promoting or deleterious. Thus, conceptually, the health of
individuals and whole communities may be considered to be
the result of many interactions. Only a brief indication of
the more important determinants or variables are shown in
Fig. 3.
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Biological

Behavioural

Human rights

Equity and
social justice

Environmental %

Communities

Gender

Individuals

Information and

I Health system
communication

Science and
technology

Sociocultural

Ageing of the
population

Source : (28)

FIG. 3
Determinants of health

1. Biological determinants

The physical and mental traits of every human being are
to some extent determined by the nature of his genes at the
moment of conception. The genetic make-up is unique in
that it cannot be altered after conception. A number of
diseases are now known to be of genetic origin, e.g.,
chromosomal anomalies, errors of metabolism, mental
retardation, some types of diabetes, etc. The state of health,
therefore depends partly on the genetic constitution of man.
Nowadays, medical genetics offers hope for prevention and
treatment of a wide spectrum of diseases, thus the prospect
of better medicine and longer, healthier life. A vast field of
knowledge has yet to be exploited. It plays a particularly
important role in genetic screening and gene therapy.

Thus, from the genetic stand-point, health may be
defined as that “state of the individual which is based upon
the absence from the genetic constitution of such genes as
correspond to characters that take the form of serious defect
and derangement and to the absence of any aberration in
respect of the total amount of chromosome material in the
karyotype or stated in positive terms, from the presence in
the genetic constitution of the genes that correspond to the
normal characterization and to the presence of a normal
karyotype” (8).

The “positive health” advocated by WHO implies that a
person should be able to express as completely as possible
the potentialities of his genetic heritage. This is possible only
when the person is allowed to live in healthy relationship
with his environment — an environment that transforms
genetic potentialities into phenotypic realities (18).

2. Behavioural and socio-cultural conditions

The term “lifestyle” is rather a diffuse concept often used
to denote “the way people live”, reflecting a whole range of

social values, attitudes and activities (29). It is composed of
cultural and behavioural patterns and lifelong personal
habits (e.g., smoking, alcoholism} that have developed
through processes of socialization. Lifestyles are learnt
through social interaction with parents, peer groups, friends
and siblings and through school and mass media.

Health requires the promotion of healthy lifestyle. A
considerable body of evidence has accumulated which
indicates that there is an association between health and
lifestyle of individuals (30). Many current-day health
problems especially in the developed countries (e.g.,
coronary heart disease, obesity, lung cancer, drug addiction)
are associated with lifestyle changes. In developing countries
such as India where traditional lifestyles still persist, risks of
illness and death are connected with lack of sanitation, poor
nutrition, personal hygiene, elementary human habits,
customs and cultural patterns.

It may be noted that not all lifestyle factors are harmful.
There are many that can actually promote health. Examples
include adequate nutrition, enough sleep, sufficient physical
activity, etc. In short, the achievement of optimum health
demands adoption of healthy lifestyles. Health is both a
consequence of an individual's lifestyle and a factor in
determining it (29).

3. Environment

It was Hippocrates who first related disease to
environment, e.qg., climate, water, air, etc. Centuries later,
Pettenkofer in Germany revived the concept of disease—
environment association.

Environment is classified as “internal” and “external”.
The internal environment of man pertains to “each and
every component part, every tissue, organ and organ—
system and their harmonious functioning within the system”.
Internal environment is the domain of internal medicine.
The external or macro-environment consists of those things
to which man is exposed after conception. It is defined as
“all that which is external to the individual human host”
(31). It can be divided into physical, biclogical and
psychosocial components, any or all of which can affect the
health of man and his susceptibility to illness. Some
epidemiologists have used the term “micro-environment”
(or domestic environment) to personal environment which
includes the individual’s way of living and lifestyle, e.g.,
eating habits, other personal habits (e.g., smoking or
drinking), use of drugs, etc. It is also customary to speak
about occupational environment, socio-economic
environment and moral environment.

It is an established fact that environment has a direct
impact on the physical, mental and social well-being of
those living in it. The environmental factors range from
housing, water supply, psychosocial stress and family
structure through social and economic support systems, to
the organization of health and social welfare services in the
community.

The environmental components {physical, biological and
psychological) are not water-tight compartments. They are
so inextricably linked with one another that it is realistic and
fruitful to view the human environment in toto when we
consider the influence of environment on the health status of
the population. If the environment is favourable to the
individual, he can make full use of his physical and mental
capabilities. Protection and promotion of family and
environmental health is one of the major issues in the world
today.
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4. Socio-economic conditions

Socic-economic conditions have long been known to
influence human health. For the majority of the world’s
people, health status is determined primarily by their level of
socio-economic development, e.g., per capita GNP,
education, nutrition, employment, housing, the political
system of the country, etc. Those of major importance are :

(i) Economic status : The per capita GNP is the most
widely accepted measure of general economic performance.
There can be no doubt that in many developing countries, it
is the economic progress that has been the major factor in
reducing morbidity, increasing life expectancy and
improving the quality of life (Table 4). The economic status
determines the purchasing power, standard of living, quality
of life, family size and the pattern of disease and deviant
behaviour in the community. 1t is also an important factor in
seeking health care. Ironically, affluence may also be a
contributory cause of illness as exemplified by the high rates
of coronary heart disease, diabetes and obesity in the upper
socio-economic groups.

(ii) Education : A second major factor influencing health
status is education (especially female education). The world
map of illiteracy closely coincides with the maps of poverty,
malnutrition, illhealth, high infant and child mortality rates.
Studies indicate that education, to some extent,
compensates the effects of poverty on health, irrespective of
the availability of health facilities. The small state of Kerala
in India is a striking example (32). Kerala has an estimated
infant mortality rate of 12 compared to 42 for all-India in
2012. A major factor in the low infant mortality of Kerala is
its high female literacy rate of 91.98 per cent as compared to
65.46 per cent for all-India (34).

(iii) Occupation : The very state of being employed in
productive work promotes health, because the unemployed
usually show a higher incidence of illhealth and death. For
many, loss of work may mean loss of income and status. It
can cause psychological and social damage.

(iv) Political system : Health is also related to the
country’s political system. Often the main obstacles to the
implementation of health technologies are not technical, but
rather political. Decisions concerning resource allocation,
manpower policy, choice of technology and the degree to
which health services are made available and accessible to
different segments of the society are examples of the manner
in which the political system can shape community health
services (35). The percentage of GNP spent on health is a
quantitative indicator of political commitment. The WHO
has set the target of at least 5 per cent expenditure of each
country’s GNP on health care. However India spends about
2 per cent of its GNP on health and family welfare (36).
What is needed is political commitment and leadership
which is oriented towards social development, and not
merely economic development. If poor health patterns are to
be changed, then changes must be made in the entire socio-
political system in any given community. Social, economic
and political actions are required to eliminate health hazards
in people’s working and living environments.

5. Health services

The term health and family welfare services cover a wide
spectrum of personal and community services for treatment
of disease, prevention of illness and promotion of health.
The purpose of health services is to improve the health
status of population. For example, immunization of children

can influence the incidence/prevalence of particular
diseases. Provision of safe water can prevent mortality and
morbidity from water-borne diseases. The care of pregnant
women and children would contribute to the reduction of
maternal and child morbidity and mortality. To be effective,
the health services must reach the social periphery,
equitably distributed, accessible at a cost the country and
community can afford, and socially acceptable (6). All these
are ingredients of what is now termed “primary health care”,
which is seen as the way to better health.

Health services can also be seen as essential for social
and economic development. It is well to remind ourselves
that “health care does not produce good health” (37).
Whereas, there is a strong correlation between GNP and
expectation of life at birth, there is no significant correlation
between medical density and expectation of life at birth
(38). The most we can expect from an effective health
service is good care (37). The epidemiological perspective
emphasizes that health services, no matter how technically
elegant or cost-effective, are ultimately pertinent only if they
improve health (39).

6. Ageing of the population

By the year 2020, the world will have more than one billion
people aged 60 and over, and more than two-thirds of them
living in developing countries. Although the elderly in many
countries enjoy better health than hitherto, a major concern of
rapid population ageing is the increased prevalence of chronic
diseases and disabilities, both being conditions that tend to
accompany the ageing process and deserve special attention.

7. Gender

The 1990s have witnessed an increased concentration on
women’s issues. In 1993, the Global Commission on Women’s
Health was established. The commission drew up an agenda
for action on women'’s health covering nutrition, reproductive
health, the health consequences of violence, ageing, lifestyle
related conditions and the occupational environment. It has
brought about an increased awareness among policy~makers
of women’s health issues and encourages their inclusion in all
development plans as a priority.

8. Other factors

We are witnessing the transition from post industrial age
to an information age and experiencing the early days of
two interconnected revolutions, in information and in
communication. The development of these technologies
offers tremendous opportunities in providing an easy and
instant access to medical information once difficult to
retrieve. It contributes to dissemination of information
worldwide, serving the needs of many physicians, health
professionals, biomedical scientists and researchers, the
mass media and the public.

Other contributions to the health of population derive
from systems outside the formal health care system, i.e.,
health related systems (e.g., food and agriculture, education,
industry, social welfare, rural development), as well as
adoption of policies in the economic and social fields that
would assist in raising the standard of living. This would
include employment opportunities, increased wages,
prepaid medical programmes and family support systems.

In short, medicine is not the sole contributor to the health
and well-being of population. The potential of intersectoral
contributions to the health of communities is increasingly
recognized.
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ECOLOGY OF HEALTH

Ecology is a key word in present—day health philosophy.
It comes from the Greek “Oikos” meaning a house. Ecology
is defined as the science of mutual relationship between
living organisms and their environments. Human ecology is
a subset of more general science of ecology.

A full understanding of health requires that humanity be
seen as part of an ecosystem. The human ecosystem
includes in addition to the natural environment, all the
dimensions of the man-made environment -~ physical,
chemical, biological, psychological: in short, our culture and
all its products (40). Disease is embedded in the ecosystem
of man. Health, according to ecological concepts, is
visualized as a state of dynamic equilibrium between man
and his environment.

By constantly altering his environment or ecosystem by
such  activities as  urbanization, industrialization,
deforestation, land reclamation, construction of irrigation
canals and dams, man has created for himself new health
problems. For example, the greatest threat to human health in
India today is the ever—increasing, unplanned urbanization,
growth of slums and deterioration of environment. As a result,
diseases at one time thought to be primarily “rural” (e.q.,
filariasis) have acquired serious urban dimensions. The agents
of a number of diseases, for example, malaria and
chikungunya fever, which were effectively controlled have
shown arecrudescence. The reasons for this must be sought in
changes in the human ecology. Man’s intrusion into ecological
cycles of disease has resulted in zoonotic diseases such as
kyasanur forest disease, rabies, yellow fever, monkeypox,
lassa fever, etc. The Bhopal gas tragedy in 1984 highlights the
danger of locating industries in urban areas. The nuclear
disaster in Soviet Russia in April 1986 is another grim
reminder of environmental pollution. Construction of
irrigation systems and artificial lakes has created ecological
niches favouring the breeding of mosquitoes and snails. In
fact, ecological factors are at the root of the geographic
distribution of disease. Therefore it has been said that good
public health is basically good ecology.

Some have equated ecology with epidemiology. The
main distinction between epidemiology and ecology is that
while epidemiology is the study of the relationship between
variations in man’s environment and his state of health (or
disease), ecology embraces the interrelationship of all living
things. In this regard, epidemiology constitutes a special
application of human ecology or that part of ecology relating
to the state of human health (41).

It is now being increasingly recognized that environmental
factors and ecological considerations must be built into the
total planning process to prevent degradation of ecosystems.
Prevention of disease through ecological or environmental
manipulations or interventions is much safer, cheaper and a
more effective rational approach than all the other means of
control. It is through environmental manipulations that
diseases such as cholera and other diarrhoeal diseases,
typhoid, malaria and other vector borne diseases, and
hookworm disease could be brought under control or
eliminated. The greatest improvement in human health thus
may be expected from an understanding and modification of
the factors that favour disease occurrence in the human
ecosystem. Professor Rene Dubos believes that man’s capacity
to adapt himself to ecological changes is not unlimited. Man
can adapt himself only in so far as the mechanisms of
adaptations are potentially present in his genetic code (18).

RIGHT TO HEALTH

Historically, the right to health was one of the last to be
proclaimed in the Constitutions of most countries of the world
(42). At the international level, the Universal Declaration of
Human Rights established a breakthrough in 1948, by stating
in Article 25: “Everyone has the right to a standard of living
adequate for the health and well-being of himself and his
family.....”. The Preamble to the WHO Constitution also
affirms that it is one of the fundamental rights of every human
being to enjoy “the highest attainable standard of health”.
Inherent in the right to health is the right to health or medical
care. Some countries have used the term “right to health
protection” which is assured by a comprehensive system of
social insurance that provides material security in cases of
illness or accident, and free medical education, medicaments
and other necessary materials and the right to be cared for by
society in old age and invalidity (42).

In an increasing number of societies, health is no longer
accepted as a charity or the privilege of the few, but demanded
as a right for all. However, when resources are limited (as in
most developing countries), the governments cannot provide
all the needed health services. Under these circumstances the
aspirations of the people should be satisfied by giving them
equal right to available health care services (43).

The concept of “right to health” has generated so many
questions, viz. right to medical care, right to responsibility
for health, right to a healthy environment, right to food, right
to procreate (artificial insemination included), the right not
to procreate (family planning, sterilization, legal abortion),
rights of the deceased persons (determination of death,
autopsies, organ removal) and the right to die (suicide,
hunger strike, discontinuation of life support measures), etc.
Many of these issues have been the subject of debate. It is
left to the lawyers, ethicists and physicians to formulate a
general outline of what is acceptable and what is
unacceptable in human society.

RESPONSIBILITY FOR HEALTH

Health is on one hand a highly personal responsibility
and on the other hand a major public concern. It thus
involves the joint efforts of the whole social fabric, viz. the
individual, the community and the state to protect and
promote health.

1. Individual responsibility

Although health is now recognized a fundamental human
right, it is essentially an individual responsibility. It is not a
commodity that one individual can bestow on another. No
community or state programme of health services can give
health. In large measure, it has to be earned and maintained
by the individual himself, who must accept a broad spectrum
of responsibilities, now known as “self care”.

Self care in health

Arecent trend in health care is self care (44). It is defined as
“those health—generating activities that are undertaken by the
persons themselves” (45). It refers to those activities
individuals undertake in promoting their own health,
preventing their own disease, limiting their own illness, and
restoring their own health. These activities are undertaken
without professional assistance, although individuals are
informed by technical knowledge and skills. The generic
attribute of self care is its non-professional, non-bureaucratic,
non-industrial character; its natural place in social life (46).
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Self care activities comprise observance of simple rules of
behaviour relating to diet, sleep, exercise, weight, alcohol,
smoking and drugs. Others include attention to personal
hygiene, cultivation of healthful habits and lifestyle,
submitting oneself to selective medical examinations and
screening; accepting immunization and carrying out other
specific disease—prevention measures, reporting early when
sick and accepting treatment, undertaking measures for the
prevention of a relapse or of the spread of the disease to
others. To these must be added family planning which is
essentially an individual responsibility.

The shift in disease patterns from acute to chronic disease
makes self care both a logical necessity and an appropriate
strategy. For example, by teaching patients self care (e.g.,
recording one’s own blood pressure, examination of urine
for sugar), the burden on the official health services would
be considerably reduced. In other words, health must begin
with the individual.

2. Community respensibility

Health can never be adequately protected by health
services without the active understanding and involvement
of communities whose health is at stake. Until quite recently,
throughout the world, people were neglected as a health
resource; they were merely looked upon as sources of
pathology or victims of pathology and consequently as a
“target” for preventive and therapeutic services. This
negative view of people’s role in health has changed
because of the realization that there are many things which
the individual cannot do for himself except through united
community effort. The individual and community
responsibility are complementary, not antithetical. The
current trend is to “demedicalize” health and involve the
communities in a meaningful way. This implies a more active
involvement of families and communities in health matters,
viz. planning, implementation, utilization, operation and
evaluation of health services. In other words, the emphasis
has shifted from health care for the people to health
care by the people. The concept of primary health care
centres round people’s participation in their own activities.
The Village Health Guides’ scheme in India, launched in
1977, is an example of community participation.

There are three ways in which a community can
participate (47): (i) the community can provide in the shape
of facilities, manpower, logistic support, and possibly funds
(ii) it also means the community can be actively involved in
planning, management, and evaluation, and (iii) an equally
important contribution that people can make is by joining in
and using the health services. This is particularly true of
preventive and protective measures. Further, no standard
pattern of community participation can be recommended
since there is a wide range of economic and social problems,
as well as political and cultural traits among and within the
communities. What is essential is flexibility of approach.

However, community involvement is not easy to obtain

as extensive experience has indicated (48). The traditional
Indian society is cut across on rigid religion and caste lines,
and appropriate role for each caste group has been a serious
obstacle in securing complete community participation (49).
And in the health sector, the greatest resistance to health
guide’s involvement in primary health care came from the
medical profession than the lay public (50). Community
participation- has become an aphorism that is still awaiting
genuine realization in many countries of the world.

Long ago, Henry Sigerist, the medical historian stated
that “The people’s health ought to be the concern of the
people themselves. They must struggle for it and plan for it.
The war against disease and for health cannot be fought by
physicians alone. It is a people’s war in which the entire
population must be mobilized permanently” (51).

3. State responsibility

The responsibility for health does not end with the
individual and community effort. In all civilized societies, the
State assumes responsibility for the health and welfare of its
citizens. The Constitution of India provides that health is a
State responsibility. The relevant portions are to be found in
the Directive Principles of State Policy, which are as below :

The State shall, in particular, direct the policy towards
securing—

....that the health and strength of workers, men and women
and the tender age of children are not abused and that
citizens are not forced by economic necessity to enter
avocations unsuited to their age or strength.

....that childhood and vyouth are protected against
exploitation and against moral and material abandonment.
The State shall, within the limits of its economic capacity and
development, make effective provision for securing the right
to work, to education and to public assistance in cases of
unemployment, old age, sickness and disablement, and in
other cases of undeserved want.

The State shall make provision for securing just and humane
conditions of work and maternity relief.

The State shall regard the raising of the level of nutrition and
standard of living of its people and the improvement of public
health as among its primary duties.

— The Constitution of India; Part 1V

India is a signatory to the Alma-Ata Declaration of 1978
and the Millennium Development Goals of 2000. The
National Health Policy, approved by Parliament in 1983 and
later on in 2002 have resulted in a greater degree of state
involvement in the management of health services, and the
establishment of nation-wide systems of health services with
emphasis on primary health care approach.

4. International responsibility

The health of mankind requires the cooperation of
governments, the people, national and international
organizations both within and outside the United Nations
system in achieving our health goals. This cooperation
covers such subjects as exchange of experts, provision of
drugs and supplies, border meetings with regard to control
of communicable diseases. The TCDC (Technical
Cooperation in Developing Countries), ASEAN (Association
of South-East Asian Nations) and SAARC (South Asia
Association for Regional Cooperation) are important
regional mechanisms for such cooperation (49).

The eradication of smallpox, the pursuit of “Health for
All” and the campaign against smoking and AIDS are a few
recent examples of international responsibility for the
control of disease and promotion of health. Today, more
than ever before, there is a wider international
understanding on matters relating to health and “social
injustices” in the distribution of health services. The WHO is
a major factor in fostering international cooperation in
health. In keeping with its constitutional mandate, WHO acts
as a directing and coordinating authority on international
health work.
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HEALTH AND DEVELOPMENT

“Health is essential to socio-economic development” has
gained increasing recognition. It was commonly thought in
the 1960s that socio-economic progress was not essential for
improving the health status of people in developing
countries, and that substantial and rapid progress could be
made through introduction of modern public health
measures alone. According to this way of thinking, the role
of human beings in the developing process was grossly
underestimated.

The period 1973-1977 witnessed considerable rethinking
on this subject (49). There was profound modification of the
economic theory. It became increasingly clear that economic
development alone cannot solve the major problems of
poverty, hunger, malnutrition and disease. In its place,
“non-economic” issues (e.g., education, productive
employment, housing, equity, freedom and dignity, human
welfare) have emerged as major objectives in development
strategies.

The experiences of a few developing countries (e.g., Sri
Lanka, Costa Rica, and the state of Kerala in India) illustrate
dramatically the way in which health forms part of
development. This was because the efforts in the health field
were simultaneously reinforced by developments in other
sectors such as education, social welfare and land reforms
(52). The link between health and development has been
clearly established, the one being the starting point for the
other and vice versa.

Since health is an integral part of development, all sectors
of society have an effect on health. In other words, health
services are no longer considered merely as a complex of
solely medical measures but a “subsystem” of an overall
socio-economic system. In the final analysis, human health
and well-being are the ultimate goal of development.

Lessons from Kerala State

Kerala is the southern-most state of India. With a
population of 33.36 million, and a population density of 858
per sq.km, the state of Kerala is extremely crowded, perhaps
more than Bangladesh. Its annual per capita income of
Rs. 83,725 (2011-12) is more than the national average of
Rs. 60,603. Kerala has surpassed all the Indian states in
certain important measures of health and social
development, as shown in Table 1.

TABLE 1
Comparison of Kerala and all-India Health Statistics
" Kerala All India
Death rate/1000 (2012) 6.9 7.0
Rural birth rate (2012) 15.1 23.1
Infant mortality rate (2012) 12.0 42
Annual growth rate, per cent (2012) 0.8 1.45
Life expectancy at birth
20112015 (Projection)
Male 73.2 67.3
Female 77.6 69.1
Literacy rate, per cent (2011) 90.92 74.04
Female literacy rate (2011) 91.98 65.46
Mean age at marriage, females (2012) 22.9 21.2
Per capita income (2011-12) Rs. 83,725 Rs. 60,603

Kerala has demonstrated that, in a democratic system
with a strong political commitment to equitable socio-
economic development, high levels of health can be
achieved even on modest levels of income. Kerala can
therefore be considered a yardstick for judging health
status in the country. '

Studies have shown that the efforts in the health field
were simultaneously reinforced by developments in other
sectors. Literacy (especially female literacy) has played a key
role in improving the health situation. This was probably
responsible for the high rate of utilization of health facilities.
Long-standing programmes directed at social welfare raised
not only educational levels of the population but also
developed a social infrastructure, including a transport
network which provided easy access to services. An effective
programme of land reform had given poor people access to
land resources for food production at the household level.
Kerala has demonstrated that good health at low cost is
attainable by poor countries, but requires major political and
social commitment.

HEALTH DEVELOPMENT

Health development is defined as “the process of
continuous progressive improvement of the health status of
a population” (53). Its product is rising level of human well-
being, marked not only by reduction in the burden of
disease, but also by the attainment of positive physical and
mental health related to satisfactory economic functioning
and social integration (54).

The concept of health development as distinct from the
provision of medical care is a product of recent policy
thinking. It is based on the fundamental principle that
governments have a responsibility for the health of their
people and at the same time people should have the right as
well as the duty, individually and collectively to participate
in the development of their own health.

Health development contributes to and results from social
and economic development. Therefore, health development
has been given increasing emphasis in the policies and
programmes of the United Nations system. One example is
that of World Bank which is providing funds for the health
component of economic development programmes. The
UNDP has also shown a growing interest in health
development, as has the World Bank.

INDICATORS OF HEALTH

A question that is often raised is: How healthy is a given
community ? Indicators are required not only to measure the
health status of a community, but also to compare the health
status of one country with that of another; for assessment of
health care needs; for allocation of scarce resources; and for
monitoring and evaluation of health services, activities, and
programmes. Indicators help to measure the extent to which
the objectives and targets of a programme are being
attained.

As the name suggests, indicators are only an indication of a
given situation or a reflection of that situation. In WHO’s
guidelines for health programme evaluation (55) they are
defined as variables which help to measure changes. Often
they are used particularly when these changes cannot be
measured directly, as for example health or nutritional status
(54). If measured sequentially over time, they can indicate
direction and speed of change and serve to compare different
areas or groups of people at the same moment in time (55).
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There has been some confusion over terminology:
health indicator as compared to health index (plural:
indices or indexes). It has been suggested that in relation to
health trends, the term indicator is to be preferred to
index, whereas health index is generally considered to be
an amalgamation of health indicators (56).

Characteristics of indicators

Indicators have been given scientific respectability; for
example ideal indicators

a. should be wvalid, i.e., they should actually measure
what they are supposed to measure;

b. should be reliable and objective, i.e., the answers
should be the same if measured by different people in
similar circumstances;

c. should be sensitive, i.e., they should be sensitive to
changes in the situation concerned,

d. should be specific, i.e., they should reflect changes
only in the situation concerned,

e. should be feasible, i.c., they should have the ability
to obtain data needed, and;

f. should be relevant, i.e., they should contribute to the
understanding of the phenomenon of interest.

But in real life there are few indicators that comply with
all these criteria. Measurement of health is far from simple.
No existing definition (including the WHO definition)
contains criteria for measuring health. This is because
health, like happiness, cannot be defined in exact
measurable terms. Its presence or absence is so largely a
matter of subjective judgement. Since we have problems in
defining health, we also have problems in measuring health
and the question is largely unresolved. Therefore,
measurements of health have been framed in terms of illness
(or lack of health), the consequences of ill-health (e.g.,
morbidity, disability) and economic, occupational and
domestic factors that promote ill-health — all the antitheses
of health.

Further, health is multidimensional, and each dimension
is influenced by numerous factors, some known and many
unknown. This means we must measure health
multidimensionally. Thus the subject of health measurement
is a complicated one even for professionals. Our
understanding of health, therefore, cannot be in terms of a
single indicator; it must be conceived in terms of a profile,
employing many indicators, which may be classified as:
Mortality indicators
Morbidity indicators
Disability rates
Nutritional status indicators
Health care delivery indicators
Utilization rates
Indicators of social and mental health
Environmental indicators
9. Socio-economic indicators
10. Health policy indicators

' 11. Indicators of quality of life, and
12. Other indicators.

XN W

1. Mortality indicators

(a) Crude death rate: This is considered a fair indicator of
the comparative health of the people. It is defined as the
number of deaths per 1000 population per year in a given

community. It indicates the rate at which people are dying.
Strictly speaking, health should not be measured by the
number of deaths that occur in a community. But in many
countries, the crude death rate is the only available indicator
of health. When used for international comparison, the
usefulness of the crude death rate is restricted because it is
influenced by the age—sex composition of the population.
Although not a perfect measure of health status, a decrease
in death rate provides a good tool for assessing the overall
health improvement in a population. Reducing the number
of deaths in the population is an obvious goal of medicine
and health care, and success or failure to do so is a measure
of a nation’s commitment to better health.

(b) Expectation of life : Life expectancy at birth is “the
average number of years that will be lived by those born
alive into a population if the current age-specific mortality
rates persist”. Life expectancy at birth is highly influenced by
the infant mortality rate where that is high. Life expectancy
at the age of 1 excludes the influence of infant mortality, and
life expectancy at the age of 5 excludes the influence of child
mortality. Life expectancy at birth is used most frequently
(57). It is estimated for both sexes separately. An increase in
the expectation of life is regarded, inferentially, as an
improvement in health status.

Life expectancy is a good indicator of socio-economic
development in general. As an indicator of long-term
survival, it can be considered as a positive health indicator.
It has been adopted as a global health indicator.

(c} Age-specific death rates Death rates can be
expressed for specific age groups in a population which are
defined by age. An age-specific death rate is defined as total
number of deaths occurring in a specific age group of the
population (e.g. 20-24 years) in a defined area during a
specific period per 1000 estimated total population of the
same age group of the population in the same area during
the same period.

(d) Infant mortality rate : Infant mortality rate is the ratio
of deaths under 1 year of age in a given year to the total
number of live births in the same year; usually expressed as
a rate per 1000 live births (56). It is one of the most
universally accepted indicators of health status not only of
infants, but also of whole population and of the socio-
economic conditions under which they live. In addition, the
infant mortality rate is a sensitive indicator of the
availability, utilization and effectiveness of health care,
particularly perinatal care. ’

(e) Child mortality rate : Another indicator related to the
overall health status is the early childhood (1-4 years)
mortality rate. It is defined as the number of deaths at ages
1-4 years in a given year, per 1000 children in that age
group at the mid-point of the year concerned. It thus
excludes infant mortality.

Apart from its correlation with inadequate MCH services,
it is also related to insufficient nutrition, low coverage by
immunization and adverse environmental exposure and
other exogenous agents. Whereas the IMR may be more
than 10 times higher in the least developed countries than in
the developed countries, the child mortality rate may be as
much as 25 times higher. This indicates the magnitude of the
gap and the room for improvement.

(f) Under-5 proportionate mortality rate : It is the
proportion of total deaths occurring in the under—5 age group.
This rate can be used to reflect both infant and child mortality
rates. In communities with poor hygiene, the proportion may
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exceed 60 per 1000 live births. In some European countries,
the proportion is less than 2 per 1000 live births. High rate
reflects high birth rates, high child mortality rates and shorter
life expectancy (26).

(@) Adult mortality rate : The adult mortality rate is
defined as the probability of dying between the age of 15
and 60 years per 1000 population. The adult mortality rate
offers a way to analyze health gaps between countries in the
main working groups. The probability of dying in adulthood
is greater for men than for women in almost all countries,
but the variations between countries is very large. In Japan,
less than 1 in 10 men (and 1 in 20 women) die in these
productive age group, compared to almost 2-3 in 10 men
(and 1-2 women) in Angola (58).

(h) Maternal (puerperal) mortality rate Maternal
(puerperal) mortality accounts for the greatest proportion of
deaths among women of reproductive age in most of the
developing world. There are enormous variations in
maternal mortality rate according to country’s level of socio-
economic status.

(i) Disease-specific mortality rate : Mortality rates can be
computed for specific diseases. As countries begin to
extricate themselves from the burden of communicable
diseases, a number of other indicators such as deaths from
cancer, cardiovascular diseases, accidents, diabetes, etc
have emerged as measures of specific disease problems.

(i} Proportional mortality rate : The simplest measure of
estimating the burden of a disease in the community is
proportional mortality rate, i.e., the proportion of all deaths
currently attributed to it. For example, coronary heart
disease is the cause of 25 to 30 per cent of all deaths in most
western countries. The proportional mortality rate from
communicable diseases has been suggested as a useful
health status indicator; it indicates the magnitude of
preventable mortality.

(k) Case fatality rate : Case fatality rate measures the risk
of persons dying from a certain disease within a given time
period. Case fatality rate is calculated as number of deaths
from a specific disease during a specific time period divided
by number of cases of the disease during the same time
period, usually expressed as per 100. The case fatality rate is
used to link mortality to morbidity. One function of the case
fatality rate is to measure various aspects or properties of a
disease such as its pathogenicity, severity or virulence {59).
It can also be used in poisonings, chemical exposures or
other short-term non-disease cause of death.

(I) Years of potential life lost (YPLL) : Years of potential
life lost is based on the years of life lost through premature
death. It is defined as one that occurs before the age to
which a dying person could have expected to survive (before
an arbitrary determined age, usually taken age 75 years). A
30 year old who dies in a road accident could theoretically
have lived to an average life expectancy of 75 years of age;
thus 45 years of life are lost.

Mortality indicators represent the traditional measures of
health status. Even today they are probably the most often
used indirect indicators of health. As infectious diseases
have been brought under control, mortality rates have
declined to very low levels in many countries. Consequently
mortality indicators are losing their sensitivity as health
indicators in developed countries. However, mortality
indicators continue to be used as the starting point in health
status evaluation.

2. Morbidity indicators

To describe health in terms of mortaiity rates only is
misleading. This is because, mortality indicators do not
reveal the burden of ill-health in a community, as for
example mental illness and rheumatoid arthritis. Therefore,
morbidity indicators are used to supplement mortality data
to describe the health status of a population. Morbidity
statistics have also their own drawback; they tend to
overlook a large number of conditions which are subclinical
or inapparent, that is, the hidden part of the iceberg of
disease.

The following morbidity rates are used for assessing
ill-health in the community {60).

a. incidence and prevalence

b. notification rates

c. attendance rates at out-patient departments,
health centres, etc.

d. admission, readmission and discharge rates

e. duration of stay in hospital, and

f. spells of sickness or absence from work or school.

3. Disability rates

Since death rates have not changed markedly in recent
years, despite massive health expenditures, disability rates
related to illness and injury have come into use to
supplement mortality and morbidity indicators. The
disability rates are based on the premise or notion that
health implies a full range of daily activities. The commonly
used disability rates fall into two groups: (a) Event—type
indicators and (b) person—type indicators (10, 61).

(a) Event—type indicators
i) Number of days of restricted activity
ii) Bed disability days
iii) Work-loss days (or school-loss days) within a
specified period
(b) Person-type indicators

i) Limitation of mobility: For example, confined to
bed, confined to the house, special aid in getting
around either inside or outside the house.

ii) Limitation of activity: For example, limitation to
perform the basic activities of daily living (ADL)—
e.g., eating, washing, dressing, going to toilet,
moving about, etc; limitation in major activity, e.g.,
ability to work at a job, ability to housework, efc.

HALE (Health-Adjusted Life Expectancy) : The name
of the indicator used to measure healthy life expectancy has
been changed from disability~adjusted life expectancy (DALE)
to health~adjusted life expectancy (HALE). HALE is based on
life expectancy at birth but includes an adjustment for time
spent in poor health. It is most easily understood as the
equivalent number of years in full health that a newborn can
expect to live based on current rates of ill-health and mortality.

Quality-adjusted life years (QALY) : QALY is a
measure of disease burden including both the quality and
quantity of life lived. It is used in assessing the value for
money of a medical intervention. The QALY is based on the
number of years of life that would be added by intervention.
Each year in perfect health is assigned a value of 1.0 down
to a value of 0.0 for death, i.e. 1 QALY (1 year of life x 1
utility value = 1 QALY) is a year of life lived in perfect
health. Half a year lived in perfect health is equivalent to 0.5
QALY (1 year x 0.5 utility value).
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Disability-free life expectancy (Syn : active life
expectancy) : Disability-free life expectancy (DFLE) is the
average number of years an individual is expected to live
free of disability if current pattern of mortality and disability
continue to apply (62).

Disability-adjusted life years (DALY) : DALY is a
measure of overall disease burden, expressed as a number of
years lost due to ill-health, disability or early death.
Originally developed by Harvard University for the World
Bank in 1990, the WHO subsequently adopted the method
in the year 2000. The DALY is becoming increasingly
common in the field of public health and health impact
assessment. The Global Burden of Disease project combines
the impact of premature mortality with that of disability. It
captures the population impact of important fatal and non-
fatal disabling conditions through a single measure. The
major measure used is disability—adjusted life years (DALYSs)
which combines (58) :

— years of lost life (YLL) - calculated from the number
of deaths at each age multiplied by the expected
remaining years of life according to a global
standard life expectancy

— years lost to disability (YLD) where the number of
incident cases due to injury and illness is multiplied
by the average duration of the disease and a
weighting factor reflecting the severity of the
disease on a scale from O (perfect health) to 1
(dead).

It is calculated by formula : DALY = YLL + YLD

The DALY relies on an acceptance that the most
appropriate measure of the effects of the chronic illness is
time. One DALY, therefore, is equal to one year of healthy
life lost. Japanese life expectancy statistics are used as a
standard for measuring premature death, as Japanese have
the longest life expectancy.

DALY can reveal surprising things about a population's
health. For example, the 1990 WHO report indicated that
5 out of 10 leading causes of disability were psychiatric
conditions. Psychiatric and neurological conditions account
for about 28 per cent of years lived with disability, but
accounts for only 1.4 per cent of all deaths and 1.1 per cent
of years of life lost. Thus they have a huge impact on
population. A crucial distinction among DALY studies is the
use of "social weighting", in which the value of each year of
life depends on age. Commonly, years lived as a young
adult are valued more highly than years spent as a young
child or older adults. This weighting system reflects societie's
interest in productivity and receiving a return on its
investment in upbringing of the children. The effects of the
interplay between life expectancy and vyears lost,
discounting, and social weighting are complex, depending
on the severity and duration of illness.

4. Nutritional status indicators

Nutritional status is a positive health indicator. Three
nutritional status indicators are considered important as
indicators of health status. They are (57) :

a. anthropometric
children, e.g.,
circumference;

b. heights {(and sometimes weights) of children at
school entry; and

c. prevalence of low birth weight (less than 2.5 kg).

measurements  of
weight and height,

preschool
mid-arm

5. Health care delivery indicators
The frequently used indicators of health care delivery are:

a. Doctor-population ratio

b. Doctor—nurse ratio

¢. Population—bed ratio

d. Population per health/subcentre, and

e. Population per traditional birth attendant.

These indicators reflect the equity of distribution of health
resources in different parts of the country, and of the
provision of health care.

6. Utilization rates

In order to obtain additional information on health
status, the extent of use of health services is often
investigated. Utilization of services — or actual coverage — is
expressed as the proportion of people in need of a service
who actually receive it in a given period, usually a year (57).
It is argued that utilization rates give some indication of the
care needed by a population, and therefore, the health
status of the population. In other words, a relationship exists
between utilization of health care services and health needs
and status. Health care utilization is also affected by factors
such as availability and accessibility of health services and
the attitude of an individual towards his health and the
health care system. A few examples of utilization rates are
cited below:

a. proportion of infants who are “fully immunized”
against the 6 EPI diseases.

b. proportion of pregnant women who receive antenatal
care, or have their deliveries supervised by a trained
birth attendant.

c. percentage of the population using the wvarious
methods of family planning.

d. bed-occupancy rate (i.e., average daily in-patient
census/average number of beds).

e. average length of stay (i.e., days of care rendered/
discharges), and

f. bed turnover ratio (i.e., discharges/average beds).

The above list is neither exhaustive nor all-inclusive. The
list can be expanded depending upon the services provided.
These indicators direct attention away from the biological
aspects of disease in a population towards the discharge of
social responsibility for the organization in delivery of health
care services.

7. Indicators of social and mental health

As long as valid positive indicators of social and mental
health are scarce, it is necessary to use indirect measures,
viz. indicators of social and mental pathology. These include
suicide, homicide, other acts of violence and other crime;
road traffic accidents, juvenile delinquency; alcohol and
drug abuse; smoking; consumption of tranquillizers; obesity,
etc (57). To these may be added family violence, battered—-
baby and battered—wife syndromes and neglected and
abandoned youth in the neighbourhood. These social
indicators provide a guide to social action for improving the
health of the people.

8. Environmental indicators

Environmental indicators reflect the quality of physical
and biological environment in which diseases occur and in
which the people live. They include indicators relating to
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pollution of air and water, radiation, solid wastes, noise,
exposure to toxic substances in food or drink. Among these,
the most useful indicators are those measuring the
proportion of population having access to safe water and
sanitation facilities, as for example, percentage of
households with safe water in the home or within 15
minutes’ walking distance from a water standpoint or
protected well; adequate sanitary facilities in the home or
immediate vicinity (57).

9, Socio-economic indicators

These indicators do not directly measure health.
Nevertheless, they are of great importance in the
interpretation of the indicators of health care. These
include :

rate of population increase

per capita GNP

level of unemployment

dependency ratio

literacy rates, especially female literacy rates
family size

housing: the number of persons per room, and
per capita “calorie” availability.

T e a0 o

10. Health policy indicators

The single most important indicator of political
commitment is “allocation of adequate resources”. The
relevant indicators are: (i) proportion of GNP spent on
health services (ii) proportion of GNP spent on health—
related activities (including water supply and sanitation,
housing and nutrition, community development), and
(iii) proportion of total health resources devoted to primary
health care.

11. Indicators of quality of life

Increasingly, mortality and morbidity data have been
questioned as to whether they fully reflect the health status
of a population. The previous emphasis on using increased
life expectancy as an indicator of health is no longer
considered adequate, especially in developed countries, and
attention has shifted more towards concern about the
quality of life enjoyed by individuals and communities.
Quality of life is difficult to define and even more difficult to
measure (see page 16). Various attempts have been made to
reach one composite index from a number of health
indicators. The physical quality of life index is one such
index (see page 17). It consolidates three indicators, viz.
infant mortality, life expectancy at age one, and literacy.
Obviously more work is needed to develop indicators of
quality of life.

12. Other indicators series

{a) Social indicators : Social indicators, as defined by the
United Nations Statistical Office, have been divided into
12 categories:— population; family formation, families and
households; learning and educational services; earning
activities; distribution of income, consumption, and
accumulation; social security and welfare services; health
services and nutrition; housing and its environment; public
order and safety; time use; leisure and culture; social
stratification and mobility (63).

{b) Basic needs indicators :
used by ILO. Those

Basic needs indicators are
mentioned in “Basic needs

performance” (64) include calorie consumption; access to
water; life expectancy; deaths due to disease; illiteracy,
doctors and nurses per population; rooms per person;
GNP per capita.

(c) “Health for All” indicators : For monitoring progress
towards the goal of Health for All by 2000 AD, the WHO has
listed the following four categories of indicators (Table 2).

TABLE 2
Indicators selected for monitoring progress
towards “Health for All”

(1)Health policy indicators:
- political commitment to “Health for All”
— resource allocation
— the degree of equity of distribution of health services
— community involvement
— organizational framework and managerial process

(2) Social and economic indicators related to health:
~ rate of population increase ’
— GNP or GDP
— income distribution
— work conditions
— adult literacy rate
— housing
— food availability

(3) Indicators for the provision of health care:
— availability
— accessibility
— utilization
— quality of care

(4) Health status indicators:
— low birth weight {percentage)
— nutritional status and psychosocial development of
children
- infant mortality rate
— child mortality rate (1-4 years)
— life expectancy at birth
— maternal mortality rate
— disease specific mortality
— morbidity — incidence and prevalence
— disability prevalence

Source : (57)

(d) Millennium Development Goal Indicators : The
Millennium Development Goals adopted by the United
Nations in the year 2000 provide an opportunity for
concerted action to improve global health. The health
related goals and their indicators of progress are listed in
Table 3.

The search for indicators associated with or casually
related to health continues. It will be seen from the above
that there is no single comprehensive indicator of a nation’s
health. Each available indicator reflects an aspect of health.
The ideal index which combines the effect of a number of
components measured independently is yet to be
developed. While the search for a single global index of
health status continues, the use of multiple indicators
arranged in profiles or patterns should make comparisons
between areas, regions and nations possible (66). In the last
few decades, attention has shifted from reliance on
economic performance {e.g., GNP or GDP) towards other

ways of measuring a society’s performance and quality of
life.
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TABLE 3
Health-related Millennium Development Goals, and Indicators

Goal: 1. Eradicate extreme poverty and hunger
Indicator: 4. Prevalence of underweight children under five years
of age
5. Proportion of population below minimum level of
dietary energy consumption

Goal: 4. Reduce child mortality
Indicator: 13. Under-five mortality rate
14. Infant mortality rate
15. Proportion of 1-year-old children immunized against
measles

Goal: 5. Improve maternal health
Indicator: 16. Maternal mortality ratio

17. Proportion of births attended by skilled health
personnel

Goal: 6. Combat HIV/AIDS, malaria and other diseases
Indicator: 18. HIV prevalence among young people aged 15 to 24
years
19. Condom use rate of the contraceptive prevalence rate
20. Number of children orphaned by HIV/AIDS
21. Prevalence and death rates associated with malaria

22. Proportion of population in malaria-risk areas using
effective malaria prevention and treatment measures

23. Prevalence and death rates associated with
tuberculosis

24. Proportion of tuberculosis cases detected and cured
under Directly Observed Treatment, Short-course
(DOTS)

Goal: 7. Ensure environmental sustainability
Indicator: 29. Proportion of population using solid fuel

Indicator: 30. - Proportion of population with sustainable access to
an improved water source, urban and rural

Indicator: 31. Proportion of urban population with access to
improved sanitation

Goal: 8. Develop a global partnership for development
Indicator: 46. Proportion of population with access to affordable

essential drugs on a sustainable basis

Source : (65)

DEVELOPED AND DEVELOPING REGIONS

The world today is divided into developed and
developing regions on the basis of some common features
shared by them. The former is represented by countries such
as USA and UK, and the latter by countries such as India. If
one defined development as the organization of society to
provide adequate housing, food, health services, education
and employment for the majority of people, then many
developing countries are wide of the mark. Social medicine
is concerned with disparities that exist among countries. This
is because socio-economic factors and health problems are
interlinked. An account of these disparities is given below:

1. Social and economic characteristics

Most people in the developing countries live in rural areas
and urban slums. There is a rigid hierarchy and class
structure moulded by tradition and long—standing customs.
The family, often a joint family, is a strong binding force.
People depend mainly on agriculture and there is.a lack of
alternative employment opportunities. The GNP per capita
ranges from US $ 200 to 6000 in most developing countries.
The production and consumption per capita are low. They
have an economic potential which is not fully realized; this

refers to unemployed labour, natural resources and fertility
of the soil. Science and technology are not fully applied. The
level of literacy is low — it averages only 63 per cent in the
least developed countries. The quality of life is poor because
of the scarcity of essential goods, facilities and money. There
is isolation caused by distance, poor communication and
transport facilities. The environment is unfavourable
predisposing to communicable diseases and malnutrition.
The vast majority of people are not able to pay for medical
services. There is a long tradition of free medical services
provided by the State.

In the developed countries, most people (8 out of 10) are
urban residents. Urban life differs from that in the villages by
being more impersonal. Women are economically employed.
Agriculture is second to industry. Great use is made of
scientific disciplines. The standard of living and quality of
life are high. The GNP per capita ranges from US $ 5000 to
40,600 in most developed countries. The adult literacy is
almost universal. ‘

2. Demographic characteristics

Population growth and changes have always been a
central issue in community medicine. These changes have
an impact on economic and social conditions and therefore
on health and health care needs. The population of the
world was 6.856 billion in the year 2010. About 93 per cent
of the world population lives in developing countries.

The annual global rate of population growth is estimated
to be 1.2 per cent. The advanced countries are failing to
reproduce themselves, with growth rates less than 0.6 per
cent, and some have already achieved zero population
growth rate (e.g., Austria, Belgium, Federal Republic of
Germany and the UK). The rest of the world continues to
reproduce at a prodigious rate. Rates over 2.4 per cent have
occurred in some African (e.g., Nigeria, Zambia, Congo)
and Middle East (e.g., UAE, Libya, Saudi Arabia, Iraq)
countries. In India, the current growth rate is about 1.45 per
cent. These countries are now facing the population
problem,

The population in developing countries is a “young”
population; the proportion of persons under 15 years of age
in the year 2011 was about 39 per cent in the least
developed countries and 22 in other developing countries,
compared to about 17 per cent in developed countries. The
proportion of people over 60 years of age in developing
countries is'about 6 per cent, compared to 22 per cent in the
developed countries. The social and economic backlashes of
this age distribution are being felt in both the developing
and developed countries — the former having to bear the
heavy burden of providing for a population which is mainly
young; and the latter having to deal with the problems of
ageing.

3. Contrasts in health (Health gap)

While accurate statistical data are difficult to obtain, even
perfunctory glance at available data (Table 4) are sufficient
to illustrate the wide health gap between population in the
developed and developing countries.

Table 4 shows that the present gap in life expectancy at
birth between developed and developing countries is 15-20
years. Developed countries are characterized by longer life
expectancy and lower infant and child mortality rates, and
the opposite is true of developing countries.
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TABLE 4
Selected health and socio-economic indicators
Low Lower Upper High
Indicator income middle middle income
countries income income countries
countries countries
1. Life expectancy at 60 66 74 80
birth (2011)
2. IMR (per 1000 live 63 46 76 5
births) (2011)
3. Under 5 mortality 95 62 20 6
per 1000 live
births (2011)
4. Maternal mortality 410 260 53 14
per 100,000 live
births (2010)
5. Doctor—population 5.1 7.8 17.8 27.1
- ratio per 10,000
(2005-12)
6. Nurse—-population 14.9 13.4 354 72.4
ratio per 10,000
(2005-12)
7. GNI, per capita 1,313 3,666 10,566 38,690
(US $ PPP) (2011)
8. Per capita public 28 72 384 4,828
expenditure on
health, US $ at
average exchange
rate (2010)
9. Adult literacy rate 63 71 93 97
(%) (2005-2011)
10.Access to safe 67 87 93 99
water %
population (2011)
11.Access to adequate 37 42 74 100
sanitation %
population (2011)

Source : (67)

The burden of disease pattern of developed, developing
high mortality, and developing low mortality countries in the
world differ substantially. This phenomenon reflects what is
known as the “epidemiological transition”. As life
expectancy increases, the major causes of death and
disability in general shift from communicable, maternal and
perinatal causes to chronic, non-communicable ones.

To sum up, the world health situation leaves much to be
desired. Millions of people in the developing countries have
incomes too low to ensure basic nutrition and have little
access to essential health services. In a number of
industrialized countries, rapid increases in health cost have
called into question the relationship between health care
and health indicators. A search for alternative approaches
has led to the view that primary health care is the most
important means, whereby, the health sector, with
intersectoral coordination, can close the health gap and
improve the health status of the population.

HEALTH SERVICE PHILOSOPHIES
Health care

Health care is an expression of concern for fellow human
beings. It is defined as a “multitude of services rendered to
individuals, families or communities by the agents of the
health services or professions, for the purpose of promoting,
maintaining, monitoring or restoring health” (31). Such
services might be staffed, organized, administered and
financed in every imaginable way, but they all have one

thing in common: people are being “served”, that is,
diagnosed, helped, cured, educated and rehabilitated by
health personnel (21). In many countries, health care is
completely or largely a government function.

Health care includes “medical care”. Many people
mistakenly believe that both are synonymous. Medical care
is a subset of a health care system. The term “medical care
(which ranges from domiciliary care to resident hospital
care) refers chiefly to those personal services that are
provided directly by physicians or rendered as a result of the
physician’s instructions” (68).

Health care has many characteristics; they include:

i. appropriateness (relevance), i.e., whether the
service is needed at all in relation to essential human
needs, priorities and policies;

ii. comprehensiveness i.e., whether there is an
optimum mix of preventive, curative and promotional
services;

ili. adequacy, i.e., if the service is proportionate to
requirement;

iv. availability, i.e., ratio between the population of an
administrative unit and the health facility (e.qg.,
population per centre; doctor—population ratio);

v. accessibility, i.e., this
accessibility, economic
accessibility;

may be geographic
accessibility or cultural

vi. affordability, i.e., the cost of health care should be
within the means of the individual and the state; and

vii. feasibility, i.e., operational efficiency of certain
procedures, logistic support, manpower and material
resources.

Health system

The “health system” is intended to deliver health
services; in other words, it constitutes the management
sector and involves organizational matters, e.g., planning,
determining priorities, mobilizing and allocating resources,
translating policies into services, evaluation and health
education (69).

The components of the health system include: concepts
{(e.g., health and disease); ideas (e.g., equity, coverage,
effectiveness, efficiency, impact); objects (e.g., hospitals,
health centres, health programmes) and persons (e.g.,
providers and consumers). Together, these form a whole in
which all the components interact to support or control one
another ({70). The aim of a health system is health
development — a process of continuous and progressive
improvement of the health status of a population.

Levels of health care

Health services are usually organized at three levels, each
level supported by a higher level to which the patient is
referred. These levels are:

(a) Primary health care : This is the first level of
contact between the individual and the health system where
“essential” health care (primary health care) is provided. A
majority of prevailing health complaints and problems can
be satisfactorily dealt with at this level. This level of care is
closest to the people. In the Indian context, this care is
provided by the primary health centres and their subcentres,
with community participation.
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(b) Secondary health care : At this level, more
complex problems are dealt with. This care comprises
essentially curative services and is provided by the district
hospitals and community health centres. This level serves as
the first referral level in the health system.

(c) Tertiary health care : This level offers super-
specialist care. This care is provided by the regional/central
level institutions. These institutions provide not only highly
specialized care, but also planning and managerial skills and
teaching for specialized staff. In addition, the tertiary level
supports and complements the actions carried out at the
primary level.

Health team concept

It is recognized that the physician of today is overworked
professionally. It is also recognized that many of the
functions of the physician can be performed by auxiliaries,
given suitable training. An auxiliary worker has been
defined as one “who has less than full professional
qualifications in a particular field and is supervised by a
professional worker”. The WHO no longer uses the term
“paramedical” for the various health professions allied with
medicine (53).

The practice of modern medicine has become a joint
effort of many groups of workers, both medical and non-
medical, viz. physicians, nurses, social workers, health
assistants, trained dais, village health guides and a host of
others. The composition of the team varies. The hospital
team is different from the team that works in the community.
Whether it is a hospital team or community health work
team, it is important for each team member to have a
specific and recognized function in the team and to have
freedom to exercise his or her particular skills. In this
context, a health team has been defined as “a group of
persons who share a common health goal and common
objectives, determined by community needs and towards
the achievement of which each member of the team
contributes in accordance with her/his competence and
skills, and respecting the functions of the other” (71). The
auxiliary is an essential member of the team. The team must
have a leader. The leader should be able to evaluate the
team adequately and should know the motivations of each
member in order to stimulate and enhance their
potentialities. The health team concept has taken a firm root
in the delivery of health services both in the developed and
developing countries. The health team approach aims to
produce the right “mix” of health personnel for providing
full health coverage of the entire population. The mere
presence of a variety of health professionals is not sufficient
to establish teamwork; it is the proper division and
combination of their operations from which the benefits of
divided labour will be derived (72).

Health for All

After three decades of trial and error and dissatisfaction
in meeting people’s basic health needs, the World Health
Assembly, in May 1977, decided that the main social goal of
governments and WHO in the coming years should be the
“attainment by all the people of the world by the year 2000
AD of a level of health that will permit them to lead a
socially and economically productive life”. This goal has
come to be popularly known as “Health for All by the year
2050”7 (HFA). The background to this “new” philosophy was
the growing concern about the unacceptably low levels of
heaith status of the majority of the world’s population
especially the rural poor and the gross disparities in health

between the rich and poor, urban and rural population, both
between and within countries. The essential principle of
“HFA” is the concept of “equity in health”, that is, all people
should have an opportunity to enjoy good health.

Primary health care

The concept of primary health care came into lime-light

in 1978 following an international conference in Alma-Ata,
USSR. It has been defined as:

“Essential health care based on practical, scientifically sound
and socially acceptable methods and technology made
universally accessible to individuals and families in the
community through their full participation and at a cost that
the community and the country can afford to maintain at
every stage of their development in the spirit of self-
determination”

The primary health care approach is based on principles
of social equity, nation-wide coverage, self-reliance,
intersectoral coordination, and people’s involvement in the
planning and implementation of health programmes in
pursuit of common health goals. This approach has been
described as “Health by the people” and “placing people’s
health in people’s hands”. Primary health care was accepted
by the member countries of WHO as the key to achieving
the goal of HFA by the year 2000 AD.

The Declaration of Alma-Ata (6) stated that primary
health care includes at least:

— education about prevailing health problems and
methods of preventing and controlling them;

— promotion of food supply and proper nutrition;

— an adequate supply of safe water and basic sanitation;

— maternal and child health care, including family
planning;

— immunization against infectious diseases;

— prevention and control of endemic diseases;

— appropriate treatment of common diseases and
injuries; and

— provision of essential drugs.

The concept of primary health care involves a concerted
effort to provide the rural population of developing
countries with at least the bare minimum of health services.
The list can be modified to fit local circumstances. For
example, some countries have specifically included mental
health, physical handicaps, and the health and social care of
the elderly. The primary health care approach integrates at
the community level all the factors required for improving
the health status of the population. As a signatory to the
Alma-Ata Declaration, the Government of India, has
pledged itself to provide primary health care. Obstacles to
the implementation of primary health care in India include
shortage of health manpower, entrenchment of a curative
culture within the existing health system, and a high
concentration of health services and health personnel in
urban areas (49).

Health promotion (73)

The first international conference on health promotion
was held in Ottawa in November 1986, primarily in
response to growing expectation for a new public health
movement around the world. It was built on progress made
through Declaration on Primary Health Care at Alma-Ata,
and the debate at the World Health Assembly on
intersectoral action for health. The conference resulted in
proclamation of the Ottawa Charter for Health
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Promotion, which has been a source of guidance and
inspiration for health promotion since that time.

Health is a basic human right and is essential for social
and economic development. Increasingly health promotion
is being recognized as an essential element of health
development. Health promotion, through investment and
action, has a marked impact on the determinants of health
so as to create the greatest health gain for people, to
contribute significantly to the reduction of inequities of
health, and to further human rights. The ultimate goal is to
increase health expectancy.

The Jakarta Declaration on Health Promotion (the
fourth conference held in July 1997) offered a vision and
focus for health promotion into the 21st century. The
determinants of health; new challenges in the 21st century;
and the fundamental conditions and resources for health are
peace, shelter, education, social security, social relations,
food, income, the empowerment of women, a stable
ecosystem, sustainable resource use, social justice, respect
for human rights, and equity. Above all, poverty is the
greatest threat to health.

Demographic trends such as urbanization, an increase in
the number of older people and the high prevalence of
chronic diseases pose new problems in all countries. Other
social, behavioural and biological changes such as increased
sedentary behaviour, resistance to antibiotics and other
commonly available drugs, increased drug abuse, and civil
and domestic violence threaten the health and well-being of
hundreds of millions of people. New and re-emerging
infectious diseases, and the greater recognition of mental
health problems, require an urgent response. It is vital that
approaches to health promotion evolve to meet changes in
the determinants of health. To address emerging threats to
health, new forms of action are needed. The challenges for
the coming years will be to unlock the potential for health
promotion inherent in many sectors of society, among local
communities, and within families.

The Ottawa charter incorporates five key action areas in
health promotion. They are :

a. build healthy public policy,
create supportive environment for health,
strenghthen community action for health,
develop personal skills, and
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re-orient health services

a. Build healthy public policy : Health promotion goes
beyond health care. It puts health on the agenda of policy
makers in all sectors and at all levels, directing them to be
aware of the health consequences of their decisions and to
accept their responsibilities for health.

b. Create supportive environment Systematic
assessment of the health impact of a rapidly changing
environment — particularly in areas of technology, work,
energy production and urbanization — is essential and must
be followed by action to ensure positive benefit to the health
of the public. The protection of the natural and built
environments and the conservation of natural resources
must be addressed in any health promotion strategy.

c. Strengthen community actions : Health promotion
works through concrete and effective community action in
setting priorities, making decisions, planning strategies and
implementing them to achieve better health. At the heart of
this process is the empowerment of communities — their

ownership and control of their own endeavours and
destinies.

d. Develop personal skills : Health promotion supports
personal and social development through providing
information, education for health, and enhancing life skills.
By so doing, it increases the options available to people to
exercise more control over their own health and over their
environment, and to make choices conducive to health.

e. Reorient health servies : The responsibility for health
promotion in health services is shared among individuals,
community groups, health professionals, health service
institutions and governments. They must work together
towards a health care system which contributes to the
pursuit of health. The role of the health sector must move
increasingly in a health promotion direction, beyond its
responsibility for providing clinical and curative services.
Health services need to embrace an expanded mandate
which is sensitive and respects cultural needs. This mandate
should support the needs of individuals and communities for
a healthier life, and open channels between the health sector
and broader social, political, economic and physical
environmental components.

It also incorporates three basic strategies for health
promotion, "enabling, mediating and advocacy", which are
needed and applied to all health promotion action areas.
They are briefly described below:

Advocate : Good health is a major resource for social,
economic and personal development, and an important
dimension of quality of life. Political economic, social,
cultural, environmental, behavioural and biological factors
can all favour health, or be harmful to it. Health promotion
action aims at making these conditions favourable through
advocacy for health.

Enable : Health promotion focusses on acheiving equity
in health. Health promotion action aims at reducing
differences in current health status and ensuring equal
opportunities and resources to enable all people to achieve
their fullest health potential. This includes a secure
foundation in a supportive environment, access to
information, life skills and opportunities for making healthy
choices. People cannot achieve their fullest potential unless
they are able to take control of those things which determine
their health. This must apply equally to women and men.

Mediate : The prerequisities and prospects for health
cannot be ensured by the health sector alone. More
importantly, health promotion demands coordinated action
by all concerned: by governments, by health and other
social and economic sectors, by non-governmental and
voluntary organizations, by local authorities, by industry
and by the media. People in all walks of life are involved as
individuals, families and communities. Professional and
social groups and health personnel have a major
responsibility to mediate between differing interests in
society for the pursuit of health.

A Logo was created for Ottawa conference. Since then,
WHO kept this symbol as the Health Promotion Logo, as
it stands for the approaches to health promotion as outlined
in Ottawa Charter. The Logo represents a circle with
3 wings. It incorporates five key action areas in health
promotion and three basic health promotion strategies.

Health promotion strategies and programmes should be
adapted to the local needs and possibilities of individual
countries and regions to take into account differing social,
cultural and economic systems.
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Millennium Development Goals

In the Millennium Declaration of September 2000,
Member States of the United Nations made a most
passionate committment to address the crippling poverty
and multiplying misery that grip many areas of the world.
Governments had set a date of 2015 by which they would
meet the Millennium Development Goals: eradicate extreme
poverty and hunger, achieve universal primary education,
promote gender equality and empower women, reduce child
mortality, improve maternal health, combat HIV/AIDS,
malaria and other diseases, ensure environmental
sustainability and develop a global partnership for
development.

Health policy

Policies are general statements based on human
aspirations, set of values, commitments, assessment of
current situation and an image of a desired future situation
(563). A national health policy is an expression of goals for
improving the health situation, the priorities among these
goals, and the main directions for attaining them (74).
Health policy is often defined at the national level.

Each country will have to develop a health policy of its
own aimed at defined goals, for improving the people’s
health, in the light of its own problems, particular
circumstances, social and economic structures, and political
and administrative mechanisms. Among the crucial factors
affecting realization of these goals are: a political
commitment; financial implications; administrative reforms;
community participation and basic legislation (75).

A landmark in the development of health policy was the
worldwide adoption of the goal of HFA by 2000 A.D. A
further landmark was the Alma-Ata Declaration (1978)
calling on all governments to develop and implement
primary health care strategies to attain the target of “HFA’
by 2000 A.D. and more recently, Millennium Development
Goals.

Health services research

Health research has several ramifications. It may include
(a) Biomedical research, to elucidate outstanding health
problems and develop new or better ways of dealing with
them; (b) Intersectoral research, for which relationships
would have to be established with the institutions concerned
with the other sectors, and (c) Health services research
or health practice research (now called “health systems
research”).

The concept of health services research (HSR) was
developed during 1981-1982. It has been defined as “the
systematic study of the means by which biomedical and other
relevant knowledge is brought to bear on the health
of individuals and communities under a given set of
conditions” (76). HSR is wide in scope. It deals with all aspects
of management of health services, viz. prioritization of health
problems, planning, management, logistics and delivery of
health care services. It deals with such topics as manpower,
organization, the utilization of facilities, the quality of health
care, cost-benefit and cost-effectiveness (77).

Thousands of people suffer morbidity, mortality and
disability not because of deficiencies in biomedical
knowledge but as a result of the failure to apply this
knowledge effectively. Health services research aims to
correct this failure (78). :

The concept of HSR is holistic and multidisciplinary. The
prime purpose of HSR is to improve the health of the people
through improvement not only of conventional health
services but also of other services that have a bearing on
health. HSR is essential for the continuous evolution and
refinement of health services (76).

CONCEPT OF DISEASE

There have been many attempts to define disease.
Webster defines disease as “a condition in which body
health is impaired, a departure from a state of health, an
alteration of the human body interrupting the performance
of vital functions”. The Oxford English Dictionary defines
disease as “a condition of the body or some part or organ of
the body in which its functions are disrupted or deranged”.
From an ecelogical point of view, disease is defined as “a
maladjustment of the human organism to the environment”
{(79). From a sociological point of view, disease is
considered a social phenomenon, occurring in all societies
{80) and defined and fought in terms of the particular
cultural forces prevalent in the society. The simplest
definition is, of course, that disease is just the opposite of
health — i.e., any deviation from normal functioning or state
of complete physical or mental well-being — since health and
disease are mutually exclusive. These definitions are
considered inadequate because they do not give a criterion
by which to decide when a disease state begins, nor do they
lend themselves to measurement of disease.

The WHO has defined health but not disease. This is
because disease has many shades (“spectrum of disease”)
ranging from inapparent (subclinical) cases to severe
manifest illness. Some diseases commence acutely (e.g.,
food poisoning), and some insidiously (e.g., mental illness,
rheumatoid arthritis). In some diseases, a “carrier” state
occurs in which the individual remains outwardly healthy,
and is able to infect others (e.g., typhoid fever). In some
instances, the same organism may cause more than one
clinical manifestation {e.g., streptococcus). In some cases,
the same disease may be caused by more than one organism
{e.q., diarrhoea). Some diseases have a short course, and
some a prolonged course. It is easy to determine illness
when the signs and symptoms are manifest, but in many
diseases the border line between normal and abnormal is
indistinct as in the case of diabetes, hypertension and
mental illness. The end-point or final outcome of disease is
variable — recovery, disability or death of the host.

Distinction is also made between the words disease,
illness and sickness which are not wholly synonymous. The
term “disease” literally means “without ease” (uneasiness) —
disease, the opposite of ease ~ when something is wrong
with bodily function. “Illness” refers not only to the presence
of a specific disease, but also to the individual’s perceptions
and behaviour in response to the disease, as well as the
impact of that disease on the psychosocial environment
(81). “Sickness” refers to a state of social dysfunction.
Susser (82) has suggested the following usage:

Disease is a physiological/psychological dysfunction;

lliness is a subjective state of the person who feels
aware of not being well;

Sickness is a state of social dysfunction, i.e., a role
that the individual assumes when ill (“sickness role”).

The clinician sees people who are ill rather than the
diseases which he must diagnose and treat (83). However, it




is possible to be victim of disease without feeling ill, and to
be ill without signs of physical impairment. In short, an
adequate definition of disease is yet to be found - a
definition that is satisfactory or acceptable to the
epidemiologist, clinician, sociologist and the statistician.

CONCEPT OF CAUSATION

Upto the time of Louis Pasteur (1922-1895), various
concepts of disease causation were in vogue, e.g., the
supernatural theory of disease, the theory of humors, the
concept of contagion, miasmatic theory of disease, the
theory of spontaneous generation, etc. Discoveries in
microbiology marked a turning point in our aetiological
concepts .

Germ theory of disease

Mention has already been made about the germ theory of
disease in chapter 1. This concept gained momentum during
the 19th and the early part of 20th century. The emphasis
had shifted from empirical causes (e.g., bad air) to microbes
as the sole cause of disease. The concept of cause embodied
in the germ theory of disease is generally referred to as a
one-to-one relationship between causal agent and disease.
The disease model accordingly is :

— Man — Disease

The germ theory of disease, though it was a revolutionary
concept, led many epidemiologists to take one-sided view
of disease causation. That is, they could not think beyond
the germ theory of disease. It is now recognized that a
disease is rarely caused by a single agent alone, but rather
depends upon a number of factors which contribute to its
occurrence. Therefore, modern medicine has moved away
from the strict adherence to the germ theory of disease.

Disease agent

Epidemiological triad

The germ theory of disease has many limitations. For
example, it is well-known, that not everyone exposed to
tuberculosis develops tuberculosis. The same exposure,
however, in an undernourished or otherwise susceptible
person may result in clinical disease. Similarly, not everyone
exposed to beta-haemolytic streptococci develops acute
rheumatic fever. There are other factors relating to the host
and environment which are equally important to determine
whether or not disease will occur in the exposed host. This
demanded a broader concept of disease causation that
synthesized the basic factors of agent, host and environment
(Fig. 4).

Environment

Agent Host

FIG. 4
Epidemiological triad

The above model — agent, host and environment ~ has
been in use for many years. It helped epidemiologists to
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focus on different classes of factors, especially with regard to
infectious diseases (84).

. (59)

The traditional triangle of epidemiology is shown in
Figure 5. This triangle is based on the communicable disease
model and is useful in showing the interaction and
interdependence of agent, host, environment, and time as
used in the investigation of diseases and epidemics. The
agent is the cause of disease; the host is an organism,
usually a human or an animal, that harbours the disease, the
environment is those surroundings and conditions external
to the human or animal that cause or allow disease
transmission; and time accounts for incubation periods, life
expectancy of the host or the pathogen, and duration of the
course of illness or condition.

Agents of infectious diseases include bacteria, viruses,
parasites, fungi, and molds. With regard to non-infectious
disease, disability, injury, or death, agents can include
chemicals from dietary foods, tobacco smoke, solvents,
radiation or heat, nutritional deficiencies, or other
substances, such as poison. One or several agents may
contribute to an illness.

A host offers subsistence and lodging for a pathogen and
may or may not develop the disease. The level of immunity,
genetic makeup, level of exposure, state of health, and
overall fitness of the host can determine the effect a disease
organism will have on it. The makeup of the host and the
ability of the pathogen to accept the new environment can
also be a determining factor because some pathogens thrive
only under limited ideal conditions. For example, many
infectious disease agents can exist only in a limited
temperature range.

Environmental factors can include the biological aspects
as well as social, cultural, and physical aspects of the
environment. The surroundings in which a pathogen lives
and the effect the surroundings have on it are a part of the
environment. Environment can be within a host or external
to it in the community. Finally, time includes severity of
illness in relation to how long a person is infected or until the
condition causes death or passes the threshold of danger
towards recovery. Delays in time from infection to when
symptoms develop, duration of illness, and threshold of an
epidemic in a population are time elements with which the
epidemiologist is concerned.

Environment
/
/7

Time
/
/
A
FIG.5

The Triangle of Epidemiology
Source : (59)

The primary mission of epidemiology is to provide
information that results in breaking one of the legs of the
triangle, thereby disrupting the connection among
environment, host, and agent, and stopping the outbreak.
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Multifactorial causation

The concept that disease is due to multiple factors is not a
new one. Pettenkofer of Munich (1819-1901) was an early
proponent of this concept. But the “germ theory of disease”
or “single cause idea” in the late 19th century over-
shadowed the multiple cause theory.

As a result of advances in public health, chemotherapy,
antibiotics and vector control communicable diseases began
to decline — only to be replaced by new types of diseases, the
so-called “modern” diseases of civilization, e.g., lung cancer,
coronary heart disease, chronic bronchitis, mental illness,
etc. These diseases could not be explained on the basis of the
germ theory of disease nor could they be prevented by the
traditional methods of isolation, immunization or
improvements in sanitation. The realization began to dawn
that the “single cause idea” was an oversimplification and
that there are other factors in the aetiology of diseases —
social, economic, cultural, genetic and psychological which
are equally important. As already mentioned, tuberculosis is
not merely due to tubercle bacilli; factors such as poverty,
overcrowding and malnutrition contribute to its occurrence.
The doctrine of one-to-one relationship between cause and
disease has been shown to be untenable, even for microbial
diseases, e.g., tuberculosis, leprosy.

It is now known that diseases such as coronary heart
disease and cancer are due to multiple factors. For example,
excess of fat intake, smoking, lack of physical exercise and
obesity are all involved in the pathogenesis of coronary heart
disease. Most of these factors are linked to lifestyle and
human  behaviour. Epidemiology has contributed
significantly to our present day understanding of
multifactorial causation of disease. Medical men are looking
“beyond the “germ theory” of disease into the total life
situation of the patient and the community in search of
multiple (or risk) factors of disease. Fig. 6 presents an
adapted and advanced model of the triangle of
epidemiology. This new model includes all facets of the
communicable disease model, and to make it more relevant
and useful with regard to today's diseases, conditions,
disorders, defects, injuries, and deaths; it also reflects the
causes of current illnesses and conditions. Behaviour,
lifestyle factors, environmental causes, ecologic elements,
physical factors, and chronic diseases must also be taken into
account, The term agent is replaced by causative factors,
which implies the need to identify multiple causes or a
aetiologic factors of disease, disability, injury and death (59).

(Causative facto@

Environment
behaviour, culture
physiological factors
ecological elements

Groups or
populations
and their
characteristics

FIG. 6
Advanced model of the triangle of epidemiology

Source : (59)

The purpose of knowing the multiple factors of disease is

to quantify and arrange them in priority sequence
(prioritization) for modification or amelioration to prevent or
control disease. The muliifactorial concept offers muitiple
approaches for the prevention/control of disease.

Web of causation

This model of disease causation was suggested by
MacMahon and Pugh in their book: “Epidemiologic Principles
and Methods” (85). This model is ideally suited in the study of
chronic disease, where the disease agent is often not known,
but is the outcome of interaction of multiple factors.

The “web of causation” considers all the predisposing
factors of any type and their complex interrelationship with
each other. Fig. 7 illustrates the complexities of a causal web
of myocardial infarction (which is by no means complete).
The basic tenet of epidemiology is to study the clusters of
causes and combinations of effects and how they relate to
each other (86). It can be visualized that the causal web
(Fig. 7) provides a model which shows a variety of possible
interventions that could be taken which might reduce the
occurrence of myocardial infarction.

The web of causation does not imply that the disease
cannot be controlled unless all the multiple causes or chains
of causation or at least a number of them are appropriately
controlled or removed. This is not the case. Sometimes
removal or elimination of just only one link or chain may be
sufficient to control disease, provided that link is sufficiently
important in the pathogenetic process. In a multifactorial
event, therefore, individual factors are by no means all of
equal weight. The relative importance of these factors may
be expressed in terms of “relative risk” (see page 73).

NATURAL HISTORY OF DISEASE

Disease results from a complex interaction between man,
an agent (or cause of disease) and the environment. The
term natural history of disease is a key concept in
epidemiology. It signifies the way in which a disease evolves
over time from the earliest stage of its prepathogenesis
phase to its termination as recovery, disability or death, in
the absence of treatment or prevention. Each disease has its
own unique natural history, which is not necessarily the
same in all individuals, so much so, any general formulation
of the natural history of disease is necessarily arbitrary.

The natural history of disease is best established by
cohort studies (see page 75). As these studies are costly and
laborious, our understanding of the natural history of
disease is largely based on other epidemiological studies,
such as cross-sectional and retrospective studies, undertaken
in different population settings, both national and
international. What the physician sees in the hospital is just
an “episode” in the natural history of disease. The
epidemiologist, by studying the natural history of disease in
the community setting, is in a unique position to fill the gaps
in our knowledge about the natural history of disease.

A schematic diagram of the natural history of disease is
shown in Fig. 8. It is a necessary framework to understand
the pathogenetic chain of events for a particular disease,
and for the application of preventive measures. It is
customary to describe the natural history of disease as
consisting of two phases: prepathogenesis (i.e., the process
in the environment) and pathogenesis (i.e., the process in
man). Let us consider the events that take place in the
natural history of disease, using infectious disease as a
principal model (87).
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This refers to the period preliminary to the onset of
disease in man. The disease agent has not yet entered man,
but the factors which favour its interaction with the human
host are already existing in the environment. This situation is
frequently referred to as “man in the midst of disease” or
“man exposed to the risk of disease”. Potentially we are all
in the prepathogenesis phase of many diseases, both
communicable and non-communicable.

The causative factors of disease may be classified as
AGENT, HOST and ENVIRONMENT. These three factors are
referred to as epidemiological triad. The mere presence
of agent, host and favourable environmental factors in the
prepathogenesis period is not sufficient to start the disease
in man. What is required is an interaction of these three
factors to initiate the disease process in man. The agent,
host and environment operating in combination determine
not only the onset of disease which may range from a single
case to epidemics (as depicted in Fig. 9's black area) but
also the distribution of disease in the community.

FIG.9
Epidemiologic concept of interactions of
Agent, Host and Environment
(Adapted from Health Services Reports, Vol. 87, page 672)

Z. Pathogenesis phase

The pathogenesis phase begins with the entry of the
disease “agent” in the susceptible human host. The further
events in the pathogenesis phase are clear-cut in infectious
diseases, i.e., the disease agent multiplies and induces tissue
and physiological changes, the disease progresses through a
period of incubation and later through early and late
pathogenesis. The final outcome of the disease may be
recovery, disability or death. The pathogenesis phase may
be modified by intervention measures such as immunization
and chemotherapy.

It is useful to remember at this stage that the host’s
reaction to infection with a disease agent is not predictable.
That is, the infection may be clinical or subclinical; typical or
atypical or the host may become a carrier with or without

having developed clinical disease as in the case of -

diphtheria and hepatitis B.

In chronic diseases (e.g., coronary heart disease,
hypertension, cancer), the early pathogenesis phase is less
dramatic. This phase in chronic diseases is referred to as
presymptomatic phase. During the presymptomatic stage,

there is no manifest disease. The pathological changes are
essentially below the level of the “clinical horizon”. The
clinical stage begins when recognizable signs or symptoms
appear. By the time signs and symptoms appear, the disease
phase is already well advanced into the late pathogenesis
phase. In many chronic diseases, the agent-host-
environmental interactions are not yet well understood.

A s d F o ey
Adent Taciors

The first link in the chain of disease transmission is a
disease agent. The disease “agent” is defined as a
substance, living or non-living, or a force, tangible or
intangible, the excessive presence or relative lack of which
may initiate or perpetuate a disease process. A disease may
have a single agent, a number of independent alternative
agents or a complex of two or more factors whose combined
presence is essential for the development of the disease (31).

Disease agents may be classified broadly into the
following groups :

1. Biological agents

These are living agents of disease, viz, viruses, rickettsiae,
fungi, bacteria, protozoa and metazoa. These agents exhibit
certain “host-related” biological properties such as:
(i) infectivity: this is the ability of an infectious agent to
invade and multiply (produce infection) in a host;
(ii) pathogenicity: this is the ability to induce clinically
apparent illness, and (iii) virulence: this is defined as the
proportion of clinical cases resulting in severe clinical
manifestations (including sequelae). The case fatality rate is
one way of measuring virulence (84).

2. Nutrient agents

These are proteins, fats, carbohydrates, vitamins,
minerals and water. Any excess or deficiency of the intake of
nutritive elements may result in nutritional disorders. Protein
energy malnutrition (PEM), anaemia, goitre, obesity and
vitamin deficiencies are some of the current nutritional
problems in many countries.

3. Physical agents

Exposure to excessive heat, cold, humidity, pressure,
radiation, electricity, sound, etc may result in illness.

4. Chemical agents

(i) Endogenous: Some of the chemicals may be produced
in the body as a result of derangement of function, e.g., urea
(ureamia), serum bilirubin (jaundice), ketones (ketosis), uric
acid (gout), calcium carbonate (kidney stones), etc.

(ii) Exogenous: Agents arising outside of human host,
e.g., allergens, metals, fumes, dust, gases, insecticides, etc.
These may be acquired by inhalation, ingestion or
inoculation.

5. Mechanical agents

Exposure to chronic friction and other mechanical forces
may result in crushing, tearing, sprains, dislocations and
even death.

6. Absence or insufficiency or excess of a factor
necessary to health

These may be (i) Chemical factors: e.g., hormones (insulin,
oestrogens, enzymes) (ii) Nutrient factors: given under no. (2)
above (iii) Lack of structure: e.g., thymus (iv) Lack of part of
structure, e.qg., cardiac defects (v) Chromosomal factors, e.g.,
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mongolism, turner’s syndrome, and (vi) Immunological
factors, e.g., agammaglobulinaemia.

7. Social agents

It is also necessary to consider social agents of disease.
These are poverty, smoking, abuse of drugs and alcohol,
unhealthy lifestyles, social isolation, maternal deprivation,
etc.

Thus the modern concept of disease “agent” is a very
broad one; it includes both living and non-living agents.

Host factors (intrinsic)

In epidemiological terminology, the human host is
referred to as “soil” and the disease agent as “seed”. In
some situations, host factors play a major role in
determining the outcome of an individual’'s exposure to
infection (e.g., tuberculosis).

The host factors may be classified as (i) Demographic
characteristics such as age, sex, ethnicity; (ii) Biological
characteristics such as genetic factors; biochemical levels of
the blood (e.g., cholesterol); blood groups and enzymes;
cellular constituents of the blood; immunological factors;
and physiological function of different organ systems of the
body (e.qg., blood pressure, forced expiratory ventilation).
etc. (iii) Social and economic characteristics such as socio-
economic status, education, occupation, stress, marital
status, housing, etc. and (iv) Lifestyle factors such as
personality traits, living habits, nutrition, physical exercise,
use of alcohol, drugs and smoking, behavioural patterns,
etc. The association of a particular disease with a specific set
of host factors frequently provides an insight into the cause
of disease. The host factors of importance are further
discussed in chapter 3.

Environmental factors (extrinsic)

The study of disease is really the study of man and his
environment. Hundreds of millions of people are affected by
preventable diseases originating in the environment in which
they live. For human beings the environment is not limited,
as it normally is for plants and animals, to a set of climatic
factors. For example, for man, social and economic
conditions are more important than the mean annual
temperature. Thus the concept of environment is complex
and all-embracing. The external or macro-environment is
defined as “all that which is external to the individual human
host, living and non-living, and with which he is in constant
interaction”. This includes all of man’s external surroundings
such as air, water, food, housing, etc.

For descriptive purposes, the environment of man has
been divided into three components — physical, biological
and psychosocial. It should be emphasized that this
separation is artificial. They are closely related to each other
and with host factors.

a. Physical environment

The term “physical environment” is applied to non-living
things and physical factors (e.g., air, water, soil, housing,
climate, geography, heat, light, noise, debris, radiation, etc)
with which man is in constant interaction. Man’s victory over
his physical environment has been responsible for most of
the improvement in health during the past century. In most
developing countries, defective environment (e.g., lack of
sanitation) continues to be the main health problem. Man
has altered practically everything in his physical
environment to his advantage. In doing so, he has created

for himself a host of new health problems such as air
pollution, water pollution, noise pollution, urbanization,
radiation hazards, etc. The increasing use of electrical and
electronic devices, including the rapid growth of
telecommunication system (e.g., satellite systems), radio-
broadcasting, television transmitters and radar installations
have increased the possibility of human exposure to
electromagnetic energy.

Man is living today in a highly complicated environment
which is getting more complicated as man is becoming more
ingenious. If these trends continue, it is feared that the very
“quality of life” we cherish may soon be in danger.

b. Biological environment

The biological environment is the universe of living things
which surrounds man, including man himself. The living
things are the viruses and other microbial agents, insects,
rodents, animals and plants. These are constantly working
for their survival, and in this process, some of them act as
disease—producing agents, reservoirs of infection,
intermediate hosts and vectors of disease. Between the
members of the ecological system (which includes man)
there is constant adjustment and readjustment. For the most
part, the parties manage to effect a harmonious inter-
relationship, to achieve a state of peaceful co-existence,
even though this may not be always enduring. When for any
reason, this harmonious relationship is disturbed, ill-health
results. In the area of biological environment also,
preventive medicine has been highly successful in protecting
the health of the individual and of the community.

¢. Psychosocial environment

It is difficult to define “psychosocial environment” against
the background of the highly varied social, economic and
cultural contexts of different countries and their social
standards and value systems. It includes a complex of
psychosocial factors which are defined as “those factors
affecting personal health, health care and community well-
being that stem from the psychosocial make-up of
individuals and the structure and functions of social groups”
(60). They include cultural values, customs, habits, beliefs,
attitudes, morals, religion, education, lifestyles, community
life, health services, social and political organization.

In addition to this broad aspect of psychosocial
environment, man is in constant interaction with that part of
the social environment known as “people”. He is a member
of a social group, the member of a family, of a caste, of a
community and of a nation. Between the individual and
other members of the group, there can be harmony or
disharmony, interests and points of view that are shared or
that are in conflict. The behaviour of one individual can
affect others more or less directly; conflict and tension
between the individual and the group as a whole or between
the individual and other members of the group can yield
great distress. The law of the land, customs, attitudes,
beliefs, traditions, all regulate the interactions among groups
of individuals and families.

The impact of social environment has both positive and
negative aspects on the health of individuals and
communities. A favourable social environment can improve
health, provide opportunities for man to achieve a sense of
fulfilment, and add to the quality of life. Therefore, customs
and traditions favouring health must be preserved. Beneficial
social behaviour (e.g., community participation) should be
restored where it has disappeared due to social changes.
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Psychosocial factors can also affect negatively man's
health and well-being. For example, poverty, urbanization,
migration and exposure to stressful situations such as
bereavement, desertion, loss of employment, birth of a
handicapped child may produce feelings of anxiety,
depression, anger, frustration, and so forth; and these
feelings may be accompanied by physical symptoms such as
headache, palpitation and sweating. But these emotional
states also produce changes in the endocrine, autonomic
and motor systems, which, if prolonged and in interaction
with genetic and personality factors, may lead to structural
changes in wvarious bodily organs. The resulting
psychosomatic disorders include conditions such as
duodenal ulcer, bronchial asthma, hypertension, coronary
heart disease, mental disorders and socially deviant
behaviour (e.g., suicide, crime, violence, drug abuse). Of
primary concern is coronary heart disease which may be
related to lifestyle and psychosocial stress. In many
countries, road accidents are now the principal cause of
death in young people. It is related to psychosocial states
such as boredom, anxiety, frustration and other pre-
occupations that can impair attention.

Man today is viewed as an “agent” of his own diseases;
his state of health is determined more by what he does to
himself than what some outside germ or infectious agent
does to him. For example, the medical cause of lung cancer
may be a chemical substance in cigarettes, but the
psychosocial cause is behaviour - smoking. From a
psychosocial point of view, disease may be viewed as a
maladjustment of the human organism to his psychosocial
environment resulting from misperception, misinterpretation
and misbehaviour (88). The epidemiologists today are as
much concerned with psychosocial environment, as with
physical or biological environment, in search for aetiological
causes of disease.

Because of the fact that man exists concurrently in so
many environmental contexts, it has become customary to
speak of man in his “total environment”. The social
environment is so inextricably linked with the physical and
biological environments that it is realistic and necessary to
view the human environment in toto to promote health. A
stable and harmonious equilibrium between man and his
environment is needed to reduce man’s vulnerability to
disease and to permit him to lead a more productive and
satisfying life.

Risk factors

For many diseases, the disease “agent” is still
unidentified, e.g. coronary heart disease, cancer, peptic
ulcer, mental illness, etc. Where the disease agent is not
firmly established, the aetiology is generally discussed in
terms of “risk factors”.

The term “risk factor” is used by different authors with at
least two meanings (31):

a. an attribute or exposure that is significantly associated
with the development of a disease (89};

b. a determinant that can be modified by intervention,
thereby reducing the possibility of occurrence of
disease or other specified outcomes (31};

Risk factors are often suggestive, but absolute proof of
cause and effect between a risk factor and disease is usually
lacking. That is, the presence of a risk factor does not imply
that the disease will occur, and in its absence, the disease
will not occur. The important thing about risk factors is that

they are observable or identifiable prior to the event they
predict. It is also recognized that combination of risk factors
in the same individual may be purely additive or synergistic
(multiplicative). For example, smoking and occupational
exposure (shoe, leather, rubber, dye and chemical
industries) were found to have an additive effect as risk
factors for bladder cancer (85}. On the other hand, smoking
was found to be synergistic with other risk factors such as
hypertension and high blood cholesterol (90). That is, the
effects are more than additive.

Risk factors may be truly causative (e.g., smoking for lung
cancer); they may be merely contributory to the undesired
outcome (e.g., lack of physical exercise is a risk factor for
coronary heart disease), or they may be predictive only in a
statistical sense (e.g., illiteracy for perinatal mortality).

Some risk factors can be modified; others cannot be
modified. The modifiable factors include smoking,
hypertension, elevated serum cholesterol, physical activity,
obesity, etc. They are amenable to intervention and are
useful in the care of the individual. The unmodifiable or
immutable risk factors such as age, sex, race, family history
and genetic factors are not subject to change. They act more
as signals in alerting health professionals and other
personnel to the possible outcome (91).

Risk factors may characterize the individual, the family,
the group, the community or the environment. For example,
some of the individual risk factors include age, sex, smoking,
hypertension, etc. But there are also collective community
risks — for example, from the presence of malaria, from air
pollution, from substandard housing, or a poor water supply
or poor health care services. The degree of risk in these
cases is indirectly an expression of need. Therefore it is
stated that a risk factor is a proxy for need - indicating the
need for promotive and preventive health services.

Epidemiological methods (e.g., case control and cohort
studies) are needed to identify risk factors and estimate the
degree of risk. These studies are carried out in population
groups among whom certain diseases occur much more
frequently than other groups. By such comparative studies,
epidemiologists have been able to identify smoking as a risk
for lung cancer; high serum cholesterol and high blood
pressure as risk factors for coronary heart disease. The
contribution of epidemiology in the identification of risk
factors has been highly significant. Risk factors associated
with some major disease groups are as shown in Table 5.

TABLE 5
Prominent risk factors

Disease Risk factors

Smoking, high blood pressure, elevated
serum cholesterol, diabetes, obesity,
lack of exercise, type A personality

Heart disease

Cancer Smoking, alcohol, solar radiation,
ionizing radiation, work-site hazards,
environmental pollution, medications,
infectious agents, dietary factors

Stroke High blood pressure, elevated

cholesterol, smoking

Motor vehicle accidents Alcohol, non-use of seat belts, speed,
automobile design, roadway design

Obesity, diet
Alcohol

Diabetes
Cirrhosis of liver

Source : (92)
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The detection of risk factors should be considered a prelude
to prevention or intervention. For each risk factor ascertained,
the question has to be asked whether it can be reduced in a
cost-effective way and whether its reduction will prevent or
delay the unwanted outcome (93). Since the detection
procedure usually involves whole population, it bears some
similarity to presymptomatic screening for disease (91).

Risk groups

Another approach developed and promoted by WHO is to
identify precisely the “risk groups” or “target groups” (e.q., at-
risk mothers, at-risk infants, at-risk families, chronically ill,
handicapped, elderly) in the population by certain defined
criteria and direct appropriate action to them first. This is
known as the “risk approach”. It has been summed up as
“something for all, but more for those in need — in proportion
to the need” (563). In essence, the risk approach is a
managerial device for increasing the efficiency of health care
services within the limits of existing resources {94). WHO has
been usingtherisk approach in MCH services since a long time
(Table 6).

TABLE 6
Guidelines for defining “at-risk” groups

_a. Biological situation:

- age group, e.g., infants (low birth weight), toddlers, elderly

- sex, e.g., females in the reproductive age period

- physiological state, e.g., pregnancy, cholesterol level, high
blood pressure

- genetic factors, e.g. family history of genetic disorders

- other health conditions {disease, physical functioning,
unhealthy behaviour) -

b. Phuysical situation:
- rural, urban slums
- living conditions, overcrowding
- environment: water supply, proximity to industries

¢. Sociocultural and cultural situation:
- social class
- ethnic and cultural group
- family disruption, education, housing
- customs, habits and behaviour (e.g., smoking, lack of
exercise, over-eating, drug addicts)
~ access to health services
- lifestyles and attitudes

Source : (95)

Modern epidemiology is concerned with the identification
of risk factors and high-risk groups in the population. Since
resources are scarce, identification of those at risk is
imperative. It helps to define priorities and points to those
most in need of attention. The knowledge of risk factors and
risk groups can be used to prevent disease in so far as we are
able to remove or minimize the risk.

Spectrum of disease

The term “spectrum of disease” is a graphic
representation of variations in the manifestations of disease.
It is akin to the spectrum of light where the colours vary from
one end to the other, but difficult to determine where one
colour ends and the other begins. At one end of the disease
spectrum are subclinical infections which are not ordinarily
identified, and at the other end are fatal illnesses. In the
middle of the spectrum lie illnesses ranging in severity from
mild to severe. These different manifestations are simply
reflections of individuals’ different states of immunity and
receptivity. Leprosy is an excellent example of the spectral

concept of disease. For almost every disease there exists a
spectrum of severity, with few exceptions such as rabies. In
infectious diseases, the spectrum of disease is also referred
to as the “gradient of infection”.

The sequence of events in the spectrum of disease can be
interrupted by early diagnosis and treatment or by
preventive measures which if introduced at a particular
point will prevent or retard the further development of the
disease. The concept of spectrum of disease provides for
inclusion of all cases, both subclinical and clinical, in the
study of disease.

Iceberg of disease

A concept closely related to the spectrum of disease is the
concept of the iceberg phenomenon of disease. According to
this concept, disease in a community may be compared with
an iceberg (Fig. 10). The floating tip of the iceberg
represents what the physician sees in the community, i.e.,
clinical cases. The vast submerged portion of the iceberg
represents the hidden mass of disease, i.e., latent,
inapparent, presymptomatic and undiagnosed cases and
carriers in the community. The “waterline” represents the
demarcation between apparent and inapparent disease.

In some diseases (e.g., hypertension, diabetes, anaemia,
malnutrition, mental illness) the unknown morbidity (i.e.,
the submerged portion of the iceberg) far exceeds the known
morbidity. The hidden part of the iceberg thus constitutes an
important, undiagnosed reservoir of infection or disease in
the community, and its detection and control is a challenge
to modern techniques in preventive medicine. One of the
major deterrents in the study of chronic diseases of
unknown aetiology is the absence of methods to detect the
subclinical state — the bottom of the iceberg (96).

Symptomatic

What the ]
disease

physician sees

Pre-symptomatic

What the
physician

disease

FIG. 10
The Iceberg of disease
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Disease control

The term “disease control” describes (ongoing)

operations aimed at reducing:
i. the incidence of disease

ii. the duration of disease, and consequently the risk of
transmission

ili. the effects of infection, including both the physical
and psychosocial complications; and

iv. the financial burden to the community.
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Control activities may focus on primary prevention or
secondary prevention, most control programmes combine
the two. The concept of tertiary prevention is comparatively
less relevant to control efforts.

In disease control, the disease “agent” is permitted to
persist in the community at a level where it ceases to be a
public health problem according to the tolerance of the local
population. A state of equilibrium becomes established
between the disease agent, host and environment
components of the disease process. An excellent
embodiment of this concept is malaria control, which is
distinct from malaria eradication.

itisease iimmin

Between control and eradication, an intermediate goal
has been described, called “regional elimination” (97}. The
term “elimination” is used to describe interruption of
transmission of disease, as for example, elimination of
measles, polio and diphtheria from large geographic regions
or areas (31). Regional elimination is now seen as an
important precursor of eradication (97).

Disease eradication

Eradication literally means to “tear out by roots”.
Eradication of disease implies termination of all transmission
of infection by extermination of the infectious agent (31}. As
the name implies, eradication is an absolute process, and
not a relative goal. It is “all or none phenomenon”. The
word eradication is reserved to cessation of infection and
disease from the whole world (97).

Today, smallpox is the only disease that has been
eradicated globally. Every disease like every human being is
unique with its own epidemiological characteristics and
specific strategies for control.

During recent years, three diseases have been seriously
advanced as candidates for global eradication within the
foreseeable future: polio, measles and dracunculiasis. The
feasibility of eradicating polio appears to be greater than
that of others and the goal is in sight.

Experience gained from eradication programmes (e.g.,
malaria, yaws) has shown that once the morbidity of a
disease reaches a very low level, a “residual” infection
usually persists in the population leading to a state of
equilibrium between the agent, host and environmental
components of the disease process. In this situation, there
are always hidden foci of infection, unrecognized methods
of transmission, resistance of the vector or organism, all of
which may again flare up when the agent-host—environment
equilibrium is disturbed (98). Failure to understand this led
to disappointment in the eradication programmes mounted
against malaria, yaws, plague, kala-azar and yellow fever.

Monittoring and surveiliance

According to standard dictionaries, the words monitoring
and surveillance are almost synonymous. But in public
health practice they have taken on rather specific and
somewhat different meanings (99):

i) Monitoring

Monitoring is “the performance and analysis of routine
measurements aimed at detecting changes in the
environment or health status of population” (31). Thus we
have monitoring of air pollution, water quality, growth and
nutritional status, etc. It also refers to on-going measurement
of performance of a health service or a health professional,

or of the extent to which patients comply with or adhere to
advice from health professionals.

In management, monitoring refers to “the continuous
oversight of activities to ensure that they are proceeding
according to plan. It keeps track of achievements, staff
movements and utilization, supplies and equipment, and the
money spent in relation to the resources available so that if
anything goes wrong, immediate corrective measures can be
taken” (53).

ii) Surveillance

Surveillance is defined in many ways. According to one
interpretation, surveillance means to watch over with great
attention, authority and often with suspicion (95). According
to another, surveillance is defined as “the continuous scrutiny
of the factors that determine the occurrence and distribution
of disease and other conditions of ill-health” (100).
Surveillance programmes can assume any character and
dimension — thus we have epidemiological surveillance (101),
demographic surveillance, nutritional surveillance (102}, etc.

The main objectives of surveillance are: (a) to provide
information about new and changing trends in the health
status of a population, e.g., morbidity, mortality, nutritional
status or other indicators and environmental hazards, health
practices and other factors that may affect health (103);
(b) to provide feed-back which may be expected to modify
the policy and the system itself and lead to redefinition of
objectives, and (c) provide timely warning of public health
disasters so that interventions can be mobilized.

According to the above definitions, monitoring becomes
one specific and essential part of the broader concept
embraced by surveillance. Monitoring requires careful
planning and the use of standardized procedures and
methods of data collection, and can then be carried out over
extended periods of time by technicians and automated
instrumentation.  Surveillance, in contrast, requires
professional analysis and sophisticated judgement of data
leading to recommendations for control activities.

Sentinel surveillance

No routine notification system can identify all cases of
infection or disease. A method for identifying the missing
cases and thereby supplementing the notified cases is
required. This is known as “sentinel surveillance.” The
sentinel data is extrapolated to the entire population to
estimate the disease prevalence in the total population. The
advantages of such a system are that the reporting biases are
minimized, and feed-back of information to the providers is
simplified.

Sentinel surveillance agencies could be interested and
competent physicians (or institutions) in selected areas to
report the cases of disease in their areas. This system would
provide more valuable and detailed information than could
be obtained from the traditional notification system (104}.
Finally, these sentinel sites could be developed into a
notification system for providing more detailed information,
which, in some settings, may be less costly than developing
and maintaining an ongoing notification system.

Evaluation of control

Evaluation is the process by which results are compared
with the intended objectives, or more simply the assessment
of how well a programme is performing. Evaluation should
always be considered during the planning and
implementation stages of a programme or activity.
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Evaluation may be crucial in identifying the health benefits
derived (impact on morbidity, mortality, sequelae, patient
satisfaction). Evaluation can be useful in identifying
performance difficulties. Evaluation studies may also be
carried out to generate information for other purposes, e.g.,
to attract attention to a problem, extension of control
activities, training and patient management, etc. The
principles of evaluation are discussed in chapter 20.

CONCEPTS OF PREVENTION

The goals of medicine are to promote health, to preserve
health, to restore health when it is impaired, and to minimize
suffering and distress. These goals are embodied in the word
“prevention” (31). Successful prevention depends upon a
knowledge of causation, dynamics of transmission,
identification of risk factors and risk groups, availability of
prophylactic or early detection and treatment measures, an
organization for applying these measures to appropriate
persons or groups, and continuous evaluation of and
development of procedures applied (105).

It is not necessary (although desirable) to know
everything about the natural history of a disease to initiate
preventive measures. Often times, removal or elimination of
a single known essential cause may be sufficient to prevent a
disease. The objective of preventive medicine is to intercept
or oppose the “cause” and thereby the disease process. This
epidemiological concept permits the inclusion of treatment
as one of the modes of intervention (87).

Levels of prevention

In modern day, the concept of prevention has become
broad-based. It has become customary to define prevention
in terms of four level:

1. primordial prevention
2. primary prevention
3. secondary prevention
4. tertiary prevention

These levels of prevention are shown in Fig.10 in relation
to the natural history of disease. Authorities on preventive
medicine do not agree on the precise boundaries between
these levels, but that does not minimize their importance. For
example, the supply of food supplements to a family could be
primary prevention for some members, and secondary
prevention (curative) for others. These differences of opinion
are more semantic than substantive (31). A general discussion
of these concepts is given below:

1. Primordial prevention

Primordial prevention, a new concept, is receiving special
attention in the prevention of chronic diseases. This is
primary prevention in its purest sense, that is, prevention of
the emergence or development of risk factors in countries or
population groups in which they have not yet appeared. For
example, many adult health problems (e.g., obesity,
hypertension) have their early origins in childhood, because
this is the time when lifestyles are formed (for example,
smoking, eating patterns, physical exercise). In primordial
prevention, efforts are directed towards discouraging
children from adopting harmful lifestyles. The main
intervention in primordial prevention is through individual
and mass education.

2. Primmary prevention

Primary prevention can be defined as “action taken prior

to the onset of disease, which removes the possibility that a
disease will ever occur”. It signifies intervention in the
pre-pathogenesis phase of a disease or health problem {e.g.,
low birth weight) or other departure from health. Primary
prevention may be accomplished by measures designed to
promote general health and well-being, and quality of life of
people or by specific protective measures. These are
discussed in detail elsewhere under “Mode of Intervention”.

Primary prevention is far more than averting the
occurrence of a disease and prolonging life. It includes the
concept of “positive health”, a concept that encourages
achievement and maintenance of “an acceptable level of
health that will enable every individual to lead a socially and
economically productive life”. It concerns an individual’s
attitude towards life and health and the initiative he takes
about positive and responsible measures for himself, his
family and his community.

The concept of primary prevention is now being applied
to the prevention of chronic diseases such as coronary heart
disease, hypertension and cancer based on elimination or
modification of “risk-factors” of disease. The WHO has
recommended the following approaches for the primary
prevention of chronic diseases where the risk factors are
established (106) :

a. population (mass) strategy
b. high-risk strategy

a. Population (mass) strategy

Another preventive approach is “population strategy”
which is directed at the whole population irrespective of
individual risk levels. For example, studies have shown that
even a small reduction in the average blood pressure or
serum cholesterol of a population would produce a large
reduction in the incidence of cardiovascular disease (107).
The population approach is directed towards socio-
economic, behavioural and lifestyle changes (107).

b. High-risk strategy

The high-risk strategy aims to bring preventive care to
individuals at special risk. This requires detection of
individuals at high risk by the optimum use of clinical
methods.

Primary prevention is a desirable goal. It is worthwhile to
recall the fact that the industrialized countries succeeded in
eliminating a number of communicable diseases like
cholera, typhoid and dysentery and controlling several
others like plague, leprosy and tuberculosis, not by medical
interventions but mainly by raising the standard of living
(primary prevention). And much of this success came even
before immunization became universal routine. The
application of primary prevention to the prevention of
chronic disease is a recent development. To have an impact
on the population, all the above three approaches
(primordial prevention, population strategy and high-risk
strategy) should be implemented as they are usually
complementary.

In summary, primary prevention is a “holistic” approach.
It relies on measures designed to promote health or to
protect against specific disease “agents” and hazards in the
environment. It utilizes knowledge of the prepathogenesis
phase of disease, embracing the agent, host and
environment. Fundamental public health measures and
activities such as sanitation; infection control; immunization;
protection of food, milk, and water supplies; environmental
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protection; and protection against occupational hazards and
accidents are all basic to primary prevention. Basic personal
hygiene and public health measures have had a major
impact on halting communicable disease epidemics.
Immunization, infection control ({eq, hand washing),
refrigeration of foods, garbage collection, solid and liquid
waste management, water supply protection and treatment,
and general sanitation have reduced infectious disease
threats to populations. The safety and low cost of primary
prevention justifies its wider application. Primary prevention
has become increasingly identified with “health education”
and the concept of individual and community responsibility
for health (108).

3. Secondary prevention

Secondary prevention can be defined as “action which
halts the progress of a disease at its incipient stage and
prevents complications”. The specific interventions are early
diagnosis (e.g., screening tests, case finding programmes)
and adequate treatment. By early diagnosis and adequate
treatment, secondary prevention attempts to arrest the
disease process; restore health by seeking out unrecognized
disease and treating it before irreversible pathological
changes have taken place; and reverse communicability of
infectious diseases. It may also protect others in the
community from acquiring the infection and thus provide, at
once, secondary prevention for the infected individuals and
primary prevention for their potential contacts (84).

Secondary prevention is largely the domain of clinical
medicine. The health programmes initiated by governments
are usually at the level of secondary prevention. The
drawback of secondary prevention is that the patient has
already been subject to mental anguish, physical pain; and
the community to loss of productivity. These situations are
not encountered in primary prevention.

Secondary prevention is an imperfect tool in the control
of transmission of disease. It is often more expensive and less
effective than primary prevention. In the long run, human

health, happiness and useful longevity will be achieved at far
less expense with less suffering through primary prevention
than through secondary prevention (109).

4. Tertiary prevention

When the disease process has advanced beyond its early
stages, it is still possible to accomplish prevention by what
might be called “tertiary prevention” (87). It signifies
intervention in the late pathogenesis phase. Tertiary
prevention can be defined as “all measures available to
reduce or limit impairments and disabilities, minimize
suffering caused by existing departures from good health
and to promote the patient’s adjustment to irremediable
conditions” (31). For example, treatment, even if
undertaken late in the natural history of disease may prevent
sequelae and limit disability. When defect and disability are
more or less stabilized, rehabilitation may play a preventable
role. Modern rehabilitation includes psychosocial,
vocational, and medical components based on team work
from a variety of professions. Tertiary prevention extends
the concept of prevention into fields of rehabilitation.

Table 7 summarizes the levels of prevention.

MODES OF INTERVENTION

“Intervention” can be defined as any attempt to intervene
or interrupt the usual sequence in the development of
disease in man. This may be by the provision of treatment,
education, help or social support. Five modes of
intervention have been described which form a continuum
corresponding to the natural history of any disease. These
levels are related to agent, host and environment and are
shown in Fig. 9. They are:

Health promotion

Specific protection

Early diagnosis and treatment
Disability limitation
Rehabilitation

grk Lo

TABLE 7
Levels of prevention
Level Phase of disease Aim Actions Target
Primordial Underlying economic, social,  Establish and maintain =~ Measures that inhibit the Total population or
and environmental conditions conditions that minimize emergence of environmental, selected groups; achieved
leading to causation hazards to health economic, social and through public health policy
behavioural conditions. and health promotion.

Primary Specific causal factors Reduce the incidence Protection of health by Total population, selected
of disease personal and community groups and individuals at

efforts, such as enhancing high-risk; achieved through
nutritional status, providing public health programmes
immunizations, and eliminating

environmental risks.

Secondary Early stage of disease Reduce the prevalence = Measures available to individuals Individuals with established
of disease by shortening and communities for early disease; achieved through
its duration detection and prompt intervention  early diagnosis and

to control disease and minimize treatment.
disability (e.g. through
screening programmes).
Tertiary Late stage of disease Reduce the number Measures aimed at softening the Patients; achieved through
(treatment, rehabilitation) and/or impact of impact of long-term disease and rehabilitation.
complications disability; minimizing suffering;
maximizing potential years
of useful life.

Source : (58)
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1. Health promotion

Health promotion is “the process of enabling people to
increase control over, and to improve health ” (110). It is not
directed against any particular disease, but is intended to
strengthen the host through a variety of approaches
(interventions). The well-known interventions in this area are:

i. health education

ii. environmental modifications

iii. nutritional interventions

iv. lifestyle and behavioural changes

(i) Health education: This is one of the most cost-
effective interventions. A large number of diseases could be
prevented with little or no medical intervention if people
were adequately informed about them and if they were
encouraged to take necessary precautions in time.
Recognizing this truth, the WHO’s constitution states that
“the extension to all people of the benefits of medical,
psychological and related knowledge is essential to the fullest
attainment of health”. The targets for educational efforts
may include the general public, patients, priority groups,
health providers, community leaders and decision—makers.

(ii) Environmental modifications: A comprehensive
approach to health promotion requires environmental
modifications, such as provision of safe water; installation of
sanitary latrines; control of insects and rodents; improvement
of housing, etc. The history of medicine has shown that many
infectious diseases have been successfully controlled in
western countries through environmental modifications,
even prior to the development of specific vaccines or
chemotherapeutic drugs. Environmental interventions are
non-clinical and do not involve the physician.

(iii) Nutritional interventions: These comprise food
distribution and nutrition improvement of wvulnerable
groups; child feeding programmes; food fortification;
nutrition education, etc.

(iv) Lifestyle and behavioural changes: The
conventional public health measures or interventions have
not been successful in making inroads into lifestyle reforms.
The action of prevention in this case, is one of individual
and community responsibility for health (see page 19), the
physician and in fact each health worker acting as an
educator than a therapist. Health education is a basic
element of all health activity. It is of paramount importance
in changing the views, behaviour and habits of people.

Since health promotion comprises a broad spectrum of
activities, a well-conceived health promotion programme
would first attempt to identify the “target groups” or at-risk
individuals in a population and then direct more
appropriate message to them (111). Goals must be defined.
Means and alternative means of accomplishing them must
be explored. It involves “organizational, political, social and
economic interventions designed to facilitate environmental
and behavioural adaptations that will improve or protect
health” (112).

2. Specific protection

To avoid disease altogether is the ideal but this is possible
only in a limited number of cases. The following are some
of the currently available interventions aimed at specific
protection: (a) immunization (b) use of specific nutrients
(c) chemoprophylaxis (d) protection against occupational
hazards (e) protection against accidents (f) protection from
carcinogens (g) avoidance of allergens (h) the control of

specific hazards in the general environment, e.g., air
pollution, noise control (i) control of consumer product
quality and safety of foods, drugs, cosmetics, etc.

Health protection

The term “health protection” which is quite often used, is
not synonymous with specific protection. Health protection
is defined as “The provision of conditions for normal mental
and physical functioning of the human being individually
and in the group. It includes the promotion of health, the
prevention of sickness and curative and restorative medicine
in all its aspects” (56). In fact, health protection is conceived
as an integral part of an overall community development
programme, associated with activities such as literacy
campaigns, education and food production (113). Thus
health protection covers a much wider field of health
activities than specific protection.

3. Early diagnosis and treatment

A WHO Expert Committee (114) defined early detection
of health impairment as “the detection of disturbances of
homoeostatic and compensatory mechanism while
biochemical, morphological, and functional changes are still
reversible.” Thus, in order to prevent overt disease or
disablement, the criteria of diagnosis should, if possible, be
based on early biochemical, morphological and functional
changes that precede the occurrence of manifest signs and
symptoms. This is of particular importance in chronic
diseases.

Early detection and treatment are the main interventions
of disease control. The earlier a disease is diagnosed and
treated the better it is from the point of view of prognosis and
preventing the occurrence of further cases (secondary cases)
or any long-term disability. It is like stamping out the “spark”
rather than calling the fire brigade to put out the fire.

Strictly speaking, early diagnosis and treatment cannot be
called prevention because the disease has already
commenced in the host. However, since early diagnosis and
treatment intercepts the disease process, it has been
included in the schema of prevention, in as much as the goal
of prevention is “to oppose or intercept a cause to prevent
or dissipate its effect.” (87).

Early diagnosis and treatment though not as effective and
economical as “primary prevention” may be critically
important in reducing the high morbidity and mortality in
certain diseases such as essential hypertension, cancer
cervix and breast cancer. For many others such as
tuberculosis, leprosy and STD, early diagnosis and treatment
are the only effective mode of intervention. Early effective
therapy has made it possible to shorten considerably the
period of communicability and reduce the mortality from
acute communicable diseases.

Mass treatment: A mass treatment approach is used in the
control of certain diseases, viz. yaws, pinta, bejel, trachoma
and filaria, The rationale for a mass treatment programme is
the existence of at least 4-5 cases of latent infection for each
clinical case of active disease in the community. Patients
with a latent (incubating) infection may develop disease at
any time. In such cases, mass treatment is a critical factor in
the interruption of disease transmission. There are many
variants of mass treatment — total mass treatment, juvenile
mass treatment, selective mass treatment, depending
upon the nature and prevalence of disease in the
community (104).



44 CONCEPT OF HEALTH AND DISEASE

'y Disability limitation

When a patient reports late in the pathogenesis phase,
the mode of intervention is disability limitation. The
objective of this intervention is to prevent or halt the
transition of the disease process from impairment to
handicap.

Concept of disability

The sequence of events leading to disability and
handicap have been stated as follows (115):

Disease — impairment — disability — handicap

The WHO (115) has defined these terms as follows:

(i) Impairment : An impairment is defined as “any loss
or abnormality of psychological, physiological or anatomical
structure or function”, e.g., loss of foot, defective vision or
mental retardation. An impairment may be visible or
invisible, temporary or permanent, progressive or regressive.
Further, one impairment may lead to the development of
“secondary” impairments as in the case of leprosy where
damage to nerves (primary impairment) may lead to plantar
ulcers (secondary impairment).

(ii) Disability : Because of an impairment, the affected
person may be unable to carry out certain activities
considered normal for his age, sex, etc. This inability to
carry out certain activities is termed “disability”. A disability
has been defined as “any restriction or lack of ability to
perform an activity in the manner or within the range
considered normal for a human being”.

(iii) Handicap : As a result of disability, the person
experiences certain disadvantages in life and is not able to
discharge the obligations required of him and play the role
expected of him in the society. This is termed “handicap”,
and is defined as “a disadvantage for a given individual,
resulting from an impairment or a disability, that limits or
prevents the fulfilment of a role that is normal (depending
on age, sex, and social and cultural factors) for that
individual”.

Taking accidents as an example, the above terms can be
explained further as follows (93):

Accident..............
Loss of foot ........

Cannot walk ........
Unemployed .......

Disease {or disorder)

Impairment (extrinsic or intrinsic)
Disability (objectified)

Handicap (socialized)

FIG. 11
Concept of disability

The intervention in disability will often be social or
environmental as well as medical. While impairment which
is the earliest stage has a large medical component,
disability and handicap which are later stages have large
social and environmental components in terms of
dependence and social cost (93).

Disability prevention

Another concept is “disability prevention”. It relates to all
the levels of prevention: (a) reducing the occurrence of
impairment, viz. immunization against polio (primary
prevention); (b) disability limitation by appropriate treatment
(secondary prevention); and, (c) preventing the transition of
disability into handicap (tertiary prevention) (116).

The major causes of disabling impairments in the

developing countries are communicable diseases,
malnutrition, low quality of perinatal care and accidents.
These are responsible for about 70 per cent of cases of
disability in developing countries. Primary prevention is the
most effective way of dealing with the disability problem in
developing countries (116).

5. Rehabilitation

Rehabilitation has been defined as “the combined and
coordinated use of medical, social, educational and
vocational measures for training and retraining the
individual to the highest possible level of functional ability”
(117). It includes all measures aimed at reducing the impact
of disabling and handicapping conditions and at enabling
the disabled and handicapped to achieve social integration
(116). Social integration has been defined as the active
participation of disabled and handicapped people in the
mainstream of community life (118).

Rehabilitation medicine has emerged in recent years as a
medical speciality. It involves disciplines such as physical
medicine or physiotherapy, occupational therapy, speech
therapy, audiology, psychology, education, social work,
vocational guidance and placement services. The following
areas of concern in rehabilitation have been identified:

(a) Medical rehabilitation — restoration of function.

(b) Vocational rehabilitation — restoration of the capacity
to earn a livelihood.

(c) Social rehabilitation — restoration of family and social
relationships.

{(d) Psychological rehabilitation — restoration of personal
dignity and confidence.

Rehabilitation is no longer looked upon as an extra-
curricular activity of the physician. The current view is that
the responsibility of the doctor does not end when the
“temperature touches normal and stitches are removed”.
The patient must be restored and retrained “to live and work
within the limits of his disability but to the hilt of his
capacity”. As such medical rehabilitation should start very
early in the process of medical treatment.

Examples of rehabilitation are: establishing schools for
the blind, provision of aids for the crippled, reconstructive
surgery in leprosy, muscle re-education and graded exercises
in neurological disorders, change of profession for a more
suitable one and modification of life in general in the case of
tuberculosis, cardiac patients and others. The purpose of
rehabilitation is to make productive people out of non-
productive people.

It is now recognized that rehabilitation is a difficult and
demanding task that seldom gives totally satisfactory results;
but needs enthusiastic cooperation from different segments
of society as well as expertise, equipment and funds not
readily available for this purpose even in affluent societies. It
is further recognized that interventions at earlier stages are
more feasible, will yield results, and are less demanding of
scarce resources,

CHANGING PATTERN OF DISEASE

Although diseases have not changed significantly through
human history, their patterns have. It is said that every
decade produces its own pattern of disease. The truth of this
will be obvious when one compares the leading causes of
death globally for the year 2000 and 2011 (Fig. 12).
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Comparison of leading causes of death worldwide
over the past decade, 2000 and 2011

Source : (119)

Worldwide, during 2011, about 7 million persons died of
IHD, 6.2 million due to stroke, 3.2 million due to lower
respiratory infections, 3 million due to COPD (chronic
obstructive pulmonary disease), 1.9 million due to
diarrhoeal disesaes, 1.5 million due to HIV/AIDS, 1.5 million
due to lung, trachea and bronchus cancer, 1.4 million due to
diabetes mellitus, 1.3 million due to road injury and
1.2 million due to prematurity (119).

Developed countries

During the past decades, the developed world has
experienced a dramatic change in the pattern of disease. By far
the greatest part of this development has been the decline of
many of the infectious diseases (e.g., tuberculosis, typhoid
fever, polio, diphtheria). However problems of a different
nature have achieved ascendancy, e.g., coronary heart
disease, cancer, accident, dementia, COPD and diabetes.
Lower respiratory infection remains the leading infectious
cause of death. Only one in every 100 deaths is among children
under 15 years. Table 8 shows the top 10 causes of death in
high income, upper middle income and other countries.

The morbidity pattern has also changed. In recent years,
there has been a steady increase in mental disorders.
Alzheimer’s disease described as the “silent epidemic” of the
century, is an important cause of morbidity and mortality.
There has been a steady increase in social pathology due to
alcohol and drug abuse. Lung cancer as well as other
chronic lung diseases due to smoking, and obesity due to
overeating have become common. Environmental health
problems connected with toxic, carcinogenic and mutagenic
material in the external environment due to industrialization
and growing urbanization are assuming growing importance.

The microbial diseases that are now becoming prominent
are often caused by organisms previously regarded as being
innocuous such as the coliforms and the other gram-negative
bacilli, the non-haemolytic streptococci, campylobacters,
legionella, chlamydia, rotaviruses and AIDS virus.

TABLE 8
Top 10 causes of death in developed and
developing countries, 2011

Deaths per lac population

High Upper Lower Low
Cause income  middle middle income
countries income income countries
countries countries
Ischaemic heart disease 119 120 93 47
Stroke 69 126 75 56
Trachea, bronchus 51 28 - -
and lung cancer
Alzheimer’s disease .48 - - -
COPD 32 45 51 -
Lower respiratory 32 22 60 98
infections
Colon and 27 - - —
rectum cancer
Diabetes mellitus 21 20 20 -
Hypertensive 20 18 - -
heart disease
Breast cancer 16 - -~ -
Road injury - 21 19 -
Liver cancer - 19 - -
Stomach cancer | - 18 - -
Diarrhoeal diseases - - 47 69
Prematurity - - 27 43
HIV/AIDS - - 24 70
Tuberculosis - - 22 32
Malaria - - - 38
Protein energy - - - 32
malnutrition i
Birth asphyxia and - - - 30
birth trauma

Source: (119)

Developing countries

The pattern of diseases in developing countries is very
different. In a typical developing country, about 40 per cent
of deaths are among children under 15 years of age. People

predominantly die of infectious diseases like lower
respiratory infections, HIV/AIDS, diarrhoeal diseases,
malaria and tuberculosis. These diseases collectively

account for almost one-third of all deaths in these countries.
Complications of childbirth due to prematurity, birth
asphyxia and birth trauma are among leading causes of
death as shown in Table 8.

In India, as in other developing countries, most deaths
result from infectious and parasitic diseases, abetted by
malnutrition. Diarrhoeal diseases are widespread. Cholera
has shown a declining trend. Malaria which showed a decline
in the 1960s have staged a comeback. Japanese encephalitis,
dengue and meningococcal meningitis have shown an
increasing trend. There is appreciable change in the
prevalence of tuberculosis, filariasis, but little change in the
prevalence of viral hepatitis, diarrhoea and dysentery and
disorders of malnutrition and undernutrition. On the other
hand, an increase in the frequency of “new” health problems
such as coronary heart disease, hypertension, cancer,
diabetes and accidents has been noted. Along with the
development of industries, various occupational diseases,
e.g., pneumoconiosis are on the increase. The emerging
picture is a mixture of the old and “modern” diseases.

The factors which play a role in the changing patterns of
disease are multiple. They include changing lifestyles and
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living standards, demographic factors, urbanization and
industrialization, medical interventions, maintenance of
people with transmissible genetic defects, and the
widespread effects of technology on ecology.

The changing pattern of disease in both developed and
developing countries and the emergence of new problems
emphasize the need for forward-looking approaches in
health planning and management.

POPULATION MEDICINE

Knowledge about human health and disease is sum of the
contributions of a large number of disciplines, classified as
(a) basic sciences (b) clinical sciences, and (c) population
medicine. The basic sciences (e.g., biochemistry, physiology,
microbiology) are primarily sited in laboratories; clinical
activities are carried out in hospitals, and population
medicine in the community. Tuberculosis provides a good
illustration of the three different approaches to the same
disease. The basic sciences are concerned with tubercle
bacilli; the clinical sciences with the treatment of tuberculosis
in the individual, and population medicine with prevention
and control of tuberculosis in the community (84). All these
approaches are highly interrelated.

In different settings, population medicine is referred to
as hygiene, public health, preventive medicine, social
medicine or community medicine. All these share common
ground in their concern for promotion of health and
prevention of disease. Each has originated at a different
time, and each has introduced a new direction or emphasis.
So there should be little expectation that definitions can be
other than arbitrary and imprecise (120). It has been truly
said that every definition is dangerous.

Hygiene

The world “hygiene” is derived from Hygeia, the
goddess of health in Greek mythology. She is represented as
a beautiful woman holding in her hand a bowl from which a
serpent is drinking. In Greek mythology, the serpent testifies
the art of healing which symbol is retained even today.
Hygiene is defined as “the science of health and embraces
all factors which contribute to healthful living”.

Public health

The term “public health” came into general use around
1840. It arose from the need to protect “the public” from the
spread of communicable diseases. Later, it appeared in 1848
in the name of a law, the Public Health Act in England to
crystallize the efforts organized by society to protect,
promote, and restore the people’s health.

In 1920, C.E.A. Winslow, a former professor of public
health at Yale University, gave the oft-quoted definition of
public health. The WHO Expert Committee on Public
Health Administration, adapting Winslow’s earlier definition,
has defined it as (121):

“the science and art of preventing disease, prolonging life,
and promoting health and efficiency through organized
community efforts for the sanitation of the environment,
the control of communicable infections, the education of
the individual in personal hygiene, the organization of
medical and nursing services for early diagnosis and
preventive treatment of disease, and the development of
social machinery to ensure for every individual a standard
of living adequate for the maintenance of health, so
organizing these benefits as to enable every citizen to
realize his birthright of health and longeuvity”.

Whereas in developing countries, public health has not
made much headway in terms of sanitary reforms and
control of communicable diseases, it has made tremendous
strides in the industrialized western countries resulting in
longer expectation of life and significant decline in death
rates. As a result of improvements in public health during
the past 50 or 60 years, public health in the developed
countries has moved from sanitation and control of
communicable diseases (which have been largely controlled)
to preventive, therapeutic and rehabilitative aspects of
chronic diseases and behavioural disorders.

A EURO symposium in 1966 (56) suggested that the
definition of public health should be expanded to include
the organization of medical care services. This was endorsed
by another Expert Committee of WHO in 1973 (122)}. Thus
modern public health also includes organization of medical
care, as a means of protecting and improving the health of
people (123). Since the organization of public health tends
to be determined by cultural, political and administrative
patterns of the countries, there is a wide mosaic of
organizational arrangements.

Public health, in its present form, is a combination of
scientific disciplines (e.g., epidemiology, biostatistics,
laboratory sciences, social sciences, demography) and skills
and strategies (e.g., epidemiological investigations, planning
and management, interventions, surveillance, evaluation)
that are directed to the maintenance and improvement of
the health of the people (123).

With the adoption of the goal of “Health for All”, a new
public health was evident worldwide, which may be defined
as:

“the organized application of local, state, national and
international resources to achieve “Health for All”, i.e.,
attainment by all people of the world by the year 2000 of a
level of health that will permit them to lead a socially and
economically productive life”.

Although the term “public health” has lost its original
meaning, the term is still widely used. Terms like preventive
medicine, social medicine and community medicine are
used as synonyms for public health. Public health is not only
a discipline but has become a “social institution” (31)
created and maintained by society to do something about
the death rate and sanitary conditions and many other
matters relating to life and death (124). In this sense public
health is both a body of knowledge and also a means to
apply that knowledge.

Preventive medicine

Preventive medicine developed as a branch of medicine
distinct from public health, based on aetiology. It is, by
definition, applied to “healthy” people. It scored several
successes in the prevention of communicable diseases based
on immunization, so much so, in its early years, preventive
medicine was equated with the control of infectious
diseases. A brief account of the advances made in
preventive medicine is given in chapter 1.

As concepts of the aetiology of disease changed through
time, so too have the techniques and activities of preventive
medicine. Preventive medicine is no longer concerned, as it
used to be, with immunization, important though it may be.
The concept of preventive medicine has broadened to
include health promotion, treatment, and prevention of
disability as well as specific protection (88). Preventive
medicine has thus come to include both specific medical
measures (e.g., immunization), as well as general health
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promotional measures (e.g., health education}. Within this
change in the definition and scope of preventive medicine, it
has become clear that promoting health and preventing
illness involve responsibilities and decisions at many levels —
individual, public and private; and that these efforts are
applied to whole population or to segments. In this,
preventive medicine has become akin to public health.

Preventive medicine has become a growing point in
medicine (125). It has branched into newer areas such as
screening for disease, population control, environmental
control, genetic counselling and prevention of chronic
diseases. Community prevention and primordial prevention
(see page 41) are relatively new concepts which are being
applied in the community control of coronary heart disease,
hypertension and cancer with palpable success {107). The
emergence of preventive paediatrics, preventive geriatrics
and preventive cardiclogy are relatively new dimensions of
prevention.

Since preventive medicine has increasingly tended to be
applied to the organized health activities of the community
(56), the term “preventive medicine” is regarded as
synonymous with public health. Both terms often appear in
combination (e.g., Maxcy—Rosenau Textbook of “Public
Health and Preventive Medicine”).

Associated with the concept of public health, preventive
medicine has been defined as meaning “not only the
organized activities of the community to prevent occurrence
as well as progression of disease and disability, mental and
physical, but also the timely application of all means to
promote the health of individuals, and of the community as
a whole, including prophylaxis, health education and similar
work done by a good doctor in looking after individuals and
families” (56). In this the goals of preventive medicine and
public health have become identical, i.e., Health for All. In
line with this extension of the scope of preventive medicine,
it is now customary to speak of primary, secondary and
tertiary levels of prevention (56). The cornerstone of
preventive medicine is, however, “primary prevention”.

Community health

The term “community health” has replaced in some
countries, the terms public health, preventive medicine and
social medicine. A EURO symposium in 1966 (56) defined
community health as including “all the personal health and
environmental services in any human community,
irrespective of whether such services were public or private
ones”. In some instances, community health is used as a
synonym for “environmental health”. It is also used to refer
to “community health care”. Therefore, a WHO Expert
Committee in 1973 (122) observed that without further
qualification, the term “community health” is ambiguous,
and suggested caution in the use of the term.

Social medicine

The term “social medicine” was first introduced by Jules
Guerin, a French physician in 1848. In 1911, the concept of
social medicine was revived by Alfred Grotjahn of Berlin
who stressed the importance of social factors as
determinants of health and disease. These ideas of social
medicine spread throughout Europe and England after the
First World War (see page 8).

By derivation, social medicine is “the study of man as a
social being in his total environment”. It is concerned with all
the factors affecting the distribution of health and illhealth in
population, including the use of health services (126). Social

medicine is not a new branch of medicine, but rather an
extension of the public health idea reflecting the strong
relationship between medicine and social sciences.

Professor Crew of Edinburgh defined social medicine as
follows: “Social medicine stands upon two pillars, medicine
and sociology. Social medicine, by derivation is concerned
with the health of groups of individuals and individuals
within these groups with a view to create, promote,
preserve, and maintain optimum health. The laboratory to
practice social medicine is the whole community; the tools
for diagnosing community ills are epidemiology and
biostatistics; and social therapy does not consist in
administration of drugs, but social and political action for
the betterment of conditions of life of man. Social medicine
is one more link in the chain of social organizations of a
civilized community”. Terms such as social anatomy, social
physiology, social pathology and social therapy came into
vogue to describe the various aspects of social medicine.

Although the term “social medicine” was introduced
more than 150 years ago, the characteristic aspect was its
repeated advent and disappearance. It never came to be
generally accepted. There was no unanimity in its objectives
or subject matter. This is reflected in more than 50
definitions given to social medicine.

Social medicine had achieved academic respectability in
England when John Ryle was appointed as professor of
social medicine at Oxford, and Crew at Edinburgh. The
post—war period (1945-1967) saw considerable expansion
of social medicine as an academic discipline (126).

With the development of epidemiology as a new
discipline and a practical tool in the planning, provision and
evaluation of health services, interest in social medicine
began to wane. In 1968, the Report of the Royal
Commission on Medical Education (Todd Report) for the
first time referred to “community medicine” instead of social
medicine, and defined it in terms which embraced social
medicine, but went beyond it, by giving greater emphasis to
the organizational and administrative aspects than had
academic social medicine in the past (126). This gave a blow
to the further development of social medicine which had
tended in many countries to be displaced by the newer term
“community medicine” (56).

Community medicine

The term “community medicine” is a newcomer. It is the
successor of what has been previously known as public
health, preventive medicine, social medicine and
community health. Since community medicine is a recent
introduction, it has borrowed heavily from the concepts,
approaches and methods of public health, preventive
medicine and social medicine.

The history of community medicine in England is
interesting. It was instituted by Ordinance and by Act of
Parliament (127). The Todd Commission (1968) forcibly
recommended that every medical school in England should
have a department of community medicine. The Royal
College of Physicians of Edinburgh and London and the
Royal College of Physicians and Surgeons of Glasgow
established the Faculty of community medicine, which came
into being in March 1972 as the central body with a
responsibility of setting standards and overseeing the quality
of postgraduate education and training in the field (128). On
the night of 31 March 1974, the traditional medical officer of
health passed into the pages of the history book, and was
thereafter designated as the “community physician”.
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The term community medicine means different things in
different countries (56). For example, in most European
countries various aspects of community medicine are taught
at medical universities, though under different names, such
as general practice, family medicine, community medicine
or social medicine (129}. Even in the same country and
region, the variation in the amount and range of teaching
remains remarkable (128). These variations are reflected in
the definitions quoted below (56).

(a) The field concerned with the study of health and
disease in the population of a defined community or
group. Its goal is to identify the health problems and
needs of defined population (community diagnosis)
and to plan, implement and evaluate the extent to
which health measures effectively meet these needs.

{b) The practice of medicine concerned with groups or
population rather than with individual patients. This
includes the elements listed in definition (a), together
with the organization and provision of health care at a
community or group level.

(c) The term is also used to describe the practice of
medicine in the community, e.g.,, by a family
physician. Some writers equate the terms “family
medicine” and “community medicine”; others confine
its use to public health practice. ,

(d) Community oriented primary health care is an
integration of community medicine with the primary
health care of individuals in the community. In this
form of practice, the community practitioner or
community health team has responsibility for health
care at a community or at an individual level.

It will be seen that a common thread runs through all the
above definitions. Diagnosis of the state of health of a
community is an important foundation of community
medicine. As used in the present .context, community
medicine is a practice which focuses on the health needs of
the community as a whole. The combination of community
medicine with “primary health care” extends the functioning
of both elements to a health care system which aims to
change the state of health of the community by intervention
both at the individual and group level. The foundations of
community medicine are in no way different from those of
modern public health and social medicine, viz.
epidemiology, biostatistics, social sciences and organization
of health care which includes planning, implementation and
evaluation (130).

It is anomalous that in England and United States where
the term community medicine is freely used, their standard
textbooks on the subject are still titled Public Health {(e.g.,
Oxford “Textbook of Public Health;” Maxcy-Rosenau:
“Public Health and Preventive Medicine”).

HOSPITALS AND COMMUNITY

The hospital is a unique institution of man. A WHO
Expert Committee in 1963 (131} proposed the following
working definition of a hospital: “A hospital is a residential
establishment which provides short-term and long-term
medical care consisting of observational, diagnostic,
therapeutic and rehabilitative services for persons suffering
or suspected to be suffering from a disease or injury and for
parturients. It may or may not also provide services for
ambulatory patients on an out-patient basis”.

The criticism levelled against the hospital is that it exists

in splendid isolation in the community, acquiring the
euphemism “an ivory tower of disease”; it absorbs vast
proportion (50 to 80 per cent) of health budget; it is not
people-oriented; its procedures and styles are inflexible; it
overlooks the cultural aspects of illness {treating the disease
without treating the patient); the treatment is expensive; it is
intrinsically resistant to change, and so on. The relative
isolation of hospitals from the broader health problems of
the community which has its roots in the historical
development of health services has contributed to the
dominance of hospital model of health care.

In 1957, an Expert Committee of WHO (132)
emphasized that the general hospital cannot work in
isolation; it must be a part of a social and medical system
that provides complete health care for the population.
Subsequent years witnessed the efforts of WHO, UNICEF
and non-governmental agencies to involve hospitals in
providing basic and referral services. The establishment of
primary health centres was a step forward to integrate
preventive and curative services.

The community hospital should be a flexible institution,
capable of adapting its resources to the total health care
needs of the community. This adaptation requires hospital
administration that is both a science and art. Dr. Rene Sand
has said that the right patient should receive the right care at
the right time in the right place at the right cost (133). This
ideal, seemingly simple, is perhaps never achieved, like all
other ideals because of a complex set of interacting and
often conflicting social forces operating both within and
outside the hospital system.

With the acceptance of the goal of “Health for All”, there
is involvement of hospitals in primary health care activities.
Member countries of WHO have enunciated in their national
policies to reorient and restructure their health care systems
on the basis of primary health care. Primary health care
cannot work unless there is effective hospital support to deal
with referred patients, and to refer patients who do not
require hospital attention to one of the other primary health
care services. Without hospital support primary health care
could not achieve its full potential. The trend is now set to
redefine the role of the hospital as a community health
oriented institution, which means that it is not only disease
oriented but has responsibilities in the field of preventive
medicine and health promotion (134).

Functions of a physician

The object of medical education is to prepare a doctor
(physician) for the tasks he is likely to be given. In view of
the fact that there is no internationally accepted definition of
the word “physician”, the WHO has adopted the following
definition (135).

“A physician is a person who, having been regularly
admitted to a medical school, duly recognized in the
country in which it is located, has successfully completed
the prescribed courses of studies in medicine and has
acquired the requisite qualification to be legally licensed to
practise medicine (comprising prevention, diagnosis,
treatment and rehabilitation) using independent
judgement to promote community and individual health”.

In India, at present, a doctor soon after graduation, has
often to take charge of a health centre (population 30,000)
which is usually in a rural area. He is called upon to provide
promotive, preventive, curative, rehabilitative and emergency
care services appropriate to meet the main health problems in
the community, with special attention to vulnerable groups.
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The functions of the health centre are discussed elsewhere.
The functions of a doctor (physician) may be summarized as
follows:

(a) The care of the individual: A physician must be able to
assess the state of health of the individual. This would
include a clinical diagnosis, a simple laboratory diagnosis as
well as an assessment of the individual’s state of nutrition,
level of development, social and emotional state and the
health needs. He must then be able to take any further
measures necessary for treatment, prevention and referral to
higher levels of health care. He must be particularly expert
in common conditions, in first-aid and in the management of
acute emergencies. Because of the large numbers involved,
he must know how to delegate work to his auxiliaries.

(b) The care of community: The care of the community
centres round the eight essential elements of primary health
care as stated in the Alma-Ata Declaration (see page 30).
The physician is the leader of the “health team”. He
provides primary health care through the health team at the
grass-root level. He should be familiar with community
diagnosis, prioritization of health problems and community
treatment.

(c) The physician as a teacher: The term “doctor” by
derivation means to teach. Therefore the physician has a
major responsibility as a teacher and educator. In his
practice, in his professional associations and in his
community activities, the physician has wide educational
opportunities. But unfortunately, the physician’s role as a
teacher is a neglected one. Many physicians are reluctant to
capitalize on their role as educators. As a teacher, the
physician can play an effective role in community health
education so that individuals, families and communities
assume greater responsibility for their own health and
welfare, including self-care. He can also generate and
- mobilize community participation in health programmes
through effective propagation of relevant information.

Community diagnosis

The diagnosis of disease in an individual patient is a
fundamental idea in medicine. It is based on signs and
symptoms and the making of inferences from them. When
this is applied to a community, it is known as community
diagnosis. The community diagnosis may be defined as the
pattern of disease in a community described in terms of the
important factors which influence this pattern (136).

The community diagnosis is based on collection and
interpretation of the relevant data such as (a) the age and
sex distribution of a population; the distribution of
population by social groups; (b) vital statistical rates such as
the birth rate, and the death rate; (c) the incidence and
prevalence of the important diseases of the area. In
addition, a doctor must be able to find information on a
wide variety of social and economic factors that may assist
him in making a community diagnosis. The focus is on the
identification of the basic health needs and health problems
of the community. The needs as felt by the community
(some of which may have no connection at all with health)
should be next investigated and listed according to priority
for community treatment.

Community treatment

Community treatment or community health action is the
sum of steps decided upon to meet the health needs of the
community taking into account the resources available and
the wishes of the people, as revealed by community

- adopted

diagnosis. Improvement of water supplies, immunization,
health education, control of specific diseases, health
legislation are examples of community health action or
interventions. Action may be taken at three levels: at the
level of the individual, at the level of the family and at the
level of the community (136). '

A programme of community action must have the
following characteristics: (a) it must effectively utilize all the
available resources, (b) it must coordinate the efforts of all
other agencies in the community, now termed as
“intersectoral coordination”, and (c) it must encourage the
full participation of the community in the programme. These
are the principles on which primary health care, as defined
in the Alma-Ata Declaration, is based. This approach is a
significant departure from the earlier basic services
approach.

DISEASE CLASSIFICATION

There is a wide variation among countries in the criteria
and standards adopted for diagnosis of diseases and their
notification, making it difficult to compare national statistics.
A system of classification was needed whereby diseases
could be grouped according to certain common
characteristics, that would facilitate the statistical study of
disease phenomena. Over the years, many approaches were
tried to classify diseases. John Graunt in the 17th century in
his study of Bills of Mortality, arranged diseases in an
alphabetical order. Later, a more scientific approach was
in classifying diseases according to certain
characteristics of the disease or injuries such as (a) the part
of the body affected (b) the aetiologic agent (c) the kind of
morbid change produced by the disease, and (d) the kind of
disturbance of function produced by the disease or injury.
Thus there are many axes of classification, and the
particulatr axis selected will depend on the interest of the
investigator (137).

International classification of diseases

All the above criteria formed the basis of the International
classification of diseases (ICD) produced by WHO and
accepted for national and international use. Since its
inception, ICD has been revised about once every 10 years;
the latest revision, the 10th revision, came into effect on
January 1, 1993. Earlier, the scope of ICD was expanded in
the sixth revision in 1948 to cover morbidity from illness and
injury. The ICD also provides a basis that can be adapted for
use in other fields e.g., dentistry, oncology and
ophthalmology.

As in previous revisions, the ICD-10 is arranged in 21
major chapters.

I. Certain infectious and parasitic diseases (A00 —
B99)

II. Neoplasms (C00 — D48)

111 Diseases of the blood and blood forming organs

and certain disorders involving the immune
mechanism (D50 — D89)

V. Endocrine, nutritional and metabolic diseases
(E0Q — E90)

V. Mental and behavioural disorders (FOO — F99)

VI. Diseases of the nervous system (GO0 — G99)

VII. Diseases of the eye and adnexa (H00 — H59)

VIII. Diseases of the ear and mastoid process (H60 —
H95)

IX. Diseases of the circulatory system (100 - 199)
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X. Diseases of the respiratory system (JOO — J99)

XI. Diseases of the digestive system (KOO — K93)

XIl.  Diseases of the skin and subcutaneous tissue (LOO
~-L.99)

XIlI. Diseases of the musculosketetal system and
connective tissue (MO0 ~ M99}

XIV. Diseases of the genitourinary system (NOO — N99)

XV. Pregnancy, childbirth and puerperium (O00-

099)

XVI. Certain conditions originating in perinatal period
(POO ~P96)

XVII. Congenital malformations, deformations and

chromosomal abnormalities (Q00 — Q99)

XVIII. Symptoms, signs and abnormal clinical and
laboratory findings, not elsewhere classified (R0O0
- R99)

XIX. Injury, poisoning and certain other consequences
of external causes (S00 - T98)

XX.  External causes of morbidity and mortality (V01 —
Y98)

XXI. Factors influencing health status and contact with
health services (Z00 — Z99).

The coding system

The first character of the ICD~10 code is a letter and each
letter is associated with a particular chapter, except for the
letter D, which is used in chapter Il and chapter III, and letter
H which is used in chapter VII and chapter VIII. Chapter I, II,
XIX and XX use more than one letter in the first position of
their codes.

Each chapter contains sufficient three—character
categories to cover its contents. Not all the available codes
are used, allowing space for future revision and expansion.
The range of categories is given in parentheses after each
block title.

Although not mandatory for reporting at the international
level, most of the three—character categories are subdivided
by means of a fourth numeric character after a decimal
point, allowing upto 10 subcategories. Where a three -
character category is not subdivided, it is recommended that
the letter “X” be used to fill the fourth position so that the
codes are of a standard length for data-processing.

Examples :

Chapter XXI - Factors influencing health status and
contact with health services (Z 00 ~ Z 99)

Z72 - Problems relating to lifestyle

Z72.0 Tobacco use

Z72.1 Alcohol use

Z72.2 Druguse

Z272.3 Lack of physical exercise

Z72.4 Inappropriate diet and eating habits
Z72.5 High-risk sexual behaviour

The unused “U” code : Codes U 00 — U 49 are to be used
for provisional assignment of new diseases of uncertain
aetiology. Codes U 50-U 99 may be used in research, e.g.,

when testing an alternative sub-classification for a special
project (138).

ICD-10 consists of three volumes. Volume 1 contains the
report of the International conference for the Tenth
Revision, the classification itself at the three—and four
character levels, the classification of the morphology of

neoplasms, special tabulation lists for mortality and
morbidity, definitions, and the nomenclature regulations.
Volume 2 is instruction manual and volume 3 contains
alphabetical index.

The ultimate purpose of ICD is to contribute to a uniform
classification that can be used throughout the world to make
accurate comparisons of morbidity and mortality data for
decision—making in prevention, in management of health care
and in facilitating research on particular health problems. The
reader is referred to the Tenth Revision of the ICD for general
principles and description of the ICD classification.
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Principles of Epidemiology
nd- Eidemiokxi Metds

“I keep six honest serving men; they taught me all I know.

Epidemiology is the basic science of preventive and
social medicine. Although of ancient lineage, it made only
slow progress upto the start of 20th century. Epidemiology
has evolved rapidly during the past few decades. Its
ramifications cover not only study of disease distribution
and causation (and thereby prevention), but also health and
health-related events occurring - in human population.
Modern epidemiology has entered the most exciting phase
of its evolution. By identifying risk factors of chronic disease,
evaluating treatment modalities and health services, it has
provided new opportunities for prevention, treatment,
planning and improving the effectiveness and efficiency of
health services. The current interest of medical sciences in
epidemiology has given rise to newer off-shoots such as
infectious disease epidemiology, chronic disease
epidemiology, clinical epidemiology, serological
epidemiology, cancer epidemiology, malaria epidemiology,
neuro epidemiology, genetic epidemiology, occupational
epidemiology, psychosocial epidemiology, and so on. This
trend is bound to increase in view of the increasing
importance given to the pursuit of epidemiological studies.
That these studies have added substantially to the
advancement of medical knowledge is indisputable. This
Chapter studies the basic concepts and principles of
epidemiology as an introduction to the subject.

eplz SN piop™

Epidemiology began with Adam and Eve, both trying to
investigate the qualities of the “forbidden_ fruit”.
Epidemiology is derived from the word epidemic
(epi=among; demos=people; logos=study), which is a very
old word dating back to the 3rd century B.C. The
foundation of epidemiology was laid in the 19th century,
when a few classic studies made a major contribution to the
saving of life. Mention is made of an Epidemiological
Society in London in 1850s under the presidency of the Earl
of Shaftesbury (1}. The Society’s main concern was the
investigation of infectious diseases. The sudden growth of
bacteriology had smothered the development of
epidemiology in the Universities.

In the United States, Winslow and Sedgwick both lectured
in epidemiology in the early 1920s, although the subject was
not given departmental status. In 1927, W.H. Frost became
the first professor of epidemiology in US. Later Major
Greenwood became the first professor of epidemiology and
medical statistics in the University of London (1).
Epidemiology has grown rapidly during the past few decades.
It has now become firmly established in medical education.

History

Their names are what, why, when, how, where and who.”

There appears to be almost as many definitions of
epidemiology as there are authors who have written on the
subject, ranging from Hippocrates to those of the present
day. A short list is given below (2, 3) :

1. That branch of medical science which treats epidemics

(Parkin, 1873).
2. The science of the mass phenomena of infectious
diseases (Frost, 1927).

3. The study of disease, any disease,

phenomenon (Greenwood, 1934), and

4. The study of the distribution and determinants of

disease frequency in man (MacMahon, 1960).

Tohn MLRST
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Definition

Epidemiology has been defined by John M. Last in 1988
as:—

“The study of the distribution and determinants of
health-related states or events in specified populations,
and the application of this study to the control of health

The wide variety of meanings attached to epidemiology is
the expression of the wide ranging subject—-matter. The
diseases included in the subject-matter have increased from
those which occur in epidemics to include those infectious
diseases which are endemic in nature, and more recently
chronic diseases, accidents and mental health. Modern
epidemiology has also taken within its scope the study of
health-related states, events and “facts of life” occurring in
human population. This includes study of the health services
used by the population, and to measure their impact.
Epidemiology, like public health itself, is often more
concerned with the well-being of society as a whole, than
with the well-being of individuals.

Although there is no single definition tc which all
epidemiologists subscribe, three components are common to
most of them. First, studies of disease frequency; second,
studies of the distribution; and third, studies of the
determinants. Each of these components confers an
important message.

1. Disease frequency

Inherent in the definition of epidemiology is measurement
of frequency of disease, disability or death, and summarizing
this information in the form of rates and ratios (e.g.,
prevalence rate, incidence rate, death rate, etc). Thus the
basic measure of disease frequency is a rate or ratio. These
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rates are essential for comparing disease frequency in different
populations or subgroups of the same population in relation to
suspected causal factors. Such comparisons may vyield
important clues to disease aetiology. This is a vital step in the
development of strategies for prevention or control of health
problems.

Equally, epidemiology is also concerned with the
measurement of health-related events and states in the
community (e.g., health needs, demands, activities, tasks,
health care utilization) and variables such as blood pressure,
serum cholesterol, height, weight, etc. In this respect,
epidemiology has the features of a quantitative science.
Much of the subject matter of measurement of disease and
health-related events falls in the domain of biostatistics,
which is a basic tool of epidemiology.

2. Distribution of disease

It is well-known that disease, or for that matter health, is not
uniformly distributed in human populations. The basic tenet
of epidemiology is that the distribution of disease occurs in
patterns in a community (3) and that the patterns may lead to
the generation of hypotheses about causative (or risk) factors.
An important function of epidemiology is to study these
distribution patterns in the various subgroups of the
population by time, place and person. That is, the
epidemiologist examines whether there has been an increase
or decrease of disease over time span; whether there is a
higher concentration of disease in one geographic area than in
others; whether the disease occurs more often in men or in a
particular age-group, and whether most characteristics or
behaviour of those affected are different from those not
affected (4). Epidemiology addresses itself to a study of these
variations or patterns, which may suggest or lead to measures
to control or prevent the disease. An important outcome of
this study is formulation of aetiological hypothesis. This
aspect of epidemiology is known as “descriptive
epidemiology”.

3. Determinants of disease

A unique feature of epidemiology is to test aetiological
hypotheses and identify the underlying causes (or risk
factors) of disease. This requires the use of epidemiological
principles and methods. This is the real substance of
epidemiology. This aspect of epidemiology is known as
“analytical epidemiology”. Analytical strategies help in
developing scientifically sound health programmes,
interventions and policies. In recent years, analytical studies
have contributed vastly to our understanding of the
determinants of chronic diseases, e.g., lung cancer and
cardiovascular diseases.

Aims of epidemiology

According to the International Epidemiological
Association (IEA), epidemiology has three main aims (5):

a. to describe the distribution and magnitude of health
and disease problems in human populations

b. to identify aetiological factors (risk factors) in the
pathogenesis of disease; and

c. to provide the data essential to the planning,
implementation and evaluation of services for the
prevention, control and treatment of disease and to
the setting up of priorities among those services.

In order to fulfil these aims, three rather different classes
of epidemiological studies may be mentioned: descriptive

studies, analytical studies, and experimental or intervention
studies (6). These studies are described in the following
pages.

The ultimate aim of epidemiology is to lead to effective
action :

a. to eliminate or reduce the health problem or its
consequences; and

b. to promote the health and well-being of society as a
whole.

Epidemiology and clinical medicine

The basic difference between epidemiology and clinical
medicine is that in epidemiology, the unit of study is a
“defined population” or “population at-risk”; in clinical
medicine, the unit of study is a “case” or “cases”. In clinical
medicine, the physician is concerned with disease in the
individual patient, whereas the epidemiologist is concerned
with disease patterns in the entire population. Epidemiology
is thus concerned with both the sick and healthy. It has been
stated that clinicians are interested in cases with the disease,
the statistician with the population from which the cases are
derived, and the epidemiologist is interested in the
relationship between cases and the population in the form of
arate (7).

In clinical medicine, the physician seeks a diagnosis from
which he derives a prognosis and prescribes specific
treatment. In epidemiology, an analogous situation exists.
The epidemiologist is confronted with relevant data derived
from a particular epidemiological study. He seeks to identify
a particular source of infection, a mode of spread or an
aetiological factor in order to determine a future trend and
recommend specific control measures (8). The
epidemiologist also evaluates the outcome of preventive and
therapeutic measures instituted which provides the necessary
guidance and feed-back to the health care administrator for
effective management of public health programmes.

In clinical medicine, the patient comes to the doctor; in
epidemiology, the investigator goes out into the community
to find persons who have the disease or experience of the
suspected causal factor in question. Clinical medicine is
based on biomedical concepts with an ever-increasing
concern for refining the technique of diagnosis and
treatment at the individual level. The subject matter of
clinical medicine is easily “perceived” by such techniques as
clinical and laboratory examinations including postmortem
reports. In contrast, the subject matter of epidemiology is
“conceptual” and can only be symbolized in the form of
tables and graphs (9).

Finally, it may be stated that clinical medicine and
epidemiology are not antagonistic. Both are closely related,
co-existent and mutually helpful. Most epidemiological
enquiries could never be established without appropriate
clinical consideration as to how the disease in question can
be identified among individuals comprising the group under
scrutiny. Likewise, a knowledge of prevalence, aetiology and
prognosis derived from epidemiological research is
important to the clinician for the diagnosis and management
of individual patients and their families (9).

Epidemiological approach

The epidemiological approach to problems of health and
disease is based on two major foundations:
a. Asking questions
b. Making comparisons.
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a. Asking questions

Epidemiology has been defined as “a means of learning
or asking questions....and getting answers that lead to
further questions” (10). For example, the following
questions could be asked (11) :

RELATED TO HEALTH EVENTS
a. What is the event ? (the problem)
What is its magnitude?
Where did it happen?
When did it happen?
Who are affected?
Why did it happen?

RELATED TO HEALTH ACTION

a. What can be done to reduce this problem and its
consequences ?

"o a0 o

How can it be prevented in the future ?

What action should be taken by the community ?
By the health services? By other sectors ? Where
and for whom these activities be carried out ?

d. What resources are required ? How are the activities
to be organized ?

e. What difficulties may arise, and how might they be
overcome ?

Answer to the above questions may provide clues to
disease aetiology, and help the epidemiologist to guide
planning and evaluation.

b. Making comparisons

The basic approach in epidemiology is to make
comparisons and draw inferences. This may be comparison
of two (or more groups) —~ one group having the disease (or
exposed to risk factor) and the other group(s) not having the
disease (or not exposed to risk factor), or comparison
between individuals. By making comparisons, the
epidemiologist tries to find out the crucial differences in the
host and environmental factors between those affected and
not affected. In short the epidemiologist weighs, balances

and contrasts. Clues to aetiology come from such
comparisons.
One of the first considerations before making

comparisons is to ensure what is known as “comparability”
between the study and control groups. In other words, both
the groups should be similar so that “like can be compared
with like”. For facts to be comparable, they must be
accurate, and they must be gathered in a uniform way. For
example, the study and control groups should be similar
with regard to their age and sex composition, and similar
other pertinent variables. The best method of ensuring
comparability, in such cases, is by randomization or random
allocation (see page 82). Where random allocation is not
possible (as in case control and cohort studies) what is
known as “matching” is done for selected characteristics that
might confound the interpretation of results. Another
alternative is standardization which usually has a limited
application to a few characteristics such as age, sex and
parity. These biostatistical concepts are elaborated in the
following pages. It may be mentioned that international
comparisons may be difficult because of differences in
terminology. It requires standardization of definitions,
classifications, criteria and nomenclature.

BASIC MEASUREMENTS IN EPIDEMIOLOGY

Epidemiology focuses, among other things, on
measurement of mortality and morbidity in human
populations. The first requirement is therefore definition of
what is to be measured and establishment of criteria or
standards by which it can be measured. This is not only a
prerequisite of epidemiological studies, but also one of its
goals (12). The clinician may not require a precise definition
of disease (e.g., migraine) for immediate patient care, but
the epidemiologist needs a definition (a) that is acceptable
and applicable to its use in large populations; and (b) that is
precise and valid, to enable him to identify those who have
the disease from those who do not (9). Clear definitions help
to minimize errors in classification of data. Standardized
methods of observation and recording are therefore essential
before commencing any epidemiological study.

Measurements in Epidemiology
The scope of measurements in epidemiology is very
broad and unlimited and includes the following : (13)
a. Measurement of mortality
Measurement of morbidity
Measurement of disability
Measurement of natality

Measurement of the presence, absence or
distribution of the characteristic or attributes of the
disease )

f. Measurement of medical needs, health care
facilities, utilization of health services and other
health-related events

g. Measurement of the presence, absence or
distribution of the environmental and other factors
suspected of causing the disease, and

h. Measurement of demographic variables.
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Inspite of a wide range of presently available
measurements, there are many areas which are not fully
covered. As for example, measurement of the psycho-social
aspects of health and disease. The components of well-being
need to be better identified.

The basic requirements of measurements are validity,
reliability, accuracy, sensitivity and specificity. These are
discussed in the next chapter. Finally, measurement errors
are unavoidable, no matter where and by whom
measurements are taken. The purpose of quality control in
measurement is, therefore, not to eliminate errors, but to
reduce them as much as possible or at least to an acceptable
level.

In the above connection, the following terminology needs
explanation: (a) Variate: Any piece of information referring
to the patient or his disease is called a variate. A variate can
be discrete, that is it can be present or absent, e.g., cancer
lung, broken leg, or rash in measles or it can be continuously
distributed, e.g., blood pressure, serum cholesterol, height,
etc. (b) Circumstance: Any factor in the environment that
might be suspected of causing a disease, e.g., air pollution,
polluted water, etc (9).

The frequency of a discrete variable or circumstance can be
expressed as a rate in relation to population. The frequency of
continuously distributed variables or circumstances is
expressed in the form of a frequency distribution using the
summarizing indices of mean, centiles, standard deviations,
etc.
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Tools of measurement

The epidemiologist usually expresses disease magnitude
as a rate, ratio or proportion. A clear understanding of the
term is required for proper interpretation of epidemiological
data. The basic tools of measurement in epidemiology are :

1. Rates
2. Ratios, and
3. Proportions

1. RATE

When we say there were 500 deaths from motor vehicle
accidents in City A during 2010, it is just nothing more than
counting deaths in that city during that particular year. Such
a statement might be sufficient for the municipal
administrator to provide necessary health services. But it
conveys no meaning to an epidemiologist who is interested
in comparing the frequency of accidents in City A with that
in City B. To allow such comparisons, the frequency must be
expressed as a rate.

A rate measures the occurrence of some particular event
{development of disease or the occurrence of death) in a
population during a given time period. It is a statement of
the risk of developing a condition. It indicates the change in
some event that takes place in a population over a period of
time. An example of a typical rate is the death rate. It is
written as below:

Number of deaths in one year

Death rate = X 1000

Mid-year population

A rate comprises the following elements — numerator,
denominator, time specification and multiplier. The time
dimension is usually a calendar year. The rate is expressed
per 1000 or some other round figure (10,000; 100,000)
selected according to the convenience or convention to
avoid fractions.

The various categories of rates are :

{1} Crude rates: These are the actual observed rates such
as the birth and death rates. Crude rates are also
known as unstandardized rates.

(2} Specific rates: These are the actual observed rates due
to specific causes {e.g., tuberculosis); or occurring in
specific groups (e.g., age-sex groups) or during
specific time periods (e.g., annual, monthly or weekly
rates).

(3) Standardized rates: These are obtained by direct or
indirect method of standardization or adjustment, e.g.,
age and sex standardized rates (see page 58, 59).

2. RATIO

Another measure of disease frequency is a ratio. It
expresses a relation in size between two random quantities.
The numerator is not a component of the denominator. The
numerator and denominator may involve an interval of time
or may be instantaneous in time. Broadly, ratio is the result
of dividing one quantity by another. It is expressed in the
form of:

X:y or X
v

Example 1:

The ratio of white blood cells relative to red cells is
1:600 or 1/600, meaning that for each white cell, there
are 600 red cells.

Example 2:

The number of children with scabies at a certain time

The number of children with malnutrition at a certain time

Other examples include: sex-ratio, doctor-population
ratio, child~woman ratio, etc.

3. PROPORTION

A proportion is a ratio which indicates the relation in
magnitude of a part of the whole. The numerator is always
included in the denominator. A proportion is usually
expressed as a percentage.

The number of childern with scabies at a certain time
Example : - X 100
The total number of children in the village at the
same time

CONCEPT OF NUMERATOR AND DENOMINATOR

1. Numerator

Numerator refers to the number of times an event (e.g.,
sickness, birth, death, episodes of sickness) has occurred in
a population, during a specified time-period. The
numerator is a component of the denominator in calculating
a rate, but not in a ratio.

2. Denominator

Numerator has little meaning unless it is related to the
denominator, The epidemiologist has to choose an
appropriate denominator while calculating a rate. It may be
{a) related to the population, or (b) related to the total events.

a. Related to the population

The denominators related to the population comprise the
following: (i} MID-YEAR POPULATION: Because the
population size changes daily due to births, deaths and
migration, the mid-year population is commonly chosen as a
denominator. The mid-point refers to the population
estimated as on the first of July of an year. (ii) POPULATION
AT-RISK: This is an important concept in epidemiology
because it focuses on groups at risk of disease rather than on
individuals. The term is applied to all those to whom an
event could have happened whether it did or not. For
example, if we are determining the rate of accidents for a
town, the population at risk is all the people in the town. But
sometimes, it may be necessary to exclude people because
they are not at risk, as for example, in food poisoning, only
those who ate the food are at risk of becoming ill. Similarly in
calculating “general fertility rate”, the denominator is
restricted to women of child-bearing age (i.e., 15-49 years);
older women and little girls are excluded because they are
not “at risk” of becoming pregnant. In short, “population at
risk” is restricted solely to those who are capable of having or
acquiring the disease or condition in question.
(iii) PERSON-TIME: In some epidemiological studies (e.g.,
cohort studies), persons may enter the study at different
times. Consequently, they are under observation for varying
time periods. In such cases, the denominator is a
combination of persons and time. The most frequently used
person—-time is person—years. Sometimes, this may be
person—-months, person—-weeks or man-hours. For example,
if 10 persons remain in the study for 10 years, there are said
to be 100 person-years of observation. The same figure
would be derived if 100 persons were under observation for
one year. These denominators have the advantage of
summarizing the experience of persons with different
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durations of observation or exposure. (iv) PERSON-
DISTANCE: A variant of person—time is person—distance, as
for example passenger-miles. (v) SUB-GROUPS OF THE
POPULATION: The denominator may be subgroups of a
population, e.g., age, sex, occupation, social class, etc.

b. Related to total events

In some instances, the denominator may be related to
total events instead of the total population, as in the case of
infant mortality rate and case fatality rate. In the case of
accidents, the number of accidents “per 1000 vehicles” or
“per million wvehicle~miles” will be a more useful
denominator than the total population, many of them may
not be using vehicles.

MEASUREMENT OF MORTALITY

Traditionally and universally, most epidemiological
studies begin with mortality data. Mortality data are
relatively easy to obtain, and, in many countries, reasonably
accurate. Many countries have routine systems for collecting
mortality data. Each year, information on deaths is analyzed
and the resulting tabulations are made available by each
government. Mortality data provide the starting point for
many epidemiological studies. In fact, they are the major
resource for the epidemiologist.

International Death Certificate

The basis of mortality data is the Death Certificate. So we
first look at death certification for ascertaining the frequency
of disease in a population. For ensuring national and
international comparability, it is very necessary to have a
uniform and standardized system of recording and
classifying deaths. The death certificate recommended by
WHO for international use is given in Fig. 1.

It will be seen from Fig. 1 that the international death
certificate is in two parts. Part I deals with the immediate
cause, and the underlying cause which started the whole
trend of events leading to death. The underlying cause of
death is recorded on line (c). In the example cited, the
underlying cause of death is strangulated hernia. After

operation, the patient developed bronchopneumonia as a
complication which ended in death. The concept of
“underlying cause” is the essence of the international death
certificate. It is defined as (a) the disease or injury which
initiated the train of morbid events leading directly to death
or (b) the circumstances of the accident or violence which
produced the fatal injury. In Part II is recorded any
significant associated diseases that contributed to the death
but did not directly lead to it.

Death Certificate used in India

In order to improve the quality of maternal mortality and
infant mortality data and to provide alternative method of
collecting data on deaths during pregnancy and infancy, a
set of questions are added to the basic structure of
international death certificate for use in India.

Limitations of mortality data

Mortality data are not without limitations. Problems are
posed by (a) Incomplete reporting of deaths. This is not a
problem in developed countries, but in India and other
developing countries, this may be considerable. (b) Lack of
accuracy: That is inaccuracies in the recording of age and
cause of death. The practice of medical certification of death
is not widespread. If it does exist, the cause of death is often
inaccurate or incomplete due to such difficulties as lack of
diagnostic evidence, inexperience on the part of the certifying
doctor and absence of postmortem which may be important
in deciding the cause of death. (¢) Lack of uniformity: There is
no uniform and standardized method of collection of data.
This hampers national and international comparability
(d) Choosing a single cause of death: Most countries tabulate
mortality data only according to the underlying cause of
death. Other diseases (or risk factors) and conditions which
contribute to the patient’s death are not tabulated, and
valuable information is thereby lost. (e) Changing: Changing
coding systems and changing fashions in diagnosis may affect
the wvalidity. We also need uniform definitions and
nomenclature. (f) Diseases with low fatality: Lastly, mortality
statistics are virtually useless, if the disease is associated with
low fatality (e.g., mental diseases, arthritis).

CAUSE OF DEATH

I

Disease or condition directly
leading to death*

Antecedent causes

Morbid conditions, if any,
giving rise to the above cause,
stating the underlying
condition last

Approximate
interval between
onset and death

Il

contributing to the death, but
not refated to the disease or
condition causing it

*This does not mean the mode of dying e.g.,
heart failure, asthenia, etc. it means the
disease, injury, or complication which caused
death

Other significant conditions [ ... ‘D

FIG. 1
International form of Death Certificate
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MORTALITY RATE

Uses of mortality data

Statistics on causes of death are important and widely
used for a number of purposes. They may be employed in
explaining trends and differentials in overall mortality,
indicating priorities for health action and the allocation of
resources, in designing intervention programmes, and in the
assessment and monitoring of public health problems and
programmes — moreover, they give important clues for
epidemiological research.

MORTALITY RATES AND RATIOS
The commonly used measures are described below :

1. Crude death rate

The simplest measure of mortality is the ‘crude death rate’.
It is defined as “the number of deaths {from all causes) per
1000 estimated mid-year population in one year, in a given
place”. It measures the rate at which deaths are occurring
from various causes in a given population, during a specified
period. The crude death rate is calculated from the formula:

Number of deaths during the year
X 1000

Mid-year population

It is important to recognize that the crude death rate
summarizes the effect of two factors:

a. population composition
b. age-specific death rates (which reflect the probability
of dying)

Table 1 shows the crude death rates of two populations, A
and B. The crude death rate for population A is 15.2 per
1000. The crude death rate for population B is 9.9 per 1000.
Apparently, population B appears healthier, than population
A.

The limitation of the crude death rate is exposed, when we
compare the age-specific rates between the two populations
as shown in Table 1. It can be seen that population B has
higher age-specific rates in all age groups. This seeming
contradiction is due to differences in the age-composition of
the population. The higher crude death rate in population A

Popula Crude

is due to its older population compared with population B
which has a relatively younger population. Currently, this is
the prevailing situation in most developing countries with low
crude death rates, but high age-specific death rates.

Age-specific death rates per 1000 population

. —tion death

i rate 0-1 1-4 5-7 8-44 45-64 65+

; A 152 135 0.6 0.4 1.5 107 59.7:

B 99 226 10 05 36 188 6l1;
In summary, the crude death rates have a major

disadvantage, that 1is, they lack comparability for
communities with populations that differ by age, sex, race,
etc. However, they should always be examined first, and
later the age-specific death rates which are the most useful
single measures of mortality. By moving away from the
crude death rate to the more detailed age-specific rates, an
attractive feature of the crude death rate, that is, its ability to
portray an impression in a single figure is lost.

2. Specific death rates

When analysis is planned to throw light on aetiology, it is
essential to use specific death rates. The specific death rates
may be — (a) cause or disease specific — e.g., tuberculosis,
cancer, accident; (b) related to specific groups — e.g., age-
specific, sex-specific, age and sex specific, etc. Rates can
also be made specific for many other variables such as
income, religion, race, housing, etc. Specific death rates can
help us to identify particular groups or groups “at-risk”, for
preventive action. They permit comparisons between
different causes within the same population. Specific death
rates are obtained mainly in countries in which a satisfactory
civil registration system operates and in which a high
proportion of deaths is certified medically.

Table 2 illustrates how some specific death rates in
common use are computed :

TABLE 2
Specific death rates

Number of deaths from tuberculosis during a calendar year

1. Specific death rate due to tuberculosis =

Number of deaths among males during a calendar year

X 1,000
Mid-year population

2. Specific death rate for males . =

Number of deaths of persons aged 15-20 during a calendar year

X 1,000
Mid-year population of males

3. Specific death rate in age group 15-20 years =

4. Death rate for January =

" Mid-year population of persons aged 15-20

Deaths in January X 12

% 1,000

(Note: The deaths are multiplied by 12 in order
to make the monthly death rate comparable
with the annual death rate)

Mid-year population

Deaths in the week X 52

X 1,000 -

5. Weekly death rate =

X 1,000

Mid-year population
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3. Case fatality rate (Ratio)

Total number of deaths due
to a particular disease
= X100
Total number of cases due
to the same disease

Case fatality rate represents the killing power of a disease.
It is simply the ratio of deaths to cases. The time interval is
not specified. Case fatality rate is typically used in acute
infectious diseases (e.g., food poisoning, cholera, measles).
Its usefulness for chronic diseases is limited, because the
period from onset to death is long and variable. The case
fatality rate for the same disease may vary in different
epidemics because of changes in the agent, host and
environmental factors. Case fatality is closely related to
virulence.

4. Proportional mortality rate (Ratio)

It is sometimes useful to know what proportion of total
deaths are due to a particular cause (e.g., cancer) or what
proportion of deaths are occurring in a particular age group
(e.g., above the age of 50 years). Proportional mortality rate
expresses the “number of deaths due to a particular cause
(or in a specific age group) per 100 (or 1000) total deaths”.
Thus we have:

(a) Proportional mortality from a specific disease

Number of deaths from the specific disease

in a year
= X100
Total deaths from all causes in that year
(b) Under-5 proportionate mortality rate
Number of deaths under 5 years
of age in the given year
= X 100

Total number of deaths during the same period

(c) Proportional mortality rate for aged 50 vears
and above

Number of deaths of persons aged
50 years and above

= x 100
Total deaths of all age groups in that year

Proportional mortality rate is computed usually for a
broad disease group (such as communicable diseases as a
whole) and for a specific disease of major public health
importance, such as cancer or coronary heart disease in
industrialized countries (14).

Proportional rates are used when population data are not
available. Since proportional mortality rate depends upon
two variables, both of which may differ, it is of limited value
in making comparison between population groups or
different time periods. However, proportional rates are
useful indicators within any population group of the relative
importance of the specific disease or disease group, as a
cause of death. Mortality from communicable diseases is
especially important as it relates mostly to preventable
conditions. Since the prevailing causes of death vary
according to age and sex, it is desirable to compute
proportionate mortality separately for each age and sex
group in order to determine measures directed to

particular age—sex groups for the reduction of preventable
mortality (14). Proportional mortality rate does not indicate
the risk of members of the population contracting or dying
from the disease.

5. Survival rate

It is the proportion of survivors in a group, (e.g., of
patients) studied and followed over a period (e.g., a 5—year
period). It is a method of describing prognosis in certain
disease conditions. Survival experience can be used as a
vardstick for the assessment of standards of therapy. The
survival period is usually reckoned from the date of
diagnosis or start of the treatment. Survival rates have
received special attention in cancer studies.

Total number of patients alive
after 5 years

Survival rate = X 100

Total number of patients diagnosed
or treated

6. Adjusted or standardized rates

If we want to compare the death rates of two populations
with different age—composition, the crude death rate is not
the right vardstick. This is because, rates are only
comparable if the populations upon which they are based
are comparable. And it is cumbersome to use a series of age
specific death rates. The answer is “age adjustment” or “age
standardization”, which removes the confounding effect of
different age structures and yields a single standardized or
adjusted rate, by which the mortality experience can be
compared directly. The adjustment can be made not only for
age but also sex, race, parity, etc. Thus one can generate
age—sex, and race-adjusted rates.

Standardization is carried out by one of two methods —
direct or indirect standardization. Both the methods begin by
choosing a “standard population”, not the age—structures of
the populations.

DIRECT STANDARDIZATION

Two examples of direct standardization are given. In the
first, a “standard population” is selected. A standard
population is defined as one for which the numbers in each
age and sex group are known. A frequently used standard
age-composition (14) is shown in Table 3. The standard
population may also be “created” by combining 2
populations; this is shown in the second example.

The next step is to apply to the standard population, the
age-specific rates of the population whose crude death rate
is to be adjusted or standardized. As a result, for each age
group, an “expected” number of deaths (or events) in the
standard population is obtained; these are added together
for all the age groups, to give the total expected deaths. The
final operation is to divide the “expected” total number of
deaths by the total of the standard population, which yields
the standardized or age-adjusted rate.

Example 1

Example 1 shows: (a) the computation of age-specific
death rates per 1000 population for city X (Table 3); and
(b) application of these rates to a standard population to
obtain the “expected deaths” and the standardized or age-
adjusted death rate (Table 4).




INDIRECT AGE STANDARDIZATION

TABLE 3
Calculation of age-specific death rates for City “X"

Age Mid-ye_ar Deaths in Age-specific

population the year death rates
0 4,000 60 15.0
1-4 4,500 20 44
5-14 4,000 12 3.0
15-19 5,000 15 3.0
20-24 4,000 16 4.0
25-34 8,000 25 3.1
35-44 9,000 48 53
45-54 8,000 100 12.5
55-64 7,000 150 214

53,500 446
Crude death rate per 1000 = 8.3

TABLE 4
Calculation of the standardized death rate for City “X”
Standard Age-specific Expected
Age population death rates -deaths
) per 1000
0 2,400 15.0 36
1-4 9,600 4.4 42.24
5-14 19,000 3.0 57
15-19 9,000 3.0 27
20-24 8,000 4.0 32
25-34 14,000 3.1 43.4
35-44 12,000 53 63.6
45-54 11,000 12.5 137.5
55-64 8,000 214 171.2
93,000 609.94
609.
Standardized death rate per 1000 = X 1000 = 6.56

It can be seen from Tables 3 and 4 that standardizing for
age distribution has reduced the crude death rate from 8.3
to 6.56. The choice of the standard population is, to some
extent, arbitrary. Clearly, use of a different standard
population will give rise to a different value for the
standardized death rate, but it must be remembered that
these standardized rates have been calculated so that they
can be compared between themselves — they have no
intrinsic meaning other than for this purpose (15).

It is usual to use the national population as standard
when inter-regional comparisons between cities within a
range are made. In order that comparisons can be made
over a period of years, a ‘standard population’ can be
maintained for that period (15). The standard population
used in Table 4 is given by WHO in its publication “Health
for All” Series No. 4, on page 77 (14).

Example 2

Table 5 shows that in a study of lung cancer and smoking,
42 per cent of cases and 18 per cent of controls were heavy
smokers.

TABLE 5
Proportion of heavy smokers in cases and controls

(lung cancer)

CASES CONTROLS
Age Total No. Heavy % No. Heavy %

subjects smokers smokers

40-49 500 400 200 50 100 50 50
50-59 500 100 10 10 400 40 10
Total 1,000 500 210 42 500 90 18
Source : (5)

Age adjustments were carried out (a) first, by combining
the number of subjects in both the age groups
(500+500=1,000) to create a standard population, and
(b) applying the observed age-specific proportions of heavy
smokers (i.e., 50% and 10% in both cases and controls) to
the same standard population. The results (or “expected”
values) are shown in Table 6, which shows that the age
adjusted proportions of heavy smokers are identical (30%)
for cases and controls. The previously observed difference is
explained entirely by the difference in age composition.

TABLE 6
Age-adjusted proportions

Expected number of heavy smokers
Age Subjects
CASES CONTROLS
500 X 50 500 X 50
40-49 500 —_— =250 — =250
100 100
500X% 10 500X 10
50-59 500 —_— = 50 —_— = 50
100 100
Total 1000 300 300
300 300
Standardized —— X100 = 30 —— X100 = 30
rates 1000 1000

The direct method of standardization is feasible only if
the actual specific rates in subgroups of the observed
population are available, along with the number of
individuals in each subgroup.

INDIRECT AGE STANDARDIZATION
1. Standardized mortality ratio (SMR)

The simplest and most useful form of indirect
standardization is the Standardized Mortality Ratio (SMR).
In England, it is the basis for the allocation of government
money to the health regions of the country. The concept is
that the regions with higher mortality also have the higher
morbidity, and should therefore receive proportionately
higher funding to combat ill-health (15).

Standard mortality ratio is a ratio (usually expressed as a
percentage) of the total number of deaths that occur in the
study group to the number of deaths that would have been
expected to occur if that study group had experienced the
death rates of a standard population (or other reference
population). In other words. SMR compares the mortality in
a study group (e.g., an occupational group) with the
mortality that the occupational group would have had if
they had experienced national mortality rates. In this
method, the more stable rates of the larger population are
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applied to the smaller study group. It gives a measure of the
likely excess risk of mortality due to the occupation.
Observed deaths

* = - - - =
SMR Expected deaths x 100

If the ratio had value greater than 100, then the
occupation would appear to carry a greater mortality risk
than that of the whole population. If the ratio had value less
than 100, then the occupation risks of mortality would seem
to be proportionately less than that for the whole population.

Table 7 shows that the mortality experience of coal
workers was 129 per cent, which meant that their mortality
was 29 per cent more than that experienced by the national
population. Values over 100 per cent represent an
unfavourable mortality experience and those below 100 per
cent relatively favourable mortality experience. Table 7
displays the calculations.

TABLE 7
Calculation of the SMR for coal workers
National . .Coal . S .
Age. population workers Observed . Expected
, - deathrates --population - deaths deaths
~per 1000 i '
25-34 3.0 300 * 0.9
35-44 5.0 400 * 20
45-54 8.0 - 200 * 1.6
55-64 - 25.0 100 * 25
1,000 9 7.0
SMR = 9/7x100=129
* It is not necessary to know these values; only the total for the
whole age-range is required

The SMR has the advantage over the direct method of
age adjustment in that it permits adjustment for age and
other factors where age-specific rates are not available or
are unstable because of small numbers. One needs to know
only the number of persons in each age group in the study
population and the age-specific rates of the national
population (or other reference population). It is possible to
use SMR if the event of interest is occurrence of disease
rather than death.

2. Other standardization techniques

(a) A more complicated method of indirect adjustment
which vyields absolute age adjusted rate, involves the
calculation of an index death rate and a standardizing factor
for each population of interest. The reader is referred to A.B.
Hill’s “Principles of Medical Statistics”. (b) Life table is an
age-adjusted summary of current all-causes mortality.
(c) Regression techniques: These are an efficient means of
standardization. (d) Multivariate analysis: A computer, using
regression or similar methods, can standardize for many
variables simultaneously (16).

MEASUREMENT OF MORBIDITY

Morbidity has been defined as “any departure, subjective
or objective, from a state of physiological well-being”
(17,18). The term is used equivalent to such terms as
sickness, illness, disability etc. The WHO Expert Committee
on Health Statistics noted in its 6th Report (17) that
morbidity could be measured in terms of 3 units -
(a) persons who were ill; (b) the illnesses (periods or spells of
illness) that these persons experienced; and (c) the duration
(days, weeks, etc) of these illnesses.

Three aspects of morbidity are commonly measured by
morbidity rates or morbidity ratios, namely frequency,
duration and severity. Disease frequency is measured by
incidence and prevalence rates. The average duration per
case or the disability rate, which is the average number of
days of disability per person, may serve as a measure of the
duration of illnesses. The case fatality rate may be used as
an index of severity (19). This section focuses on incidence
and prevalence rates, which are widely used to describe
disease occurrence in a community.

The value of morbidity data may be summarized as
follows:

a. they describe the extent and nature of the disease load
in the community, and thus assist in the establishment
of priorities.

b. they usually provide more comprehensive and more
accurate and clinically relevant information on patient
characteristics, than can be obtained from mortality
data, and are therefore essential for basic research.

c. they serve as starting point for aetiological studies,
and thus play a crucial role in disease prevention.

d. they are needed for monitoring and evaluation of
disease control activities.

INCIDENCE

Incidence rate is defined as “the number of NEW cases
occurring in a defined population during a specified period
of time”. It is given by the formula :

Number of new cases of specific
disease during a given time period

Incidence = X 1000

Population at-risk during that period

For example, if there had been 500 new cases of an
illness in a population of 30,000 in a year, the incidence rate
would be:

= 500/30,000 x 1000
= 16.7 per 1000 per year

Note: Incidence rate must include the unit of time used
in the final expression. If you write 16.7 per 1000, this
would be inadequate. The correct expression is 16.7 per
1000 per year (20).

It will be seen from the above definition that incidence
rate refers

a. only to new cases

b. during a given period (usually one year)

c. in a specified population or “population at risk”,
unless other denominators are chosen.

d. it can also refer to new spells or episodes of disease
arising in a given period of time, per 1000 population.
For example, a person may suffer from common cold
more than once a year. If he had suffered twice, he
would contribute 2 spells of sickness in that year. The
formula in this case would be:

Number of spells of sickness
starting in a defined period

Incidencerate = x 1000

(spells) Mean number of persons

exposed to risk in that period
Incidence measures the rate at which new cases are
occurring in a population. It is not influenced by the
duration of the disease. The use of incidence is generally
restricted to acute conditions.
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Special incidence rates

Examples include: Attack rate (case rate), Secondary
attack rate, Hospital admission rate, etc.

a. Attack rate

An attack rate is an incidence rate (usuaily expressed as a
per cent), used only when the population is exposed to risk
for a limited period of time such as during an epidemic. It
relates the number of cases in the population at risk and
reflects the extent of the epidemic. Attack rate is given by the
formula:

Number of new cases of a specified
disease during a specified time interval

Attack rate = X 100

Total population at risk during the
same interval

b. Secondary attack rate

It is defined as the number of exposed persons
developing the disease within the range of the incubation
period following exposure to a primary case. (see page 100).

USES OF INCIDENCE RATE

The incidence rate, as a health status indicator, is useful
for taking action (a) to control disease, and (b) for research
into aetiology and pathogenesis, distribution of diseases,
and efficacy of preventive and therapeutic measures (14).

For instance, if the incidence rate is increasing, it might
indicate failure or ineffectiveness of the current control
programmes. Rising incidence rates might suggest the need
for a new disease control or preventive programme, or that
reporting practices had improved. A change or fluctuation in
the incidence of disease may also mean a change in the
aetiology of disease, e.g., change in the agent, host and
environmental characteristics. Analysis of differences in
incidence rates reported from wvarious socio-economic
groups and geographical areas may provide useful insights
into the effectiveness of the health services provided (14).

PREVALENCE

The term “disease prevalence” refers specifically to all
current cases (old and new) existing at a given point in time,
or over a period of time in a given population. A broader
definition of prevalence is as follows: “the total number of all
individuals who have an attribute or disease at a particular
time (or during a particular period) divided by the
population at risk of having the attribute or disease at this
point in time or midway through the period (2)”. Although
referred to as a rate, prevalence rate is really a ratio.

Prevalence is of two types :
(a) Point prevalence
(b) Period prevalence

(a) Point prevalence

Point prevalence of a disease is defined as the number of
all current cases (old and new) of a disease at one point of
time, in relation to a defined population. The “point” in
point prevalence, may for all practical purposes consist of a
day, several days, or even a few weeks, depending upon the
time it takes to examine the population sample (20).

Point prevalence is given by the formula:

Number of all current cases (old and new)
of a specified disease existing at
a given point in time
= % 100
Estimated population at the
same point in time

When the term “prevalence rate” is used, without
any further qualification, it is taken to mean “point
prevalence” (17).

Point prevalence can be made specific for age, sex and
other relevant factors or attributes.

(b) Period prevalence

A less commonly used measure of prevalence is period
prevalence. It measures the frequency of all current cases (old
and new) existing during a defined period of time (e.g.,
annual prevalence) expressed in relation to a defined
population. 1t includes cases arising before but extending into
or through to the year as well as those cases arising during the
year (Fig. 2). Period prevalence is given by the formula:

Number of existing cases (old and new)
of a specified disease during a given
period of time interval
= X 100
Estimated mid-interval population at-risk

The terms incidence and prevalence are illustrated in
Fig. 2

o case 1
O——1— case2 o case 3
O——— case4d
O case 5
o— case 6
O——4— case? O———T—— case8
Jan 1 Dec 31

O Start of illness

~—— Duration of illness

Incidence would include cases — 3,4,5, and 8

Point prevalence (Jan 1) cases — 1,2, and 7

Point prevalence {Dec.31) cases — 1,3,5 and 8

Period prevalence (Jan—-Dec) cases - 1,2,3,4,5,7, and 8

FIG. 2
Number of cases of a disease beginning, developing and ending
during a period of time

Relationship between prevalence and incidence

Prevalence depends upon 2 factors, the incidence and
duration of illness. Given the assumption that the population
is stable, and incidence and duration are unchanging, the
relationship between incidence and prevalence can be
expressed as :

P=1IxD
= incidence x mean duration

Example (for a stable condition)

Incidence = 10 cases per 1000 population per year

Mean duration of disease = 5 years

Prevalence = 10 x 5 = 50 per 1000 population
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Conversely, it is possible to derive incidence and duration
as follows:

Incidence = P/D
Duration = P/I

The above equation (P = I x D) shows that the longer the
duration of the disease, the greater its prevalence. For
example, tuberculosis has a high prevalence rate relative to
incidence. This is because new cases of tuberculosis keep
cropping up throughout the year, while the old ones may
persist for months or years. On the other hand, if the disease
is acute and of short duration either because of rapid
recovery or death, the prevalence rate will be relatively low
compared with the incidence rate. In some diseases (e.qg.,
food poisoning)}, the disease is so short-lived, there are no
“old” cases. The same is true of conditions which are rapidly
fatal, such as homicides. Strictly speaking, these events have
no prevalence. In other words, decrease in prevalence may
take place not only from a decrease in incidence, but also
from a decrease of the duration of illness through either
more rapid recovery or more rapid death.

When we see a change in prevalence from one time
period to another, this can result from changes in incidence,
changes in duration of disease or both. For example,
improvements in treatment may decrease the duration of
illness and thereby decrease prevalence of a disease. But if
the treatment is such that by preventing death, and at the
same time not producing recovery, may give rise to the
apparently paradoxical effect of an increase in prevalence.
Further, if duration is decreased sufficiently, a decrease in
prevalence could take place despite an increase in
incidence.

Prevalence has been compared with a photograph, an
instantaneous record; and incidence with a film, a
continuous record. Both the terms may perhaps be better
understood by taking into consideration a coffee house.
After the coffee house opens in the morning, people keep
entering and leaving, each one remaining inside the coffee
house for a short while. At any point of time, say 10 AM, we
could go into the coffee house and count people over there.
This corresponds to estimating the prevalence. The rate at
which people enter the coffee house, say 10 people per
hour, is equivalent to the incidence. The relationship
between incidence and prevalence is shown in Fig. 3 (21).

Incidence

—— — —— — —

— — — —

—=__ Prevalence

Recovery/Death

FIG. 3
Relationship between incidence and prevalence

It is important to note the limitations of prevalence rate. It
is not the ideal measure for studying disease aetiology or
causation. We have seen that two factors determine
prevalence, namely incidence and duration. Incidence is
related to the occurrence of disease and duration to factors

which affect the course of the disease. In other words, the
element of duration reflects the prognostic factors, and
incidence reflects the causal factors. Therefore, incidence
rates should be optimally used in the formulation and testing
of aetiological hypotheses. When incidence rates are not
available, prevalence rates (which are readily obtainable)
may have to be used, but the contribution of duration
element always has to be assessed.

Uses of prevalence

(a) Prevalence helps to estimate the magnitude of health/
disease problems in the community, and identify potential
high-risk populations (b) Prevalence rates are especially
useful for administrative and planning purposes, e.g.,
hospital beds, manpower needs, rehabilitation facilities, etc.

EPIDEMIOLOGIC METHODS

The primary concern of the epidemiologist is to study
disease occurrence in people, who during the course of their
lives are exposed to numerous factors and circumstances,
some of which may have a role in disease aetiology. Unlike
the clinician or the laboratory investigator, who is able to
study disease conditions more precisely, the epidemiologist
employs carefully designed research strategies to explore
disease aetiology.

Epidemiological studies can be classified as observational
studies and experimental studies with further subdivisions :

1. Observational studies

a. Descriptive studies
b. Analytical studies

(i) Ecological or Correlational, with populations

as unit of study

with individuals
as unit of study

(ii) Cross-sectional or Prevalence,

(iii) Case-control or Case-reference, with individuals
as unit of study
(iv) Cohort or Follow-up, with individuals

as unit of study

2. Experimental studies Intervention studies

a. Randomized or  Clinical with patients as
controlled trials trials unit of study
b. Field trials with healthy
people as
unit of study
c¢. Community trials or Community with
intervention communities
studies as unit of study

These studies or methods cannot be regarded as
watertight compartments; they complement one another.
Observational studies allow nature to take its own course;
the investigator measures but does not intervene.
Descriptive study is limited to a description of the
occurrence of a disease in a population. An analytical study
goes further by analyzing relationship between health status
and other variables. Experimental or intervention studies
involve an active attempt to change a disease determinant
or the progress of a disease, and are similar in design to
experiments in other sciences. However, they are subject to
extra constraints, since the health of the people in the study
group may be at stake. The major experimental design is the
randomized controlled trial using patients as subjects. Field
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trials and community trials are other experimental studies in
which the participants are healthy people and community
respectively (22).

In all epidemiological studies, it is essential to have a
clear definition of a case of the disease being investigated
and of an exposed person. In absence of clear definitions of
disease and exposure, great difficulties are likely to be
experienced in interpreting the data.

DESCRIPTIVE EPIDEMIOLOGY

The best study of mankind is man. This statement
emphasizes the importance of making the best use of
observations on individuals or populations exposed to
suspected factors of disease. Meticulous observations made
in Africa by Burkitt led to the eventual incrimination of
Epstein-Barr virus (EBV) as the aetiological factor (possibly
conditioned by other factors such as malarial infection) of
the type of cancer known as Burkitt's lymphoma. It was the
epidemiological study in New Guinea of “Kuru”, a
hereditary neurological disorder, that led to the discovery of
slow virus infections as the cause of chronic degenerative
neurological disorders in human beings. The list is endless.

Descriptive studies are usually the first phase of an
epidemiological investigation. These studies are concerned
with observing the distribution of disease or health-related
characteristics in human populations and identifying the
characteristics with which the disease in question seems to
be associated. Such studies basically ask the questions.

a. When is the disease occurring ?
— time distribution

b. Where is it occurring ?

place distribution
c. Who is getting the disease?

person distribution

The wvarious procedures involved in descriptive studies
may be outlined as below (Table 8).

TABLE 8
Procedures in descriptive studies

1. Defining the population to be studied
Defining the disease under study
3. Describing the disease by

»

a. time
b. place
C. person
4. Measurement of disease
5. Comparing with known indices
6. Formulation of an aetiological hypothesis

1. Defining the population

Descriptive studies are investigations of populations, not
individuals. The first step is, therefore, to define the
“population base” not only in terms of the total number, but
also its composition in terms of age, sex, occupation, cultural
characters and similar information needed for the study.

The “defined population” can be the whole population in
a geographic area, or more often a representative sample
taken from it. The defined population can also be a specially
selected group such as age and sex groups, occupational
groups, hospital patients, school children, small
communities as well as wider groupings — in fact, wherever a
group of people can be fairly accurately counted.

The defined population needs to be large enough so that
age, sex and other specific rates are meaningful. The
community chosen should be stable, without migration into
or out of the area. It should be clear who does and who does
not belong to the population, as for example, visitors and
relations. Perhaps the most essential ingredient is
community participation, which must be forthcoming.
Furthermore, the population should not be overtly different
from other communities in the region. Finally, a health
facility should be close enough to provide relatively easy
access for patients requiring medical services. In the famous
Framingham Heart Study in US, all the above criteria were
taken into consideration in choosing the study population.

The concept of ‘defined population’ (or population at
risk) is crucial in epidemiological studies. It provides the
denominator for calculating rates which are essential to
measure the frequency of disease and study its distribution
and determinants. Epidemioclogists therefore have been
labelled as men in search of a denominator (23).

2. Defining the disease under study

Once the population to be studied is defined or specified,
one must then define the disease or condition being
investigated. Here the needs of the clinician and
epidemiologist may diverge. The clinician may not need a
precise definition of disease (e.g., migraine) for immediate
patient care. If the diagnosis is wrong, he can revise it
subsequently. But the epidemiologist, whose main concern
is to obtain an accurate estimate of disease in a population,
needs a definition that is both precise and valid to enable
him (or observers working in field conditions) to identify
those who have the disease from those who do not (9). The
diagnostic methods for use in epidemiological studies must
be acceptable to the population to be studied, and
applicable to their use in large populations.

In other words, the epidemiologist looks out for an
“operational definition”, i.e., a definition by which the
disease or condition can be identified and measured in the
defined population with a degree of accuracy. For example,
tonsillitis might be defined clinically as an inflammation of
the tonsils caused by infection, usually with streptococcus
pvogenes. This definition, like many other clinical definitions
(and the WHO definition of ‘health’) serves to convey
particular information, but cannot be used to measure
disease in the community. On the other hand, an
“operational definition” spells out clearly the criteria by
which the disease can be measured. Such criteria in the case
of tonsillitis would include the presence of enlarged, red
tonsils with white exudate, which on throat swab culture
grow predominantly S. pyogenes. If the definition is not
valid, it would be a powerful source of error in the
presentation and comparability of measurements from
different sources. With regard to certain diseases (e.g.,
neurological diseases) which often do not have
pathognomonic signs and symptoms, disease definition is a
crucial concern for the epidemiologist. In such cases, the
epidemiologist frames his own definition keeping the
objectives of his study in view and aiming at the same time a
degree of accuracy sufficient for his purpose. Once
established, the case definition must be adhered to
throughout the study.

3. Describing the disease

The primary objective of descriptive epidemiology is to
describe the occurrence and distribution of disease (or
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health-related events or characteristics within populations)
by time, place and person, and identifying those
characteristics associated with presence or absence of
disease in individuals. This involves systematic collection
and analysis of data. Some of the characteristics most
frequently examined by epidemiologists in descriptive
studies are given in Table 9. It is only an initial separation or
grouping of variables according to time, place and person
and NOT a classification of causal factors.

TABLE @
Characteristics frequently examined
in descriptive studies

Time Place Person

Year, season  Climatic zones Age Birth order

Month, week Country, region  Sex Family size

Day, hour of  Urban/rural Marital Height

onset, Local community state Weight

Duration Towns Occupation Blood pressure
Cities Social status Blood cholesterol
Institutions Education  Personal habits

TIME DISTRIBUTION

The pattern of disease may be described by the time of its
occurrence, i.e., by week, month, year, the day of the week,
hour of onset, etc. It raises questions whether the disease is
seasonal in occurrence; whether it shows periodic increase
or decrease; or whether it follows a consistent time trend.
Such studies may yield important clues about the source or
aetiology of the disease, thereby suggesting potential
preventive measures. Epidemiologists have identified three
kinds of time trends or fluctuations in disease occurrence.

1. Short-term fluctuations
II. Periodic fluctuations, and
IIl. Long-term or secular trends

I. Short-term fluctuations

The best known short-term fluctuation in the occurrence
of a disease is an epidemic. According to modern concepts
an epidemic is defined as “the occurrence in a community or
region of cases of an illness or other health-related events
clearly in excess of normal expectancy”. The community or
region, and the time period in which the cases occur, are
specified precisely. Epidemicity is thus relative to usual
frequency of the disease in the same area, among the
specified population, at the same season of the year (2). The
data in Table 10 illustrates this point.

Types of epidemics
Three major types of epidemics may be distinguished.
A. Common-source epidemics
(a) Single exposure or “point-source” epidemics.
(b) Continuous or multiple exposure epidemics
B. Propagated epidemics
(a) Person-to-person
(b) Arthropod vector
(c) Animal reservoir
C. Slow (modern) epidemics.

A graph of the time distribution of epidemic cases is
called the “epidemic curve” (Fig. 4). The epidemic curve

may suggest : (1) a time relationship with exposure to a
suspected source, (2) a cyclical or seasonal pattern
suggestive of a particular infection, and common source or
propagated spread of the disease.

A. Common-source epidemics
(a) Common-source, single exposure epidemics

These are also known as “point-source” epidemics. The
exposure to the disease agent is brief and essentially
simultaneous, the resultant cases all develop within one
incubation period of the disease (e.g., an epidemic of food
poisoning). Fig. 4 illustrates a common-source, single
exposure epidemic. The curve has usually one peak. One
point of interest is the “median incubation period”, it is the
time required for 50 per cent of the cases to occur following
exposure.
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Source : (3) Epidemic curve

The main features of a “point-source” epidemic are :
(i) the epidemic curve rises and falls rapidly, with no
secondary waves (ii) the epidemic tends to be explosive,
there is clustering of cases within a narrow interval of time,
and (iii) more importantly, all the cases develop within one
incubation period of disease.

Common-source epidemics are frequently, but not
always, due to exposure to an infectious agent. They can
result from contamination of the environment (air, water,
food, soil) by industrial chemicals or pollutants, e.g., Bhopal
gas tragedy in India and Minamata disease in Japan
resulting from consumption of fish containing high
concentration of methyl mercury.

If the epidemic continues over more than one incubation
period, there is either a continuous or multiple exposure to a
common source, or a propagated spread.

(b) Common-source, continuous or repeated exposure

Sometimes the exposure from the same source may be
prolonged - continuous, repeated or intermittent — not
necessarily at the same time or place. A prostitute may be a
common source in a gonorrhoea outbreak, but since she will
infect her clients over a period of time there may be no
explosive rise in the number of cases. A well of
contaminated water, or a nationally distributed brand of
vaccine (e.g. polio vaccine), or food, could result in similar
outbreaks. In these instances, the resulting epidemics tend to
be more extended or irregular. The outbreak of respiratory
illness, the Legionnaire’s disease, in the summer of 1976 in
Philadelphia (USA) was a common-source, continuous or
repeated exposure outbreak. This ‘outbreak, as in other
outbreaks of this type, continued beyond the range of one
incubation period. There was no evidence of secondary
cases among persons who had contact with ill persons (24).

A variation to the above model is that an epidemic may
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be initiated from a common source and then continue as a
propagated epidemic. Water-borne cholera is a familiar
example, the epidemic reaches a sharp peak, but tails off
gradually over a longer period of time.

B. Propagated epidemics

A propagated epidemic is most often of infectious origin
and results from person-to-person transmission of an
infectious agent (e.g., epidemics of hepatitis A and polio).
The epidemic usually shows a gradual rise and tails off over
a much longer period of time. Transmission continues untii
the number of susceptibles is depleted or susceptible
individuals are no longer exposed to infected persons or
intermediary vectors. The speed of spread depends upon
herd immunity, opportunities for contact and secondary
attack rate. Propagated epidemics are more likely to occur
where large number of susceptibles are aggregated, or where
there is a regular supply of new susceptible individuals (e.g.,
birth, immigrants) lowering herd immunity. Fig. 5 illustrates
the course of a typical propagated epidemic in which the
agent is transmitted by contact between individuals.

Il. Periodic fluctuations

(i) Seasonal trend : Seasonal variation is a well-known
characteristic of many communicable diseases, e.g., measles,
varicella, cerebro-spinal meningitis, upper respiratory
infections, malaria, etc. For example, measles is usually at its
height in early spring and so is varicella. Upper respiratory
infections frequently show a seasonal rise during winter
months. Bacterial gastrointestinal infections are prominent in
summer months because of warm weather and rapid
multiplication of flies. The seasonal variations of disease
occurrence may be related to environmental conditions (e.g.,
temperature, humidity, rainfall, overcrowding, life cycle of
vectors, etc.) which directly or indirectly favour disease
transmission. However, in many infectious diseases (e.g.,
polio), the basis for seasonal variation is unknown. Non-
infectious diseases and conditions may sometimes exhibit
seasonal variation, e.g., sunstroke, hay fever, snakebite.

Some epidemiologists would regard seasonal trend as a form
of cyclic trend. Table 10 shows a typical pattern of seasonal
trend, — the outbreaks of dengue/DF starting by month of
July and peaking in September, October and November,
coinciding with late summer and rain.

TABLE 10

Seasonal trend of dengue/DHF in India 2005-2007
Month 2005 2006 2007
January 151 : 281 83
February 80 193 64
March 59 178 46
April 68 166 50
May 172 181 127
June 130 269 175
July 742 478 - 487
August 946 577 487
September 4,852 1,275 974
October 2,482 5,880 1,507
November 1,507 1,934 802
December 801 905 221
Total 11,990 12,317 5,023

Source : (25)

(ii) Cyclic trend : Some diseases occur in cycles spread
over short periods of time which may be days, weeks,
months or years. For example, measles in the pre-
vaccination era appeared in cycles with major peaks every
2-3 years and rubella every 6-9 years. This was due to
naturally occurring variations in herd immunity. A build-up
of susceptibles is again required in the “herd” before there
can be another attack. Influenza pandemics are known to
occur at intervals of 7-10 years, due to antigenic variations.
Non-infectious conditions may also show periodic
fluctuations, e.q., automobile accidents in US are more
frequent on week-ends, especially Saturdays.” A knowledge
of cyclicity of disease is useful in that it may enable
communities to defend themselves.

Initial period of epidemic
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Termination of epidemic
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FIG. 5
Course of typical propagated epidemic (Source 4)



PRINCIPLES OF EPIDEMIOLOGY AND EPIDEMIOLOGIC METHODS

II1. Long-term or secular trends

The term “secular trend” implies changes in the
occurrence of disease (i.e., a progressive increase or
decrease) over a long period of time, generally several years
or decades. Although it may have short-term fluctuations
imposed on it, a secular trend implies a consistent tendency
to change in a particular direction or a definite movement in
one direction. Examples include coronary heart disease,
lung cancer and diabetes which have shown a consistent
upward trend in the developed countries during the past 50
years or so, followed by a decline of such diseases as
tuberculosis, typhoid fever, diphtheria and polio.

Interpretation of time-trends

By surveillance or monitoring of time-trends, the
epidemiologist seeks which diseases are increasing, which
decreasing, and which are the emerging health problems and
of the effectiveness of measures to control old ones (16). He
tries to formulate aetiological hypotheses, and seeks
explanations whether these changes were due to changes in
the aetiological agent or variations in diagnosis, reporting,
case fatality or changes in age distribution, or some other
determinants, specific and non-specific (e.g., changes in
quality of life, socio-economic status and personal habits).
For example the “time-clustering” of cases of
adenocarcinoma of vagina in young women led to the
incrimination of its cause, viz. in utero exposure to
diethylstilbestrol (26). Even changes taking place over several
years or decades can be productive of hypotheses, as in the
cases of lung cancer. By studying time trends, the
epidemiologist seeks to provide guidelines to the health
administrator in matters of prevention or control of disease.

PLACE DISTRIBUTION

(Geographical comparisons)

Studies of the geography of disease (or geographical
pathology) is one of the important dimensions of descriptive
epidemiology. By studying the distribution of disease in
different populations we gain perspective on the fascinating
differences (or variations) in disease patterns not only
between countries, but also within countries. The relative
importance of genes versus environment; changes with
migration; and the possible roles of diet and other aetiological
factors. In short geographical studies have profoundly
influenced our understanding of disease, its nature, its
detriments and its relation to subsequent pathology. The
geographic variation in disease occurrence has been one of
the stimulants to national and international studies.

The world is not a uniform unit. Cultures, standard of
living and external environments vary greatly. The use of
migrant studies is one way of distinguishing genetic and
environmental factors. The study of the geography of
diseases has developed its own special techniques, which
sometimes involve complex statistical analysis. The SMR is
one of them.

Geographic patterns provide an important source of clues
about the causes of the disease. The range of geographic
studies include those concerned with local variations. At a
broader level, international comparisons may examine
mortality and morbidity in relation to socio-economic
factors, dietary differences and the differences in culture and
behaviour. These variations may be classified as :

a. International variations
b. National variations

c. Rural-urban variations
d. Local distributions

International variations

Descriptive studies by place have shown that the pattern
of disease is not the same everywhere. For example, we
know that cancer exists all over the world. There is,
however, a marked difference between the incidence of each
cancer in different parts of the world. Thus cancer of the
stomach is very common in Japan, but unusual in US.
Cancers of the oral cavity and uterine cervix are exceedingly
common in India as compared to industrialized countries.
An international study of breast cancer showed that rates
differ widely from country to country with the lowest
prevalence in Japan and the highest in the western
countries. Similarly, there are marked international
differences in the occurrence of cardiovascular diseases.
These variations have stimulated epidemiologists to search
for cause-effect relationships between the environmental
factors and disease. The aim is to identify factors which are
crucial in the cause and prevention of disease.

National variations

It is obvious that variations in disease occurrence must
also exist within countries or national boundaries. For
example the distribution of endemic goitre, lathyrism,
fluorosis, leprosy, malaria, nutritional deficiency diseases
have all shown variations in their distribution in India, with
some parts of the country more affected and others less
affected or not affected at all. Such situations exist in every
country. One of the functions of descriptive epidemiology is
to provide data regarding the type of disease problems and
their magnitude in terms of incidence, prevalence and
mortality rates. Such information is needed to demarcate
the affected areas and for providing appropriate health care
services.

Rural-urban variations

Rural/urban variations in disease distribution are well
known. Chronic bronchitis, accidents, lung cancer, cardio-
vascular diseases, mental illness and drug dependance are
usually more frequent in urban than in rural areas. On the
other hand, skin and zoonotic diseases and soil-transmitted
helminths may be more frequent in rural areas than in urban
areas. Death rates, especially infant and maternal mortality
rates, are higher for rural than urban areas. These variations
may be due to differences in population density, social class,
deficiencies in medical care, levels of sanitation, education
and environmental factors. The epidemiologist seeks to
define groups which are at higher risk for particular diseases,
and provides guidelines to the health administrator for their
prevention and control.

Local distributions

Inner and outer city variations in disease frequency are
well known. These variations are best studied with the aid of
‘spot maps’ or ‘shaded maps’. These maps show at a glance
areas of high or low frequency, the boundaries and patterns
of disease distribution. For example if the map shows
“clustering” of cases, it may suggest a common source of
infection or a common risk factor shared by all the cases. It
was by such a study (spot map of fatal cases), John Snow of
England in his classic investigation of cholera epidemic in
1854 in the Golden Square district of London was able to
focus attention on the common water pump in Broad street
as the source of infection (Fig. 6). Based on his descriptive
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FIG. 6
Spot map of Asiatic cholera in London

findings, Snow was able to hypothesize that cholera was a
water-borne disease, long before the birth of bacteriology. It
was by a spot map by “place of employment” Maxcy
hypothesized a rodent reservoir for typhus fever in 1920s
which led to the discovery that typhus fever was not a single
disease entity, as it was earlier thought. Also, the evidence of
case clustering based on sexual contact or blood product use
provided the clue that AIDS (Acquired Immune Deficiency
Syndrome) was an infectious disease.

In short the geographic differences in disease occurrence
is an important dimension of a descriptive study. These
differences are determined by the agent, host and
environmental factors. The classic example of place-related
diseases include vyellow fever, schistosomiasis, sleeping
sickness and endemic goitre. There have also been studies
on asthma, cancer, cardiovascular diseases, blood groups
and abnormal haemoglobins by geographic location. In
short, all diseases whether acute or chronic, communicable
or non-communicable, show definite patterns of geographic
distribution.

The epidemiologist is interested in geographic variations
in disease occurrence. Geographic distribution may provide
evidence of the source of disease and its mode of spread. By
relating these variations to agent, host and environmental
factors, he tries to derive clues to the source of disease and
its mode of spread to formulate and test aetiological

hypotheses. The clinician is also benefited from knowledge
that a patient comes to him from a certain geographic area
which is endemic for certain infrequent diseases such as
yaws or leishmaniasis, as it helps him to focus attention on
these diseases to which the patient may have been exposed.

The geographic distribution of disease may change, if
changes occur in the agent, host and environmental factors.
The empires of malaria, plague and many other diseases
have shrunk due to changes in the epidemiological triad. On
the other hand, since 1961 cholera has shown an increasing
geographic distribution due to changes in the disease agent.
Since the mode of living and environmental factors vary
from country to country, one would expect to find differences
in the geographic distribution and frequency of disease.

Migration studies

Large scale migration of human populations from one
country to another provides a unique opportunity to
evaluate the role of the possible genetic and environmental
factors in the occurrence of disease in a population.
Supposing there are marked geographic differences in the
occurrence of a disease in two areas, area “A” and area “B”.
Let us assume that the environments in these two places are
very different. The question arises whether the
environmental differences in the two areas account for the
variations in the occurrence of the disease in question.
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Ideally, samples of population in area “A” should be sent
to area “B”, and vice versa to study change in incidence of
disease. In human populations this is hardly possible, so we
restrict our study to observation of changes in disease
frequency among migrants.

Migrant studies can be carried out in two ways :

(a) comparison of disease and death rates for migrants
with those of their kin who have stayed at home. This
permits study of genetically similar groups but living under
different environmental conditions or exposures. If the
disease and death rates in migrants are similar to country of
adoption over a period of time, the likely explanation would
be change in the environment. A special case is the use of
twins who have been exposed to different environments of
migration.

(b) comparison of migrants with local population of the
host country provides information on genetically different
groups living in a similar environment. If the migration rates
of disease and death are similar to the country of origin, the
likely explanation would be the genetic factors.

Migrant studies have shown that men of Japanese
ancestry living in USA experience a higher rate of coronary
heart disease than do the Japanese in Japan (27). Taking
another example, Japan has a higher rate for stomach
cancer and a lower rate for colon cancer than the United
States has. However, third-generation descendants of
Japanese immigrants to USA have rates of stomach and
colon cancer like those of the total US population. These
studies suggest that as the Japanese were probably adopting
the American way of life, their susceptibility to coronary
heart disease, gastric and colonic cancer was moving in the
direction of that found in the Americans. Further, migrant
studies may also indicate the duration of residence
necessary to acquire susceptibility to the disease in question
by comparing groups that left home at different ages.
Studies of this kind provide a basis for further studies of
specific environmental factors to which the migrants may
have been exposed or of changes in their habits of life that
may be of aetiological importance.

Migrant studies suffer from the wusual defects of
observational studies, deriving from lack of random
assignment to the groups under observation. Migrants may
be self-selected in that fit, vigorous and perhaps the
temperamentally unstable are more likely to migrate (28).
The environmental factors may only act at a certain critical
point or at a certain specific age. If the incubation period of
the disease is very long, migrants may not show any
increased incidence or mortality from the disease for many
years.

PERSON DISTRIBUTION

In descriptive studies, the disease is further characterized
by defining the persons who develop the disease by age,
sex, occupation, martial status, habits, social class and other
host factors. These factors do not necessarily represent
aetiological factors, but they contribute a good deal to our
understanding of the natural history of disease. Some of the
host factors basic to epidemiological studies (Table 9) are
discussed below.

(a) Age : Age is strongly related to disease than any other
single host factor. Certain diseases are more frequent in
certain age groups than in others, e.g., measles in childhood,
cancer in middle age and atherosclerosis in old age. If the
attack rate of a communicable disease is uniform in all the

age groups, it implies that all age groups are equally
susceptible, and there was no previous immunity. Many
chronic and degenerative diseases (e.g., cancer) show a
progressive increase in prevalence with advancing age. This
may reflect a persistent and cumulative exposure to a causal
agent or risk factor (12).

Bimodality : Sometimes there may be two separate peaks
instead of one in the age incidence curve of a disease as in
the case of Hodgkin's disease, leukaemia, and female breast
cancer. This phenomenon is known as bimodality. Fig. 7
shows the age incidence curve for Hodgkin's disease in
USA (29). The curve is bimodal with an initial peak between
the ages 15 and 35 years, and a later peak starting at age
50. Bimodality is of special interest to epidemiologists. It
indicates that the study material is not homogeneous, and
that two distinct sets of causal factors might be operative,
even though the clinical and pathological manifestations of
the disease are the same at all ages.
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Bimodality in Hodgkin’s disease

However, there are two points relating to bimodality
which make their interpretation difficult : (a) small numbers
of observations are a frequent source of bimodality; (b) the
absence of bimodality does not signify that data have come
from a homogeneous source.

(b) Sex : Sex is another host characteristic which is often
studied in relation to disease, using such indices as sex—ratio,
sex—specific morbidity and mortality rates. It has been found
that certain chronic diseases such as diabetes,
hyperthyroidism and obesity are strikingly more common in
women than in men, and diseases such as lung cancer and
coronary heart disease are less frequent in women.

Variations in disease frequency between sexes have been
ascribed to (a) basic biological differences between the sexes,
including sex-linked genetic inheritance, and (b) cultural
and behavioural differences between the sexes (e.g.,
smoking, automobile use, alcoholism) due to different roles
in social setting. In fact, it is the 4:1 male to female ratio in
lung cancer that has helped to identify cigarette smoking as a
causal factor. Even larger differences exist in, for example,
duodenal ulcer and coronary heart disease, that are as yet
unexplained (30).

(c) Ethnicity : Differences in disease occurrence have been
noted between population subgroups of different racial and
ethnic origin. These include tuberculosis, essential
hypertension, coronary heart disease, cancer, and sickle cell
anaemia. These differences, whether they are related to
genetic or environmental factors, have been a stimulus to
further studies.

(d) Marital status : In countries where studies on mortality
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in relation to marital status have been conducted, it was
found that mortality rates were always lower for married
males and females than for the unmarried, of the same age
and sex. According to demographers and sociologists, the
reason for this phenomenon may be found in the fact that
marriages are selective with respect to the health status of
persons, for those who are healthy are more likely to get
married, with the result that the risk of dying is also less.
Besides, married persons are generally more secure and
protected and they usually lead a more sober life than those
who are unmarried. All these factors are thought to
contribute to lower mortality rates among married persons.

Marital status can be a risk factor for some diseases and
conditions. The observation that cancer cervix is rare in nuns
led to the hypothesis regarding marital status and cancer
cervix. Further studies led to the suggestion that cancer
cervix may be associated with multiple sexual contacts and
promiscuity. This in turn raised the possibility of a possible
infectious agent transmitted venereally. Although the viral
aetiology of cancer cervix is not yet proved, this chain of
thinking serves to illustrate how an observation can be a
starting point of an epidemiological enquiry.

(e) Occupation : 1t is now well recognized that man’s
occupation from which he earns his livelihood has an
important bearing on his health status. Occupation may alter
the habit pattern of employees e.g., sleep, alcohol, smoking,
drug addiction, night shifts etc. It is obvious that persons
working in particular occupations are exposed to particular
types of risks. For instance, while workers in coal mines are
more likely to suffer from silicosis, those in sedentary
occupations face the risk of heart disease.

(f) Social class : Epidemiological studies have shown that
health and diseases are not equally distributed in social
classes. Individuals in the upper social classes have a longer
life expectancy and better health and nutritional status than
those in the lower social classes. Certain diseases (e.q.,
coronary heart disease, hypertension, diabetes) have shown
a higher prevalence in upper classes than in the lower
classes. Social class differences have also been observed in
mental illness and utilization of medical and health care
services.

However, there is one snag. Social classification varies
from country to country. It has different meanings for
different persons. Therefore associations of disease with
social class vary according to one’s concept of social class.
Consequently, it is difficult to compare the results of studies
in which social class has been used differently by different
investigators (30).

{(g) Behaviour : Human behaviour is increasingly looked
upon as a risk factor in modern—-day diseases such as
coronary heart disease, cancer, obesity and accidents. The
behavioural factors which have attracted the greatest
attention are cigarette smoking, sedentary life, over-eating
and drug abuse. To this must be added the mass movement
of people, such as occurs in pilgrimages, which lends
themselves to the transmission of infectious diseases such as
cholera and diarrhoeal diseases, insect-borne and sexually
transmitted diseases.

(h) Stress : Stress has been shown to affect a variety of
variables related to patients response, e.g., susceptibility to
disease, exacerbation of symptoms, compliance with
medical regimen, etc.

(i) Migration : In India diseases like leprosy, filaria and
malaria are considered to be rural problems. However,
because of the movement of people from rural to urban

areas these diseases have created a serious problem in
urban areas also.

Human movement may be classified (i) as short-term,
long-term, and permanent (ii) according to age, sex,
education, occupation, (iii) internal or external (iv) urban
versus rural, etc. Migration has presented challenge to
control/prevention of disease.

To sum up, a study of the host factors in relation to
disease occurrence is an important dimension of descriptive
epidemiology. Variations in the distribution of disease in
age, sex, occupation and other subgroups of the population
can be the starting point for an epidemiological enquiry
leading to formulation of an aetiological hypothesis for
further study. Knowledge of the frequency of disease in
subgroups of the population has also generated the concept
of “high risk groups”.

4. Measurement of disease

It is mandatory to have a clear picture of the amount of
disease (“disease load”) in the population. This information
should be available in terms of mortality, morbidity, disability
and so on, and should preferably be available for different
subgroups of the population. Measurement of mortality is
straightforward. Morbidity has two aspects — incidence and
prevalence (see page 60, 61). Incidence can be obtained from
“longitudinal” studies, and prevalence from “cross-sectional”
studies. Descriptive epidemiology may use a cross-sectional
or longitudinal design to obtain estimates of magnitude of
health and disease problems in human populations.

Cross-sectional studies

Cross-sectional study is the simplest form of an
observational study. It is based on a single examination of a
cross-section of population at one point in time — the results
of which can be projected on the whole population provided
the sampling has been done correctly. Cross-sectional study
is also known as “prevalence study”.

Cross-sectional studies are more useful for chronic than
short-lived diseases. For example, in a study of hypertension,
we can also collect data during the survey about age, sex,
physical exercise, body weight, salt intake and other
variables of interest. Then we can determine how prevention
of hypertension is related to certain variables simultaneously
measured. Such a study tells us about the distribution of a
disease in population rather than its aetiology.

The most common reason that epidemiologist examines
the inter-relationships between a disease, or one of its
precursors, and other variables is to attempt to establish a
causal chain and so give lead to possible ways of preventing
that disease. A point which must be stressed is that the time
sequence which is essential to the concept of causativity
cannot be deduced from cross-sectional data. However,
frequently there is evidence that permits ranking of events to
form such a sequence. That is, the distribution patterns may
suggest causal hypothesis which can be tested by analytical
studies. Although a cross-sectional study provides
information about disease prevalence, it provides very little
information about the natural history of disease or about the
rate of occurrence of new cases {incidence).

Longitudinal studies

There is an increasing emphasis on the value of
longitudinal studies in which observations are repeated in
the same population over a prolonged period of time by
means of follow-up examinations. Cross-sectional studies
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have been likened to a photograph, and longitudinal studies
to a cine film. Longitudinal studies are useful (i) to study the
natural history of disease and its future outcome (ii) for
identifying risk factors of disease, and (iii) for finding out
incidence rate or rate of occurrence of new cases of disease
in the community. Longitudinal studies provide valuable
information which the cross-sectional studies may not
provide, but longitudinal studies are difficult to organize and
more time-consuming than cross-sectional studies.

Measurement can also be extended to health states and
events. For example, the study of blood pressure levels in a
population will reveal the normal values, rather than
abnormal ones related to disease.

5. Comparing with known indices

The essence of epidemiology is to make comparisons and
ask questions. By making comparisons between different
populations, and subgroups of the same population, it is
possible to arrive at clues to disease aetiology. We can also
identify or define groups which are at increased risk for
certain diseases.

6. Formulation of a hypothesis

By studying the distribution of disease, and utilizing the
techniques of descriptive epidemiology, it is often possible to
formulate hypotheses relating to disease aetiology. A
hypothesis is a supposition, arrived at from observation or
reflection. It can be accepted or rejected, using the
techniques of analytical epidemiology. An epidemiological
hypothesis should specify the following (12) :

a. the population — the characteristics of the persons to

whom the hypothesis applies

b. the specific cause being considered
the expected outcome - the disease
d. the dose-response relationship — the amount of the

cause needed to lead to a stated incidence of the

effect

e. the time-response relationship — the time period that
will elapse between exposure to the cause and
observation of the effect.

o

In other words, a hypothesis should be formulated in a
manner that it can be tested taking into consideration the
above elements. In practice, the components of a hypothesis
are often less well-defined.

For example :

“Cigarette smoking causes lung cancer” — is an
incomplete hypothesis.

An improved formulation

“The smoking of 30-40 cigarettes per day causes lung
cancer in 10 per cent of smokers after 20 years of
exposure”

The improved formulation suggests data needed to test
the hypothesis, i.e., the number of cigarettes smoking per
day, years of exposure, and so on. The success or failure of a
research project frequently depends upon the soundness of
the hypothesis (12).

Uses of descriptive epidemiology

Descriptive studies : (a) provide data regarding the
magnitude of the disease load and types of disease problems
in the community in terms of morbidity and mortality rates
and ratios (b) provide clues to disease aetiology, and help in
the formulation of an aetiological hypothesis. That is, the

existence of a possible causal association between a factor
and a disease is usually recognized in descriptive studies.
Thus, if the disease is observed to be more frequent in a
particular group than in others, hypotheses are formulated to
explain the increased frequency (c) provide background data
for planning, organizing and evaluating preventive and
curative services, and (d) they contribute to research by
describing variations in disease occurrence by time, place
and person.

ANALYTICAL EPIDEMIOLOGY

Analytical studies are the second major type of
epidemiological studies. In contrast to descriptive studies
that look at entire populations, in analytical studies, the
subject of interest is the individual within the population.
The object is not to formulate, but to test hypotheses.
Nevertheless, although individuals are evaluated in
analytical studies, the inference is not to individuals, but to
the population from which they are selected.

Analytical studies two distinct

observational studies :

comprise types of

a. case control study
b. cohort study.
From each of these study designs, one can determine :

a. whether or not a statistical association exists
between a disease and a suspected factor; and

b. if one exists, the strength of the Association.

A schematic design of case control and cohort studies is
shown in Fig. 8.

Design of a Case Control Study

TIME

A 4

Direction of inquiry

4
N

[ Fxposed Je—
[Nof exposed [¢—

Start with:

Cases
(people with disease)

Population
[ Exposed Je— Controls
(people without
Not exposed [¢— disease)

Design of a Cohort Study

TIME

4
Direction of inquiry

L4

—> Disease
—{ Nodisease |

—DLExposed }—

People
Population without ||
the disease -
——| Disease

—)Iﬂot exposed l—

—3| No disease

FIG. 8
Schematic diagram of the design of case control and cohort studies

Source : (304)



CASE CONTROL STUDY 71

CASE CONTROL STUDY

Case control studies, often called “retrospective studies”
are a common first approach to test causal hypothesis. In
recent years, the case control approach has emerged as a
permanent method of epidemiological investigation. The
case control method has three distinct features :

a. both exposure and outcome (disease) have occurred
before the start of the study

b. the study proceeds backwards from effect to cause;
and

c. it uses a control or comparison group to support or
refute an inference.

By definition, a case control study involves two
populations — cases and controls. In case control studies, the
unit is the individual rather than the group. The focus is on a
disease or some other health problem that has already
developed.

Case control studies are basically comparison studies.
Cases and controls must be comparable with respect to
known “confounding factors” such as age, sex, occupation,
social status, etc. The questions asked relate to personal
characteristics and antecedent exposures which may be
responsible for the condition studied. For example, one can
use as “cases” the immunized children and use as “controls”
un-immunized children, and look for factors of interest in
their past histories. Case control studies have been used
effectively for studies of many cancers, and other serious
conditions such as cirrhosis of the liver, lupus erythematosis,
and congestive heart failure.

The basic design of a case control study is shown in
Table 11. It is a 2x2 table which provides a very useful
framework to discuss the various elements which make up a
case control study. To illustrate, if it is our intention to test
the hypothesis that “cigarette smoking causes lung cancer”,
using the case control method, the investigation begins by
assembling a group of lung cancer cases (a+c), and a group
of suitably matched controls (b+d). One then explores the
past history of these two groups for the presence or absence
of smoking, which is suspected to be related to the
occurrence of cancer lung. If the frequency of smoking, a/
(a+c) is higher in cases than in controls b/(b+d), an
association is said to exist between smoking and lung cancer.
Case control studies have their major use in the chronic
disease problem when the causal pathway may span many
decades.

TARLE 11

Framework of a case control study
{(The 2 = 2 coniingency lable)

Control
(Disease absent)

Cases
(Disease present)

Suspected or
risk factors

Present a b
Absent c d
a+c b+d

Basic steps
There are four basic steps in conducting a case control
study :
1. Selection of cases and controls
2. Matching
3. Measurement of exposure, and
4. Analysis and interpretation.

1. Belection of cases and controls

The first step is to identify a suitable group of cases and a
group of controls. While identification of cases is relatively
easy, selection of suitable controls may present difficulties.
In this connection, definite guidelines have been laid down
such as the following (4,9,12).

(1) SELECTION OF CASES

(a) Definition of a case : The prior definition of what
constitutes a “case” is crucial to the case control study. It
involves two specifications : (i) DIAGNOSTIC CRITERIA :
The diagnostic criteria of the disease and the stage of
disease, if any (e.g., breast cancer Stage I) to be included in
the study must be specified before the study is undertaken.
Supposing we are investigating cases of cancer, we should
be quite clear that we have, for our cases, a group
histologically the same. Once the diagnostic criteria are
established, they should not be altered or changed till the
study is over. (ii) ELIGIBILITY CRITERIA : The second
criterion is that of eligibility. A criterion customarily
employed is the requirement that only newly diagnosed
(incident) cases within a specified period of time are
eligible than old cases or cases in advanced stages of the
disease (prevalent cases).

(b) Sources of cases : The cases may be drawn from
(i} hospitals, or (ii) general population. (i) HOSPITALS : It is
often convenient to select cases from hospitals. The cases
may be drawn from a single hospital or a network of
hospitals, admitted during a specified period of time. The
entire case series or a random sample of it is selected for
study. (ii) GENERAL POPULATION : In a population-based
case control study, all cases of the study disease occurring
within a defined geographic area during a specified period
of time are ascertained, often through a survey, a disease
registry or hospital network. The entire case series or a
random sample of it is selected for study. The cases should
be fairly representative of all cases in the community.

(2) SELECTION OF CONTROLS

The controls must be free from the disease under study.
They must be as similar to the cases as possible, except for
the absence of the disease under study. As a rule, a
comparison group is identified before a study is done,
comprising of persons who have not been exposed to the
disease or some other factor whose influence is being
studied. Difficulties may arise in the selection of controls if
the disease under investigation occurs in subclinical forms
whose diagnosis is difficult. Selection of an appropriate
control group is therefore an important prerequisite, for it is
against this, we make comparisons, draw inferences and
make judgements about the outcome of the investigation (9).

Sources of controls : The possible sources from which
controls may be selected include hospitals, relatives,
neighbours and general population. (i) HOSPITAL
CONTROLS: The controls may be selected from the same
hospital as the cases, but with different illneses other than
the study disease. For example, if we are going to study
cancer cervix patients, the control group may comprise
patients with cancer breast, cancer of the digestive tract, or
patients with non-cancerous lesions and other patients.
Usually it is unwise to choose a control group from a group
of patients with one disease. This is because hospital
controls are often a source of “selection bias”. Many hospital
patients may have diseases which are also influenced by the
factor under study. For example, if one was studying the
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relationship of smoking and myocardial infarction and
chooses bladder cancer cases as controls, the relationship
between smoking and myocardial infarction may not have
been demonstrated. Therefore, great care must be taken
when using other patients as comparison subjects, for they
differ in many ways from a normal healthy population.
Ideally the controls should have undergone the same
diagnostic work-up as cases, but have been found to be
negative. But this may not be acceptable to most controls
(ii) RELATIVES : The controls may also be taken up from
relatives (spouses and siblings). Sibling controls are
unsuitable where genetic conditions are under study.
(iii) NEIGHBOURHOOD CONTROLS : The controls may be
drawn from persons living in the same locality as cases,
persons working in the same factory or children attending
the same school. (iv) GENERAL POPULATION : Population
controls can be obtained from defined geographic areas, by
taking a random sample of individuals free of the study
disease. We must use great care in the selection of controls
to be certain that they accurately reflect the population that
is free of the disease of interest.

How many controls are needed ? If many cases are
available, and large study is contemplated, and if the cost to
collect case and control is about equal, then one tends to
use one control for each case. If the study group is small (say
under 50) as many as 2,3, or even 4 controls can be selected
for each study subject.

To sum up, selection of proper cases and controls is
crucial to the interpretation of the results of case control
studies. Some investigators select cases from one source and
controls from more than one source to avoid the influence of
“selection bias”. Such studies are recommended by
epidemioclogists. It is also desired to conduct more than one
case control study, preferably in different geographic areas.
If the findings are consistent, it serves to increase the validity
(i.e., accuracy) of the inferences. Failure to select
comparable controls can introduce “bias” into results of case
control studies and decrease the confidence one can place in
the findings.

2. Matching

The controls may differ from the cases in a number of
factors such as age, sex, occupation, social status, etc. An
important consideration is to ensure comparability between
cases and controls. This involves what is known as
“matching”. Matching is defined as the process by which we
select controls in such a way that they are similar to cases
with regard to certain pertinent selected variables (e.g., age)
which are known to influence the outcome of disease and
which, if not adequately matched for comparability, could
distort or confound the results. A “confounding factor” is
defined as one which is associated both with exposure and
disease, and is distributed unequally in study and control
groups. More specifically a “confounding factor” is one that,
although associated with “exposure” under investigation, is
itself, independently of any such association, a “risk factor”
for the disease. Two examples are cited to explain
confounding.

(a) In the study of the role of alcohol in the aetiology of
oesophageal cancer, smoking is a confounding factor
because (i) it is associated with the consumption of alcohol
and (ii) it is an independent risk factor for oesophageal
cancer. In these conditions, the effects of alcohol
consumption can be determined only if the influence of
smoking is neutralized by matching (31).

(b) Age could be a confounding variable. Supposing, we
are investigating the relationship between steroid
contraceptive and breast cancer. If the women taking these
contraceptives were younger than those in the comparison
group, they would necessarily be at lower risk of breast
cancer since this disease becomes increasingly common with
increasing age. This “confounding” effect of age can be
neutralized by matching so that both the groups have an
equal proportion of each age group. In other words,
matching protects against an unexpected strong association
between the matching factor (e.g., age) and the disease
(e.g., breast cancer). In a similar fashion other confounding
variables will have to be matched.

While matching it should be borne in mind that the
suspected aetiological factor or the variable we wish to
measure should not be matched, because by matching, its
aetiological role is eliminated in that study. The cases and
controls will then become automatically alike with respect to
that factor. In the above example, it would be useless to
match cases and controls on steroid contraceptive use; by
doing so, the aetiological role of steroid contraceptive
cannot be investigated.

There are several kinds of matching procedures. One is
group matching. This may be done by assigning cases to
sub-categories (strata) based on their characteristics (e.g.,
age, occupation, social class) and then establishing
appropriate controls. The frequency distribution of the
matched variable must be similar in study and comparison
groups. Matching is also done by pairs. For example, for
each case, a control is chosen which can be matched quite
closely. Thus, if we have a 50 year old mason with a
particular disease, we will search for 50 year old mason
without the disease as a control. Thus one can obtain pairs
of patients and controls of the same sex, age, duration and
severity of illness, etc. But there may be great difficulties in
obtaining cases and controls matched on all characteristics,
and it may be necessary to wait a considerable period of
time before obtaining a sufficient number of matched pairs.
Therefore, some leeway is necessary in matching for
variables (32, 33). It should be noted that if matching is
overdone, it may be difficult to find controls. Further with
excess zeal in matching, there may be a tendency to reduce
the odds ratio.

3. Measurement of exposure

Definitions and criteria about exposure (or variables
which may be of aetiological importance) are just as
important as those used to define cases and controls.
Information about exposure should be obtained in precisely
the same manner both for cases and controls. This may be
obtained by interviews, by questionnaires or by studying
past records of cases such as hospital records, employment
records, etc. It is important to recognize that when case
control studies are being used to test associations, the most
important factor to be considered, even more important
than the P. values obtained, is the question of “bias” or
systematic error which must be ruled out (see page 73).

4. Analysis
The final step is analysis, to find out -

(a) Exposure rates and controls to

suspected factor

among cases

(b) Estimation of disease risk associated with exposure
(Odds ratio)
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(a) EXPOSURE RATES

A case control study provides a direct estimation of the
exposure rates (frequency of exposure) to a suspected factor
in disease and non-disease groups. Table 12 shows how
exposure rates may be calculated from a case control study.

TABLE 12
A case control study of smoking and lung cancer

Cases Controls Total
(with lung cancer)  (withoutlung - L
‘ - - - .. .cancer). -
Smokers - 33 55 88
(lessthan5 .~ (a) (b) (a+b)
cigarettes a‘day) : ‘ :
Non-smokers 2 27 29
{c) : (d) {c+d)
Total ' 35 82 n =a+b
' (a+c) (b+d) +c+d

Source : (34)

Exposure rates

a. Cases = a/(a+c) = 33/35 = 94.2 per cent
b. Controls = b/(b+d) = 55/82 = 67.0 per cent
P < 0.001

Table 12 shows that the frequency rate of lung cancer was
definitely higher among smokers than among non-smokers.
The next step will be to ascertain whether there is a statistical
association between exposure status and occurrence of lung
cancer. This question can be resolved by calculating the
P value, which in this case is less than 0.001.

The particular test of significance will depend upon the
variables under investigation. If we are dealing with discrete
variables, as in the present case (smoking and lung cancer;
exposure and disease) the results are usually presented as
rates or proportions of those present or absent in the study
and in the control group. The test of significance usually
adopted is the standard error of difference between two
proportions or the Chi—square test. On the other hand, if we

are dealing with continuous variables (e.g., age, blood .

pressure), the data will have to be grouped and the test of
significance used is likely to be the standard error of
difference between two means, or test.

According to convention, if P is less than or equal to
0.05, it is regarded as “statistically significant”. The smaller
the P wvalue, the greater the statistical significance or
probability that the association is not due to chance alone.
However, statistical association (P value) does not imply
causation. Statement of P value is thus an inadequate,
although common end-point of case control studies.

(b) ESTIMATION OF RISK

The second analytical step is estimation of disease risk
associated with exposure. It should be noted (Table 12) that
if the exposure rate was 94.2 per cent in the study group, it
does not mean that 94.2 per cent of those smoked would
develop lung cancer. The estimation of disease risk
associated with exposure is obtained by an index known as
“Relative Risk” (RR) or “risk ratio”, which is defined as the
ratio between the incidence of disease among exposed
persons and incidence among non-exposed. It is given by
the formula:

Incidence among exposed

Relative risk =
Incidence among non-exposed

a C
@a+b)  (c+d
A typical case control study does not provide incidence
rates from which relative risk can be calculated directly,
because there is no appropriate denominator or population

at risk, to calculate these rates. In general, the relative risk
can be exactly determined only from a cohort study.

Odds Ratio (Cross-product ratio)

From a case control study, we can derive what is known as
Odds Ratio (OR) which is a measure of the strength of the
association between risk factor and outcome. QOdds ratio is
closely related to relative risk. The derivation of odds ratio is
based on three assumptions : (a) the disease being investigated
must be relatively rare; (b) the cases must be representative of
those with the disease, and (c) the controls must be
representative of those without the disease. The odds ratio is the
cross product of the entries in Table 11 which is reproduced
below :

Diseases
Yes No
Exposed a b
Not exposed c d

0Odds ratio = ad/bc

Using the data in Table 12, the odds ratio would be
estimated as follows :

a c ad
Odds rati =(—)/{— )= —
s ratio ( c )( 3 ) .
33x27
= — = 8.1
55 x 2

In the above example, smokers of less than 5 cigarettes
per day showed a risk of having lung cancer 8.1 times that of
non-smokers. Odds ratio is a key parameter in the analysis
of case control studies.

Bias in case control studies

Bias is any systematic error in the determination of the
association between the exposure and disease. The relative
risk estimate may increase or decrease as a result of the bias;
it reflects some type of non-comparability between the study
and control groups. The possibility of bias must be
considered when evaluating a possible cause and effect
relationship.

Many varieties of bias may arise in epidemiological
studies. Some of these are : {a) Bias due to confounding :
Mention has already been made about confounding as an
important source of bias. This bias can be removed by
matching in case control studies. {b) Memory or recall bias :
When cases and controls are asked questions about their
past history, it may be more likely for the cases to recall the
existence of certain events or factors, than the controls who
are healthy persons. For example, those who have had a
myocardial infarction might be more likely to remember and
recall certain habits or events than those who have not.
Thus cases may have a different recall of past events than
controls. {c) Selection bias : The cases and controls may not
be representative of cases and controls in the general
population. There may be systematic differences in
characteristics between cases and controls. The selection
bias can be best controlled by its prevention (d) Berkesonian
bias : A special example of bias is Berkesonian bias, termed
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after Dr. Joseph Berkeson who recognized this problem. The
bias arises because of the different rates of admission to
hospitals for people with different diseases (i.e., hospital
cases and controls). (e) Interviewer’s bias : Bias may also
occur when the interviewer knows the hypothesis 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 factor. 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

ADVANTAGES

Relatively easy to carry out.

Rapid and inexpensive (compared with cohort studies).

Require comparatively few subjects.

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
be rare in special exposure group (e.g. prenatal X-rays}.

No risk to subjects.

Allows the study of several different aetiological factors (e.g.,
smoking, physical activity and personality characteristics in
myocardial infarction).

7. Risk factors can be identified. Rational prevention and

control programmes can be established.

8. No attrition problems, because case control studies do not

require follow-up of individuals into the future.

9. Ethical problems minimal.

DISADVANTAGES

1. 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.

Selection of an appropriate control group may be difficult.

We cannot measure incidence, and can only estimate the
relative risk.

Do not distinguish between causes and associated factors.

Not suited to the evaluation of therapy or prophylaxis of
disease.

Another major concern is the representativeness of cases and
controls.

Source : (35,36)
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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

7 young women (15 to 22 years) born in one Boston
hospital between 1966 and 1969. The apparent “time
clustering” of cases — 7 occurring within 4 years at a single
hospital — led to this enquiry. An eighth case occurred in
1969 in a 20 year old patient who was treated at another
Boston hospital in USA.

The cause of this tumor was investigated by a case control
study in 1971 to find out the factors that might be associated
with this tumor. As this was a rare disease, for each case, four
matched controls were put up. The controls were identified
from the birth records of the hospital in which each case was
born. Female births occurring closest in time to each patient
were selected as controls. Information was collected by
personal interviews regarding (a) maternal age (b) maternal
smoking (c) antenatal radiology, and (d) diethyl-stilbestrol
(DES) exposure in foetal life. The results of the study are
shown in Table 14 which shows that cases differed
significantly from the controls in their past history. Seven of
the eight cases had been exposed to DES in foetal life. This
drug had been given to their mothers during the first
trimester of pregnancy to prevent possible miscarriage. But
none of the mothers in the control group had received DES.
Since this study, more cases have been reported and the
association with DES has been confirmed. The case control
method played a critical role in revealing exposure to DES
in utero as the cause of vaginal adenocarcinoma in the
exposed child 10-20 years later.

TABLE 14 -
Association between maternal DES therapy and
adenocarcinoma of vagina amongst female offspring

Information Cases Controls  Significance
acquired (8) (32) level
retrospectively :

Maternal age 26.1 29.3 n.s.
Maternal smoking 7 21 n.s.
'Antenatal radiology 1 4 n.s.
OQestrogen exposure 7 - P<0.00001

Source : (26)

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

By August 1965, the British Committee on Safety of
Drugs had received 249 reports of adverse reactions and 16
reports of death in women taking oral contraceptives. [t
became apparent that epidemiological studies were needed
to determine whether women who took oral contraceptives
were at greater risk of developing thromboembolic disease.

In 1968 and 1969, Vassey and Doll reported the findings
of their case control studies in which they interviewed
women who had been admitted to hospitals with venous
thrombosis or pulmonary embolism without medical cause
and compared the history with that obtained from other
women who had been admitted to the same hospital with
other diseases and who were matched for age, marital status
and parity.

It was found that out of 84, 42 (50%) of those with
venous thrombosis and pulmonary embolism had been
using oral contraceptives, compared with 14% of controls
(Table 15). The studies confirmed that taking the pill and
having pulmonary embolism co-existed more frequently
than would be expected by chance. The relative risk of users
to non-users was 6.3:1. That is, the investigators found that
users of oral contraceptives were about 6 times as likely as
non-users to develop thromboembolic disease.
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TABLE 15
Case control studies on the safety of oral contraceptives

Per cent who
No. used oral
contraceptives

Cases {venous 84 50
thrombosis and
pulmonary embolism)

Controls 168 14 |
Source : {46,47)

Example 3 : Thalidomide tragedy (48).

Thalidomide was first marketed as a safe, non-barbiturate
hypnotic in Britain in 1958. In 1961, at a congress of
Gynaecologists, attention was drawn to the birth of a large
number of babies with congenital abnormalities, which was
previously rare. In the same year, it was suggested that
thalidomide might be responsible for it.

A retrospective study of 46 mothers delivered of
deformed babies showed that 41 were found to have
thalidomide during their early pregnancy. This was
compared with a control of 300 mothers who had delivered
normal babies; none of these had taken thalidomide.
Laboratory experiments confirmed that thalidomide was
teratogenic in experimental studies (48).

COHORT STUDY

Cohort study is another type of analytical (observational)
study which is usually undertaken to obtain additional
evidence to refute or support the existence of an association
between suspected cause and disease. Cohort study is
known by a variety of names : prospective study, longitudinal
study, incidence study, and forward—looking study. The most
widely used term, however, is “cohort study” (4).

The distinguishing features of cohort studies are :

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

b. the 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.

Concept 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). Thus a
group of people born on the same day or in the same period
of 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 comparison group may be the general population
from which the cohort is drawn, or it may be another cohort
of persons thought to have had little or no exposure to the
substance in question, but otherwise similar.

Indications for cohort studies

Cohort studies are indicated : (a) when there is good
evidence of an association between exposure and disease,

as derived from clinical observations and supported. by
descriptive and case control studies (b) when exposure is
rare, but the incidence of disease high among exposed, e.g.,
special exposure groups like those in industries, exposure to
X-rays, etc (c) when attrition of study population can be
minimized, e.g., follow-up is easy, cohort is stable, co-
operative and easily accessible, and (d) when ample funds
are available.

Framework of a cohort study

In contrast to case control studies which proceed from
“effect to cause”, the basic approach in cohort studies is to
work from “cause to effect” (Fig. 8). That is, in a case
control study, exposure and disease have already occurred
when the study is initiated. In a cohort study, the exposure
has occurred, but the disease has not.

The basic design of a simple cohort study is shown in
Table 16. We begin with a group or cohort (a+b) exposed to
a particular factor thought to be related to disease
occurrence, and a group (c+d) not exposed to that
particular factor. The former is known as “study cohort”,
and the latter “control cohort”.

TABLE 16
Framework of a cohort study

Disease

Cohort yes no Total
Exposed to a b a+b

putative aetiologic

factor
Not exposed to . c d c+d

putative aetiologic

factor

In assembling cohorts, the following general

considerations are taken into account :

a. The coborts 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, or
efficiently reflect any difference in disease occurrence
(for example, males over 35 years would be
appropriate for studies on lung cancer).

c. Both the groups should be comparable in respect of all
the possible variables, which may influence the
frequency of the disease; and '

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

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

Table 16 shows (a+b) persons were exposed to the factor
under study, ‘a’ of which developed the disease during the
follow-up period; {c+d) persons were not exposed, ‘¢’ of
which became cases (it is assumed for simplicity of
presentation that there were no intermittent deaths or losses
during the follow-up period). After the end of the follow-up,
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the incidence rate of the disease in both the groups is
determined. If it is found that the incidence of the disease in
the exposed group, a/(a+Db) is significantly higher than in the
non-exposed group, c/{c+d), it would suggest that the
disease and suspected cause are associated. Since the
approach is prospective, that is, studies are planned to
observe events that have not yet occurred, cohort studies
are frequently referred to as “prospective” studies.

A well-designed cohort study is considered the most
reliable means of showing an association between a suspected
risk factor and subsequent disease because it eliminates many
of the problems of the case control study and approximates
the experimental model of the physical sciences.

Types of cohort studies

Three types of cohort studies have been distinguished
on the basis of the time of occurrence of disease in relation
to the time at which the investigation is initiated and
continued :

1. Prospective cohort studies
2. Retrospective cohort studies, and

3. A combination of retrospective and prospective cohort
studies.

1. Prospective cohort studies

A prospective cohort study (or “current” cohort study) is
one in which the outcome (e.g., 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 yet 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.

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 available, e.g., study of the
role of arsenic in human carcinogenesis, study of lung

cancer in uranium miners, study of the mortality experience
of groups of physicians in relation to their probable
exposure to radiation (53,54,55). More recently,
angiosarcoma of the liver, a very rare disease, has been
reported in excess frequency in relation to poly-vinyl
chloride (56). This association was picked up only because
of the retrospective cohort design. Retrospective cohort
studies are generally more economical and produce results
more quickly than prospective cohort studies.

3. Combination of retrospective and prospective
cohort studies

In this type of study, both the retrospective and
prospective elements are combined. The cohort is identified
from past records, and is assessed of date for the outcome.
The same cohort is followed up prospectively into future for
further assessment of outcome.

Court-Brown and Doll (1957) applied this approach to
study the effects of radiation. They assembled a cohort in
1955 consisting of 13,352 patients who had received large
doses of radiation therapy for ankylosing spondylitis between
1934 and 1954. The outcome evaluated was death from
leukaemia or aplastic anaemia between 1935 and 1954.
They found that the death rate from leukaemia or aplastic
anaemia was substantially higher in their cohort than that of
the general population. A prospective component was added
to the study and the cohort was followed, as established in
1955, to identify deaths occurring in subsequent years (57).

ELEMENTS OF A COHORT STUDY

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 in
one of two ways — either from general population or select
groups of the population that can be readily studied (e.g.,
persons with different degrees of exposure to the suspected
causal factor).

(a) General population : When the exposure or cause of
death is fairly frequent in the population, cohorts may be
assembled from the general population, residing.in well-
defined geographical, political and administrative areas
(e.g., Framingham Heart Study). If the population is very
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 should
be representative of the corresponding segments of the
general population.

(b) Special groups : These may be special groups or
exposure groups that can readily be studied : (i) Select
groups : These may be professional groups (e.g., doctors,
nurses, lawyers, teachers, civil servants), insured persons,
obstetric  population, college alumni, government
employees, volunteers, etc. These groups are usually a
homogeneous population. Doll’'s prospective study on
smoking and lung cancer was carried out on British doctors
listed in the Medical Register of the UK in 1951 (58) . The
study by Dorn on smoking and mortality in 293,658
veterans (i.e., former military service) in United States
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having life insurance policies is another example of a study
based on special groups (59). These groups are not only
homogeneous, but they also offer advantages of accessibility
and easy follow-up for a protracted period (ii) Exposure
groups If the exposure is rare, a more economical
procedure is to select a cohort of persons known to have
experienced the exposure. In other words, cohorts may be
selected because of special exposure to physical, chemical
and other disease agents. A readily accessible source of
these groups is workers in industries and those employed in
high-risk situations (e.g., radiologists exposed to X-rays).

When cohorts have been selected because of special
exposure, it facilitates classification of cohort members
according to the degree or duration of exposure to the
suspected factor for subsequent analytical study.

2. Obtaining data on exposure

Information about exposure may be obtained directly from
the (a) Cohort members : through personal interviews or
mailed questionnaires. Since cohort studies involve large
numbers of population, mailed questionnaires offer a simple
and economic way of obtaining information. For example,
Doll and Hill (60) used mailed questionnaires to collect
smoking histories from British doctors. (b) Review of
records : Certain kinds of information (e.g., dose of radiation,
kinds of surgery, or details of medical treatment) can be
obtained only from medical records. (c) Medical examination
or special tests : Some types of information can be obtained
only by medical examination or special tests, e.g., blood
pressure, serum cholesterol, ECG. (d}) Environmental
surveys : This is the best source for obtaining information on
exposure levels of the suspected factor in the environment
where the cohort lived or worked. In fact, information may be
needed from more than one or all of the above sources.

Information about exposure (or any other factor related
to the development of the disease being investigated) should
be collected in a manner that will allow classification of
cohort members :

(a) according to whether or not they have been exposed

to the suspected factor, and

(b) according to the level or degree of exposure, at least in

broad classes, in the case of special exposure groups
(Table 17).

In addition to the above, basic information about
demographic 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 comparisons

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
cholesterol) before the development of the disease in
question. The groups, so defined, are compared in terms of
their subsequent morbidity and mortality rates. Table 17
illustrates this point. It shows that mortality from lung cancer
increases with increasing number of cigarettes smoked
reinforcing the conclusion that there is valid association
between smoking and lung cancer.

TABLE 17
Age standardized death rates per 100,000 men per year
by amount of current smoking

Classification of

exposure (cigarettes) No. of deaths Death rate

1/2 pack 24 95.2

1/2-1 pack 84 107.8

1-2 packs 90 229.2

2 packs + 97 264.2
Source : (5)

(b) External comparisons

When information on degree of exposure is not available,
it is necessary to put up an external control, to evaluate the
experience of the exposed group, e.g., smokers and non—
smokers, a cohort of radiologists compared with a cohort of
ophthalmologists, etc. The study and control cohorts should
be similar in demographic and possibly important variables
other than those under study.

(c) Comparison with general population rates

If none is available, the mortality experience of the exposed
group is compared with the mortality experience of the general
population in the same geographic area as the exposed
people, e.g., comparison of frequency of lung cancer among
uranium mine workers with lung cancer mortality in 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 (ii) 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 home
visits — preferably all three on an annual basis.

Of the above, periodic examination of each member of the
cohort, vields greater amount of information on the individuals
examined, than would the use of any other procedure.

However, inspiteof best efforts, a certain percentage of
losses to follow-up are inevitable due to death, change of
residence, migration or withdrawal of occupation. These
losses may bias the results. It is, therefore, necessary to build
into the study design a system for obtaining basic
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information on outcome for those who cannot be followed
up in detail for the full duration of the study (13). The safest
course recommended is to achieve as close to a 95 per cent
follow-up as possible (12).

5. Analysis

The data are analyzed in terms of :

{a) Incidence rates of outcome among exposed and non-
exposed,

(b) Estimation of risk.

{a) Incidence rates

In a cohort study, we can determine incidence rates
directly in those exposed and those not exposed. A
hypothetical example is given in Table 18 showing how
incidence rates may be calculated :

TABLE 18
Contingency table applied to hypothetical
cigarette smoking and lung cancer example

Cigarette Developed Did not develop Total

smoking lung cancer lung cancer

Yes 70 6930 7000
(a) (b) (a+b)

No 3 2997 3000
(c) (d) {c+d)

Incidence rates
(a) among smokers = 70/7000 = 10 per 1000
{b) among non-smokers = 3/3000 = 1 per 1000
Statistical significance : P < 0.001

(b) Estimation of risk

Having calculated the incidence rates, the next step is to
estimate the risk of outcome (e.g., disease or death) in the
exposed and non-exposed cohorts. This is done in terms of
two well-known indices: (a) relative risk, (b) attributable risk.

RELATIVE RISK

Relative risk (RR) is the ratio of the incidence of the
disease (or death) among exposed and the incidence among
non-exposed. Some authors use the term “risk ratio” to refer
to relative risk.

Incidence of disease (or death) among exposed

RR =
Incidence of disease (or death) among non-exposed

In our hypothetical example (Table 18)
RR of lung cancer = 1T0 =10

Estimation of relative risk (RR) is important in aetiological
enquiries. It is a direct measure (or index) of the “strength”
of the association between suspected cause and effect. ‘A
relative risk of one indicates no association; relative risk
greater than one suggests “positive” association between
exposure and the disease under study. A relative risk of 2
indicates that the incidence rate of disease is 2 times higher
in the exposed group as compared with the unexposed.
Equivalently, this represents a 100 per cent increase in risk.
A relative risk of 0.25 indicates a 75% reduction in the
incidence rate in exposed individuals as compared with the
unexposed (35). It is often useful to consider the 95 per cent
confidence interval of a relative risk since it provides an
indication of the likely and maximum levels of risk.

In our hypothetical example (Table 18), the relative risk is
10. It implies that smokers are 10 times at greater risk of
developing lung cancer than non-smokers. The larger the
RR, the greater the “strength” of the association between the
suspected factor and disease. It may be noted that risk does
not necessarily imply causal association.

ATTRIBUTABLE RISK

Attributable risk (AR) is the difference in incidence rates
of disease (or death) between an exposed group and non-
exposed group. Some authors use the term “risk difference”
to attributable risk.

Attributable risk is often expressed as a per cent. This is
given by the formula :

Incidence of disease rate among exposed
— incidence of disease rate among non-exposed

= X100
Incidence rate among exposed

Attributable risk in our example (Table 18) would be :

10-1
10

Attributable risk indicates to what extent the disease

under study can be attributed to the exposure. The figure in

our example indicates that the association between smoking

and lung cancer is causal, 90 per cent of the lung cancer

among smokers was due to their smoking. This suggests the

amount of disease that might be eliminated if the factor
under study could be controlled or eliminated.

x 100 = 90 per cent

POPULATION-ATTRIBUTABLE RISK

Another concept is “population—attributable risk”. It is the
incidence of the disease {or death) in the total population
minus the incidence of disease (or death) among those who
were not exposed to the suspected causal factor (Table 19).

TABLE 19
Lung cancer death rates among smokers
and non-smokers : UK physicians

Deaths pef 100,000 person-years

Heavy smokers 224  Exposed to suspected
factor (a)

Non-smokers 10 Non-exposed to suspected
causal factor (b)

Deaths in 74 (c)

total population
- _ 224
Individual RR a/b = J0 = 22.40
Population AR (c-b)/c = 86 per cent

Source : (58)

The concept of population attributable risk is useful in
that it provides an estimate of the amount by which the
disease could be reduced in that population if the suspected
factor was eliminated or modified. In our example {Table 19)
one might expect that 86 per cent of deaths from lung
cancer could be avoided if the risk factor of cigarettes were
eliminated.

Relative risk versus attributable risk

Relative risk is important in aetiological enquiries. Its size
is a better index than is attributable risk for assessing the
aetiological role of a factor in disease. The larger the relative
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risk, the stronger the association between cause and effect.
But relative risk does not reflect the potential public health
importance as does the attributable risk. That is, attributable
risk gives a better idea than does relative risk of the impact
of successful preventive or public health programme might
have in reducing the problem.

Two examples are cited (Tables 20 and 21) to show the
practical importance of distinguishing relative and absolute
risk. In the first example, (Table 20) the RR of a
cardiovascular complication in users of oral contraceptives is
independent of age, whereas the AR is more than 5 times
higher in the older age groups. This epidemiological
observation has been the basis for not recommending oral
contraceptive in those aged 35 years and over.

TABLE 20
The relative and attributable risks of cardiovascular
complications in women taking oral contraceptives

Cardiovascular risk - Age .
100,000 patient years 30-39 40-44
Relative risk ' 2.8 2.8
Attributable risk ’ 35 20.0

Source : (62)

The second example (Table 21) shows that smoking is
attributable to 92 per cent of lung cancer, and 13.3 per cent
of CHD. In CHD, both RR and AR. are not very high
suggesting not much of the disease could be prevented as
compared to lung cancer.

TABLE 21
Risk assessment, smokers vs non-smokers
c ¢ death Death rate/1000
ause of deat Smokers Non-smokers RR AR (%)
Lung cancer 0.90 0.07 12.86 92.2
CHD 4.87 4,22 1.15 13.3

Source : (63)

Advantages and disadvantages of cohort studies

Advantages

(a) Incidence can be calculated. (b) Several possible
outcomes related to exposure can be studied simultaneously
— that is, we can study the association of the suspected
factor with many other diseases in addition to the one under
study. For example, cohort studies designed to study the
association between smoking and lung cancer alsoc showed
association of smoking with coronary heart disease, peptic
ulcer, cancer oesophagus and several others. (¢} Cohort
studies provide a direct estimate of relative risk. (d) Dose-
response ratios can also be calculated, and (e) Since
comparison groups are formed before disease develops,
certain forms of bias can be minimized like mis-classification
of individuals into exposed and unexposed groups.

Disadvantages

Cohort studies also present a number of problems :
(a) Cohort studies involve a large number of people. They
are generally unsuitable for investigating uncommon
diseases or diseases with low incidence in the population.
(b) It takes a long time to complete the study and obtain
results (2030 years or more in cancer studies) by which time
the investigators may have died or the participants may have

changed their classification. Even in very common chronic
diseases like coronary heart disease, cohort studies are
difficult to carry out. It is difficult to keep a large number of
individuals under medical surveillance indefinitely.
(c) Certain administrative problems such as loss of
experienced staff, loss of funding and extensive record
keeping are inevitable. (d) It is not unusual to lose a
substantial proportion of the original cohort - they may
migrate, lose interest in the study or simply refuse to provide
any required information. (e} Selection of comparisen
groups which are representative of the exposed and
unexposed segments of the population is a limiting factor.
Those who volunteer for the study may not be representative
of all individuals with the characteristic of interest. (f) There
may be changes in the standard methods or diagnostic
criteria of the disease over prolonged follow-up. Once we
have established the study protocol, it is difficult to introduce
new knowledge or new tests later. (g) Cohort studies are
expensive. (h) The study itself may alter people’s behaviour.
If we are examining the role of smoking in lung cancer, an
increased concern in the study cohort may be created. This
may induce the study subjects to stop or decrease smoking.
(i) With any cohort study we are faced with ethical problems
of varying importance. As evidence accumulates about the
implicating factor in the aetiology of disease, we are obliged
to intervene and if possible reduce or eliminate this factor,
and (j) Finally, in a cohort study, practical considerations
dictate that we must concentrate on a limited number or
factors possibly related to disease outcome.

The main differences between case control and cohort
studies are summarized in Table 22. :
TABLE 22

Main differences between case control and cohort studies

Case control study Cohort study

Proceeds from “cause to
effect”.

1. Proceeds from “effect to
cause”.

2. Starts with the disease. Starts with people exposed ta
risk factor or suspected

cause.

Tests whether disease occurs
more frequently in those
exposed, than in those not
similarly exposed.

3. Tests whether the suspected
cause occurs more frequently
in those with the disease than
among those without the
disease.

4. Usually the first approach to
the testing of a hypothesis,
but also useful for exploratory
studies.

Reserved for testing of
.precisely formulated
hypothesis.

Involves larger number of

5. Involves fewer number of
’ subjects.

subjects.

Long follow-up period often
needed, involving delayed
results.

6. Yields relatively quick results.

Inappropriate when the
disease or exposure under
investigation is rare.

7. Suitable for the study of rare
diseases.

8. Generally yields only estimate  Yields incidence rates, RR as
of RR (odds ratio). well as AR.

9. Cannot yield information about Can yield information about
diseases other than that more than one disease
selected for study. outcome.

10. Relatively inexpensive.

Expensive.
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Examples of cohort studies

Example 1 : Smoking and lung cancer.

At least eight prospective studies on the relation of
smoking to lung cancer had been done. Doll and Hill (50,
60, 64), Hammond and Horn (65,66) and Dorn (59) were
the first to report their findings.

In October 1951, Doll and Hill sent a questionnaire to
59,600 British doctors listed in the Medical Register of the
UK enquiring about their smoking habits. This enabled them
to form two cohorts (smokers and non-smokers) who were
similar in all other respects like age, education and social
class. They received usable replies from 40,701 physicians -
34,494 men and 6,207 women. These were followed for
4 years and 5 months by obtaining notifications of
physicians’ deaths from the Registrar General, the General
Medical Council and the British Medical Association. For
every death certified as due to lung cancer, confirmation
was obtained by writing to the physician certifying the death
and also, when necessary to the hospital or consultant to
whom the patient had been referred. The results of the study
are shown in Table 19. »

Example 2 : The Framingham heart study (49).

The Framingham heart study was initiated in 1948 by the
United States Public Health Service to study the relationship
of a number of (risk) factors (e.g., serum cholesterol, blood
pressure, weight, smoking) to the subsequent development
of cardiovascular disease. The town of Framingham
{Massachusetts) had a population of 28,000 in 1948. The
study was planned for 20 years in view of the slow
development of heart disease.

The lower and upper limits of the study population was
set at 30 and 59 years. Out of 10,000 people in this age
group a sample of 6,507 persons of both sexes were invited
to participate in the study, out of which 5,209 participated.
The initial examination revealed that 82 subjects had
clinically evident CHD. These were excluded from the
sample leaving a total of 5,127.

4,469 (69 per cent) of the 6,507 in the initial sample
actually underwent the first examination. After the first
examination, the study population was examined every 2
years for a 20 year period. Information was obtained with
regard to serum cholesterol, blood pressure, weight and
cigarette smoking. Although biennial examinations were the
main source of follow up information, other means were also
adopted to detect CHD (e.g., Death certificate records).

Among other things, the study showed increasing risk of
CHD with increasing serum cholesterol levels in the 45-54
age group. The study also showed that the association
between smoking and CHD varied with manifestations of the
disease. Thus, smoking was more strongly associated with
sudden death from CHD than with less fatal forms of the
disease. Risk factors have been found to include male sex,
advancing age, high serum lipid concentration, high blood
pressure, cigarette smoking, diabetes mellitus, obesity, low
vital capacity and certain ECG abnormalities. The predictive
value of serum lipids, blood pressure and cigarette smoking
have been repeatedly demonstrated. The Framingham heart
study became a prototype of similar studies in US and other
countries.

Example 3 : Oral contraceptives and health (51).

Another example is the cohort study of oral

contraceptives and health conducted by the Royal College
of General Practitioners in England (1974). It was initiated
in 1968, after 2 years of planning. 23,000 users of the pill
aged 15-49 years together with a similar number of controls
using other methods or no method of contraception were
brought under observation of 1400 general practitioners.
During follow-up doctors recorded the diagnoses of episodes
of illness, and information about pregnancies and deaths.

The study brought out the risks and benefits of oral
contraceptive use. For example, the study showed that the
risk of hypertension increases, and the risk of benign breast
disease decreases with the dose of norethisterone acetate
(progestogen) in the combined pill which is an important
finding. The study found an increased mortality from
diseases of cardiovascular system in pill users confirming the
results of retrospective case control studies (67).

EXPERIMENTAL EPIDEMIOLOGY

In the 1920s, “experimental epidemiology” meant the
study of epidemics among colonies of experimental animals
such as rats and mice. In modern usage, experimental
epidemiology is often equated with RANDOMIZED
CONTROLLED TRIALS (2).

Experimental or intervention studies are similar in
approach to cohort studies excepting that the conditions in
which study is carried out are under the direct control of the
investigator. Thus experimental studies involve some action,
intervention or manipulation such as deliberate application
or withdrawal of the suspected cause or changing one
variable in the causative chain in the experimental group
while making no change in the control group, and observing
and comparing the outcome of the experiment in both the
groups. This contrasts sharply with observational studies
(e.g., descriptive, case control and cohort studies), where
the epidemiologist takes no action but only observes the
natural course of events or outcome.

The aims of experimental studies may be stated as
follows : (a) to provide “scientific proof” of aetiological (or
risk) factors which may permit the modification or control of
those diseases : and (b) to provide a method of measuring
the effectiveness and efficiency of health services for the
prevention, control and treatment of disease and improve
the health of the community.

Experimental studies have all the advantages and
disadvantages of the usual prospective cohort studies plus
three additional problems namely cost, ethics and feasibility.
Experimental studies have become a major area of
epidemiological studies. They may be conducted in animals
or human beings.

Animal studies

Throughout history animals have played an important
role in men’'s quest for knowledge about himself and his
environment. Animal studies have contributed to our
knowledge of anatomy, physiology, pathology, microbioclogy,
immunology, genetics, chemotherapy and so many others.
At the beginning of this century, Webster in United States
and Topley, Wilson and Greenwood in England had carried
out classical animal experiments. Their studies centred
round inducing epidemics in animals and in studies of herd
immunity under laboratory conditions.

More important application of animal experiments have
been in (a) experimental reproduction of human disease in
animals to confirm aetiological hypotheses and to study the
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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 example, 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
animals 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
investigators to carry out certain experiments (e.g., 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
reproduced 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 yellow 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
logistic considerations often prevent its application to the
study of disease in humans. Therefore, before launching
human experiments, the benefits of the experiment have to be
weighed against risks involved. The volunteers should be
made fully aware of all possible consequences of the

experiment. Thus when an illness is fatal (e.g., 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 scientific medicine, many unscientific or
scientifically 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. Randofmized controlled trials (i.e., those involving a
process of random allocation); and

b. Non-randomized or “non-experimental” trials (i.e.,
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 development 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.l1 method of evaluation. The basic steps in
conducting a RCT include the following :

1. Drawing up a protocol.
Selecting reference and experimental populations.
Randomization.
Manipulation or intervention.
Follow-up.
Assessment of outcome.
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FIG.9
Design of a randomized controlled trial

1. The protocol

One of the essential features of a randomized controlled
trial is that the study is conducted under a strict protocol.
The protocol specifies the aims and objectives of the study,
questions to be answered, criteria for the selection of study
and control groups, size of the sample, the procedures for
allocation of subjects into study and control groups,
treatments to be applied — when and where and how to what
kind of patients, standardization of working procedures and
schedules as well as responsibilities of the parties involved in
the trial, upto the stage of evaluation of outcome of the
study. A protocol is essential especially when a number of
centres are participating in the trial. Once a protocol has
been evolved, it should be strictly adhered to throughout the
study. The protocol aims at preventing bias and to reduce
the sources of error in the study.

Preliminary test runs : Sometimes, before a protocol is
completed, preliminary (pilot) studies have to be made to
find out the feasibility or operational efficiency of certain

-procedures, or unknown effects, or on the acceptability of

certain policies. Sometimes it is useful to have a short test
run of the protocol to see whether it contains any flaws. It is
important that the final version of the protocol should be
agreed upon by all concerned before the trial begins.

2. Selecting reference and experimental populations

{a) Reference or target population : It is the population to
which the findings of the trial, if found successful, are
expected to be applicable (e.g., a drug, vaccine or other
procedure). A reference population may be as broad as
mankind or it may be geographically limited or limited to
persons in specific age, sex, occupational or social groups.
Thus the reference population may comprise the population
of a whole city, or a population of school children, industrial

workers, obsteiric population and so on according to the
nature of the study.

(b} Experimental or study population The study
population is derived from the reference population. It is the
actual population that participates in the experimental
study. Ideally, it should be randomly chosen from the
reference population, so that it has the same characteristics
as the reference population. If the study population differs
from the reference population, it may not be possible to
generalize the findings of the study to the reference
population.

When an experimental population has been defined, its
members are invited to participate in the study. It is
important to choose a stable population whose cooperation
is assured to avoid losses to follow-up. The participants or
volunteers must fulfil the following three criteria :

a. they must give “informed consent”, that is they must
agree to participate in the trial after having been fully
informed about the purpose, procedures and possible
dangers of the trial;

b. they should be representative of the population to
which they belong (i.e., reference population); and

c. they should be qualified or eligible for the trial. That is,
let us suppose, we are testing the effectiveness of a new drug
for the treatment of anaemia. If the volunteers are not
anaemic, we will then say, they are not eligible or qualified
for the trial. Similarly, let us suppose; we are going to test the
effectiveness of a new vaccine against whooping cough. If
the volunteers are already immune to the disease in
question, we will then say, they are not qualified for the trial.
In other words, the participants must be fully susceptible to
the disease under study.

It must be recognized that persons who agree to
participate in a study are likely to differ from those who do
not, in many ways that may affect the outcome under
investigation.

3. Randomization

Randomization is a statistical procedure by which the
participants are allocated into groups usually called “study”
and “control” groups, to receive or not to receive an
experimental preventive or therapeutic procedure,
manoeuvre or intervention. Randomization is an attempt to
eliminate “bias” and allow for comparability. Theoretically it
is possible to assure comparability by matching. But when
one matches, one can only match those factors which are
known to be important. There may be other factors which
are important but whose effect is not recognized or cannot
be determined. By a process of randomization, hopefully,
these factors will be distributed equally between the two
groups.

Randomization is the “heart” of a control trial. It will give
the greatest confidence that the groups are comparable so
that “like can be compared with like”. It ensures that the
investigator has no control over allocation of participants to
either study or control group, thus eliminating what is
known as “selection bias”. In other words, by random
allocation, every individual gets an equal chance of being
allocated into either group or any of the trial groups.

It is crucial that both the groups should be alike with
regard to certain variables or characteristics that might affect
the outcome of the experiment {e.g., age, sex), the entire
study population can be stratified into sub-groups according
to the variable, and individuals within each sub-group can
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then be randomly allocated into study and control groups. It
is always desirable to check that the groups formed initially
are basically similar in composition. Randomization is done
only after the participant has entered the study, that is after
having been qualified for the trial and has given his
informed consent to participate in the study. Randomization
is best done by using a table of random numbers (see
chapter 18).

The essential difference between a randomized controiled
trial and an analytical study is that in the latter, there is no
randomization because a differentiation into diseased and
non—diseased (exposed or non—exposed) groups has already
taken place. The only option left to ensure comparability in
analytical studies is by matching.

4. Manipulation

Having formed the study and control groups, the next
step is to intervene or manipulate the study (experimental)
group by the deliberate application or withdrawal or
reduction of the suspected causal factor (e.g., this may be a
drug, vaccine, dietary component, a habit, etc) as laid down
in the protocol.

This manipulation creates an independent variable (e.g.,

drug, vaccine, a new procedure) whose effect is then '

determined by measurement of the final outcome, which
constitutes the dependent variable (e.g., incidence of
disease, survival time, recovery period).

5. Follow-up

This implies examination of the experimental and control
group subjects at defined intervals of time, in a standard
manner, with equal intensity, under the same given
circumstances, in the same time frame till final assessment of
outcome. The duration of the trial is usually based on the
expectation that a significant difference (e.g., mortality) will
be demonstrable at a given point in time after the start of the
trial. Thus the follow-up may be short or may require many
years depending upon the study undertaken.

It may be mentioned that some losses to follow-up are
inevitable due to factors, such as death, migration and loss
of interest. This is known as attrition. If the attrition is
substantial, it may be difficult to generalise the results of the
study to the reference population. Every effort, therefore,
should be made to minimize the losses to follow-up.

6. Assessment

The final step is assessment of the outcome of the trial in
terms of : (a) Positive results : that is, benefits of the
experimental measure such as reduced incidence or severity
of the disease, cost to the health service or other appropriate
outcome in the study and control groups. (b) Negative
results : that is, severity and frequency of side-effects and
complications, if any, including death. Adverse effects may be
missed if they are not sought.

The incidence of positive/negative results is rigorously
compared in both the groups, and the differences, if any, are
tested for statistical significance. Techniques are available
for the analysis of data as they are collected (sequential
analysis), but it is more useful to analyze the results at the
end of the trial.

Bias may arise from errors of assessment of the outcome
due to human element. These may be from three sources :
First, there may be bias on the part of the participants, who
may subjectively feel better or report improvement if they

knew they were receiving a new form of treatment. This is
known as “subject variation”. Secondly there may be
observer bias, that is the investigator measuring the
outcome of a therapeutic trial may be influenced if he knows
beforehand the particular procedure or therapy to which the
patient has been subjected. This is known as “observer
bias.” Thirdly, there may be bias in evaluation ~ that is, the
investigator may subconsciously give a favourable report of
the outcome of the trial. Randomization cannot guard
against these sorts of bias, nor the size of the sample. In
order to reduce these problems, a technique known as
“blinding” is adopted, which will ensure that the outcome is
assessed objectively.

Blinding : Blinding can be done in three ways —
(a) SINGLE BLIND TRIAL : The trial is so planned that the
participant is not aware whether he belongs to the study
group or control group. (B) DOUBLE BLIND TRIAL : The
trial is so planned that neither the doctor nor the participant
is aware of the group allocation and the treatment received.
(C) TRIPLE BLIND TRIAL : This goes one step further. The
participant, the investigator and the person analyzing the
data are all “blind”. Ideally, of course, triple blinding should
be used; but the double blinding is the most frequently used
method when a blind trial is conducted (4). When an
outcome such as death is being measured, blinding is not so
essential.

SOME STUDY DESIGNS

It is useful to consider here some of the study designs of
controlled trials :

1. Concurrent parallel study designs

In this situation (Fig.10-a), comparisons are made
between two randomly assigned groups, one group exposed
to specific treatment, and the other group not exposed.
Patients remain in the study group or the control group for
the duration of the investigation.

2. Cross-over type of study designs

This is illustrated in Fig. 10-b. With this type of study
design, each patient serves as his own control. As before, the
patients are randomly assigned to a study group and control
group. The study group receives the treatment under
consideration. The control group receives some alternate
form of active treatment or placebo. The two groups are
observed over time. Then the patients in each group are
taken off their medication or placebo to allow for the
elimination of the medication from the body and for the
possibility of any “carry over” effects, as shown in Fig. 10-b
by the diagonal lines. After this period of medication (the
length of this interval is determined by the pharmacologic
properties of the drug being tested), the two groups are
switched. Those who received the treatment under study are
changed to the control group therapy or placebo, and vice
versa.

Cross-over studies offer a number of advantages. With
such a design, all patients can be assured that sometime
during the course of investigation, they will receive the new
therapy. Such studies generally economize on the total
number of patients required at the expense of the time
necessary to complete the study. This method of study is not
suitable if the drug of interest cures the disease, if the drug is
effective only during a certain stage of the disease or if the
disease changes radically during the period of time required
for the study.
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Schematic diagram of the design of concurrent parallel and cross-over controlled therapeutic trials (73).

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 general usage, prevention is synonymous with primary
prevention, and the term “preventive trials” implies trials of
primary preventive measures. These trials are purported to
prevent or eliminate disease on an experimental basis. The
most frequently occurring type of preventive trials are the
trials of vaccines and chemoprophylactic drugs. The basic
principles of experimental design are also applicable to these
trials. It may be necessary to apply the trial to groups of
subjects instead of to individual subjects. For example, in
1946, the Medical Research Council of UK conducted an
extensive trial (74) to test whooping cough vaccine from
three manufacturers in ten separate field trials. Those

children between 6-18 months who were entered into the
trial were randomly allocated in study and control groups.
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 3,757
unvaccinated children, and 687 of them developed the
infection. This gave an attack rate of 1.45 per 1000 child
months in the vaccinated group and 6.72 per 1000 child
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 to
the health service in terms of money, men and material
resources (21). Since preventive trials involve larger number
of subjects and sometimes a longer time span to obtain
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 which
the investigator intervenes to interrupt the usual sequence in
the development of disease for those individuals who have
“risk factor” for developing the disease; often this involves
risk factor modification. The concept of “risk factor” gave a
new dimension to epidemiological research.

For example, the major risk factors of coronary heart
disease are elevated blood cholesterol, smoking,
hypertension and sedentary habits. Accordingly, the four
main possibilities of intervention in coronary heart disease
are : reduction of blood cholesterol, the cessation of
smoking, control of hypertension and promotion of regular
physical activity. Risk factor trials can be “single-factor” or
“multi-factor” trials. Both the approaches are
complementary, and both are needed.

The WHO (75) promoted a trial on primary prevention of
coronary heart disease using clofibrate to lower serum
cholesterol, which was accepted as a significant risk factor
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for CHD. This study is the largest preventive trial yet
conducted, comprising more than 15,000 men of whom
one-third received clofibrate and two-third received olive oil
as a control treatment. The study was conducted in 3 centres
in Europe (Edinburgh, Prague, and Budapest). The design
was double-blind and randomization was successfully
achieved. The mean observation 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
group 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 epidemioclogy 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.Terry, 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
oxygen therapy for 28 days, while in the control group
{“curtailed oxygen group”) oxygen was used only for clinical
emergency. It was later found that all of the babies in the
“curtailed oxygen group” who developed RLF had received
some oxygen. There were no cases among those who
received none, confirming the aetiological hypothesis.
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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

Although the experimental method is almost always to be
preferred, it is not always possible for ethical, administrative
and other reasons to resort to a randomized controlled trial
in human beings. For example, smoking and lung cancer
and induction of cancer by viruses have not lent themselves
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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 trials of water
fluoridation). Thirdly, when disease frequency is low and the
natural history long (e.g., 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 study 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 walidity 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
Athens in 1981 provided a “natural experiment” to
epidemiologists who studied the effects of acute stress on
cardiovascular mortality. They showed an excess of deaths
from cardiac and external causes on the days after the major
earthquake, but no excess deaths from other causes (83).

John Snow’s discovery that cholera is a water-borne
disease was the outcome of a natural experiment. Snow in
his “grand experiment” identified two randomly mixed
populations, alike in other important respects, except the

source of water supply in their households. The results of the
experiment are given in Table 23.

TABLE 23

Deaths from cholera per 10.000 houses and sources of
water supply of these houses. London 1853

Sources of Number of Deaths from  Deaths in

water supply houses cholera each 10,000
houses

Southwark & 40,046 1263 315

Vauxhall Co.

Lambeth Co. 26,107 98 37

It will be seen from Table 23 that deaths were fewer in
houses supplied by Lambeth company compared to houses
supplied by Southwark and Vauxhall company. The
inference was obvious — the Lambeth company water came
from an intake on the River Thames well above London,
whereas the Southwark and Vauxhall company water was
derived from the sewage polluted water basin. The great
difference in the occurrence of cholera among these two
populations gave clear demonstration that cholera is a
water-borne disease. This was demonstrated long before the
advent of the bacteriological era; it also led to the institution
of public health measures to control cholera.

3. Before and after comparison studies

These are community trials which fall into two distinct
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 to
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 no
control, and (f) several trials may be needed before the
evaluation is considered conclusive.

Table 24 gives an example of a “before and after
comparison study” in Victoria (Australia) following
introduction of seat-belt legislation for prevention of deaths
and injuries caused by motor vehicle accidents.
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TABLE 24

Effect of adoption of compulsory seat-belt legisfation in
Victoria. Australia-- 1971

It 1970 1971 % change |
'Deaths 564 464 -17.7 !
Injuries 14620 12454 -148 |

Table 24 shows a definite fall in the numbers of deaths
and injuries in occupants of cars, following the introduction
of compulsory seat-belts in one state of Australia.

B. Before and after comparison studies with control

In the absence of a control group, comparison between
observations before and after the use of a new treatment or
procedure may be misleading. In such situations, the
epidemiologist tries to utilize a “natural” control group i.e.,
the one provided by nature or natural circumstances. If
preventive programme is to be applied to an entire
community, he would select another community as similar
as possible, particularly with respect to frequency and
characteristics of the disease to be prevented. One of them
is arbitrarily chosen to provide the study group and the
-other a control group. In the example cited (e.g., seat-belt
legislation in Victoria, Australia), a natural “control” was
sought by comparing the results in Victoria with other states
in Australia where similar legislation was not introduced.
The findings are given in Table 25.

TABLE 25

Effect of adoption of compulsory seat-belt legislation in
Victoria. 1971 compared with other states where similar
legislation was not introduced

1970 1971 % change
Deaths ‘
Victoria 564 464 -17.7
Other states 1,426 1,429 0.2
Injuries
Victoria 14,620 12,454 -14.8
Other states - 39,980 40,396 1.0 |

In the example cited above, the existence of a control
with which the results in Victoria could be compared
strengthens the conclusion that there was definite fall in the
number of deaths and injuries in occupants of cars after the
introduction of compulsory seat-belt legislation.

In the evaluation of preventive measures, three questions
are generally considered : (a) How much will it benefit the
community ? This will depend upon the effectiveness of the
preventive measure and the acceptance of the measure by
the community. The combined outcome of effectiveness and
acceptability is measured by the difference in the incidence
rate among the experimental and control groups. (b) What
are the risks to the recipients? These include the immediate
and long-term risks. (¢) Cost in money and man power? This
is done to find out whether the preventive measure is
economical and practical in terms of money spent. It is now
conceded that no health measure should be introduced on a
large scale without proper evaluation.

Recent problems that have engaged the attention of
epidemiologists are studies of medical care and health
services; planning and evaluation of health measures,
services and research.

ASSOCIATION AND CAUSATION

Descriptive studies help in the identification of the
disease problem in the community; and by relating disease
to host, agent and environmental factors, it endeavours to
suggest an aetiological hypothesis. Analytical and
experimental studies test the hypotheses derived from
descriptive studies and confirm or refute the observed
association between suspected causes and disease. When
the disease is multifactorial (e.g., coronary heart disease)
numerous factors or variables become implicated in the web
of causation, and the notion of “cause” becomes confused.
The more associations, the more investigations to
disentangle the web of causation. The epidemiologist whose
primary interest is to establish a “cause and effect”
relationship has to sift the husk from the grain. He proceeds
from demonstration of statistical association to
demonstration that the association is causal.

The terms “association” and “relationship” are often used
interchangeably. Association may be defined as the
concurrence of two variables more often than would be
expected by chance. In other words, events are said to be
associated when they occur more frequently together than
one would expect by chance (2). Association does not
necessarily imply a causal relationship.

It will be useful to consider here the concept of
correlation. Correlation indicates the degree of association
between two characteristics. The correlation coefficients
range from -1.0 to +1.0. A correlation coefficient of 1.0
means that the two wvariables exhibit a perfect linear
relationship. However, correlation cannot be used to invoke
causation, because the sequence of exposure preceding
disease (temporal association) cannot be assumed to have
occurred. Secondly, correlation does not measure risk. It
may be said that causation implies correlation, but
correlation does not imply causation.

Association can be broadly grouped under three headings :

a. Spurious association

b. Indirect association

c. Direct (causal) association
(i) one-to-one causal association
(ii) multifactorial causation.

a. Spurious association

Sometimes an observed association between a disease
and suspected factor may not be real. For example, a study
in UK of 5174 births at home and 11,156 births in hospitals
showed perinatal mortality rates of 5.4 per 1000 in the
home births, and 27.8 per 1000 in the hospital births (84).
Apparently, the perinatal mortality was higher in hospital
births than in the home births. It might be concluded that
homes are a safer place for delivery of births than hospitals.
Such a conclusion- is spurious or artifactual, because in
general, hospitals attract women at high risk for delivery
because of their special equipment and expertise, whereas
this is not the case with home deliveries. The high perinatal
mortality rate in hospitals might be due to this fact alone,
and not because the quality of care was inferior. There might
be other factors also such as differences in age, parity,
prenatal care, home circumstances, general health and
disease state between the study and control groups. This
type of bias where “like” is not compared with “like”
(selection bias) is very important in epidemiological studies.
It may lead to a spurious association or an association when
none actually existed.
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b. Indirect association

Many associations which at first appeared to be causal
have been found on further study to be due to indirect
association. The indirect association is a statistical
association between a characteristic (or variable)} of interest
and a disease due to the presence of another factor, known
or unknown, that is common to both the characteristic and
the disease. This third factor (i.e., the common factor) is also
known as the “confounding” variable. Since it is related
both to the disease and to the variable, it might explain the
statistical association between disease and a characteristic
wholly or in part. Such confounding variables {e.g., age, sex,
social class) are potentially and probably present in all data
and represent a formidable obstacle to overcome in trying to
assess the causal nature of the relationship. Two examples of
an indirect association are given below.

A
Altitude
C
lodine
deficiency

B
Endemic goitre

FIG. 12
Model of an indirect association

(a) Altitude and endemic goitre

Endemic goitre is generally found in high altitudes,
showing thereby an association between altitude and
endemic goitre (Fig. 12). We know, that endemic goitre is
not due to altitude but due to environmental deficiency of
iodine. Fig. 12 illustrates how a common factor {(i.e., iodine
deficiency) can result in an apparent association between
two variables, when no association exists. This amplifies the
earlier statement that statistical association does not
necessarily mean causation.

(b) Sucrose and CHD

Yudkin and Roddy (85) found a higher intake of sugar by
patients with myocardial infarction. Their study was based
on an enquiry by questionnaire method into dietary habits
of cases and controls. They put forward an attractive
hypothesis that people who consume lot of sugar are far
more likely to have a heart attack than those who take little.

Further studies were undertaken to test whether sugar
intake was associated with other variables such as cigarette
smoking, which might be causally related to CHD. Bennet
and others (86) found that heavy cigarette smoking was
positively associated with an increase in the number of cups
of hot drinks consumed daily and the amount of sugar
consumed. They concluded that it was cigarette smoking
and not sugar consumption which was implicated in the
aetiology of CHD. In their study, they did not find any
evidence of increasing trend of CHD with increasing
consumption of sugar. Finally, proof came f{rom
experimental studies that high sucrose feeding did not
induce arteriosclerotic disease in animals.

Sometimes knowledge of indirect associations can be
applied towards reducing disease risk. Before the discovery
of the cholera vibrio, elimination of certain water supplies
achieved a marked decrease in new cases of the disease.
Such indirect associations must be pursued, for it is likely
that they may provide aetiological clues.

c. Direct (causal) association

(i) One-to-one causal relationship

Two variables are stated to be causally related (AB) if a
change in A is followed by a change in B. If it does not, then
their relationship cannot be causal. This is known as “one-
to-one” causal relationship. This model suggests that when
the factor A is present, the disease B must result.
Conversely, when the disease is present, the factor must also
be present. Measles may be one disease in which such a
relation exists (3).

Epidemiologists are interested in identifying the “cause”.
The most satisfactory procedure to demonstrate this would
be by direct experiment. But this procedure is scarcely
available to the epidemiologist. And, in some cases, the
“cause” is not amenable to manipulation.

The above concept of one-to-one causal relationship was
the essence of Koch’s postulates. The proponents of the
germ theory of disease insisted that the cause must be :

a. necessary, and
b. sufficient for the occurrence of disease

before it can qualify as cause of disease. In other words,
whenever the disease occurs, the factor or cause must be
present.

Although Koch’s postulates are-theoretically sound, the
“necessary and sufficient” concept does not fit well for many
diseases. Taking for example tuberculosis, tubercle bacilli
cannot be found in all cases of the disease but this does not
rule out the statement that tubercle bacilli are the cause of
tuberculosis (4). That the cause must be “sufficient” is also
not always supported by evidence. In tuberculosis, it is well—
known that besides tubercle bacilli, there are additional
factors such as host susceptibility which are required to
produce the disease.

The concept of one-to-one causal relationship is further
complicated by the fact that sometimes, a single cause or
factor may lead to more than one outcome, as shown in
Fig. 13. In short, one-to-one causal relationship, although
ideal in disease aetiology, does not explain every situation.

Streptococcal tonsillitis
Scarlet fever

Haemolytic
streptococci
Erysipelas

FIG. 13
Model in which one factor is shown to lead to more than one disease

(ii) Multifactorial causation

The causal thinking is different when we consider a non-
communicable disease or condition (e.g., CHD)} where the
aetiology is multifactorial. Two models are presented in
Figures 14 and 15 to explain the complex situation. In one
model {Fig. 14), there are alternative causal factors (Factors
1, 2 and 3) each acting independently. This situation is
exemplified in lung cancer where more than one aetiological
factor (e.g., smoking, air pollution, exposure to asbestos)
can produce the disease independently. It is possible as our
knowledge of cancer increases, we may discover a common
biochemical event at the cellular level that can be produced
by each of the factors. The cellular or molecular factor will
then be considered necessary as a causal factor (4).
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Factor 1

Factor 2 Reaction at Disease
cellular level

Factor 3

FIG. 14
A model of multifactorial causation (4).

In the second model (Fig. 15) the causal factors act
cumulatively to produce disease. This is probably the correct
model for many diseases. It is possible that each of the several
factors act independently, but when an individual is exposed
to 2 or more factors, there may be a synergistic effect.

Factor 1
+
Factor 2 Reaction at Disease
cellular level
+
Factor 3

FIG. 15
A model of multifactorial causation showing synergism (4)

From the above discussion, it is reasonable to conclude
that “one-to-one” relationship in causation is an
oversimplification. In  biological phenomena, the
requirement that “cause” is both “necessary” and
“sufficient” condition is not easily reached, because of the
existence of multiple factors in disease aetiology. This has
created a serious problem to the epidemiologist, who is in
search of causes of disease.

ADDITIONAL CRITERIA FOR JUDGING CAUSALITY

In the absence of controlled experimental evidence to
incriminate the “cause”, certain additional criteria have
been evolved for deciding when an association may be
considered a causal association. An elegant elucidation of
these criteria appears in “Smoking and Health” the Report
of the Advisory Committee to the Surgeon General of the
Public Health Service in US (87). Bradford Hill (88, 89) and
others (90) have pointed out that the likelihood of a causal
relationship is increased by the presence of the following
criteria.

Temporal association

Strength of association
Specificity of the association
Consistency of the association
Biological plausibility
Coherence of the association

A

The Surgeon-General’'s Report (1964) states that the
causal significance of an association is a matter of
judgement which goes beyond any statement of statistical
probability. To judge or evaluate the causal significance of
an association, all the above criteria must be utilized, no one
of which by itself is self-sufficient or sine qua-non for
drawing causal inferences from statistical associations, but
each adds to the quantum of evidence, and all put together
contribute to a probability of the association being causal.

ASSOCIATION BETWEEN CIGARETTE
SMOKING AND LUNG CANCER

Cigarette smoking and lung cancer hypothesis provides
an excellent example to illustrate the epidemiological criteria

for establishing whether or not an observed association
plays a causal role in the aetiology of a disease. The data
fulfilling the criteria were covered adequately in Smoking
and Health, the initial report of the Advisory Committee to
the Surgeon General of the Public Health Service in 1964
(87). The later reports of US Public Health Service from
1964-1973, and similar other reports (e.g., Report of the
Royal College of Physicians, London : Smoking or Health,
1977) summarized newer data supporting the validity of the
hypothesis. Let us examine the cigarette smoking and lung
cancer hypothesis in the light of the above criteria.

i. Temporal association

This criterion centres round the question: Does the
suspected cause precede the observed effect ? A causal
association requires that exposure to a putative cause must
precede temporarily the onset of a disease which it is
purported to produce to allow for any necessary period of
induction and latency. This requirement is basic to the
causal concept.

In certain acute diseases such as water and food-borne
outbreaks, discovery of temporal sequence of two variables
(e.g., drinking contaminated water and diarrhoea) is not
often a serious problem. However, in many chronic diseases,
because of insidious onset and ignorance of precise
induction periods, it becomes hard to establish a temporal
sequence as to which came first — the suspected agent or the
disease, because one is dealing with a continuous evolving
process.

Lung cancer occurs in smokers of long-standing; this
satisfies the temporal requirement. Further, the increase in
consumption of cigarettes preceded by about 30 years the
increase in death rates from lung cancer. These observations
are compatible with the long latent period characteristic of
carcinogenesis.

2. Strength of association
The strength of association is based on answers to two
questions:

a. Relative risk — is it large ?

b. Is there a dose-response,
relationship ?

duration—-response

In general, the larger the relative risk, the greater the
likelihood of a causal association. Furthermore, the
likelihood of a causal relationship is strengthened if there is a
biological gradient or dose—response relationship — i.e., with
increasing levels of exposure to the risk factor, an increasing
rise in incidence of the disease is found. If there is no dose—
response or duration-response relationship, that would be
an argument against the relationship being causal.

In the absence of experimental data on humans, the
causal relationship of cigarette smoking and lung cancer has
been based on three points : (a) relative risk (b) dose—
response relationship, and (c¢) the decrease in risk on
cessation of smoking. Table 26 presents data showing
relative risk and dose-response relationship. Such high
relative risks are rarely seen in epidemiological studies. It has
been stated that the relationship between lung cancer and
smoking is one of the most impressive demonstrations of a
dose-response relationship that can be found in
epidemiology (3). The dose-response relationship has, in
fact, played a major role in acceptance of relationship as
causal (12). If there has been no dose-response relationship,
that would have been a strong argument against the causal
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hypothesis. Another factor that has added to the weight of
evidence is the fact that lung cancer death rates among
moderate smokers were intermediate between those among
light smokers and heavy smokers.

TABLE 26
Death rate and relative risk for smokers and non-smokers

association, reflecting a definite causal association. In short,
specificity supports causal interpretation but lack of
specificity does not negate it.

TABLE 28
Expected and observed deaths for smokers of cigarettes
compared to non-smokers: Seven prospective studies
combined, for selected causes of death

Daily average Death rate per 1000
cigarettes Relative risk Underlying Expected  Observed  Mortality
smoked Smokers Non-smokers cause of death deaths (E)  deaths (O} ratio (O/E)
1-14 0.47 0.07 6.7 Cancer of lung 170.3 1,833 10.8
15-24 0.86 0.07 12.3 Bronchitis and emphysema 89.5 546 6.1
25+ 1.66 0.07 23.7 Cancer of larynx 14.0 75 54
Source : (60) Cancer oesophagus 37.0 152 4.1
Cessation experiment Peptic ulcer 105.1 294 2.8
Another piece of evidence is provided by the cessation Cancer bladder 1116 216 1.9
experiment. Table 27 shows the mortality ratios in ex- CHD 6,430.7 11,177 L7
cigarette smokers by number of years stopped smoking Cancer rectum 207.8 213 1.0
among British doctors. The results confirmed that the All causes of death 15,653.9 23,223 1.7

mortality ratios were reduced in a way that would be
" expected if smoking were the cause of the disease. This is a
strong point in the evidence favouring the hypothesis.

TABLE 27
Lung cancer mortality ratios in ex-cigarette-smokers, by
number of years stopped smoking, British physicians

Years stopped smoking Mortality ratio
Still smoking 15.8
1-4 16.0
5-9 5.9
10-14 53
15 + 2.0
Non-smokers 1.0

Source : (58)

3. Specificity of the association

The concept of specificity implies a “one-to-one”
relationship between the cause and effect. In the past, much
of the controversy over cigarette smoking and lung cancer
centred round lack of specificity of the association. That is,
cigarette smoking is linked with not only lung cancer but
several others such as coronary heart disease, bronchitis,
. emphysema, cancer cervix, etc. This was used, for several
years, as an argument against the acceptance of the
association as causal. It is true that cigarette smoking is
associated with so many diseases reflecting an apparent lack
of specificity, but that cannot be a strong argument, so as to
dismiss the causal hypothesis. This is because the
requirement of specificity is a most difficult criterion to
establish not only in chronic disease but also in acute
diseases and conditions. The reasons are : first, a single
cause or factor can give rise to more than one disease.
Secondly, most diseases are due to multiple factors with no
possibility of demonstrating one-to-one relationship.

The lack of specificity can be further explained by the fact
that tobacco smoke is a complex of substances containing
several harmful ingredients or factors such as nicotine,
carbon monoxide, benzpyrene, particulate matter and many
other ingredients with possible additive and synergistic
action. The different components of tobacco smoke could as
well be responsible for different states. In spite of this, it can
be seen from Table 28 that the association of lung cancer
with cigarette smoking is far more striking than any other

Source : (36)

The concept of specificity cannot be entirely dissociated
from the concept of association. It has been estimated that
about 80-90 per cent of lung cancer can be attributed to
cigarette smoking. To say this, it is assumed that the
association between smoking and lung cancer is causal.
Under the heading of specificity, two more observations
require comment : (a) not everyone who smokes develops
cancer, and (b) not everyone who develops lung cancer has
smoked. The first apparent paradox is related to the
multifactorial nature of lung cancer. It may well be that there
are other factors as yet unidentified which must be present in
conjunction with smoking for lung cancer to develop. As for
lung cancer in non-smokers, it is known that there are factors
other than smoking which increase the risk of lung cancer
such as occupational exposure to chromates, asbestos,
nickel, uranium and exposure to air pollution. Deviations
from one-to-one relationship between cigarette smoking and
lung cancer therefore, cannot be said to rule out a causal
relationship.

4. Consistency of the association

The association is consistent if the results are replicated
when studied in different settings and by different methods.
That is, evidence from a single study is seldom sufficient to
establish “causal” association. If there is no consistency, it
will weaken a causal interpretation.

A consistent association has been found between
cigarette smoking and lung cancer. More than 50
retrospective studies and at least nine prospective studies in
different countries had shown a consistent association
between cigarette smoking and subsequent. development of
lung cancer, lending support to a causal association.

5. Biological plausibility

Causal association is supported if there is biological
credibility to the association, that is, the association agrees
with current understanding of the response of cells, tissues,
organs, and systems to stimuli. For example, the notion that
food intake and cancer are interrelated is an old one. The
positive association of intestine, rectum and breast cancers is
biologically logical, whereas the positive association of food
and skin cancer makes no biological sense suggesting that
strength of association by itself does not imply causality.




EPIDEMIOLOGY

This is one of the pitfalls of correlation studies. Further, the
criterion of biological plausibility should not be applied
rigidly. That is, even if a biological mechanism cannot be
postulated, it does not rule out the possibility of a cause and
effect relationship, for it may be merely due to the limits of
current knowledge.

The cigarette smoking and lung cancer hypothesis is
biologically plausible. It is not hard to visualize the
inhalation of hot smoke into the lungs and deposition of a
chemical carcinogen over a period of time probably building
itself up to a threshold level and initiating neoplastic changes
in the lungs. Experimental studies in animals have
strengthened the evidence for the aetiological role of
cigarette smoking, although one cannot directly translate the
results of such studies in humans. Many such studies have
shown that lung «cancer can be produced by
tracheobronchial implantation of tobacco extracts or by
inhalation of cigarette smoke or of aerosols of its
constituents. Carcinogenic substances have been isolated
from cigarette smoke, although the precise carcinogens
responsible for lung cancer in man are unknown. The
biological credibility, in fact, provides a convincing evidence
in favour of a causal association.

6. Coherence of the association

A final criterion for the appraisal of causal significance of
an association is its coherence with known facts that are
thought to be relevant. For example, the historical evidence
of the rising consumption of tobacco in the form of
cigarettes and the rising incidence of lung cancer are
coherent. Male and female differences in trends of lung
cancer death rates are also coherent with the more recent
adoption of cigarette smoking by women. Death rates rose
first in males and are now increasing relatively more rapidly
in females. The fall in the relative risk of lung cancer when
cigarette smoking is stopped, and the occurrence of lung
cancer from occupational exposure to other carcinogens
such as asbestos and uranium and the demonstrated
increase in lung cancer risk when workers exposed to these
substances also smoked, enhance the significance of a
causal association.

In conclusion, it may be stated that the association
between cigarette smoking and lung cancer can never be
proved by a direct experiment on humans. It is an illusory
and virtually unattainable goal. It is well known that
epidemiology depends heavily on inferences drawn from
observations rather than on the ultimate experiment. The
nearest approach to “scientific proof”, therefore is the vast
body of convincing evidence we have accumulated during
the past few years meeting all the criteria proposed for
judging the causality of such associations.

USES OF EPIDEMIOLOGY

While the study of disease distribution and causation
remains central to epidemiology; the techniques of
epidemiology have a wider application covering many more
important areas relating not only to disease but also health
and health services. In more utilitarian terms, epidemiology
has been defined as “a means of learning, or asking
questions....and getting answers that lead to further
questions”. In this context, Morris (10) has identified seven
distinct uses of epidemiology, five of which extend
epidemiology beyond the search for causes of disease and
bring it closer to day-to-day concerns of modern
medicine.These are :

1. To study historically the rise and fall of
disease in the popuiation

Winston Churchill said : “The farther back you look, the
farther forward you can see”. The first use of epidemiology
relates to this aspect, that is, study of the history of disease
in human population. It is well known that the health and
disease pattern in a community is never constant. There are
fluctuations both over short and long periods of time. For
example, the first contribution of epidemiology to the study
of coronary heart disease was that it was an “epidemic”.
Later many others such as accidents, cancer and diabetes
were found to be “epidemic”. As old diseases (e.g.,
smallpox) are conquered, new ones (e.g., Legionnaires’
disease, Lassa fever, AIDS) have been identified, in which
epidemiology has played a major role. Epidemiology
provides a means to study disease profiles and time trends in
human population. By a study of these trends, we can make
useful projections into the future and identify emerging
health problems and their correlates.

2. Community diagnosis

One of the uses of epidemiology is community diagnosis.
Community diagnosis generally refers to the identification
and quantification of health problems in a community in
terms of mortality and morbidity rates and ratios, and
identification of their correlates for the purpose of defining
those individuals or groups at risk or those in need of health
care. By quantification of health problems, we lay down
priorities in disease control and prevention. Secondly,
quantification .of morbidity and mortality can serve as a
benchmark for the evaluation of health services at a later
date. Thirdly, the quantification of health problems can be a
source of new knowledge about disease distribution,
causation and prevention. Community diagnosis has also
been effectively extended beyond population distributions
and profiles of illness to include an understanding of the
social, cultural and environmental characteristics of the
community (91). Epidemiology, therefore, has been
described as a “diagnostic tool” of community medicine.

3. Planning and evaluation

Planning is essential for a rational allocation of the
limited resources. For example, in developing countries, too
many hospitals have been built and equipped without
knowledge of the particular disease problems in the
community. Epidemiologic information about the
distribution of health problems over time and place provides
the fundamental basis for planning and developing the
needed health services and for assessing the impact of these
services on the people’s problems. The application of
epidemiological principles to problems of health care

" constitutes the “new epidemiology” (92). Examples of

planning include planning facilities for medical care (e.g.,
number of hospital beds required for patients with specific
diseases, health manpower planning); planning facilities for
preventive  services (e.g., screening programmes,
immunization campaigns; provision of sanitary services);
and planning for research.

Evaluation is an equally important concern of
epidemiology. Any measures taken to control or prevent a
disease must be followed by an evaluation to find out
whether the measures undertaken are effective in reducing
the frequency of the disease. Evaluation of a control method
such as hepatitis vaccine requires more than the
demonstration of its effectiveness in reducing disease
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frequency. We have to measure the cost of its large-scale
application in terms of the cost of the vaccine, trained
personnel, storage, transport and other factors. The value of
one method in relation to others is assessed by cost-
effectiveness studies. It is now being recognized that not only
vaccines, but in time all health services will have to submit
to evaluation (93). The development of randomized
controlled trial has made it possible to evaluate treatment
modalities on a firm scientific basis. Such trials have raised
doubts about the utility of multiphasic screening, certain
operative procedures (e.qg., tonsillectomy, varicose vein,
stripping), prolonged hospitalization of patients with
myocardial infarction, etc. Clearly it is not enough to know
that a programme provides some benefit; we need to know
how much benefit and at what risk and cost {93).

4. Evaluation of individual’s risks and chances

One of the important tasks of epidemiologists is to make
a statement about the degree of risk in a population. Besides
the incidence rate and specific rates which are measures of
absolute risk, the epidemiologists calculate relative risk and
attributable risk for a factor related to or believed to be a
cause of the disease. The risk of bearing a mongol child and
of some hereditary disorders are classic examples of
evaluating individual’s risks and chances. The risk
assessment for smokers and non-smokers, for selected
causes of death (e.g., cancer CHD) is another well-known
example.

5. Syndrome identification

Medical syndromes are identified by observing frequently
associated findings in individual patients. It is worth
recalling that, although approximately 3000 so-called
syndromes are described in the contemporary paediatric
literature, a primary defect is known only in about 20 per
cent of these (94). Epidemiological investigations can be
used to define and refine syndromes. By observation of
groups, such studies have been able to correct
misconceptions concerning many disease syndromes. For
example, there was less appreciation of the two main types
of peptic ulcer (gastric and duodenal) till 1920. But the
“poverty” gradient in the certification of the gastric ulcer
and its absence in duodenal ulcer led to differentiation of
gastric and duodenal ulcers. Another example is that of
Patterson-Kelly syndrome of association between dysphagia
and iron-deficiency anaemia, but when the association was
tested by epidemiological methods, it was not found (10).
Clinical studies using plasma renin levels have suggested
that aetiologically, prognostically and therapeutically distinct
syndromes of essential hypertension may exist. It has been
the subject of hot debate (95, 96).

6. Completing the natural history of disease

Epidemiology is concerned with the entire spectrum of
disease in a population. The picture of disease constructed
on the basis of hospital patients is quite different from that
found in the community. The epidemiologist by studying
disease patterns in the community in relation to agent, host
and environmental factors is in a better position to fill upthe
gaps in the natural history of disease than the clinician. For
example an outstanding contribution by epidemiology to the
natural history of atherosclerosis is the recognition that one-
third to two-thirds of all deaths due to ischaemic heart
disease are sudden, i.e., occur in less than one hour.
Hospital studies could never have come to this conclusion,
for most victims do not reach the hospital. This gave

tremendous impetus to the development of intensive
coronary care units (97). Epidemiological investigations
have yielded a large amount of data on risk factors in
relation to chronic disease. The impact of these findings on
our knowledge of the natural history of chronic disease
remains to be elucidated. Since the epidemiologist is
concerned with all cases in the defined population,
regardless of severity or source of medical care, his
perspective of disease is consequently the broadest.

7. Searching for causes and risk factors

Epidemiology, by relating disease to interpopulation
differences and other attributes of the population or cohorts
examined, tries to identify the causes of disease. The
contributions of epidemiology have been many in this
regard. Numerous examples can be cited : epidemiological
studies have incriminated that rubella is the cause of
congenital defects in the newborn, that thalidomide is a
teratogenic agent, cigarette smoking is a cause of lung
cancer, exposure of premature babies to oxygen is the cause
of retrolental fibroplasia, etc. in the case of chronic disease,
hopes of finding a single cause remains unfulfilled, but an
important conceptual change has occurred - that is, search
for risk factors. The concept of “risk factors” gave renewed
impetus to epidemiological research. The search for causes
and risk factors will be a ceaseless effort, as our ignorance
about disease aetiology, particularly chronic disease, is
profound, not to speak of the “new” diseases which are
appearing.

INFECTIOUS DISEASE EPIDEMIOLOGY

Infectious disease epidemiology is a fundamental part of
the whole of epidemiology. In fact, the subject of
epidemiology originally developed from the study of
epidemics of infectious diseases. There is a renaissance in
the study of communicable diseases, stimulated by (a)
changes in the pattern of communicable diseases, (b) by the
discovery of “new” infections, and (c) by the possibility that
some chronic diseases have an infective origin. The
development of vaccines and antibiotics was not followed,
as predicted, by the virtual disappearance of infectious
disease. Its prevention and control needs epidemiological
knowledge and experience (98). This section focuses on
infectious disease epidemiology.

Selected definitions

Definitions are essential for any kind of epidemiological
activity, e.g., disease reporting, measurement of mortality
and morbidity, etc. Clear-cut definitions of the terms such as
“infection”, “epidemic” and “surveillance” are needed in the
study of infectious diseases. A few selected definitions
pertaining to infectious disease epidemiology are given
below : :

INFECTION

The entry and development or multiplication of an
infectious agent in the body of man or animals (2,99). It also
implies that the body responds in some way to defend itself
against the invader, either in the form of an immune
response {evidence of this may not be readily available) or
disease. An infection does not always cause illness.

There are several levels of infection : colonization {e.g.,
S. aureus in skin and normal nasopharynx); subclinical or
inapparent infection (e.g., polio); latent infection {e.g., virus
of herpes simplex); and manifest or clinical infection.
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CONTAMINATION

The presence of an infectious agent on a body surface;
also on or in clothes, beddings, toys, surgical instruments or
dressings, or other inanimate articles or substances including
water, milk and food. Poliution is distinct from contamination
and implies the presence of offensive, but not necessarily
infectious matter in the environment. Contamination on a
body surface does not imply a carrier state (99).

INFESTATION

For persons or animals the lodgement, development and
reproduction of arthropods on the surface of the body or in
the clothing, e.g., lice, itch mite (99). Some authorities use
the term also to describe invasion of the gut by parasitic
worms, e.g., ascariasis (2).

Infested articles or premises are those which harbour or
give shelter to animal forms, especially arthropods and
rodents (99).

HOST

A person or other animal, including birds and arthropods,
that affords subsistence or lodgement to an infectious agent
under natural (as opposed to experimental) conditions. An
obligate host means the only host, e.g., man in measles and
typhoid fever. Hosts in which the parasite attains maturity or
passes its sexual stage are primary or definitive hosts; those
in which the parasite is in a larval or asexual state are
secondary or intermediate hosts. A transport host is a carrier
in which the organism remains alive but does not undergo
development (2,99).

INFECTIOUS DISEASE

A clinically manifest disease of man or animals resulting
from an infection (99).

CONTAGIOUS DISEASE

A disease that is transmitted through contact (2).
Examples include scabies, trachoma, STD and leprosy.

COMMUNICABLE DISEASE

An illness due to a specific infectious agent or its toxic
products capable of being directly or indirectly transmitted
from man to man, animal to animal, or from the
environment (through air, dust, soil, water, food, etc.) to
man or animal (100).

EPIDEMIC

{Epi = upon; demos = people). The “unusual”
occurrence in a community or region of disease, specific
health-related behaviour (e.g., smoking) or other health-
related events (e.qg., traffic accidents) clearly in excess of
“expected occurrence”. The amount of disease occurring in
the past, in the absence of an epidemic, defines the
“expected” frequency. Some use the term “outbreak” for a
small, usually localized epidemic in the interest of
minimizing public alarm, unless the number of cases is
indeed very large (13).

The above definition covers not only the usual epidemic
diseases such as measles, chickenpox and cholera which are
compressed in time, but also the modern “slow” epidemics
of non-communicable diseases {e.g., CHD, lung cancer) in
which the time scale of the epidemic is shifted from days or
weeks to years (13). The slow growth of these epidemics
conceal their size.

The key words in the definition of an epidemic are : in

excess of “expected occurrence”. There is no agreement on
what constitutes a significant excess. For example, in the US,
a disease such as cholera is not normally present in the
population. Therefore, even one case of cholera would
constitute a “potential” epidemic in US. But in a country like
India or Bangladesh, where cholera is always present in
some population subgroups, a few hundred cases a year
may be the “usual” or expected incidence (endemic
situation). For cholera to be considered as an epidemic in
India, hundreds of cases (i.e., cases above the endemic
frequency) would have to occur. An arbitrary limit of two
standard errors from the endemic frequency is used to
define the epidemic threshold for common diseases (3).

ENDEMIC

(En=in; demos=people). It refers to the constant
presence of a disease or infectious agent within a given
geographic area or population group, without importation
from outside; may also refer to the “usual” or expected
frequency of the disease within such area or population
group. For instance, common cold is endemic because
somebody always has one.

The term “hyperendemic” expresses that the disease is
constantly present at a high incidence and/or prevalence
rate and affects all age groups equally; and the term
“holoendemic” a high level of infection beginning early in
life and affecting most of the child population, leading to a
state of equilibrium such that the adult population shows
evidence of the disease much less commonly than do the
children, as in the case of malaria (2).

An endemic disease when conditions are favourable may
burst into an epidemic (e.g., hepatitis A, typhoid fever). As
new control or preventive measures are applied, the
endemic status of a disease may change.

SPORADIC

The word sporadic means scattered about. The cases
occur irregularly, haphazardly from time to time, and
generally infrequently (2). The cases are so few and
separated widely in space and time that they show little or
no connection with each other, nor a recognizable common
source of infection, e.g., polio, tetanus, herpes-zoster and
meningococcal meningitis. A sporadic disease may be the
starting point of an epidemic when conditions are
favourable for its spread. Many zoonotic diseases are
characterised by sporadic transmission to man (101).

PANDEMIC

An epidemic usually affecting a large proportion of the
population (2}, occurring over a wide geographic area such
as a section of a nation, the entire nation, a continent or the
world e.g., influenza pandemics of 1918 and 1957, cholera
El Tor in 1962 (still continuing) and acute haemorrhagic
conjunctivitis in 1971 and 1981.

EXOTIC

Diseases which are imported into a country in which they
do not otherwise occur, as for example, rabies in UK. An
example is the occurrence of epidemic polyarthritis in
visitors to Fizi, due to Ross River virus {an alpha virus
presumed to have been introduced by infected mosquitoes
harboured in aircraft (101).

ZOONOSES

An infection or infectious disease transmissible under
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natural conditions from vertebrate animals to man. May be
enzootic or epizootic — e.g., rabies, plague, bovine
tuberculosis, anthrax, brucellosis, salmonellosis, endemic
typhus, hydatidosis, etc. In recent years several new
zoonoses have emerged, e.g., Kyasanur forest disease,
Monkeypox, Lassa fever, etc.

The term zoonoses has been further amplified as follows :
(a) anthropozoonoses : that is, infections transmitted to man
from vertebrate animals, e.g., rabies, plague, hydatid
disease, anthrax and trichinosis; (b) zooanthroponoses : that
is, infections transmitted from man to vertebrate animals,
e.g., human tuberculosis in cattle; and (c) amphixenoses :
that is infections maintained in both man and lower
vertebrate animals that may be transmitted in either
direction, e.g., T.cruzi, and S.japonicum (102).

EPIZOOTIC

An outbreak (epidemic) of disease in an animal
population (often with the implication that it may also affect
human populations) (2). Only a few zoonotic agents cause
major epidemics. Notable among these are the agents of
anthrax, brucellosis, rabies, influenza, Rift valley fever, Q
fever, Japanese encephalitis and equine encephalitis. The
study of epizootic diseases is given the name of
epizootiology.

EPORNITHIC

An outbreak (epidemic) of disease in a bird population (2).

ENZOOTIC

An endemic occurring in animals e.g., anthrax, rabies,
brucellosis, bovine tuberculosis, endemic typhus and tick
typhus.

NOSOCOMIAL INFECTION

Nosocomial (hospital acquired) infection is an infection
originating in a patient while in a hospital or other health
care facility. It denotes a new disorder (unrelated to the
patient’s primary condition) associated with being in a
hospital (2). That is, it was not present or incubating at the
time of admission or the residual of an infection acquired
during a previous admission. It includes infections acquired
in the hospital but appearing after discharge, and also such
infections among the staff of the facility (99). Examples
include infection of surgical wounds, hepatitis B and urinary
tract infections.

OPPORTUNISTIC INFECTION

This is infection by an organism{s) that takes the
opportunity provided by a defect in host defence to infect
the host and hence cause disease. The organisms include
Herpes simplex, Cytomegalovirus, Toxoplasma, M.
tuberculosis, M. avium intracellulare, pneumocystis, etc.
{For example, opportunistic infections are very common in
AIDS). Infection by an organism that is not normally
pathogenic, but can cause disease if resistance is lowered.

IATROGENIC (PHYSICIAN-INDUCED) DISEASE

Any untoward or adverse consequence of a preventive,
diagnostic or therapeutic regimen or procedure, that causes
impairment, handicap, disability or death (103) resulting
from a physician’s professional activity or from the
professional activity of other health professionals (2). The
disease may be serious enough to prolong the hospital stay,
require special treatment or actually threaten life. Most of the
episodes are related to drug therapy, immunization or

diagnostic procedures, e.g., reactions to penicillin and
immunizing agents, aplastic anaemia following the use of
chloramphenicol, childhood leukaemia due to prenatal
X-rays, hepatitis B following blood transfusion, etc. These
are all preventable. In short, iatrogenic disease is a hazard of
health care.

SURVEILLANCE

Surveillance has been defined as “the continuous

“scrutiny of the factors that determine the occurrence and

distribution of disease and other conditions of illhealth.
Surveillance is essential for effective control and prevention,
and includes the collection, analysis, interpretation and
distribution of relevant data for action (104).

Surveillance also connotes exercise of continuous
scrutiny of health indices, nutritional status, environmental
hazards, health practices and other factors that may affect
health. Thus we have epidemiological surveillance (105),
nutritional surveillance (106), demographic surveillance
(107), serological surveillance, etc.

The main purpose of surveillance is to detect changes in
trend or distribution in order to initiate investigative or
control measures (2).

ERADICATION

Termination of all transmission of infection by
extermination of the infectious agent through surveillance
and containment (2). Eradication is an absolute process, an
“all or none” phenomenon, restricted to termination of an
infection from the whole world. It implies that disease will no
longer occur in a population. To-date, only one disease has
been eradicated, that is smallpox.

The term elimination is sometimes used to describe
“eradication” of disease (e.g., measles) from a large
geographic region or political jurisdiction (2). In the state of
our present knowledge, diseases which are amenable to
eradication are measles, diphtheria, polio and guinea worm.

DYNAMICS OF DISEASE TRANSMISSION

Communicable diseases are transmitted from the
reservoir/source of infection to susceptible host. Fig.16
illustrates the medical model of an infectious disease.
Basically there are three links in the chain of transmission,
viz, the reservoir, modes of transmission and the susceptible
host. '

Sources and reservoir

The starting point for the occurrence of a communicable
disease is the existence of a reservoir or source of infection.
The source of infection is defined as “the person, animal,
object or substance from which an infectious agent passes or
is disseminated to the host” (99). A reservoir is defined as
“any person, animal, arthropod, plant, soil or substance {or
combination of these) in which an infectious agent lives and
multiplies, on which it depends primarily for survival, and
where it reproduces itself in such manner that it can be
transmitted to a susceptible host” (99). In short, the reservoir
is the natural habitat in which the organism metabolizes and
replicates.

The terms reservoir and source are not always
synonymous. For example, in hookworm infection, the
reservoir is man, but the source of infection is the soil
contaminated with infective larvae. In tetanus, the reservoir
and source are the same, that is soil. In typhoid fever, the
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reservoir of infection may be a case or carrier, but the source
of infection may be faeces or urine of patients or
contaminated food, milk or water. Thus the term “source”
refers to the immediate source of infection and may or may
not be a part of reservoir.

The term homologous reservoir is applied when another
member of the same species is the victim, as for example
man is the principal reservoir for some enteric pathogens,
e.g., vibrio cholerae. The term heterologous is applied when
the infection is derived from a reservoir other than man, as
for example animals and birds infected with salmonella.

The reservoir may be of three types :
1. Human reservoir
2. Animal reservoir, and
3. Reservoir in non-living things.

1. Human reservoir

By far the most important source or reservoir of infection
for humans is man himself. He may be a case or carrier. Man
is often described as his own enemy because most of the
communicable diseases of which man is heir to are
contracted from human sources.

a. CASES

A case is defined as “a person in the population or study
group identified as having the particular disease, health
disorder or condition under investigation” (2). A variety of
criteria (e.g., clinical, biochemical, laboratory) may be used
to identify cases. Broadly, the presence of infection in a host
may be clinical, subclinical or latent. These variations in the
manifestations of disease are referred to as “spectrum of
disease” or “gradient of infection” (see page 39).

(1) The clinical illness may be mild or moderate, typical
or atypical, severe or fatal depending upon the gradient of
involvement. Epidemiologically, mild cases may be more
important sources of infection than severe cases because
they are ambulant and spread the infection wherever they
go, whereas severe cases are usually confined to bed.

(2) The subclinical cases are variously referred to as
inapparent, covert, missed or abortive cases. They are
equally important as sources of infection. The disease agent
may multiply in the host but does not manifest itself by signs
and symptoms. The disease agent is, eliminated and
contaminates the environment in the same way as clinical
cases. Persons who are thus sick {unbeknown to themselves
and others) contribute more than symptomatic patients to
the transmission of infection to others and what is more,
they do not appear in any of the statistics. Subclinical cases
play a dominant role in maintaining the chain of infection
(endemicity) in the community.

Subclinical infection can be detected only by laboratory
tests, e.g., recovery of the organism, antibody response,
biochemical and skin sensitivity tests.

Barring a few (e.g., measles), subclinical infection occurs
in most infectious diseases. In some diseases (e.g., rubella,
mumps, polio, hepatitis A and B, Japanese encephalitis,
influenza, diphtheria), a great deal of subclinical infection
occurs. Since subclinical infections occur frequently during a
person’s life time, they are responsible for the immunity
shown by adult humans to a variety of disease—producing
microbes.

(3) The term latent infection must be distinguished from
subclinical infection. In latent infection, the host does not shed
the infectious agent which lies dormant within the host
without symptoms (and often without demonstrable presence
in blood, tissues or bodily secretions of the host). For example,
latent infection occurs in herpes simplex, Brill-Zinser disease,
infections due to slow viruses, ancylostomiasis, etc. The role of
latent infection in the perpetuation of certain infectious agents
appears to be great (108).

In epidemiological terminology, the term primary case
refers to the first case of a communicable disease introduced
into the population unit being studied. The term index
case refers to the first case to come to the attention of the
investigator; it is not always the primary case. Secondary
cases are those developing from contact with primary case.
A suspect case is an individual (or a group of individuals)
who has all of the signs and symptoms of a disease or
condition, yet has not been diagnosed as having the disease
or had the cause of the symptoms connected to the
suspected pathogen.

Whatever may be the “gradient of infection”, all infected
persons, whether clinical or subclinical, are potential sources
of infection, because the disease agent is leaving the body
through frequent stools, vomiting, coughing, sneezing or
other means and is potentially available for transfer to a new
host.

b. CARRIERS

In some diseases, either due to inadequate treatment or
immune response, the disease agent is not completely
eliminated, leading to a carrier state. A carrier is defined as
“an infected person or animal that harbours a specific
infectious agent in the absence of discernible clinical disease
and serves as a potential source of infection for others” (2).
As a rule carriers are less infectious than cases, but
epidemiologically, they are more dangerous than cases
because they escape recognition, and continuing as they do
to live a normal life among the population or community,
they readily infect the susceptible individuals over a wider
area and longer period of time, under favourable conditions.
The “Typhoid Mary” is a classic example of a carrier.

The elements in a carrier state are : (a) the presence in
the body of the disease agent (b) the absence of
recognizable symptoms and signs of disease, and (c) the
shedding of the disease agent in the discharges or
excretions, thus acting as a source of infection for other
persons.
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Carriers may be classified as below :

A. Type
(a) Incubatory
(b) Convalescent
(c) Healthy

B. Duration
(a) Temporary
{b) Chronic

C. Portal of exit
(a) Urinary
(b) Intestinal
(c) Respiratory
(d) Others

A. By type : (a) INCUBATORY CARRIERS : Incubatory
carriers are those who shed the infectious agent during the
incubation period of disease. That is, they are capable of
infecting others before the onset of illness. This usually
occurs during the last few days of the incubation period,
e.g., measles, mumps, polio, pertussis, influenza, diphtheria
and hepatitis B. (b) CONVALESCENT CARRIERS : That is,
those who continue to shed the disease agent during the
period of convalescence, e.g., typhoid fever, dysentery
(bacillary and amoebic), cholera, diphtheria and whooping
cough. In these diseases, clinical recovery does not coincide
with bacteriological recovery. A convalescent carrier can
pose a serious threat to the unprotected household members
and those in the immediate environment, as in the case of a
typhoid fever patient who may excrete the bacilli for 6-8
weeks. This highlights the importance of bacteriological
surveillance of carriers, after clinical recovery. (c) HEALTHY
CARRIERS : Healthy carriers emerge from subclinical cases.
They are victims of subclinical infection who have
developed carrier state without suffering from overt disease,
but are nevertheless shedding the disease agent, e.g.,
poliomyelitis, cholera, meningococcal meningitis,
salmonellosis, and diphtheria. It is well to remember that a
person whose infection remains subclinical may or may not
be a carrier. For example, in polio the infection may remain
subclinical and the person may act as a temporary carrier by
virtue of shedding the organism. On the other hand, in
tuberculosis, most persons with positive tuberculin test do
not actively disseminate tubercle bacilli and therefore are
not labelled as carrier (36).

B. By duration (a) TEMPORARY CARRIERS
Temporary carriers are those who shed the infectious agent
for short periods of time. In this category may be included
the incubatory, convalescent and healthy carriers.
(b) CHRONIC CARRIERS : A chronic carrier is one who
excretes the infectious agent for indefinite periods. Chronic
carrier state occurs in a number of diseases, e.g., typhoid
fever, hepatitis B, dysentery, cerebro-spinal meningitis,
malaria, gonorrhoea, etc. Chronic carriers are far more
important sources of infection than cases. The longer the
carrier state, the greater the risk to the community. Some
carriers excrete the infectious agent only intermittently and
some continuously. The duration of the carrier state varies
with the disease. In typhoid fever and hepatitis B, the
chronic carrier state may last for several years; in chronic
dysentery, it may last for a year or longer. In diphtheria, the
carrier state is associated with infected tonsils; in typhoid
fever with gall bladder disease. Chronic carriers are known
to reintroduce disease into areas which are otherwise free of
infection (e.g., malaria). Therefore their early detection and
treatment are essential to limit the spread of infection.

Carriers of avirulent organisms are called pseudo-carriers.
Pseudo-carriers are not important epidemiologically.

C. By portal of exit : Carriers may also be classified
according to the portal of exit of the infectious agent. Thus
we have urinary carriers, intestinal carriers, respiratory
carriers, nasal carriers, etc. Skin eruptions, open wounds
and blood are also portals of exit. In typhoid fever, the
urinary carrier is more dangerous than an intestinal carrier.
A typhoid carrier working in a food establishment or water
works is more dangerous than a typhoid carrier working in
an office establishment. Thus the portal of exit and the
occupational status of the carrier are important
epidemiological considerations.

2. Animal reservoir

The source of infection may sometimes be animals and
birds. These, like the human sources of infection, may be
cases or carriers. The diseases and infections which are
transmissible to man from vertebrates are called zoonoses.
There are over 100 zoonotic diseases which may be
conveyed to man from animals and birds. The best known
examples are rabies, yellow fever and influenza. The role of
pigs and ducks in the spread of epidemic and pandemic
influenza both as reservoirs, carriers and “amplifying hosts”
is now well established. Pigeons in cities can lead to
infection with chlamydia; dust mites from them can cause
allergqy in man. Ornithosis and arboviruses can be
transmitted to man from various birds. Wild birds, in
particular, are important hosts in the transmission cycles of
most of the mosquito-borne encephalitis and several
mosquito-borne undifferentiated febrile diseases (101).
Histoplasmosis is carried all over the world by birds (109).
As birds migrate from one locality to another they may carry
ticks infected with viruses and rickettsiae that may cause
disease in humans. In short, the migrations and movements
of animals and birds may carry serious epizootiological and
epidemiological risks. There is evidence that genetic
recombination between animal and human viruses might
produce “new” strains of viruses (e.g., influenza viruses).

3. Reservoir in non-living things

Soil and inanimate matter can also act as reservoirs of
infection. For example, soil may harbour agents that cause
tetanus, anthrax, coccidioidomycosis and mycetoma.

MODES OF TRANSMISSION

Communicable diseases may be transmitted from the
reservoir or source of infection to a susceptible individual in
many different ways, depending upon the infectious agent,
portal of entry and the local ecological conditions. As a rule,
an infectious disease is transmitted by only one route, e.g.,
typhoid fever by vehicle transmission and common cold by
direct contact. But there are others which may be
transmitted by several routes e.g., AIDS, salmonellosis,
hepatitis B, brucellosis, Q fever, tularemia etc. The multiple
transmission routes enhance the survival of the infectious

agent. The mode of transmission of infectious diseases may
be classified as below (2,99).

A DIRECT TRANSMISSION

Direct contact

Droplet infection

Contact with soil

Inoculation into skin or mucosa
Transplacental (vertical)
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MODES OF TRANSMISSION

B INDIRECT TRANSMISSION
1. Vehicle-borne
2. Vector-borne
a. Mechanical
b. Biological
3. Air-borne
a. Droplet nuclei
b. Dust
4. Fomite-borne
5. Unclean hands and fingers

A. Direct transmission

(1) Direct contact : Infection may be transmitted by direct
contact from skin to skin, mucosa to mucosa, or mucosa to
skin of the same or another person. This implies direct and
essentially immediate transfer of infectious agents from the
reservoir or source to a susceptible individual, without an
intermediate agency, e.g., skin—to—skin contact as by
touching, Kkissing or sexual intercourse or continued close
contact. Direct contact not only reduces the period for which
the organism will have to survive outside the human host
but also ensures a larger dose of infection. Diseases
transmitted by direct contact include STD and AIDS,
leprosy, leptospirosis, skin and eye infections. (2) Droplet
infection : This is direct projection of a spray of droplets of
saliva and nasopharyngeal secretions during coughing,
sneezing, (Fig.17) or speaking and spitting, talking into the
surrounding atmosphere. The expelled droplets may
impinge directly upon the conjunctiva, oro-respiratory
mucosa or skin of a close contact. Particles of 10 mmm or
greater in diameter are filtered off by nose. Those 5 mmm or
less can penetrate deeply and reach the alveoli. The droplet
spread is usually, limited to a distance of 30-60 cm between
source and host (110}. In infectious diseases, these droplets,
which may contain millions of bacteria and viruses can be a
source of infection to others. When a healthy susceptible
person comes within the range of these infected droplets he
is likely to inhale some of them and acquire infection.
Diseases transmitted by droplet spread include many
respiratory infections, eruptive fevers, many infections of the
nervous system, common cold, diphtheria, whooping cough,
tuberculosis, meningococcal meningitis, etc. The potential
for droplet spread is increased in conditions of close
proximity, overcrowding and lack of ventilation. (3) Contact
with soil : The disease agent may be acquired by direct
exposure of susceptible tissue to the disease agent in soil,
compost or decaying vegetable matter in which it normally
leads a saprophytic existence e.g., hookworm larvae,
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FIG. 17
Droplets sprayed into the air from a sneeze
(From : The Medical Clinics of North America, 1944 . p. 1301)

tetanus, mycosis etc. (4) Inoculation into skin or mucosa :
The disease agent may be inoculated directly into the skin or
mucosa e.g., rabies virus by dog bite, hepatitis B virus
through contaminated needles and syringes etc., and
(5) Transplacental (or vertical) transmission : Disease agents
can be ftransmitted transplacentally (111, 112}. This is
another form of direct transmission. Examples include the
so-called TORCH agents (Toxoplasma gondii, rubella virus,
cytomegalovirus and herpes virus), varicella virus, syphilis,
hepatitis B, Coxsackie B and AIDS. Some of the non-living
agents (e.g., thalidomide, diethylstilbestrol) can also be
transmitted vertically. In these cases, the disease agent
produces malformations of the embryo by disturbing its
development.
B. indirect fransmission

This embraces a variety of mechanisms including the
traditional 5 F’s — “flies, fingers, fomites, food and fluid”. An
essential requirement for indirect transmission is that the
infectious agent must be capable of surviving outside the
human host in the external environment and retain its basic
properties of pathogenesis and virulence till it finds a new
host. This depends upon the characteristics of the agent, the
inanimate object and the influence of environmental factors
such as temperature and humidity. If the disease agent
acquires drug resistance, it will further facilitate its spread.
Indirect transmission can occur in a variety of settings :

1. Vehicle-borne

Vehicle-borne transmission implies transmission of the
infectious agent through the agency of water, food (including
raw vegetables, fruits, milk and milk products), ice, blood,
serum, plasma or other biological products such as tissues
and organs. Of these water and food are the most frequent
vehicles of transmission, because they are used by everyone.
The infectious agent may have multiplied or developed in the
vehicle (e.qg., S. aureus in food) before being transmitted; or
only passively transmitted in the vehicle (e.g., hepatitis A
virus in water). Diseases transmitted by water and food
include chiefly infections of the alimentary tract, e.g., acute
diarrhoeas, typhoid fever, cholera, polio, hepatitis A, food
poisoning and intestinal parasites. Those transmitted by
blood include hepatitis B, malaria, syphilis, brucellosis,
trypanasomes (Chaga’s disease), infectious mononucleosis
and cytomegalovirus infection (113). Organ transplantation
may result in the introduction of the disease agent such as
cytomegalovirus in association with kidney transplants.

The epidemiological features of vehicle transmission are :
(a) if the dose of contamination is heavy, the outbreak may
be explosive as in the case of cholera and hepatitis A
epidemics (b) cases are initially confined to those who are
exposed to the contaminated vehicle, in some infections
(c) when secondary cases occur, the primary case may be
obscured (d) the distance travelled by the infectious agent
may be great, e.g., outbreaks of food poisoning (e) it is not
always possible to isolate the infectious agent in the
incriminated vehicle, e.g., typhoid bacilli in contaminated
water (f) when the vehicle is controlled or withdrawn, the
epidemic subsides, e.g., epidemics of cholera, and (g) the
common source of infection is often traceable.

2. Vector-borne

In infectious disease epidemiology, vector is defined as
an arthropod or any living carrier (e.g., snail) that transports
an infectious agent to a susceptible individual. Transmission
by a vector may be mechanical or biological. In the latter
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case, the disease agent passes through a developmental
cycle or multiplication in the vector.

Epidemiological classification of vector-borne diseases

[. By vector

a) Invertebrate type : Arthropod vectors fall into seven
orders largely

1) Diptera - flies and mosquitoes

) Siphonaptera — fleas

) Orthoptera — cockroaches

) Anoplura - sucking lice

) Hemiptera — bugs, including kissing bugs
) Acarina — ticks and mites
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7) Copepoda — cyclops
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b) Vertebrate type — Mice, rodents, bats.

II. By transmission chain

Vector-borne diseases are classified under heterogeneous
infection chain and involve three principal patterns :

a) Man and a non-vertebrate host

1) Man-arthropod—man (malaria)
2) Man-snail-man (schistosomiasis).

b) Man, another vertebrate host, and a non-vertebrate
host

1) Mammal-arthropod—man (plague)
2) Bird—arthropod—man (encephalitis).

¢} Man and 2 intermediate hosts

1) Man—cyclops-fish—man (fish tape worm)
2) Man-snail-fish-man (Clonorchis sinensis)
3) Man-snail-crab-man (Paragonimiasis).

III. By methods in which vectors transmit agent
a) Biting
b) Regurgitation
¢) Scratching-in of infective faeces
d) Contamination of host with body fluids of vectors.

IV. By methods in which vectors are involved in the
transmission and propagation of parasites

(a) Mechanical transmission : The infectious agent is
mechanically transported by a crawling or flying arthropod
through soiling of its feet or proboscis; or by passage of
organisms through its gastrointestinal tract and passively
excreted. There is no development or multiplication of the
infectious agent on or within the vector.

(b) Biological transmission : The infectious agent
undergoing replication or development or both in vector and
requires an incubation period before vector can transmit.
Biological transmission is of three types : (i) Propagative :
The agent merely multiplies in vector, but no change in
form, e.g., plague bacilli in rat fleas. (ii) Cyclo-propagative :
The agent changes in form and number, e.g., malaria
parasites in mosquito. (iii} Cyclo-developmental : The
disease agent undergoes only development but no
multiplication, e.g., microfilaria in mosquito.

When the infectious agent is transmitted vertically from
the infected female to her progeny in the vector, it is known
as transovarial transmission. Transmission of the disease
agent from one stage of the life cycle to another as for
example nymph to adult is known as transstadial
transmission.

The factors which influence the ability of vectors to transmit
disease are : (a) host feeding preferences (b) infectivity, that is
ability to transmit the disease agent (c) susceptibility, that is
ability to become infected (d) survival rate of vectors in the
environment (e) domesticity, that is degree of association with
man, and (f) suitable environmental factors. Seasonal
occurrence of some diseases (e.g., malaria) may be related to
intense breeding and thereby greater density of the insect
vector during certain periods of the year.

3. Airborne

(1) Droplet nuclei : “Droplet nuclei” are a type of
particles implicated in the spread of airborne infection. They
are tiny particles (1-10 microns range) that represent the
dried residue of droplets (2). They may be formed by
(a) evaporation of droplets coughed or sneezed into the air
or (b) generated purposefully by a variety of atomizing
devices (aerosols). They may also be formed accidentally in
microbiological laboratories, in abattoirs, rendering plants or
autopsy rooms (99). The droplet nuclei may remain airborne
for long periods of time, some retaining and others losing
infectivity or virulence. They not only keep floating in the air
but may be disseminated by air currents from the point of
their origin. Particles in the 1-5 micron range are liable to be
easily drawn into the alveoli of the lungs and may be
retained there. Diseases spread by droplet nuclei include
tuberculosis, influenza, chickenpox, measles, Q fever and
many respiratory infections. (Not considered airborne are
droplets and other large particles which promptly settle out).
Mention must also be made of the role of airborne spread of
toxic air pollutants including “smog” resulting in air pollution
epidemics.

(2) Dust : Some of the larger droplets which are expelled
during talking, coughing or sneezing, settle down by their
sheer weight on the floor, carpets, furniture, clothes, bedding,
linen and other objects in the immediate environment and
become part of the dust. A variety of infectious agents (e.g.,
streptococci, other pathogenic bacteria, viruses and fungal
spores) and skin squamae have been found in the dust of
hospital wards and living rooms. Some of them (e.g., tubercle
bacilli) may survive in the dust for considerable periods under
optimum conditions of temperature and moisture. During the
act of sweeping, dusting and bed—making, the dust is released
into the air and becomes once again airborne. Dust particles
may also be blown from the soil by wind; this may include
fungal spores. Coccidioidomycosis is an example of a disease
spread through airborne transmission of fungal spores (36).
Other diseases carried by infected dust include streptococcal
and staphylococcal infection, pneumonia, tuberculosis,
Q fever and psittacosis. Airborne dust is primarily inhaled,
but may settle on uncovered food and milk. This type of
transmission is most common in hospital-acquired
(nosocomial) infection. :

4. Fomite-borne

Fomites (singular; fomes) are inanimate articles or
substances other than water or food contaminated by the
infectious discharges from a patient and capable of
harbouring and transferring the infectious agent to a healthy
person. Fomites include soiled clothes, towels, linen,
handkerchiefs, cups, spoons, pencils, books, toys, drinking
glasses, door handles, taps, lavatory chains, syringes,
instruments and surgical dressings. The fomites play an
important role in indirect infection. Diseases transmitted by
fomites include diphtheria, typhoid fever, bacillary
dysentery, hepatitis A, eye and skin infections.
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5. Unclean hands and fingers

Hands are the most common medium by which
pathogenic agents are transferred to food from the skin, nose,
bowel, etc as well as from other foods. The transmission takes
place both directly (hand-to—mouth) and indirectly.
Examples include staphylococcal and streptococcal
infections, typhoid fever, dysentery, hepatitis A and intestinal
parasites. Unclean hands and fingers imply lack of personal
hygiene. Lack of personal hygiene coupled with poor
sanitation favour person—to—person transmission of infection,
an example is the 1984 dysentery epidemic in India.

SUSCEPTIBLE HOST

Successful parasitism

Four stages have been described in successful parasitism :
(a) First, the infectious agent must find a PORTAL OF
ENTRY by which it may enter the host. There are many
portals of entry, e.g., respiratory tract, alimentary tract,
genitourinary tract, skin, etc. Some organisms may have
more than one portal of entry, e.g., hepatitis B, Q fever,
brucellosis. (b) On gaining entry into the host, the organisms
must reach the appropriate tissue or “SITE OF ELECTION”
in the body of the host where it may find optimum
conditions for its multiplication and survival. (c¢) Thirdly, the
disease agent must find a way out of the body (PORTAL OF
EXIT) in order that it may reach a new host and propagate
its species. If there is no portal of exit, the infection becomes
a dead-end infection as in rabies, bubonic plague, tetanus
and trichinosis. (d) After leaving the human body, the
organism must survive in the external environment for
sufficient period till a new host is found. In addition, a
successful disease agent should not cause the death of the
host but produce only a low-grade immunity so that the host
is vulnerable again and again to the same infection. The best
example is common cold virus.

Incubation period

An infection becomes apparent only after a certain
incubation period, which is defined as “the time interval
between invasion by an infectious agent and appearance of
the first sign or symptom of the disease in question” (2).
During the incubation period, the infectious agent
undergoes multiplication in the host. When a sufficient
density of the disease agent is built up in the host, the health
equilibrium is disturbed and the disease becomes overt. Also
of interest to the epidemiologist is the median incubation
period, defined as the time required for 50 per cent of the
cases to occur following exposure. These concepts are

explained in Fig.18. The factors which determine the
incubation period include the generation time of the
particular pathogen, infective dose, portal of entry and
individual susceptibility. As a rule, infectious diseases are
not communicable during the incubation period, but there
are exceptions, as for example, measles, chicken