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CHAPTER 3

MEASURING AND EVALUATING THE HEALTH OF A POPULATION 

Introduction

The question of what is health has been discussed in the previous chapters as an evolving concept. How we measure health of populations is fundamental to improving its health status. Traditionally public health deals with the health of populations, while the New Public Health deals with health of both individuals and population groups. The professional working with individual and community health needs to acquire the knowledge and skills necessary to measure and interpret the factors that relate to disease and health in the individual person and in population groups. Demography and epidemiology are the basis of health information systems, but the social and basic medical sciences are also increasingly important in understanding public health, providing an expanding array of health status indicators. 

Demography deals, among other things, with the recording of the characteristics and trends of a population over time. Epidemiology involves the quantification of the extent of disease, its patterns of change, and the prevalence of risk factors associated with disease. Epidemiology deals with the causes, distribution and control of disease in the population. Other disciplines provide information and insights needed for community and national health assessment. These include many social sciences including sociology, psychology, anthropology and economics, as well as clinical fields, such as pediatrics and geriatrics, and basic sciences such as immunology and genetics. 

This chapter is an introduction to epidemiology and health information systems intended to familiarize the student with basic terms, concepts and methods. The scope of this text does not lend itself to detailed discussion of biostatistical and epidemiologic methods, but focuses on the basic ideas and their relevance to the New Public Health. This chapter should be used to fit epidemiology and health information systems into the context of the New Public Health, and not serve as an authoritative text on the subject. Specialized texts are listed at the end of this chapter.
Epidemiology
Health care pratctitioners are generally oriented toward individual patient assessment and care. However, even the specialized clinician must have a basic understanding that disease is not an isolated event to an individual, but affects population groups and communities alike. 

Epidemiology is the study of health events in a population, used to understand disease process and outcome, factors in causation and to provide direction for medical or public health intervention. The distribution and determinants of health-related states or events in specified populations help to identify potentail interventions to control of health problems. "Study" includes surveillance, observation, hypothesis testing, analytic research, and experiments. "Distribution" refers to analysis by time, place, and classes of persons affected. "Determinants" are all the physical, biological, social, cultural, and behavioral factors that influence health. "Health-related states and events" include diseases, causes of death, behavior such as use of tobacco, reactions to preventive regimens, and provision and use of health services.  "Specified populations" are those with identifiable characteristic which can be quantified. "Application to control..." is an aim of epidemiology - to promote, protect, and restore health.

Classically, the clinician examines a patient who presents himself or herself; the epidemiologist studies a population-at-risk. Both evaluate the effects of a preventive or treatment measure.  Clinical care also involves understanding risk factors and the natural process of disease as affected by current methods of intervention. Epidemiology studies a population with a particular disease taking into account factors such as age, sex, ethnicity, exposure to known or suspected risk factors and socioeconomic patterns, as well as the effect of various interventions. This is undertaken in order to comprehend the natural history of disease, its diagnostic criteria, appropriate methods of prevention or management, outcomes to be expected and the costs and benefits of the different methods of control. Clinicians and epidemiologist depend on each other, and need the work of other fields, such as health economics and management, and the experience of interventions to improve efficient in use of resources.

Epidemiologic Transition 

 
BOX 3.2:  THE GOALS AND METHODS OF EPIDEMIOLOGY:

Goals: 

1. To eliminate or reduce health problems and their consequences; 

2. To prevent their occurrence or recurrence. 

Methods: 

1. Describe the distribution and size of disease problems in human populations;

2. Identify etiological (the cause of disease) factors in the pathogenesis of disease;

3. Provide data essential to the planning, implementation and assessment of services for the prevention, control 
and treatment of disease and to establish priorities among these services.

Source: The International Epidemiologic Association, 1996.

An epidemiologic transition occurs when there are major changes in patterns of health and disease in a society. The determinants and consequences of the epidemiologic shift are profound for any society and especially important for the management of health services. The commonest causes of death until the mid 20th century were the cumulative effects of infectious disease, poverty, poor nutrition, sanitation, hygiene and housing and the lack of effective preventive or curative health care. Mortality patterns, stable at very high rates for centuries, began declining in the industrialized countries from the mid 18th century, before effective preventive or medical care became available. This drop in mortality was largely due to improving nutrition, sanitation, education and socio-economic conditions (see chapter 2).

In the 19th-20th centuries, a profound transition occurred in the industrialized countries as the diseases of "pestilence and famine" waned, and the chronic diseases became the leading causes of death. Many of these were associated with man-made environmental problems and personal lifestyle. This epidemiologic transition took place, in part, because of the cumulative effects of successful public health activities such as environmental sanitation, communicable disease control and the success of vaccines and antibiotics in reducing the major diseases of childhood. 

Particularly during the 1950s-1970s, rising standards of living were associated with increases in noncommunicable diseases, including cardiovascular diseases and specific kinds of trauma such as those associated with industrialization and the automobile. This transition is playing an important role in the disease patterns of developing countries as they urbanize and the middle class grows. 

Since the 1950s, a new and equally profound epidemiologic transition has occurred with the rise and subsequent decline of heart disease, stroke and trauma as causes of death. These have contributed to increasing longevity. Healthier lifestyles, greater health consciousness and self-care, greater social security for the elderly and handicapped and improved medical care have contributed to this phenomenon.

In the 1980s, a new epidemiologic challenge appeared with the advent of a pandemic of HIV infection and a return of diseases thought to have been under control. Potentially dangerous infectious diseases can be transmitted far from their original habitat in the rapid movement of populations throughout the globe. Other infectious diseases are becoming resistant to available treatments, and are known as multi-drug resistant (MDR) infectious diseases. The "newly emerging" diseases are a notable threat to the gains made in the health status of industrialized world, and an even greater threat to the struggling health systems of developing countries (see chapters 4 and 16). However, the chief threat to public health remains the massive poverty in developing countries and that still present in the industrialized countries.
In the 1990s new findings in epidemiology of infections causing chronic diseases of high prevalence. The finding of H pylori bacterial infection in peptic ulcers with a strong relation to cancer of the stomach. The relationship of previously known relationship of hepatitis B to cancer of the liver, and chronic cirrhosis, took on new importance as an effective an inexpensive vaccine was available. Similarly the emergence of a newly identified infectious agent, the prion, transmitting Jakob-Creutzfeld disease, a serious degenerative neurological disorder. Infectious diseases may also be involved in causation of coronary heart disease and some forms of mental illness. These relationships increase the importance of combining epidemiologic and clinical investigations to confirm these relationships and to seek out preventive mechanisms.

Social Epidemiology
Epidemiology has evolved from its origins as a factor in sanitary statistics in the first half of the 19th century, as exemplified in the political arithmetic and vital statistics of Farr and the social statistics of Chadwick and Shattuck. It helped foster the sanitary movement with public health benefits of drains, sewage systems, and community sanitation (Mervyn Susser). In the late 19th century through the first half of the 20th century, epidemiology was associated with the germ theory of single agents relating to one specific disease, and public health activities focused on interruption of transmission or primary prevention through vaccinations. In the latter half of the 20th century, chronic disease epidemiology showed associations between risk factors and outcomes, without being able to explain the intervening factors or pathogenesis.
Chronic disease epidemiology related risk of exposure to outcome, both for individuals and population groups. This led to application of risk control public health measures, affecting lifestyle (diet, exercise, smoking), agent (food, guns, cars) and environment (pollution, passive smoking). Susser further states that a new era of epidemiology is emerging at the end of the 20th century in which organization, information and application of biomedical technology are vital in population health. This involves a wider, multi-disciplinary approach, where statisticians, economists, social scientists, health systems managers and epidemiologists bring different skills to a more complex paradigm of public health. Some landmarks of epidemiology are shown in Box 3.2, many of which are further discussed in Chapters 1, 4, 5 and 8.
Currently, studies from different countries show social inequalities in morbidity and mortality in regard to many different diseases. Such inequalities in France increased between 1970 and 1990 for coronary heart disease and have not been reduced for cerebrovascular disease. A study of late-stage diagnosis of colorectal cancer in New York State showed women and African-Americans more likely to have late-stage cancer than men and whites. Furthermore, individuals living in areas of low SES were significantly more likely to be diagnosed at late-stage than those living in higher SES areas. Similar patterns of socioeconomic disparity in mortality have been shown among men aged 15-64 in the state of Sao Paulo, Brazil, with the poor having three times greater rates of mortality than the wealthy minority. In contrast, a study in Denmark of regional and social class variation in relative risk of death from amenable causes, showed little social variation except for persons with no known address.

3.3:  SELECTED LANDMARKS IN THE EVOLUTION OF EPIDEMIOLOGY
Social Epidemiology
1662  Graunt publishes Natural and Political Observations made upon The Bills of Mortality
1836  Registrar General's Office established by UK Parliament

1842  Chadwick - Report...Sanitary Condition of the Labouring Population of Great Britain
1848  Virchow - "medicine is a social science"     

1858  Simon maps mortality patterns by district in relation to housing, infant care, nutrition; relates diseases   
with occupational and environmental conditions

1982  Black - social class differences in mortality from all causes in UK

1995  Beijing Conference on Women, education and empowerment for health of women and children

Infectious Disease Epidemiology
1796  Jenner vaccinates using cowpox to immunize against smallpox

1854  Snow identifies and interrupts waterborne transmission of cholera in London

1882  Koch demonstrates organisms associated with tuberculosis and cholera

1978  Eradication of smallpox achieved

1980s HIV and other newly emerging infectious diseases

2000  Elimination of yaws, poliomyelitis, leprosy, dracunculiasis and other infectious diseases

Non-Infectious Disease Epidemiology
1747  Lind demonstrates prevention of scurvy by citrus fruits

1775  Pott shows excess cancer of the scrotum in chimney sweeps

1914  Goldberger identifies nutritional cause of pellagra

1950  Doll and Hill show relationship between cigarette smoking and lung cancer

1954  Framingham study of heart disease risk factors

1960s Reducing mortality from cardiovascular diseases, trauma 

1990s Infections as causes of chronic diseases; gastric cancer, others

Health Policy Epidemiology
1883  Bismarck initiates workers compensation and national health insurance

1917  Semashko institutes Soviet state health system

1948  UK establishes National Health Service

1978  Declaration on Alma-Ata and Health for All 2000

1979  US Surgeon General Healthy People and health targets

Source: Modified from Susser, M and Susser, E. Choosing a future for epidemiology: eras and paradigms. AJPH, May 1996;86:668-673.

Social epidemiology, in some ways a return to 19th century traditions of Chadwick, Shattuck and Farr (see chapter 1), states that epidemiology is entangled with society, and that to understand causation of disease, it is essential to understand its historical and social context. This social epidemiology incorporates qualitative methodologies with ecologic studies supplemented by methods of measuring associations between exposure and disease in individuals. Thus, epidemiology reintegrates itself into the New Public Health, rediscovering both the population and social perspective. 

Epidemiology in Building Health Policy
Epidemiology defined the relationship between environment and communicable diseases with statistical methods, leading to sanitary changes. This created an enormously successful application of public health in the first half of the 19th century. The golden period of infectious disease epidemiology in the late 19th and first half of the 20th centuries provided the basis for control of communicable disease, a revolution still in process. The mid 20th century saw the development of chronic disease epidemiology, providing the basis for health promotion of lifestyle changes, contributing to reduced morbidity and mortality from cardiovascular disease and the potential for control of cancer, trauma and other non-communicable diseases.

The fundamentals of epidemiology are as vital for the student of health sciences as are the study of bacteriology, biochemistry or surgery. It is equally important that health planners, economists and others concerned with the macro aspects of health be conversant with epidemiology, so that they may adapt health services to the epidemiologic changes occurring in society. 

Epidemiology is also essential to formulation of policy and operation of a health system. It is part of the smooth functioning of a health system, as a structure of analysis and as a monitoring tool. The assessment and monitoring of the health status of a population are, by their very nature, multi-factorial. Assessment is a preliminary and, perhaps, impressionistic reading of the situation, using data available from routine sources and serves to generate hypotheses for testing. Evaluation is a more formal and systematic approach to determining the quality of the health of a population as objectively as possible. All evaluations need to look at the input, process and output of a system.  The epidemiologic method is applied to measurements (indicators) of inputs (resources) of a health system, the process (manner) of their utilization, and outcomes of care (indicators of morbidity, mortality or functional stats of a population). 

Epidemiology and demography are necessary, but not sufficient determinants of health policy. Other factors include the funds, manpower and facilities available, community attitudes and political will. Epidemiology, health care financing and resource allocation relate to supply and demand and ultimately policy. Analysis of this complex of factors provides the intelligence or feedback for managing the broad complexity of public health. The New Public Health integrates assessment, evaluation and epidemiologic analysis with the organization, supply of health care and other factors relating to health of the community as a whole.

Rates and Ratios
Measuring the extent of a disease (or a risk factor) in a population relates known cases to a population base, expressed as a rate or a ratio. Rates and ratios are commonly used to draw comparisons between population groups with relevant variables such as location, age, sex, occupation, educational level and SES.
Rates are measures of frequency of a phenomenon, such as occurrence of a health event (A), in a defined population (B), in a given time period. The components of a rate are the numerator (A), the denominator (B), the time in which the events occurred, and a multiplier to convert the rate from a fraction or ratio to a decimal number. This allows comparisons between the frequency of the event in different population groups. This can be used, for instance, to compare mortality rates from a specific cause between the populations of two countries, districts of a country or population groups by social class, ethnicity or other characteristic. 

The risk group may be the entire population defined by a geographic area, an occupational group, a school, a service system, a case load served by a hospital or any other definable group of people. The population may also be persons who share a risk factor for disease, such as smokers, substance abusers, or persons who eat certain foods. 

Designating the population-at-risk is a crucial aspect of any epidemiologic study and is subject to common errors. Defining cases of the disease or the risk factors being studied to provide the numerator is also fraught with difficulties. Not all cases of a disease may be reported, so that the true numerator may be much larger than the number of reported cases. This can occur in common infectious diseases (e.g. measles) or where many cases of disease are not clinically diagnosed and therefore go unreported (e.g. diabetes mellitus). There may be discrepancies such as in coronary heart disease where mortality has declined but morbidity patterns may have declined less.
Crude rates are summary rates based on the actual number of events (e.g. births or deaths) reported in a total population in a given time period. Cause-specific rates measure defined conditions (e.g. TB) occurring in the total population or in a designated population group (e.g.age-sex groups) in a specified time period. The population used for annual rate calculations is usually estimated at 1 July of that year (mid-year population).

Ratios  are proportions or fractions (A/B) where A and B are two separate and distinct quantities (neither being included in the other). A ratio may compare mortality rates between two distinct population groups e.g. comparing mortality rates from a specific disease in two population groups, one group exposed to a risk factor compared to the mortality rate in an unexposed population. This is called a Risk Ratio (RR), which is described later in this chapter. 

Demography

Demography is defined as "the study of populations, especially with reference to size and density, fertility, mortality, growth, age distribution, migration, and vital statistoics and the integration of all these with social and economic conditions" (Last, 1994).

Vital Statistics include births, deaths, population by age, sex, by location of residence, marital status, socioeconomic status and migration. Birth data is derived from mandatory reporting of births, and mortality data from compulsory death certificates. Other sources of data include population registries including marriage, divorce, adoption, emigration, immigration as well as economic and labor force statistics compiled by governmental agencies, census data and data from special household surveys. These form the basic data sets for demographers. 
Demography is the study of populations, their size, density, fertility, mortality, growth, age and sex distribution and migration. This includes trends measured over time by indices such as birth and death rates, rural-urban residential patterns, marriage and divorce rates and migrations, as well as social and economic conditions. Since public health deals with disease as it occurs in the population, the study of populations is fundamental.  

A census is an enumeration of the population recording the identity of all persons in every residence at a specified time. The census provides important information on all members of the household, including age, date of birth, sex, occupation, national origin, marital status, income, relation to head of the household, literacy, education levels and health status (e.g. permanent handicapping conditions). Other information on the home and its facilities include type of building, number of rooms, electricity, major home appliances (e.g. stove, refrigerator), toilet and bathroom facilities (e.g. bathtub, shower), car ownership and home heating (stove or central), food purchases and spending on clothing, entertainment and other consumption.
A census may assign persons according to their location at the time of the enumeration (de facto) or to the usual place of residence (de jure). A census tract is the smallest geographic area for which census data are aggregated and published. Data for larger geographic areas (metropolitan statistical areas) are also published. More extensive data may only be collected for a small percentage of the population. This is carried out over a period of years by a specialized national agency (e.g. Bureau of the Census in the United States, and the Central Bureau of Statistics, Office of Population, Censuses and Surveys in the UK). 

Census data are published in multiple volume series with availability for research on computer discs, CD-ROMs and on the internet. Usually inter-census surveys are carried out to determine trends in important economic or demographic data such as family incomes, nutrition, employment and other social indicators. Accuracy of such a complex and costly process cannot be 100%, but great care is taken to assure maximum response, standardization in interview methods and processing to assure precision. Despite its limitations, the census is accepted as the basis of statistical definition of a population.


BOX 3.3: FACTORS IN FERTILITY DECLINE AND INCREASING LONGEVITY

Factors in Fertility Decline
1.  Education, especially of women;

2.  Decreasing infant and child mortality, reducing pressure for more children to ensure survivors;

3.  Economic development, improved standards of living, expectations, income levels;

4.  Urbanization, with changing needs of family compared to those in rural society;

5.  Birth control, supply, accessibility and knowledge;

6.  Government policy promoting fertility control as a health measure;

7.  Mass media, increasing awareness of birth control and aspiration to higher standards of living;

8.  Health services and health system development, with access to medical care;

9.  Changing economic status, social role and self-image of women;

10. Changing social, religious and political-ideological values.

Factors in Increasing Longevity
1.  Increasing family income and standards of living;

2.  Improved nutrition, food supply, distribution, quality, and public knowledge;

3.  Control of infectious diseases;

4.  Reduction in non-infectious disease mortality;  

5.  Safe water, sewage and garbage disposal and adequate housing conditions; 

6.  Disease prevention, reducing risk factors, promoting healthy lifestyle;

7.  Clinical care services with improved access and quality;

8.  Health promotion and education activities of the society, community and the individual;

9.  Social security systems, e.g. child allowances, pensions, national health insurance;

10. Other societal conditions of employment, recreation, economic and social well being.

Demographic Transition occurs when there is a substantive change in the age distribution of a population. Population growth is mainly affected by birth and death rates, although other factors such as migration, war, political chaos and famine, or natural disasters may affect population distribution. Changing population patterns also accompany economic development, a process known as demographic transition. This is often characterized by the following stages:

1. Traditional: high and balanced birth and death rates;

2. Transitional: falling death rates and sustained birth rates;

3. Low stationary: low and balanced birth and death rates;

4. Greying of the population: increased proportion of elderly as a result of decreasing birth and death rates, and increasing life expectancy;

5. Regression: migration or increasing death rates among young adults due to trauma, AIDS, early cardiovascular disease or war resulting in longevity stagnation or demographic regression.
Fertility, mortality, disease patterns and migration are the main influences on this transition within the population. The many factors which affect fertility decline and increasing longevity are outlined in box 3.4. Education of women, urbanization, improved hygiene and preventive care, and economic improvement with better living conditions, and declining mortality of infants and children are the major factors. This is an important issue in developing countries where high fertility rates an declining mortality of children contribute to rapid population growth and poverty.


BOX 3.4:  POPULATION PYRAMID - DEVELOPING COUNTRY

BOX 3.3: POPULATION PYRAMID - UNITED STATES
Source: Gray A [ed]. World Health and Disease, op cit, 1993.

Population Pyramid
A population pyramid provides a graphic demonstration of the percentage of men and women in each age group in a total population. A country or region with a wide population base has a high birth rate and a large percentage of its population under age 15, usually accompanied by limited resources and is a formula for continued poverty. A population pyramid with a narrow base (i.e., few young people) and a growing elderly population will have a smaller work force to provide for the "dependent age" population (i.e. both the young and the old). With a smaller working age population to support these costs, with adverse economic consequences, such as costly pension and health services. Other factors may also effect the population pyramid, for example, the loss of a large number of people during wartime. This loss affects a particular age-sex group as well as fertility patterns during and after the war e.g. a "baby boom".


Measures of Fertility 
Fertility is the capacity to bear living children and is clearly determined by more than biological potential. Fertility is a complex issue, influenced by cultural, social, economic, religious and even political factors. Economic prosperity may initially promote higher birth rates, but increases in education levels and economic prospects, as well as in survival of those born, promote restraint in population growth (box 3.6).

1. Crude Birth Rate (CBR) = number of live births during the year (A) divided by the average mid-year total population (B) x 1000. In 1991 there were 4,110,907 live births (A) and the United States, in the total resident population was 252,177,000 (B). The crude birth rate was therefore A/B x 1,000 = 16.3/1,000, a decline from 23.7/1,000 in 1960 (-31%). 

2. General Fertility Rate (GFR) = the number of live births (A) in a population, over the mid-year female population in the childbearing years (B), usually age 15-44 years, in the same population and in the same year x 1,000. The 1991 GFR in the United States (A/B x 1,000) was 69.6/1,000. The GFR declined from 118 in 1960, a decrease of 41%, whereas the crude birth rate declined by 31%. The GFR adjusts for the fact that the proportion of women in childbearing age may vary from one population to another, so reflects fertility patterns more closely than the crude birth rate.

Measures of Morbidity
Morbidity is defined as a departure, subjective or objective, from a state of physiologic or psychological well-being or normal function. It can be measured as the number of persons who are ill, periods or spells of illness or duration of illnesses (days, weeks, months). Morbidity is also described in terms of frequency or severity. Disability or incapacity rates measure the extent of long-term reduction of a person's capacity to function in society.  

Morbidity data is derived from reported communicable diseases, or chronic, genetic and other conditions for which there are reporting systems and registries. They provide direction for etiological studies and for priorities and avenues for intervention to control the spread of disease. Morbidity is measured by incidence and prevalence rates, as well as severity and duration, though these are not usually available on routine reporting and may require special investigation. Incidence is the number of new cases of a disease in a population group in a given period of time. Incidence is more useful for acute conditions, whereas prevalence is more important in measuring chronic disease and assessing the long-term impact of a disease.
Latency period is the time between exposure to a disease-causing agent and the appearance of manifestation of the disease. For an infectious disease, it is called the incubation period.  A disease may appear clinically days, weeks, months, or even years after exposure to the causative organism. 

An attack rate is a specific incidence rate expressed as the percentage of the exposed population suffering from the disease. When the population is at risk for a limited period of time, such as during an epidemic, the study period can readily encompass the entire epidemic. The attack rate gives a measure of the extent of the epidemic and may provide information needed to control it. For example, if an epidemic of measles spreads from the initial, or index cases, with an increasing attack rate among the exposed population, a change in vaccination tactics may be needed in order to avoid rapid spread to other vulnerable populations.
Prevalence is the number of cases of a disease or condition in a population group at a particular point in time (point prevalence) or during a specified time period (period prevalence), including both old and new cases. It allows comparison over time with the same or other population groups. Thus morbidity from a specific condition during one year can be compared to previous years and between countries or regions in a country.
The prevalence rate is calculated on the basis of the number of persons exposed, and may be compared to the non-exposed population. Estimation of case prevalence in an exposed population may be under-reported if insufficient time has elapsed in a disease with a long latency period. An example of period prevalence is the number of cases of cancer among persons expose to a carcinogenic agent in the past e.g. mesothelioma cases occurring in an ex-asbestos worker population over a thirty year latency period following exposure.

BOX 3.7:  MEASURES OF FREQUENCY OF DISEASE IN POPULATION GROUPS

Rate = The number of cases in a given time period x 10n 

       The population at risk in same time period

Where 10n = 100, 1,000, 10,000 etc. Period: usually = 1 year. Population: If the period is a calendar year, the mid-year estimated population on 1 July is generally used.

Incidence rate defines the rate at which new health-related events occur in a population.  The numerator is the number of new events occurring in a defined period; the denominator is the population at risk of experiencing the event during this period.

Prevalence is the total number of all individuals who have an attribute or a given disease or condition at a point in time or a designated time period.  The prevalence rate is when the prevalence is divided by the population at risk, either at that point in time (point prevalence) or midway through the period (period prevalence).

Attack rate defines the cumulative number of cases of a specified disease among the population known to be exposed to that disease over a defined period of time.

Measures of Mortality
Mortality data are based on the mandatory reporting of all deaths. A standard national death certificate provides basic information needed for demographic and epidemiologic purposes. Modern epidemiology originated in studies of mortality derived from the Bills of Mortality (publication of deaths by location and cause) in the United Kingdom by John Graunt in 1662.

Death certificates are mandatory and must be signed by a licensed physician before the body can be buried or cremated and before insurance payment or inheritance can occur. The contents of the death certificate are important since medical certified cause of death is the basis for specific mortality statistics. Personal data includes the age, sex, ethnicity, place of residence and other variables such as ethnicity, occupation and social class. Completeness of reporting, accuracy of diagnosis, and coding of causes of death may limit the conclusions that can be drawn from such data. In practice however, the data reported in large disease categories are an acceptable guide to actual events.

Causes of death recorded on the death certificate include the immediate case of death, e.g. cardiac arrest; the second and third lines incudes contributing conditions, e.g. acute myocardial infarction, with the fourth line being the underlying cause, e.g. coronary heart disease. The latter is the one coded and tabulated for cause-specific mortality. The death certificate is filed with a public registry office and forwarded to a Vital Records office where the causes of death are recorded by a registrar trained to federal standards to interpret and code medical diagnoses.  

Table 3.1 : Data Recorded on United States Death Certificates
	1.  Name

2.  Sex

3.  Date of death

4.  Race, ethnicity

5.  Date of birth

6.  Age at last birthday

7.  City, town or location of death

8.  Hospital or institution at death

9.  Citizenship

10. Marital status

11. Surviving spouse

12. ID or Social Security Number

13. Member of armed forces ever Y/N 

14. Occupation (usual)

15. State and county of residence

16. City, town, street address
	17. Parents' names

18. Parents' address

19. Disposition of the body, method and place

20. Name and address of certifying physician

21. Date and time of death

22. Causes of death

  a. Immediate cause e.g. pneumonia

  b. Underlying cause e.g. chronic ischemic heart disease

  c. Other significant conditions e.g. diabetes

23. Accident Y/N

24. Date and hour of injury

25. Work injury - time and place

26. Place of injury, home, farm, street, factory, office, other

27. Suicide, homicide - pending investigation


Note: Underlying cause of death is used for official publication of cause-specific mortality.

Overall patterns of mortality should be examined by sex, ethnic group, and cause of death to understand what has contributed to the overall pattern, to identify achievement of specific targets and to help identify target groups for intervention. Mortality trends will be discussed under communicable and non-communicable disease in chapters 4 and 5. National mortality trends give vital information on disease and changing epidemiologic patterns, allowing for regional as well as international comparisons and help to define health programs and targets.
Mortality patterns can be studied in a particular year or over time. A cohort is usually a group of persons born in a particular year, but it can be any defined group being followed epidemiologically. Cohorts of persons born in particular years can be followed to observe and compare mortality patterns. With suitable age standardization, the mortality pattern of men born, for example, in 1900, 1920, 1940 and 1990 can be compared with each other.
Mortality statistics are fundamental to epidemiology and provide some of the most reliable data available. Epidemiologic analysis based on mortality data depends on the registration of deaths with basic demographic data and causation of death as recorded by the physician certifying it. Total, age and sex specific mortality are usually calculated on an annual basis, with the mid-year population as the denominator. This provides crude, age-specific, cause-specific and proportional mortality rates from which standardized mortality rates (SMRs) are calculated. Case Fatality Rates (CFRs) relate mortality from a cause to the incidence or prevalence of that disease. 

Changes in mortality patterns may occur as a result of a number of factors affecting the outcome of a disease, such as changes in socio-economic conditions, disease prevention, methods of treatment. Diagnostic criteria or accuracy of death certificates may also change over time. Thus, a change in mortality may reflect a change in incidence of the disease or case fatality rates related to treatment methods and access to care, or a change in diagnostic criteria.

Social Classification: The British Registrar-General's Classification of Occupations was established in 1911 and is updated every 10 years. It is easy to use and provides an excellent demographic and epidemiologic tool which has been used in many studies of disease outcomes. It can help to illustrate the different health experiences of the various social classes, even within the universal access NHS. It has become part of the data base of vital statistics and morbidity patterns in the United Kingdom.
The United States and most other western countries do not have social class data recorded on death certificates and therefore proxy measures of social classification must be used.  Ethnicity, national origin or religion are all such proxy measures. In the United States, race is recorded on death certificates and this mortality data can be analyzed by racial groups including American Indian or Alaskan Native, Asian or Pacific Islander, Black, Hispanic and White. Education level and occupation are also recorded, but mortality data is generally presented by racial group, not social indicators. 

Inter-relationship between ethnicity and disease or mortality often masks other socio-economic factors, such as higher levels of poverty or reduced access to medical care among African-American and Hispanic groups in the United States or immigrant groups in European countries. Because there are wide variations in socio-economic and educational levels within ethnic or racial groups. Many confounding factors in ethnicity or race that might affect disease patterns, analysis of data classified this way should be interpreted carefully.
BOX 3.8:  COMMONLY USED MORTALITY RATES AND RATIOS
1. Crude Death Rate (CDR) = number of deaths from all causes per 1,000 population in a given year = A/B x 1,000 (total deaths/average population x 1,000);

2. Age-Specific Mortality Rate = number of deaths of persons in the specified age group per 1,000 live population in that age group over a period of time, usually a year;

3. Cause-Specific Mortality Rate = number of deaths from a specific cause per 100,000 live population (estimated on July 1 of the given year); eg. annual number of death from lung cancer in a given year = 400 in a population of 1 million = 400/1,000,000 = 40 lung cancer deaths per 100,000 population;

4. Case Fatality Rate (CFR) = number of deaths from a specified cause during a given time period over the number of diagnosed cases of that disease during the same time period x 100; eg. 10 deaths from measles among 5,000 cases is a CFR of 10/5,000 x 100 = 0.2%;

5. Proportional Mortality Rate (PMR) (for a specific cause) = the number of deaths from that cause in a specified time period over the total number of deaths in that population in the same time period x 100; 

eg. 25 deaths from road crashes/1,000 total deaths from all causes x 100 = 2.5% i.e. the denominator includes the numerator.

6. Standardized Mortality Rate or Ratio (SMR) = the ratio of the number of deaths from a specified condition observed in a study population over the number that would be expected if the study population had the same specific rates as the standard population x 100. 

Source: Modified from Last JM [ed]. A Dictionary of Epidemiology, Third Edition. New York: Oxford University Press, 1995, with permission.  

BOX 3.9:  BRITISH REGISTRAR GENERAL'S CLASSIFICATION OF
OCCUPATION OF HEAD OF HOUSEHOLD

Class I    
Professional and business occupations e.g. physicians, banker

Class II   
Intermediate occupations e.g. school teacher, storekeeper 

Class IIIN 
Non-manual occupations e.g. clerk

Class IIIM 
Manual skilled occupations e.g. foreman

Class IV    
Partly skilled occupations e.g. salesperson, factory worker

Class V     
Unskilled occupations e.g. porter, waiter.
Social class is increasingly identified as a major variable in health status. It serves as a proxy measure for many health related issues, such as nutrition, access to care, dependence on occupations with hazards or with little opportunity for personal development or lacking security. Social class variations in health status exist even where universal access health systems are well established, but social differences are less pronounced in the Nordic countries where social gaps are generally less than in states with less developed social welfare systems.
Life Expectancy
Life expectancy is an important health status indicator based on average number of years a person at a given age may be expected to live given current mortality rates. Life expectancy can be measured at age 0, or any other specific age, representing expected survival time once a person has reached that specific age, e.g. age 15, 60, 75. 

Life expectancy at birth from 1900-1990 in the United States increased dramatically in the first half of the century, reflecting mainly reduction in infectious diseases and adverse conditions of maternity and infancy. The second half of the century was characterized by an increase, then a decrease in cardiovascular diseases as a cause of mortality and an increase in cancer and trauma-related deaths.

Specific life expectancy rates are used in chronic disease epidemiology to summarize patterns of mortality and survival in a population, such as a population with breast cancer. This is important in clinical epidemiology where studies of effectiveness of specific interventions are assessed. 

Table 3.2: Life Expectancy in Years at Birth and Changes, United States, Selected Years, 1900-1996

	Years
	1900
	1950
	1960
	1970
	1980
	1990
	1996
	% Change

1900-50
	% Change

1950-96

	Male
	46.3
	65.6
	66.6
	67.1
	70.0
	71.8
	73.1
	+41.7
	+11.4

	Female
	48.3
	71.1
	73.1
	74.7
	77.4
	78.8
	79.1
	+47.2
	+11.3

	Total
	47.3
	68.2
	69.7
	70.8
	73.7
	75.4
	76.1
	+44.2
	+11.6


Source: Health, United States 1998. US Department of Health and Human Resources.

Person-Time 

Person-time is a concept which combines, by multiplication, the number of persons exposed and the time of their exposure to a disease-causing agent. Usually, this is in person-years of exposure, such as to an occupational carcinogen or smoking. Thus if a person is exposed to the agent (e.g. tobacco) for ten years, and another person in the study group smokes for twelve years, then they contribute 10 and 12 person-years respectively to the total sum of the years (or other units of time) that the persons in the study population have been exposed to the agent under investigation. This may be modified by degree of exposure, such as the duration of smoking and the average number of cigarettes smoked over that period of time. The degree of exposure as well as duration can also be measured. Person-distance is used in relating exposure to risk of motor vehicle crashes (person-kilometers).
Sentinel Events
Sentinel events are index cases which are taken as measures of problems in a health care process. They are events, such as avoidable deaths, which should not happen if all goes well with preventive and curative care of acceptable standards are in place, except rarely, such as maternal deaths. Avoidable deaths will vary according to the state of health development of a country, and each country may define its own sentinel events for review. Sentinel events include medication errors or infections occurring in hospital that may jeopardize the health of a patient and which occur frequently enough to pose both a health risk and economic burden to the hospital. 

In infectious disease epidemiology, the index case is the first or initial group of cases of a condition that come to attention, providing the first clues in an outbreak or epidemic. In non-infectious conditions, the sentinel event may be a death, where the investigation of the circumstances may help to understand the process of the disease or the care that was received. Any case of polio or several epidemiologically linked cases of measles in a country previously free of the disease may be considered sentinel events which should not happen and their investigation may show errors of omission or commission which explain the event and which point to remedial action. 

Reporting and data systems should be arranged to indicate avoidable deaths from vital records or hospital discharge information systems. Comparison between areas might also include avoidable deaths as a health status indicator. There are selected conditions which are generally preventable or treatable, an therefore warrant investigation when they occur. Maternal deaths (i.e. deaths associated in time and related to pregnancy or the post-partum period), deaths within 24 hours of hospital admission, or deaths following surgery, are examples of sentinel events which are rare and should always be investigated. Deaths from appendicitis or appendectomy, tonsillectomy, hysterectomy, tubal ligation or other surgical procedures that are elective, should be investigated as sentinel avoidable deaths until other explanatory factors are found. Nosocomial (hospital-acquired) infections are a major cause of mortality, increased length of hospital stay and health care expenditures. This requires an active program of surveillance and prevention within the care setting. 

The Burden of Disease
The Burden of Disease is measured by combining morbidity and mortality data. The BOD concept is used in examining health issues internationally when looking at issue from the perspective of determining cost-effective interventions especially in developing countries. It helps place in perspective priority determination so that resource allocation, helping focus international aid to assist recipient countries (chapter 16). The BOD is increasingly used as a epidemiologic research instrument. This approach however may be too inclusive an mask social an other factors in disease which are multi-factorial in origin. 


BOX 3.10:  MEASURES OF THE BURDEN OF DISEASE

Disability-Adjusted Life Year (DALY): DALYs are units for measuring the global burden of disease and the effectiveness of health interventions as indicated by reductions in the burden of disease.  DALYS are calculated as the present value of future years of disability-free life that are lost as a result of premature death or disability occurring in a particular year.

Quality-Adjusted Life Year (QALY): QALYs are an adjustment or reduction of life expectancy reflecting chronic conditions, disability or handicap, derived from survey, hospital discharge, or other data.  Numerical weighting of severity of disability is established on the basis of patient and health professional judgement.

Years of Potential Life Lost (YPLL): A measure of the impact of a particular disease or condition on society by measuring the sum of years these persons would have lived to a normal life span, compared to the total persons dying from that cause.

Source: Last JM [ed]. A Dictionary of Epidemiology, op cit, 1995, with permission.

Years of Potential Life Lost (YPLL): Years of Potential Life Lost are calculated based on age specific rates of mortality, or disability. They provide a refinement in epidemiology. which has shed light on important new perspectives in the analysis of specific problems. The leading causes of death in the United States, as in most developed countries, are coronary heart disease, cancer and stroke. However, when the data are examined from the point of view of years of potential life lost, trauma (unintentional injuries, homicides and suicides) becomes the leading cause of death. Years of Potential Life Lost is a better reflection of the impact of diseases on a society than other mortality rates and should be taken into account when determining national health priorities. Trends in YPLL for the years 1980-1995 are shown in table 3.3, showing a large drop in YPLL form total and specific causes from 1980 and a substantial decline in PYLLs for total and some categories from 1995 to 1996, especially in HIV, suicide and homicide. 

Qualitative Measures of Morbidity and Mortality (QALYs and DALYs): Quality Adjusted Life Years (QALYs) and Disability Adjusted Life Years (DALYs) are calculations of morbidity introduced recently in international health literature. Other terms use include Disability-free life expectancy (DFLE), and Health Expectancy, both measures of mortality, morbidity and impairment or disability. BOD measures are used to assess cost-effectiveness of specific interventions (see glossary). The World Bank calculates the variation in BOD between demographic regions, varying from nearly 600 DALYs lost per 1,000 population in sub-Saharan African countries compared to approximately 120/1,000 in the industrialized countries. These measures are being used in economic analyses of health status, helping to focus on outcome measures to justify resource allocation by comparing benefits in terms of reduced mortality and morbidity.

Table 3.3: Years of Potential Lost Life (YPLL) Before Age 75 for Selected Causes of Death, All Races and Sexes, Age Adjusted, United States, Selected Years, 1980-1996
	Disease Group
	1980
	1985
	1990
	1995
	1996

	All Causes
Heart disease

Stroke

Neoplasms

Unintentional injuries

HIV

Suicide

Homicide

Diabetes mellitus

Chronic obstructive lung disease

Chronic liver disease, cirrhosis
	9,814
1,878

303

1,815

1,688

na

403

461

115

141

259
	8,793
1,664

 251

1,776

1,366

na

405

357

110

156

196
	8,518
1,363

 221

1,714

1,263

366

406

466

133

157

167
	8,128
1,259

212

1,588

1,156

570

406

436

150

161

150
	7,748
1,223

210

1,554

1,137

402

388

395

154

161

146


Source: Health, United States, 1998.

Measurements
As has been seen, epidemiology and public health are dependent on quantitative observations to establish relationships and possible points of intervention. Therefore, an appreciation of methods of handling statistics and their interpretation is fundamental. A complete presentation of this field is beyond the scope of this text, however, some general concepts are important to establish.
Interpretation of statistical events requires a familiarity with methods of gathering the basic information and in processing it. Statistics is "the science and art of collecting, summarizing and analyzing data that are subject to random variation" (Last JM [ed]. A Dictionary of Epidemiology, op cit, 1995). Biostatistics is the application of statistics to biological problems. 

A variable is any factor being studied which is considered to affect health status and which can be measured. It may be an attribute, phenomenon or event that can have different values, such as age, sex, socioeconomic status, exposure to a toxic or infectious agent. A dependent variable is the outcome being studied. An independent variable is the characteristic being observed or measured which is hypothesized to cause or contribute to the event or outcome being studied, but is not itself influenced by that event.

The Null Hypothesis is the hypothesis that one variable has no association with another variable, or that two or more populations being studied do not differ from one another. A statistical test is a procedure used to decide whether the null hypothesis comparing the distribution of a population as compared to another population, may be rejected or accepted i.e. that any differences observed may be due to chance alone. Statistical testing provides the basis for inference or decisions regarding the true nature of the population under study. 


A confounding variable (confounder) is a factor other than the one being studied which is associated, both with the disease (dependent variable), and factor being studied (independent variable).

A confounding variable may distort or mask the effects of another variable on the disease in question. For example, a hypothesis that coffee drinkers have more heart disease than non-coffee drinkers may be influence by another factor. Coffee drinkers may smoke more cigarettes than non-coffee drinkers, so smoking is a confounding variable, since smoking was not originally studied.  The increase in heart disease may be due to the smoking and not the coffee. 

Fig. 3.1: Independant, Dependant and Confounding Variables in a Study
	    EXPOSURE --------------->   DISEASE

(Coffee Drinking)

   (Heart Disease)

(The Independent Variable)     (The Dependant Variable)  

\\

            /

  \\

          /


    \\   CONFOUNDING   /

          VARIABLE

      (Cigarette smoking)

Source: Beaglehole, R. et al. Basic Epidemiology. World Health Organization, 1993.


We are often limited to observational studies for evidence of causal relations. Experimental studies may not be possible for many technical, ethical or other reasons. The proper causal interpretation of the relations from carefully developed epidemiologic studies is vital to the development of effective measures of prevention.

Normal Distribution

 
BOX 3.11: NORMAL DISTRIBUTION
Last JM [ed]. Dictionary of Epidemiology; Third Edition, op cit, 1995, p 114.
A normal distribution is a continuous, symmetrical bell-shaped, frequency distribution of observations distribution curve with upper and lower values which may extend to infinity, but has an arithmetic mean, mode and median from a central point.
Mean, median and mode are measures of central tendency in a group of numbers. The mean is the average value of the observations (i.e. the sum of values of the observations divided by the number of observations). The median value is that value where half of the observations are equal or less, and half are equal or greater. It is the middle observation when a set of observation numbers is arranged in increasing values. The mode is the most frequently occurring value in a set of observations. In a normal distribution, the mean, median and mode are all equal to one another. 

The standard deviation is the summary value of how widely dispersed the values are around the mean or median. The symmetrical bell-shaped (Gaussian) curve represents the normal distribution of biological characteristics, such as heart rate, height, weight or blood pressure in a normal population group. In such a distribution, approximately 2/3 of the observations fall within one standard deviation and approximately 95% fall within two standard deviations of the mean.


BOX 3.13:  MEAN, MEDIAN AND MODE

The following are the scores of 20 students on a mathematics test, ranked in order:

38  39  58  69  78  79  84  84  84  87

89  89  90  90  92  93  93  95  96  99

Mean:  1626/20 = 81.3 - the sum of all values divided by the number of observations;

Median:  88 - half the values lie above and below this value;

Mode:  84 - the most frequent occurring value.
 Normality may be defined in several senses. It is a range of variation in a given population, within two standard deviations below and above the mean, or between specified percentiles e.g. the 10th and 90th of the distribution. Normality also refers to the limits of a normal range of a test or measurement is an indication of the finding being conducive to good health.
Deciding when a group of observations is "normal" or "abnormal" requires defining cut-off points, both in clinical medicine and in epidemiology. In clinical medicine, deciding what is a normal blood pressure, cholesterol level or growth of a child is based on norms determined from a large number of observations of what is assumed to be a "normal" population. For example, growth patterns of children used as an international standard are based on data derived from a white, middle-class American population (see chapter 6). 

Standardization of Rates
Standardization of rates is a set of techniques used to remove, as far as possible, the effects of different age and sex distributions when comparing two or more populations of countries, regions or other designated populations. A standard population in this procedure is one in which the age and sex composition is known and therefore is used as a benchmark in order to compare mortality or other rates for a number of different population groups. For example, comparisons between different states in the United States or countries in Europe would use a United States or European population distribution. Standardization can be done by direct or indirect methods.

Direct Method of Standardization
The direct method of standardization is used when age-specific mortality rates are known for the populations being compared to a standard population. These rates are then applied to the standard population to calculate the expected numbers of deaths for each age group in the population, as if its age composition was the same as in the standard population, and are then totalled and divided by the total standard population to give a summary age-adjusted rate. Standardized death rates can be calculated for specific diseases. For example, if one is comparing lung cancer death rates in a number of cities to see if there are differences that might be attributed to external factors such as air pollution patterns, the data for each city can be compared by using standardized cause-specific mortality rates. 

Table 3.4: Crude and Age-Standardized Mortality Rates (per 100,000 population) for Diseases of the Circulatory System in Selected Countries, 1980
	Country
	Crude rate
	Standardized Rate, All Ages
	Age-Specific Rate

45-54 years       55-64 years

	Finland

New Zealand

France

Japan

Egypt

Venezuela

Mexico
	491

369

368

247

192

115

95
	277

254

164

154

299

219

163
	204

184

97

95

301

177

132
	631

559

266

227

790

497

327


Source: Beaglehole R, Bonita R, Kjellstrom T. Basic Epidemiology. World Health Organization,

Geneva, 1993, page 25; calculated from data in World Health Statistics Annual, 1986.

The direct standardization of rates is an important method of comparing mortality patterns between cities, districts, regions and countries. Table 3.4 shows the important differences seen in presenting data with age standardization, where a country such as Egypt, with a low crude death rate from circulatory diseases, may have very high age-specific rates.

Indirect Method of Standardization
The indirect method of standardization is used when age-specific mortality rates for the study population are not available, or if the numbers in some age groups are too small. This method uses age-specific rates from a standard population to calculate the expected number of the same health event for the population being studied. The expected number of deaths or cases thus calculated is then compared to the actually observed number of deaths or cases. The ratio of Observed/Expected is then multiplied by 100 to give the SMR, which now shows the comparisons free of confounding factors such as different age distribution. The SMR thus allows for comparison of one national, regional or other specified population group to a selected standard population for which specific rates are known. This same method is also used to calculate morbidity as standard incidence ratios (SIRs) or other health related observations. 

Fig 3.1: Standardized Mortality Rates (SMR) and Standardized Incidence Ratios (SIR)

	     SMR (SIR) = O/E =  Observed Deaths (Cases)
      

   Expected Deaths (Cases)  x 100




Standardized Mortality (Incidence) Ratios (SMRs or SIRs) are therefore the crude rate or the total number of deaths or cases occurring in the study group, compared to the expected number of deaths if that population had experienced the same specific death rates as the standard population. The standard population provides a strong base of comparison as it is larger in size, with less likelihood of random variation. 

SMRs can be calculated for a specific population group at special risk and compared to a standard population to see if it is vulnerable to higher rates. A group of persons who have been employed in a specific industry and exposed to asbestos may after a long latency period develop mesothelioma. The SMR for a population of ex-asbestos workers in a 25 year follow-up study is seen in the following table.

Table 3.5: Mesothelioma Deaths Among Former Asbestos Workers in Israel, 1950-1990
	Study group (n)
	4,401

	No. of mesothelioma deaths in study group
	26

	Expected deaths from national population rates
	0.12

	Standardized Mortality Rate (SMR)
	26/0.12= 216.7


Note: Expected deaths derived from applying age-specific mesothelioma mortality rates of 

total population of Israel to the study group.

Source: Tulchinsky TH, Ginsberg GM et al. Mesothelioma mortality among former asbestos-

cement workers in Israel, 1953-90. Israel Journal of Medical Sciences, 1992;28: 542-547. 

In the United Kingdom, the SMR is used as the adjustment factor for allocation of funds to district health authorities. Following a lengthy examination of many alternatives, this was believed to provide a summary of many variables affecting health, including age, sex, socioeconomic and environmental factors. Areas with higher than expected mortality may have more disease or higher case fatality rates resulting from a higher prevalence of risk factors (genetic, environmental, and/or socioeconomic). Excess mortality may also be due to less access to or poorer quality of health care. Extra resources are made available on this basis to deal with the poorer health status of the population. This is a practical method of addressing regional differences in health, providing a high degree of equity in resource allocation. It takes into account greater need in some areas than in others. The use of the SMR uses epidemiologic methods to improve management practice in health. 

Sampling
A sample is a selected subset of a population which may be random or non-random and representative or non-representative of the general population. Sampling is the process of selecting a subset, rather than all individuals in the population in order to study a variable or set of variables in the total population.
A cluster sample selects units such as a family or home, rather than an individual, using a random method of selection from a random starting point, such as every tenth house. It provides relatively easy access to a population sample for nutrition or immunizations surveys. It is more representative of the population than a sampling based on those who arrive at a health facility which may be a non-random although convenient and easy to get.  

A non-random sample is one in which a form of bias is introduced into the sampling process. One example is convenience. A convenience sample is a group of persons who are readily accessible, such as volunteer blood donors or people who appear at a health fair for blood pressure examination. The bias in such samples is that there may well be a self-selection process, not representative of the total population. A selection of a group at special risk, for example, might entail choosing districts with known low immunization coverage in order to attempt to define the reasons for this. Such a study would then be applicable to those districts and, although not generalizable to the total population, could provide valuable information affecting the immunization program. 

When all individuals in the population have an equal chance of being selected, the group is known as a random sample. This is often done through assigning each person in the group a number, then selecting the sample from a table of random numbers until the desired sample size is reached. A stratified random sample divides the population into sub-groups, e.g by age, sex, socioeconomic status, or region of residence, followed by the selection of a random sample from each subgroup. For example, if 20% of the population are in the age group 40-59 and 20 % of the sample comes from this age group, and similarly for other age groups, then all strata are fairly represented with regard to numbers of persons in the sample.

Conclusions based on sample results may be attributable to the population from which the sample is taken. Extrapolation to the total population or a different population is a judgement which is justified only if qualified by description of the sampling methods used and their potential biases. Despite these limitations, careful sampling is valuable in assessing a particular characteristic in a larger population and should give results which are reproducible by other investigators.
Potential Errors in Measurement
Data must be assessed as to its validity, reliability and consistency. It should also be considered for its biological plausibility. These all affect the degree to which inferences can be made and generalizations drawn from the study sample.

  
BOX 3.13:  OBSERVATION MEASUREMENT ISSUES IN EPIDEMIOLOGY

1.  Validity: degree to which a measure actually measures what it claims to measure.

2.  Accuracy: extent to which a measure conforms to or agrees with the true value.

3.  Precision: quality of being sharply defined.

4.  Reliability, Reproducability: stability seen when a measure is repeated under similar conditions.

5.  Instrumental Error: includes all sources of variation inherent in the test itself.

6.  Digit Preference: consistent bias by observer rounding of numbers, e.g. to the nearest whole number.  

7.  Inter-Observer Variation: differences in observation between different observers of the same phenomenon. 

8.  Individual Observer Variation: when the same observer records the same observation differently due to 
changes within the observer, not the observed.

9.  Bias: an effect or inference that departs systematically from the true value.

10. Spurious: an apparent but not genuine epidemiologic relationship.

Source: Adapted from Last JM [ed]. A Dictiobnary of Epidemiology, op cit, 1995.
Reproducibility or reliability is the degree of stability of the data when the measurement is repeated under similar conditions. If the findings of two persons carrying out the same test (such as the measurement of blood pressure) are very close, the observations show a high degree of inter-observer reproducibility. However, it is common in medicine that standardization of even relatively objective measurements by different observers, such as radiologists reading the same X-rays or cardiologists reading the same cardiograms, show high degrees of variability. Instrument standardization, observer training in common standards, and standardization of recording observations are needed to assure acceptable standards of reliability in any data set. Measuring the same patient at different times can produce different results (as in measuring blood pressure or blood sugar), such that standardization of conditions of recording or timing the test are essential to assure comparable data. Standardization of tests requires, as part of quality control, sending samples tested in one laboratory to a reference laboratory to see if the test results are the same.

Screening for Disease
Screening for disease may be carried out in a mass screening of a whole population, as was commonly done in the past for tuberculosis. When done with a number of tests it is called multi-phasic screening. Screening may target a group at special risk, such as doing blood lead screening among workers exposed to lead at their place of work or on children living in the vicinity of a plant using lead. Screening may be part of patient care when the care giver routinely tests, for example for blood sugar or cholesterol. Accuracy of a test is usually measured in terms of sensitivity and specificity. Screening amy be required by law as in the case of newborn screening for PKU, hypothyroidism and other congenital disorders. The value ioof the screening test is defined as to its degree of sensitivity and specificity, as well as cost-benefit ratio (chapter 11). 

Sensitivity is the proportion of truly diseased persons in the screened population who are identified as diseased by screening test. This is sometimes called the true positive rate. Specificity is the proportion of truly non-diseased persons who are identified as not having the disease, i.e. it measures the probability of correctly identifying a non-diseased person with a screening test, or the true negative rate. A test which produces too many false positives or false negatives is not valid.
False negatives are cases in which a negative laboratory result occurs in a person who has the condition for which the test is being conducted. The condition is present, but does not show up on the initial screening test or data set. If screening for phenylketonuria is done too soon after birth, some cases may be missed and will only appear later. False negatives reduce the effectiveness of the screening program. 

BOX 3.14: VALIDITY, SENSITIVITY AND SPECIFICITY OF SCREENING TESTS

	Screening Test
	Disease Present
	Disease Absent
	Total

	Test Positive 
	True positive (A)
	False Positive (B)
	A+B

	Test Negative 
	False negative (C)
	True negative (D)
	C+D

	Total
	A+B
	B+D
	A+B+C+D


Sensitivity =      A     x 100

       (A+C)

Specificity =      D     x 100

       (B+D)

Source: Beaglehole R, Bonita R, Kjelstrom T. Basic Epidemiology. Geneva: World Health Organization, 1993. 

False positive results are those cases in which a positive laboratory result occurs in a person without the condition for which the test is being conducted. Not everyone with an isolated elevated reading of blood pressure has true hypertension. False positive results must be checked because they cannot be excluded without more specific testing, such as repeated blood pressure readings. Precision is the quality of sharp definition of the test.
If a laboratory test for environmental contamination is accurate to parts per billion as compared to parts per million, then the precision is enhanced.Screening for disease and risk factors is a common and necessary part of public health. In order to be valuable, screening requires a valid test and a significant condition with a high prevalence in the population. Screening for breast cancer, carcinoma of the cervix and many other conditions are part of the armamentarium of publichealth and contribute to lowering mortality and improving survival rates for these diseases. Screening can also be justified for a condition which is serious and treatable, but rare such as for phenylketonuria (PKU).

Bias a systematic distortion of results or inferences from the truth which recess the value of epidemiological process and may occur at any stage of an investigation. Bias incudes any tendency in the collection, analysis, interpretation, publication and review of data that can lead to erroneous conclusions. Presentation of data should include discussion of the potential biases that could be affecting the data and its interpretation. 

Bias is distinguished from random error in that it is a systematic error resulting from the methods of investigation, whereas random error is the result of chance. Any kind of bias will invalidate comparisons of rates and proportions that are being studied epidemiologically.
There are many kinds of bias. Selection bias is a common cause of erroneous results. It is due to systematic differences between those selected and those not selected in the study. Unless sampling methods ensure that all members of the "universe" or reference population have a known chance of selection into the sample, bias is likely to occur. Other potential biases are seen in the following box.

Epidemiologic Studies

BOX 3.15:  POTENTIAL TYPES OF BIASES IN DATA

1.  Assumption Bias: errors from faulty logic, premises or assumptions on which the study is based.

2.  Response Bias: systematic error due to differences between those who choose or volunteer for a study as 
compared to those who do not.

3.  Selection Bias: error due to inclusion of those who appear and are included in a study, leaving out those 
who did not arrive because they had died, were cured without care, weren't interested, etc.

4.  Sampling Bias: when sampling methodology does not ensure that all members of the reference population 
have a known and equal chance of being selected for the sample.

5.  Observer Bias: error due to differences between observers; may be between observers (inter-observer), or 
by the same observer on different occasions (intra-observer).

6.  Detection Bias: systematic error due to faulty methods of diagnosis or verification of cases in a survey.

7.  Design Bias: systematic bias due to faulty design of the study.

8.  Information Bias: flaws in measuring exposure or outcome resulting in data being not comparable.

9.  Measuring Instrument Bias: faulty calibration, inaccurate measuring instruments, contaminated reagents, incorrect dilutions/mixing of reagents. 

10. Interviewer Bias: conscious or sub-conscious selection in gathering of data.

11. Reporting Bias: self report selective, suppressing or exaggeration of information, e.g. history of STDs.

12. Publication Bias: editors prefer positive results so that a distorted perception of an issue may occur.

13. Bias due to Withdrawals: loss of cases from the sample by withdrawal or non-appearance in follow-up. 

14. Ascertainment Bias: error due to the type of patients seen by the observer, or in the diagnostic process affected by the culture, customs or idiosyncracies of the provider of care. 

Source: From Last JM [ed]. Dictionary of Epidemiology, pps 13-14, op cit, 1995.

Epidemiological methods of study are important, not only to define disease in the population, but also to look for specific risk factors for the disease to the population. Epidemiologic studies permit analysis of a risk factor, variable or of an intervention on a population having or at-risk for a condition, as compared to a similar population not subject to the risk or intervention. This permits testing of new hypotheses and innovations in medicine and public health. 

Epidemiologic studies are classified as observational or experimental. The observational study allows nature to take its course, with no intervention.  Experimental studies involve activities whose purpose is to reduce the risk of disease occurring and may be controlled in a field or community trial. Retrospective and prospective studies refer to the time of the event being studied i.e. did the disease occur before the time of the study or is it a study of future events?

Observational Studies
 Observational studies are those where the population is studied, but nature is allowed to take its course. They may be descriptive or analytical. Descriptive studies are limited to describing the occurrence of a disease in a population, which is often the first step in investigation, as it may provide clues for more specific investigation. Analytic studies go further by looking for specific variables which may be causally associated with the disease. Analytic studies include ecologic, cross-sectional, case-control and cohort studies. Each type of study has potential for biases, discussed above.
Descriptive Epidemiology: Descriptive epidemiology uses observational studies of the distribution of disease in terms of person, place and time. The study describes the distribution of a set of variables, without regard to causal or other hypotheses. Personal factors include age, sex, SES, educational level, ethnicity and occupation. The place of occurrence can be defined by natural or political boundaries, and can also include such variables as location of residence, work, school or recreation. Time factors include the relationship between exposure and occurrence of the disease, as well as time trends, which are generally divided into three types:

  1. Secular trends: long term variations;

  2. Cyclic changes: periodic fluctuations on an annual or other basis;

  3. Short term fluctuations: as is seen in epidemic disease outbreaks.

Time trends contribute to understanding the natural history of epidemics of acute infectious diseases, such as measles, waterborne disease, or of non-communicable diseases, such as stroke, or certain cancers, such as among selected occupational groups. Epidemiology also examines the frequency of physiological or pathophysiologic events, such as hypertension or growth retardation, and health-related events such as smoking and other risk factors in human activities or events. Descriptive epidemiology incudes analytic, ecologic, cross-sectional (prevalence), case control and cohort studies, which are described below.

Analytic Studies: Analytic studies are concerned with establishing causes or contributory risk factors to disease, including social, economic, psychological or political conditions that impinge on health. This helps to define programs to intervene in order to reduce the burden of disease in the population. Analytic epidemiology has made vital contributions to modern medicine through identification of key risk factors, such as higher rates of cancer of the lung among smokers and higher rates of stroke among people with hypertension. Analytical studies may include cross-sectional (or prevalence studies), as well as retrospective and prospective studies. 

1. Ecological Studies: Ecological studies are those in which the analysis is of populations or groups of people, not individuals. An example is a study of the association between income levels, social class or employment status and cancer or cardiovascular disease mortality. There is a danger in drawing hard conclusions form such studies. An ecological fallacy is a bias in which the association between aggregated variables based on group characteristics does not necessarily represent the association at the individual level. It is therefore an error in inference to conclude that there is a causal relationship. 

Studies showing an apparent correlation between quality of drinking water and mortality rates from heart disease have not been substantiated as indicating a "cause-effect" relationship. It would be an inappropriate conclusion (ecological fallacy) to infer from this finding alone that exposure to water of a particular level of water hardness necessarily influences an individual's chances of developing or dying of heart disease. Spurious relationships may be difficult to disprove and may mislead the investigator, when there are unrecognized confounding variables that affect the apparent relationship. 

Ecological studies can be valuable in generating hypotheses for further investigation and intervention. For example, comparison of SMRs for disease categories from routine mortality sets can identify regions with high rates of a specific disease, such as lung cancer or diabetes-related conditions, or motor vehicle accidents (MVAs), which require follow-up, investigation and possibly intervention even before more complete epidemiologic studies can be carried out. Studies have shown higher rates of cardiovascular disease mortality for blacks compared to whites in the United States. However, further analysis shows that there are gradients for cardiovascular mortality for both whites and blacks according to median family income, such that SES emerges as a more important factor than race.

2. Cross-Sectional Studies or Prevalence Studies: These examine the relationship between specific diseases and health-related factors as they exist in individuals in a population at a particular time. The population may then be divided into subgroups, with and without the disease, and the characteristics of each member of each group analyzed for different variables, eg. age, sex, region of residence, occupation, social class. Comparisons of these variables may indicate a higher risk for disease in one population group as compared to a comparable population. 

3. Case Control Studies: Case control studies are observational studies of persons with the disease or other outcome variable of interest and a suitable control (comparison, reference), group of persons without the disease. These studies are retrospective, taking a case and looking backwards in time for potential causes of the disease. They compare two similar population groups, one with the disease or condition and the other without. The two groups, cases and controls, are then compared for exposure to the possible risk factor. An example is the study of the occurrence of children with a limb defect born in Germany in the late 1950s, which showed that of those born with this defect, 41 out of 46 mothers had taken the medication thalidomide, an anti-nausea pill promoted for use during pregnancy, whereas none of the 300 control mothers with normal children had done so. This study led first to preventing this drug from approval for use in the United States, and later to its banning in countries where it was already in use. The odds ratio is commonly used to summarize findings of case control studies. It is a ratio of the odds of exposure among cases to the odds of exposure among controls. Case control studies may be vital to define the differences between the sick and the control groups in an epidemic or outbreak situation. 

4. Cohort Studies: Cohort studies are also referred to as prospective, longitudinal or follow-up studies. They examine a population which is initially free of the disease, dividing the population into subgroups according to exposure to a potential risk factor. The relative risk is a ratio of risk of disease in the two groups, i.e exposed and unexposed. Such studies can yield incidence rates as well as the magnitude of risk of disease for the population. In addition, cohort studies permit the observation of many outcomes. Important morbidity data are sometimes not readily available in the general population reporting systems so that special study populations are required. The Framingham Study of risk factors for heart disease which followed the population of Framingham, Massachusetts continuously since 1949 is an example (see chapter 2). Observational studies of particular population groups have provided important public health advances over the past 50 years. 

A natural experiment is a situation in which naturally occurring circumstances result in two similar population groups, one exposed to a supposed causal factor and one not exposed as a study or control group. This term is derived from John Snow's 1850 study of Londoners exposed to drinking water supplied by two different water companies, one group having high rates of cholera and the other low rates. This term is currently used in investigating epidemiological events, regarding each event as a unique situation for which relevant factors need to be defined and to the extent possible, linked to the disease.
Experimental Epidemiology
Experimental studies are studies of conditions under the direct control of the investigator, conducted as closely as possible to a laboratory experiment. Experimental epidemiology involves changing a variable and measuring the effect in one or more population groups. Clinical epidemiology applies experimental epidemiologic research methods to clinical problems and practice. It includes promoting the use of epidemiologic knowledge in the clinical care of individual patients. Clinical epidemiology also contributes knowledge to the planning and operation of health care systems. 

1. Controlled trials: are epidemiologic experiments designed to study an intervention (preventive or therapeutic). It requires a random method of allocating the cases to the experimental or the control group, then both are observed for change over time in relation to the condition being studied. If the people in both the test and control groups do not know which group they are in, the study is called blind. If in addition, the people judging the outcome are also not aware whether the person tested is in the test or control group, the trial is called double blind. Further, if those analyzing the data also do not know who was in each group, the study may be called triple blind. This helps to avoid various biases which limit the value of a study. If the difference in outcomes is statistically significant for the control group and the treatment group, then the treatment is deemed to have been effective. Assignment to the treatment or the control group is by random selection. 

2. Field Trials: Field trials follow people who are disease-free in two groups, one with and one without a specific intervention, to determine if it affects the risk of developing the disease. This is often used to test a new vaccine in a susceptible population. The field trial conducted by Jonas Salk of inactivated poliomyelitis vaccine in 1956 demonstrated its protective effect and safety in some 1.5 million American children, and was subsequently adopted throughout the world. Field trials are part of the process of approval for new vaccines and medications.

3. Community Trials: Community trials are conducted on whole communities measuring the effect of a risk factor or intervention. This cannot easily be randomized since the entire community is selected, and it may be difficult to isolate the community from changes going on in the general population. Community-based heart disease prevention programs such as North Karelia and others (Minnesota Heart Health Project, Pawtucket Heart Health Project in Rhode Island and many others) are difficult to evaluate, with a conflict between experimental design and community realities. Regional programs for prevention of heart disease cannot be isolated from time trends in the surrounding communities, limiting the interpretation of outcomes measured.

Nevertheless, community trials are necessary in evaluating health interventions to reduce risks or adverse health outcomes. They often rely on performance or utilization indicators as proxies. For example, a village health worker program may increase earlier and more frequent use of prenatal care or immunization coverage, but measurement of outcome variables may be difficult in field conditions.

Establishing Causal Relationships
Classically, the search for causation in medicine and in public health is for the agent-host-vector relationship, with the agent being a specific causative organism. In infectious disease epidemiology, this has provided the scientific basis for immunology and control of vaccine preventable diseases, and for sanitation to prevent transmission of food and waterborne diseases. Criteria for causation include strength of the association, biologic plausibility, consistency with other investigations and dose-response relationship. Biologic plausibility is a test of the plausibility of a causal association based on existing biologic or medical knowledge. Consistency with other investigations means that the findings are similar to those of other studies. The dose-response relationship is that in which a change in amount, intensity or duration of exposure is associated with a change (increase or decrease) in a specified outcome. 

Even in infectious disease control, the public health reality is often more complex than the single causation model. Tuberculosis deaths fell during the 19th century, presumably due to improved nutrition and living conditions, and were further reduced in the early part of the 20th century before the antibiotic era by a combination of improved nutrition and symptomatic treatment. Mortality from measles dropped dramatically despite its endemicity (the continuing presence of a disease in a given geographic area) prior to the successful vaccine introduced in the 1960s. This can be attributed to rising standards of living and improved means of treatment of complications. Even today, the mortality rate from measles is seen to be affected by improving the nutrition of children and by vitamin A supplementation.


For non-communicable diseases, causation is even more clearly multi-factorial, and a risk factor for one disease may also be a contributor to increased risk for another disease. Diet has been established as a major risk factor for coronary heart disease, as well as diabetes and hypertension, while diabetes is a major risk factor for coronary heart disease, stroke, renal, eye and peripheral vascular disease. Nutrition is an important contributor to certain cancers, so that the multiple-factor causation of disease cannot be ignored.
Risk factors for disease are those aspects of personal behavior or lifestyle, occupational or environmental exposure, social and economic conditions or inborn or inherited characteristics which, on the basis of epidemiologic evidence, are known to be associated with health-related conditions considered important to prevent. Non-infectious diseases are often multi-factorial and exacerbated by "risk factors", and measurement of prevalence of risk factors, or intervening variables, is important to epidemiologic assessment of the future risk of such diseases. Prevalence of smoking serves as an indicator of future potential of lung cancer and cardiovascular diseases. Body fat index, blood pressure and serum cholesterol levels measured in the community serve a indicators of risk for coronary heart disease. These measurements indicate individual and community risk, and to measure effectiveness of health promotion programs.

Notifiable Diseases
Morbidity data are reported by doctors, usually based on compulsory reporting of specific infectious and non-infectious diseases. Some diseases such as plague, cholera, yellow fever, louse-borne typhus and louse-borne relapsing fever are notifiable by international convention. Locally endemic diseases are notifiable under national public health laws in order to monitor their prevalence and the impact of public health measures (see chapter 4). Additional diseases reported routinely in other countries include; water and food-borne disease, chemical poisonings, botulism, leishmaniasis, septicemia, chlamydia trachomatitis (genital), gonococcal ophthalmia and listeriosis. Other diseases or health events may be added to routine reporting (or to special surveys) according to endemic environmental conditions.

Special Registries and Reporting Systems
Special registries are important to establish a basis for the epidemiologic study of clinical states and vital health events pertinent to the population. They provide both clinical follow-up and epidemiologic information. Priorities may vary from country to country, but the basic registry needs in health care include a range of conditions, including infectious diseases, cancer, birth defects and hospital discharge information systems. Data from cancer, birth defect and low birth weight registries can give valuable clues for environmental exposures of public health importance. 


Table 3.6: Health Event Reporting and Registries
	Health-Related Events
	Public Health Mandatory or Voluntary Registries

	1.  Birth

2.  Death

3.  Marriage and divorce

4.  Communicable diseases

5.  Chronic diseases

6.  Birth defects

7.  Abortions and other pregnancy events

6.  Birth weights

7.  Growth and development indicators

8.  Nutritional status indicators

9.  Behavioral risk factors

10. Health behaviors

11. Air and water quality

12. Environmental hazards

13. Occupational safety and health hazards

14. Mental illness

15. Animal reservoirs and health

16. Vaccine and drug reactions

17. Nosocomial infections

18. Injuries, poisonings, trauma
	1.  Vital statistics
2.  Notifiable infectious diseases

3.  STDs and HIV

4.  Tuberculosis

5.  Cancer 

6.  Birth defects

7.  Congenital screening for PKU, hypothyroidism

8.  Low birth weight

9.  Neurological disorders

10. Psychiatric/mental health 


11. Thalassemia

12. Sickle Cell disease

13. Hospital discharge information systems

14. Battered children

15. Blind and partially sighted persons

16. Deaf and hearing impaired

17. Disabled 

18. At-risk workers groups

19. Coronary heart disease

20. Diabetes


Source: Modified from Declich S, Carter AO. Bulletin of the World Health Organization, 1994.

Disease registries should be coordinated into unified health information systems. Individual identification numbers for each member of the population enables the use of data from related special registries. However, protective measures must be in place to ensure privacy and to prevent the misuse of this data for unethical purposes, but safeguard mechanisms can be built into data systems to protect the privacy of the individual.
Linkages between data sets allow important epidemiologic correlations to be studied. For example, linking data sets for cancer registries, vital records and hospital discharge information systems may enhance investigation of specific medical conditions, such as monitoring longevity and hospital use for childhood cancer. It may also be used to compare morbidity and mortality patterns for specific conditions by comparing hospitalizations with mortality patterns.
Studies from vital statistics registries may raise epidemiologic questions or hypotheses which need special investigation. The role of the special survey becomes important as the follow-up to initial findings. Intervention can then be planned on the basis of these investigations. As an example, a review of vital statistics in New York State (1987) showed that some infant deaths were reported during the 1980s as a result of Hemorrhagic Disease of the Newborn (HDN), a disease preventable by prophylactic vitamin K injections of newborns. A follow-up study of the State Hospital Discharge Information system showed a substantial number of hospital discharges with the diagnosis of HDN (first to fourth diagnosis) during the same time period. A case record review of infant deaths with HDN as a diagnosis (first to fourth diagnosis) showed that some two-thirds of the cases did not receive vitamin K at all, or not until after bleeding had already begun. As a result, the State Department of Health adopted mandatory vitamin K prophylaxis for newborns. Record linkage between hospitalization data and the individual cases would have made such a study more readily achievable.

The importance of records linkage might also be demonstrated by the following epidemiologic question. Mortality from cardiovascular disease has fallen dramatically in industrialized countries since it's peak in the early 1960s. This can be attributed to changes in nutrition, smoking and other risk factors. Others suggest that much of this change in mortality is due to improved treatment and not changes in the prevalence of the basic disease process. Which one is it? Studies linking hospitalization patterns with mortality data for cardiovascular diseases may help answer this question.

Disease Classification
Because comparative statistics are vital in monitoring the health status of a population, it has been essential to develop internationally accepted standard nomenclature and a coding system in order to minimize differences in classification. The Bills of Mortality used in the 17th century defined 17 categories. Classification of disease by anatomic sites or body system was initiated by William Farr at the Second International Statistical Congress in Paris, 1855. 

After World War I, the League of Nations supervised revisions of the International Classification of Diseases (ICD), and since the 1948 sixth revision, the ICD has been up-dated at about 10 year intervals by the WHO. The most recent international classification of disease (ICD-10) came into general use in 1993. The classification is broken down into many sub-categories with coding to indicate precise disease and procedure groups. Similarly, mental health classification of disorders have been developed (chapter 7).  

Table 3.10: International Classification of Diseases (ICD-10)

	1.  Certain infectious and parasitic diseases
	A00-B99

	2.  Neoplasms
	C00-D48

	3.  Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism
	D50-D89

	4.  Endocrine, nutritional and metabolic diseases
	E00-E90

	5.  Mental and behavioral disorders
	F00-F99

	6.  Diseases of the nervous system
	G00-G99

	7.  Diseases of the eye and adnexia
	H00-H59

	8.  Diseases of the ear and mastoid process
	H60-H95

	9.  Diseases of the circulatory system
	I00-I99

	10. Diseases of the respiratory system
	J00-J99

	11. Diseases of the digestive system
	K00-K93

	12. Diseases of skin and subcutaneous tissue
	L00-L99

	13. Diseases of musculoskeletal system, connective tissue 
	M00-M99

	14. Diseases of the genito-urinary system
	N00-N99

	15. Pregnancy, childbirth and puerperium
	O00-O99

	16. Certain conditions originating in perinatal period
	P00-P95

	17. Congenital malformations, chromosomal abnormalities
	Q00-Q99

	18. Symptoms, signs, and abnormal clinical, or laboratory findings not classified elsewhere
	R00-R99

	19. Injury, poisoning and some other external causes
	S00-T98

	20. External causes of morbidity and mortality 
	V01-Y98

	21. Factors influencing health and contact with health services
	Z00-Z99


Hospital Discharge Information 

Admission to a hospital is a major medical event, not less important from an epidemiologic point of view than the reporting of a death or an infectious disease. A hospital discharge data system is an informational, planning, budgeting, epidemiologic and quality control tool in modern health care. It involves gathering a basic data set on all hospital discharges, input of data into a central file on a regular basis, and processing the data for administrative and epidemiologic purposes. This requires a basic data retrieval form for all hospitalized patients and a system of reporting and analysis with computerized data retrieval is preferred, reporting may be through a variety of methods. 

The Uniform Hospital Discharge Information System (UHDIS) is a US innovation based on the appreciation of the importance of hospital utilization in the economics of health care. It was introduced in the 1960's as a model recommended by the National Center for Health Service (NCHS). It provided the basis for development of Diagnosis Related Groups (DRGs), which have become the major mode of payment for hospitals in United States and in some other countries since the 1980s. Use of the International Classification of Disease allows for comparisons between data sets, regions, and countries.

BOX 3.16: USES OF A UNIFORM HOSPITAL DISCHARGE INFORMATION SYSTEM (UHDIS)
1. Planning: Patterns of discharge and surgical rates, utilization by age and sex, diagnosis, length of stay and "small area analysis" allow which comparison of practice patterns and use or excess and waste of resources; search for new methods to promote patient flow to alternative care facilities e.g. minimal supervisory residential care, ambulatory or home care;

2. "Case-mix" analysis: The make-up of the hospital case load, looking for common diagnoses or rare events which might be of epidemiologic significance, or may have administrative and quality control importance;

3. Budgeting: Planning within the hospital and in relation to referral sources based on utilization patterns by diagnosis and department;

4. Quality of Care Monitoring: Determination of aberrant practice, complications or outcomes e.g. excess surgical rates, infections, mortality;

5. Epidemiology: Tracing and mapping epidemics of communicable diseases and identifying localizations and sources; using "tracer conditions" to pick out medically and epidemiologically significant events such as strokes or diabetes mellitus; supplementing national or regional mortality data;

6. Research: Through case finding of particular clinical events which may then be analyzed for related variables, e.g. incidence of coronary heart disease to compare with mortality patterns, intracranial hemorrhages and administration of prophylactic vitamin K to newborns, or follow-up of patients with coronary artery bypass procedures;

7. Linkage with Other Registries: Linkage with death records, cancer or other special disease registries; relating hospitalization events to special disease registries, such as birth defects, cystic fibrosis, asbestosis and mesothelioma; supplementing a cancer registry.

8. Economic Analysis: This is an essential aspect of modern health care and the use of hospital care and its alternatives is central to health economics; linked data from various registries and hospitalization data can provide data for important cost-effectiveness and other economic planning models.
A central unit is need at the state level to plan, train and supervise data retrieval and to process and interpret the output data. Data provided by hospitals are processed centrally in order to provide a complete picture of the entire population using all hospital services, rather than just those services provided for by an individual hospital in the region. This is necessary as people residing in a hospital catchment area may be hospitalized in another region by referral or for emergency care.

Developing countries should avoid the mistakes of developed countries in compiling vast amounts of undigestible data on ambulatory care utilization. Instead, scarce financial and personnel resources should be focussed on more significant and higher quality data associated with hospitalizations. Fewer centers are involved in hospital care than in ambulatory care, so that data retrieval is easier to control. Most importantly, the less common event of hospitalization is medically and epidemiologically more significant since it consumes 50-60% of health care finances. A UHDIS may be seen as a priority information system after the reporting of infectious diseases and mortality. 

The three primary users of information flow in a hospital information system are clinical medicine, epidemiologic, and managerial services. However, much of the development of information systems in recent years has been for managerial purposes. Good data should be easy to interpret for managers and clinicians alike. This requires informatics staff (knowledgeable of modern technology) to tailor the data reporting method so that the manager and others can analyze the data for their needs. The data should be given in a manageable format and training provided for consumers. 


Hospital discharge provides a basis for epidemiologic monitoring and control of diseases and simple research information. Analysis of hospital discharge data, especially mortality, surgical complications and excessive length of stay, reflects the quality of care. Inter‑regional variations in hospital utilizations provided a clear premise for designing and implementing policies. Hospital discharge data studies permit case‑mix studies, show trends in care patterns and provide a basis for peer review within a hospital and between hospitals. They provide material for analysis and policy formation at the clinical level, as well as for hospital management and planning, for example in development of ambulatory care, reducing admissions and length of stay for services better provided on an out-patient basis.

Hospitalization rates are far fewer in number, varying by age group, ranging from 3-25 admissions/1,000 population. Limitations of the data include factors such as lack of standardization of diagnostic criteria. Some patients do not reach hospital for economic or other reasons; they may have transportation problems, or may have died prior to admission. Others may be unaware of the existence of some health services, or are simply afraid of it. Moreover, the denominator for rates is missing because the hospitals may not have a defined catchment population. Nevertheless, hospital discharge information is an important tool for planning, monitoring and evaluation of health services.

Ambulatory care utilization is generally vast in numbers and too large a data set for effective monitoring. The number of ambulatory care visits may range from 4-10 per person per year, depending on the country. Ambulatory care data are of poorer quality because they are usually in broad categories of diagnosis, such as musculoskeletal and respiratory complaints, which comprise the bulk of visits. Ambulatory care needs can be monitored through sampling or monitoring of representative sentinel centers provide examples for wider replication. Nevertheless, specific components of ambulatory care should be monitored, such as infants receiving immunizations, attendance for prenatal care, birth control services, screening for hypertension and diabetes, or breast cancer screening, as particular health goals. With increasing trends for ambulatory care surgery and medical care, linkage of such data with in-patient care is needed in order to ensure continuity of comparisons with previous patterns of care.

Health Information Systems (Informatics)
Information is needed for the management of any health system. It is vital to establishing objectives, developing programs and managing the use of resources. Modern information technology, or informatics, provides the tools for analysis and policy formation to adjust the service. This is as much a part of health care as the cardiograph or ultrasound machines. It provides the feedback, "imaging" or cybernetics potential for management.

Dissemination of information is no less vital than its collection, or interpretation in central offices. Reporting of vital data is meaningless unless the data are processed and fed back to the service system in a regular, timely and usable fashion or in current computer terminology in a "user-friendly" manner. Modern health information monitors a health care system. This system includes such component parts as objects (hospital buildings), persons (health personnel), services, policy (equity), finance, organization, administration, regulation, quality assurance and health promotion. The component parts interact to support the system as a whole. Interaction is made possible through information and communications as much as by financing and organizational approaches.

Health care services are a source of increasing expense to governments and individuals. As a result, governments throughout the world are recognizing the importance of health information for effective health services management and planning. The requirement for public accountability has led to the design of policies to ensure appropriate quantity, quality and effectiveness of care with the best use of limited resources. This has created substantial requirements for information. Each country has to develop its own health information system which depends on the existing social, political and cultural conditions. Therefore, it becomes impractical to recommend a uniform health information system worldwide. Ideally, a health information system should provide a timely (current or "real time") spectrum of vital statistics, demography and key outcome measures, as well as data on health care resources and utilization. It should provide local, district, community or municipality and regional health profiles. This information should be widely distributed and available for analysis and discussion to the media, the public and health professionals. Data are of little value if locked away and unavailable for regular circulation and dissemination to a wide audience, who require this information in order to make an informed contribution to policy analysis and formation.

  
BOX 3.17:  FUNCTIONS OF HEALTH INFORMATION SYSTEMS
1. Comparisons: using historic, regional, national or international patterns and standards;

2. Assessment:  An overview of health status of a population based on available data, the professional literature, 
field visits, interviews with key health personnel and community representatives.

3. Evaluation: Monitoring use of resources, performance and outcomes of programs as part of total quality 
management;

4. Prediction: Using current data to predict trends in disease and utilization patterns, costs, potential outcomes, 
program planning, policy formulation, and priority setting;

5. Explanation: Data to understand disease patterns, risk factors and service utilization of population of a 
district and determine causal relations, or need for intervention.
Precision is limited by the quality of the data, but even limited data are extremely important in epidemiology and for health planning. Some infectious diseases are reported less stringently than others, partly because of lesser concern by physicians, ut also because the clinical presentation may be atypical, or some cases may be entirely sub-clinical. A clinical case of polio may represent a hundred sub-clinical cases. Many infectious diseases of public health importance (e.g. measles, rubella) are under-reported because non-immunized, vulnerable children may not be brought to medical care despite mandatory reporting requirements, while some reported cases are not confirmed by laboratory evidence. Nevertheless, reported cases are the basis for monitoring and policy formation. Awareness of the direction and magnitude of errors will enable the user to determine the validity of the data.

Making health information data available on a routine basis to providers and managers of services helps promote an awareness of the overall operation of the health system in which they are involved. Information provides the basis for accountability, which implies that the provider of care or the manager of a health system is responsible for and must report on the results of his/her work, including unintended outcomes. Any system of service requires a system of accountability in order to maintain standards and to provide the consumer with an assurance of quality care.

In a centrally managed system, reporting of services provided is part of the chain of command. In a decentralized system, such data may be derived from billing patterns from hospitals or physician payments. It is then transferred to the higher levels of the health service administration and used for decision-making and planning. Those who provide the data should be informed of the outcome, including resultant operational decisions.

  
BOX 3.20:  FACTORS AFFECTING THE VALUE OF DATA
1.  Relevancy: Are we getting the right data? Are some data collected no longer useful?

2.  Coverage: Are we getting data for identification of high risk sub-groups?

3.  Quality: How good do data need to be to be useful? Compromises must often be made with the quality of data for decision-making; limitations of data is a factor in decision making

4.  Acceptability: Are the data collected acceptable in terms of design, cost and ethical standards?

5.  Timeliness: How recent is the data? How long a time series is needed to show temporal patterns?

6.  Accessibility: Are the data available to those who need them? Are the data suitable for publication? How should they be published and distributed?

7.  Usability:  Are the data in usable format? Are they presented in a user-friendly manner (i.e. easy to access and use for the non-specialist)?  Can you generate summaries, graphs and tabulations?

8.  Cost: What does it cost to collect and process the data?
9.  Sensitivity: Does the information reveal what you are looking for?

10. Specificity: To what extent does the data relate to the issue of concern? Does it also relate to other issues?

11. Vertical or Horizontal Reporting/Data Aggregation: Should data be reported by disease or service category 
or by population at-risk; should data be aggregated for all conditions by region of residence?

12. Biological Plausibility: The criterion that an observed or presumed causal association is compatible with existing biological and medical knowledge. Can it be explained from a biological perspective i.e. biologically plausible?

13. Dissemination: Information obtained, collated and analyzed must be organized and available to those who report the raw data, to professional units who depend on having data to monitor health status and to plan health services and health promotion needs of the population.

The World Health Organization Technical Committee on Information Systems emphasizes that the more active and innovative a health policy is, the greater the need for information. Data collection and processing requires planning and training. While massive data banks are not helpful, well-selected and widely available information systems targeted to vital events in the health process can promote flexibility and relevance in the planning of health services.
Surveillance, Reporting and Publication

Publication and wide distribution of weekly summaries of specified reportable diseases is essential to maintain the viability of reporting and promote meaningful use of the data. The Centers for Disease Control (CDC) of the US Public Health Service publishes and widely distributes the Morbidity and Mortality Weekly Report (MMWR) reporting on national and international epidemiologic events through surveys and special reports. The weekly report is supplemented by in-depth special reviews of important public health topics.

WHO publishes the Weekly Epidemiologic Record (WER) which reports country epidemiologic events and offers a summary of infectious diseases internationally. Other countries publish their own weekly or monthly epidemiologic summaries of reportable diseases, such as the Canada Communicable Disease Report, as well as Chronic Diseases in Canada for non-infectious diseases. Other countries publish regular bulletins of infectious diseases and related laboratory findings. 

Establishing reporting systems and publication of the data are both vital to epidemiologic monitoring of infectious and non-infectious disease developments. Regular publication and circulation to field personnel increases the sense of awareness and participation in epidemiologic monitoring and the idea that the reporting is put to good use. Awareness of the reported data helps local health providers and managers in managing their services more effectively. Providing current data as the events unfold promotes a sense of involvement and challenge for achievement of goals, such as high coverage of immunization and rapid control of disease outbreaks or trends.

The Internet is increasingly useful for reporting and obtaining data. Many resources, such as the MMWR are available on-line, and newsgroups enable convenient and immediate discussions by professionals on particular topics. This allows people to be in contact with and to obtain support from many others in their field. WHOs home page (www.who.org) provides access to its component departments and regional offices. The European Office of WHO maintains an excellent HFA Data Set, available for use on any PC as a free service. It includes some 1000health indicators for all countries sin the region and time trends, presented in a easy to use graphic manner.

Assessing the Health of the Individual

BOX 3.19:  ASSESSING THE HEALTH STATUS OF THE INDIVIDUAL
1.  Current chief complaint;

 2.  Personal data - age, sex, ethnicity, education, marital status, children, living situation; 

 3.  Occupational history; 

 4.  Family history; 

 5.  Personal history; 

 6.  Functional enquiry - systems review;

 7.  Summary of risk factors - family history, hypertension, diabetes, smoking, sedentary lifestyle, 

high fat diet, occupation, alcohol use, stress, other;

 8.  History of the present illness; 

 9.  Physical examination;

10.  Differential diagnosis;

11.  Other medical problems;

12.  Investigation: laboratory, cardiographic, imaging, other; 

13.  Presumptive or working diagnosis;

14.  Treatment and its effects;

15.  Definitive diagnosis;

16.  Management of other medica problems;

17.  Follow-up management and monitoring;

18.  Long term health needs.
Physicians and other health professionals are trained to assess the health of the individual patient seeking care. This involves more than dealing with the chief complaint, requiring a history of the present illness as well as a wider review of body functions, family and occupational history, physical examination and laboratory and imaging tests. This is followed by a differential diagnosis and treatment for the presumptive diagnosis and follow-up to observe the course of the disease, the outcomes of diagnostic tests and the effects of intervention. The care givers must take into account the effects of the process on the patient, the family and the community, especially if it is a communicable condition. Care providers must also be concerned about costs of care, alternative methods of looking after the patient to meet changing needs and promote early and maximum recovery. Continuous monitoring and reevaluation is a key part of the process.
Assessment of Population Health

Health service administration is being increasingly decentralized in many countries, while the concept of healthy cities/municipalities is becoming more widespread. These developments have increased the need and value of health profiles at the community, county and district levels. This type of health profile provides management with regular monitoring of the health situation, including resources, utilization, morbidity and mortality. This is the application of modern health informatics at a community level and does not require advanced computer capacity or skills. Annual reports in a standard format using all existing data sources can be brought together in a "user friendly" manner to provide valuable health status monitoring. 

 
District or community health information systems increase the potential for local health authorities and communities to have greater power in determining local health policy. National health authorities need to provide the guidance of health targets and resources that may be used flexibly to meet local needs. The supervision and regulation of national health authorities are essential to assure that resources are well-used and that targets are being met.  

European Region of the World Health Organization has developed a user friendly computer program for several hundred health indicators, including socio-demographic, mortality, morbidity, health resources, utilization, and lifestyle indicators. These can readily be produced in tabular or graphic form with time trends and mapping capability. This is accessible to every personal computer and modest computer skills.
As with individual health assessment, evaluation of the health status of a population is based on the accumulation of a portfolio of observations and data from a variety of sources and their interpretation, with comparisons to international, national or regional patterns or standards. Community health assessment (CHAs) begins with identification of the main health problems or chief complaints as understood by key health professionals and the community, or identified from regular community health profiles. 

Information should be derived about the community's SES, the resources available for health care, how they are distributed and how services are utilized, as well as morbidity, mortality and other "outcome" measures which help to describe or compare health status. Vital health measures include how care is provided, how it governs or monitors itself and how the system is accountable for its component services. The knowledge, attitudes, beliefs and practices (KABP) of the people and health providers and the way in which society addresses risk factors for ill-health may also be important determinants of health status.

Gathering the data necessary to monitor itself should be part of the standard functions of a health system. This provides for accountability in the use of public resources and maintains a self-correcting feature of the system. CHAs helps point out health risk factors at the population level, and if carried out in a timely and regular fashion, changes can be made without inordinately long waiting periods and without any unnecessary increase in morbidity or mortality. 

The CHA is part of the health planning process; it may be designed to monitor the impact of an intervention program meant to deal with a particular health problem, such as coronary heart disease, or a set of risk factors for disease, such as smoking. The CHA is also part of program evaluation, especially in community trials, with an evaluation protocol based on a multi-phasic approach and data from many sources.

BOX 3.22:  ANNUAL HEALTH PROFILE OF CALI, COLOMBIA, 1992
The Secretary of Health of the Municipality of Cali, Columbia publishes an annual epidemiologic review which is part of the Healthy Municipality profile for the city and its sub-divisions. This report includes the following data for the 2 million residents of this city:

 1. General description of the city

 2. Demographic data

 3. Population distribution by age and sex

 4. Population pyramid

 5. Age distribution curve

 6. Population by socioeconomic status

 7. Sub-division of the city

 8. Health indicators - fertility, life expectancy

 9. Age specific fertility 

10. Mortality rates - general, infant, maternal, trauma

11. Mortality by leading causes

12. Age specific mortality rates

13. Infant mortality by age and leading causes

14. Infant mortality: 1970-present year

15. Infant and child mortality for diarrhoeal diseases: 1980-present year

16. Maternal mortality: 1985-present year

17. Maternal mortality by cause: present year

18. Death rates from homicide: 1982-present year

19. Age specific life expectancy by sex

20. Years of Potential Life Lost (YPLL) by cause: present year

21. Age specific YPLL by sex: present year

22. Principal causes of morbidity in the social security health service 

23. Reportable diseases: present year

24. Immunization coverage: present year

25. Institutions operated 

26. Annual budget (in current and constant currency and US$)

27. Staff of the municipal health service: 1986-present year

28. Budget sources - municipal and national 

Source: Secretaria de Salud Municipal. Perfil Epidemiologio de Santiago de Cal. Cali, Colombia: Municipipio de Santiago de Cali.  

Defining the Population: The population served by a health system must be defined in terms of its age and sex distribution. This is one of the key factors in the planning of health care services, as different age groups have different needs. Women, children and the elderly utilize more health services and institutional care. The health status of the elderly is affected by the major chronic diseases and their associated disability and mortality patterns. While increasing longevity is associated with a healthier elderly population, but the demand for care still grows with age. The elderly, and increasingly the very elderly (those over 85) are high users of health services, including institutional care in hospitals and long-term facilities.

Socioeconomic Status (SES): Health is affected by standards of living and therefore analysis of income and its distribution is a component of the process of assessing the health status of a population. The national average income is often simplified to the GNP or GDP per capita, representing the average of the total production of goods and services of a nation. Real income may vary by state or district, ethnic group, educational levels, sex, or family size. These and many other factors may affect the distribution of wealth in the population. 

Table 3.11 : Evaluation of Population Health of a Community, District, State or Country
	Factors
	Topics
	Example Indicators

	Geography
	Climate, topography, density, urban/rural
	Tropical, temperate, mountainous, desert

Distances from medical facilities

	Demography
	Vital statistics
	Population size, age/sex and urban/rural 

	Socioeconomic
	Ethnic, cultural, religious practices 

Community and family economic status
	Per capita and family income, education, literacy (women), employment, religious affiliation, social attitudes, occupations 

	Nutrition
	Supply and use of major food groups

Food safety and quality

Food fortification
	Under and overnutrition 

Risk group identification

Monitoring child growth patterns, anemia

	Environment and occupational 
	Water, air, waste and sewage disposal,

toxic wastes, radiological hazards

Industrial or agricultural toxic materials
	Ambient air pollutants, bacteriologic an chemical qualities of community and recreational water, radiation and radon levels, lead levels in soil, water 

	Health care system
	Organization

Prepaid coverage

Finance total and internal allocation
	Decentralized administration and finances

Integration of local services and finances

Total resources, % GNP and per capita (US $) spent on health care

% population with full, partial or no health benefit insurance

	Health resources
	Expenditures per capita

Hospital beds per capita

Long term care facilities

Clinics

Personnel, doctors, nurses per capita 
	Expenditure by type of service, preventive, curative, hospital

Acute care beds/1,000 

Special hospital beds/1,000

Long-term care facilities/1,000

Doctors, nurses/10,000 

	Health care utilization
	Hospitals, general, chronic and mental

Ambulatory care

Preventive services
	Admissions and days of care/1,000 population

Physician visits per person per year

Immunization coverage at age 2 years

Ambulatory surgery, home care measures

	Health outcomes
	Morbidity

Mortality

Functional/physiologic status

"Tracer conditions"
	Infectious and chronic disease incidence/prevalence

Infant, child, maternal, age-sex specific mortality rates by cause, cardiovascular disease, trauma

Anemia of infancy, pregnancy, blood lead levels

Lower limb amputation rates 

	Process (quality) of care
	Professional care standards

Accreditation by external agency 

Peer review mechanisms 

Records review

Mortality case review
	Criteria for hysterectomy, including second opinion

Immunization and child health monitoring rates

Correction of deficiencies from accreditation

Departmental reviews of cesarian, infection rates

Maternal and infant mortality case by case reviews

	Costs and benefits
	Examine specific diseases, procedures, services or health promotion
	Cost benefit of second dose of measles vaccine, bicycle helmets, air bags in cars, anti smoking campaign among high school girls

	Knowledge, attitude, beliefs, practices (KABP)
	General population 

Risk groups

Patients

Staff
	Diet, smoking, eating, alcohol use and exercise habits

Birth control, rights of women

AIDS/STDs related issues


Living conditions, as reflected in housing standards, density of housing and crowding (persons per room or per square meter), are dependent on family income. Services, such as electricity, running water, indoor toilet and bathing facilities, as well as other service facilities in the home (eg. refrigerators, electrical or gas stoves and central heating) are also important measures of health-related socioeconomic conditions. Adverse economic conditions prejudice health status in measurable ways. In developing countries, the poverty-disease-malnutrition cycle affects children, women and the elderly predominately, but reduces potential for economic growth. Even in industrialized countries, there is unevenness in the patterns of income and of health status, and health status of the upper social class is much better than that of the unskilled workers for many health indicators. Where there are large gaps between the rich and the poor, such as the United States, there is poorer health status than in countries with smaller social gaps such as Japan.

Educational level of parents is an important factor in family health. In the case of the father in a family, education level is often a direct determinant of income. In the case of the mother, education relates to income, but even more strongly to health care of infants and children. Mothers with higher levels of education, as measured by years of school attendance, are more likely to absorb new knowledge regarding self care in pregnancy and care of the infant in areas such as nutrition, immunization and routine baby care. Better educated women tend to have fewer pregnancies, not only because of knowledge of need and methods of birth control, but also because of greater self-awareness and different life goals. Ethnic, cultural, political and religious beliefs and practices have important implications for health, in such areas as the status of women, mental health, family structure, nutrition, substance use and abuse as well as birth control and abortion. These beliefs and practices can affect attitudes toward issues such as national health insurance and the funding of health care.

Nutrition: Appropriate nutrition, overnutrition and undernutrition are fundamental determinants of the health of a population. Overnutrition places a heavy burden of morbidity, mortality on the health system, with such diseases as diabetes, coronary heart disease, hypertension and stroke and their complications. Undernutrition in the form of gross malnutrition is rare in the industrialized countries, but extremely common in many developing nations. In all societies there are groups at risk for overt or subclinical malnutrition, such as anemia, iodine deficiency, osteoporosis, and others. Society's actions to prevent malnutrition in vulnerable groups is an indicator of the well-being of that society. Public health and economic measures to promote good quality of food and its accessibility to the population, fortification of basic foods, school lunch programs, meal services for the elderly and chronically ill are health promotion programs that show the level of organized community responsibility for its members (chapter 8).  

Special surveys, such as low birth weight or nutritional status conditions are needed to provide nutrition status data. Large scale national surveys, such as the National Health and Nutrition Examination Surveys (NHANES), initiated in 1971 in the United States, provide meaningful information on nutrition status in the country. Within the US, they provide vital information for adjusting recommended dietary allowances and national, state or local nutrition programs. This is of great importance for the food industry which is obliged to follow federal government standards of labelling and content of packaged and processed foods. 

Environment and Occupation: Safety of community water, management of solid and toxic wastes, air and noise pollution and ambient air standards, are all factors in health of the community. Organized public health has traditionally focused on these issues, but they remain public policy issues in virtually all countries and internationally. Healthy societies are dealing with these issues with a very high degree of public awareness, sometimes overcoming strong economic interest groups to force improved attention to the environment by governments, communities and businesses. Environment includes housing, recreation, schools, parks, urban and rural planning and many other aspects of community life that are addressed in "healthy community" initiatives. Employment and work in hazardous industries are health issues. Societies that tolerate toxic and dangerous work settings create health hazards that are preventable, but costly to treat. Unemployment, job insecurity, loss of health insurance with change of employer and low income levels for many workers all contribute to poor health (chapter 10). 

Health Care Financing and Organization
How a nation finances and organizes health care is an important aspect of health status evaluation. Where there is universal coverage of the population, either through health insurance or through a state-operated health care program, the population in principle has equity in access to care. Financial access, however, does not guarantee actual access since the distribution and supply of services are important variables in utilization. Financing of health services and their organization are related issues, discussed in chapters 10-13, that must be recognized as part of the process of assessing the health status of the population of a country or region. Assurance of access to medical and hospital care does not assure that appropriate or effective services are provided. 

How services link facilities of different levels of intensity of care and costs is a basic issue in health reform in many countries. How preventive care is provided to special groups in the population (infants, children, adults, the elderly, the chronically ill) and how these fit together as an holistic entity, interacting to serve the community are important in determining the status of health and health costs of a community or a country. 

Health Care Resources: While overall financing for health is an important determinant of the level of health care available, no less important is how the resources are spent i.e. what is the internal allocation of total health care financing. The major resources for health care are primary care services, hospitals and long term care facilities. All countries have finite health budgets. One aspect of health services can only grow at the expense of another.

Hospitals are the largest segment of the health care system in terms of expenditures and may consume more than 50% of total expenditures. The supply of hospital beds is, therefore, a central factor in the health care economy. The number of hospital beds per 1,000 population is a key indicator for health economics. The hospital bed-to-population ratio varies from 4-6 acute care beds/1,000 in most Organization of Economic Cooperation and Development (OECD) countries, with some 45-50% of expenditures going to hospital care. 

Age distribution of the population affects morbidity and therefore hospitalizations; countries with a high percentage of elderly may need more hospital facilities, as well as alternative care services, such as home and long-term institutional care services. Innovations in health care organization are influencing health planning in with many developed countries reducing hospital bed ratios by a variety of incentive and management systems (see chapters 11-13). Health planning requires facing up to political and other pressures to increase hospital bed supplies beyond real need, also at the expense of other services. 

The ratio of medical doctors per 10,000 population also varies widely. A high ratio may indicate an overpopulation of specialists and a lack of primary care services, while a low ratio may indicate a need for more doctor training. Countries in Eastern Europe have high doctor-to-population ratios and lower ratings on health status indicators (such as SMRs for trauma) than in countries with fewer doctors. Nurse-to-population ratios are also equally variable, but typically, many countries which have high levels of physician manpower have relatively low numbers of nursing personnel. The number of nurses registered to practice often overstates the actual supply since many nurses never practice following graduation, work only part-time or stay in the profession only for a short period of time.

BOX 3.23:  MORTALITY AND MORBIDITY "OUTCOME INDICATORS" OF

HEALTH STATUS OF A POPULATION

1. Mortality Related Indicators
a. Infant mortality rates (IMRs);

b. Maternal mortality rates (MMRs);

c. Crude mortality rates (CMRs);

d. Age-specific mortality rates; 

e. Cause-specific mortality rates - for infectious, non-infectious diseases and trauma;

f. Life expectancy (LE) at age 0, age 1 and other ages;

g. Standardized mortality rates (SMRs) - total and for specific disease groups;

h. Years of potential life lost (YPLL);

i  Quality adjusted life years (QALYs);

j. Disability adjusted life years (DALYs).

2. Morbidity Outcome Indicators
a. Incidence of vaccine-preventible disease;

b. Incidence of waterborne disease;

c. Incidence of food-borne disease;

d. Incidence/prevalence of tuberculosis;

e. Incidence/prevalence of STDs/AIDS;

f. Incidence of malaria, other tropical diseases;

g. Prevalence of non-infectious diseases - cardiovascular diseases, diabetes, cancer, trauma;

h. Prevalence of disabling conditions;

i. Prevalence of risk factors. 
3. Physiologic Indicators 

a. Risk factors - Smoking; alcohol and drug use; unsafe sexual practices; high risk behavior regarding motor vehicles, violence, drug usage, suicide;

b. Nutritional status - Growth patterns of infants and children; body mass index of adults; dietary patterns; biochemical indicators of nutrition status (blood sugar, cholesterol, lipids, vitamins A, B, C, D); anemia among infants, children and women; iodine status, environment

4. Functional Indicators
a. Work and school absence;

b. Psychomotor function;

c. Work capacity;

d. School performance;

e. Fitness test performance;

f. Activities of daily living (ADL).

Excessive supply of medical doctors, inequitable distribution, relative shortages of nurses, inefficient development of community health programs, and inefficient use of community health workers, are important issues in many countries (see chapter 15). These all have economic and health outcome implications, requiring continuous review and reassessment in each country, and application of lessons learned from other countries.
Utilization of Services: Rapid cost increases has fostered a search for efficient ways of organizing and financing health services. In the United States, the development of the Diagnostic Related Group method of payment for hospital services has reduced hospital length of stay. Health Maintenance Organizations (HMOs) have been successful in providing comprehensive care with less hospitalization and fewer hospital beds than traditional fee-for-service practice. This has led policy makers and the business community to focus on "managed care" systems to meet the need to extend insurance coverage and to control costs.

While supply of services is important, actual utilization patterns are also a valuable part of the overall evaluation program. Hospital care is a key issue because of its dominance in the economics of health care. Monitoring hospital performance indicators can play an important role in determining the effective functioning of the health care system. 

Surgical and other procedure rates are continuing issues in health systems management. Hysterectomy rates vary widely among Canadian provinces, from 639/100,000 in Newfoundland to 426/100,000 in Alberta, and vary by a factor of 18 within Ontario on a county-to-county basis. A study conducted in Saskatchewan showed that the introduction of mandatory second opinions resulted in dramatic reductions in hysterectomy rates. Appendectomy rates in Germany are as high as 3 times the rates in other countries, with no epidemiologic explanation. 

Studies abound in the United States showing differential utilization of health services by black and white populations for coronary heart bypass procedures, localized as compared to radical surgery for lumps in the breast, and for mammography and other services currently considered beneficial to the patient. These differences generally are primarily due to differences in health insurance coverage, but other socio-economic or ethnic variables may also be responsible. Excess surgical procedures, for example, cesarian sections, are a widespread problem in countries where fee for service is the method of payment, but the amount of surgery is also relate to the number of surgeons and fee for service payments. 

Health Care Outcomes: While it is clear that health status is affected by many social and economic factors, the general state of the country's health is often described by epidemiologic indicators, such as mortality, morbidity indicators of health status. Epidemiologic information on communicable and non-communicable diseases helps to determine a potential for intervention and alteration of the natural history of the disease.

DALYs and QALYs (described earlier) attempt to quantify mortality and quality of life measures for comparisons and for economic analysis of specific interventions. In addition, physiologic or functional indicators. Some of these indicators may be derived from data collected on a routine basis, while others require special surveys. For instance, micronutrient deficiencies will not emerge from routine health care data. Special surveys for clinical signs of undernutrition or assessment of anthropometric measures (growth and body size) should be supplemented by biochemical level and hematological surveys to establish patterns of under-nutrition. Special surveys of nutrition status and disability, school performance and other indicators of functional status are important aspects of health status evaluation.

Quality of Care: This topic will be reviewed extensively in chapter 11, but is mentioned here as part of evaluation of health in any population. How available funds are spent to address the health problems specific to that population is part of the community health assessment. The findings of such evaluations are meant to affect resource allocation to address unmet needs.  

Costs and Benefits: This subject, reviewed in more detail in Chapter 12 on economics and health policy, will be mentioned here only briefly. Evaluation of the health status of a population requires examination of the choices made in resource allocation in a particular geographical area. This is of concern, not only to the planner, but also to the provider of health care and to the public. If priorities in resource allocation promote highly technological medicine, then primary care may lag behind in resources, and the health status of the population may be compromised. Cost-benefit analyses can contribute to establishing priorities within a health care system.
Summary - From Information to Knowledge to Policy

Information is the basis for planning, organizing, managing and providing high quality care. The process begins with basic vital statistics and the epidemiology of infectious and non-infectious diseases in order to identify the health needs of the population. It extends into health information systems in order to manage and monitor the functioning of the health care system. Surveillance of health events at national, regional and community levels depends on building information systems and linking data to provide community health profiles. This is fundamental to monitoring and managing health systems. It requires clear policy to ensure that information systems do not exist to serve only those who process the data at national levels, but are guided to the community level and linked with other data systems.

Information is widely available in health statistics and published data of all kinds. Health policy formulation requires seeking the appropriate information and making intelligent use of it. Educating health workers in using information coordination and streamlining of data is necessary to help them understand the relevance and impact of their actions. Information systems and the properly organized and disseminated flow of data are vital for management. It is as important to the functioning of the system as an intelligence service is to a military operation. The vast mechanism of a health service operates in the dark without such a service. 

Throughout the world, health care systems are under scrutiny due to concerns over costs, accessibility, appropriateness, quality and outcomes of care. The effectiveness of a health system is frequently on the national agenda. Quality assurance and accountability are critical in the operation of any health system. Health expenditures must be increasingly justified in terms of their need and cost- effectiveness, policy formulation, strategies and priorities, taking into account economic, sociological and political factortors.

Curbing the soaring costs of health care is not a matter of choice for governments and individuals if the WHO policy of "Health for All by the Year 2000" is to be achieved. One means of reaching the goals and objectives of this policy is to develop an efficient health information system. Knowing the population, the epidemiologic patterns of its diseases, its health care services and utilization, are all part of monitoring and feedback systems essential to allow the health system to evaluate health status, and keep pace with changes. They are therefore essential elements of the New Public Health.
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Statistics Canada   http://www.statcan.ca

Canadian Institute for Health information http://www.cihi/stats/canhe.htm

Israel Center for Disease Control  http://www.health.gov/icdc/  

Organization for Economic Development (OECD)

OECD in Figures   http://www.oecd.org/publications/figures

United Kingdom 

Governmnet Statistical Service    http://www.statistics.gov.uk/stats/health.htm

Department of health http://www.doh.gov.uk/dhome.htm

United States

Centers for Disease Control and Prevention (CDC)  http://www.cdc.gov/

Census Bureau - Statistical Abstract of the United States  

http://www.census.gov/prod/3/98pubs/98stab/cc98stab.htm

Dartmouth Atlas of Health Care in the United States 1998

http://dartmouth.edu%7Eatlas/toc98.html

cecs.atlas@dartmouth.edu

National Center for Health Statistics, Health, United States 1999 

http://www.cdc.gov/nchswww/products/pubs/pubd/hus/99husdes.htm

 
National Information Center on Health Service Research and Health Technology. Health Statistics  

Sources      http://www.nih.gov/nichsr/stats/contents/contents.html

World Health Organization (WHO)   http://www.who.int/whosis/

Burden of Disease   http://www.hsph.harvard.edu/organizations/bdu/gbdmain.htm

European Region. Health for All Data Set. WHO Copenhagen  http://www.who.dk/ 

Pan American Health Organization 

PAHO Country Health Profiles    http://www.paho/english/country.htm

World Health Report, 1998   http://www.who.int/whr/1998/whr-en.htm
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