Introduction to Epidemiology Biostatistics and Demography
EPIDEMIOLOGY
Definition:  Epidemiology is the study of the distribution and determinants of disease in human population.

2. epidemiology is the study of how disease is distributed in populations and the factors that influence or determine this distribution. 

Why does a disease develop in some people and not in others?. The premise/ idea/ basis underlying epidemiology is that disease, illness and ill health are not randomly distributed in a population, instead each of us has certain characteristics that predispose us to or protect us against a variety of different diseases. These characteristics may be primarily genetic in origin or may be the result of exposure to certain environmental hazards.

3. Epidemiology as the study of the distribution and determinants of health-related states or events in specified populations and the application of this study to control of health problems.

Objectives of epidemiology/ why study epidemiology

1. To identify the etiology or the cause of a disease and the risk factors- need to know how the disease is transmitted from one person to another or from a nonhuman reservoir to a human population.

· With aim of intervening to reduce morbidity and mortality from the disease.

· If etiologic/causative factors are identified and reduce or eliminate exposure to those factors, then basis for prevention program can be developed.

2. To determine the extent of disease found in the community. What is the burden of the disease in the community?- a critical question for planning health services and facilities and  for training future health care providers.

3. To study the natural history and prognosis of disease.

4. To evaluate both existing and new preventive and therapeutic measures and modes of health care delivery. For instance, has the growth of managed care and other new systems of health care delivery had an impact on the health outcomes of their patients and their quality of life?. Does screening men for prostate cancer using the prostate-specific antigen (PSA) test improves survival in patients found to have prostate cancer?.

5. To provide foundation for developing public policy and making regulatory decisions relating to environmental problems. E.g. is the electromagnetic radiation that is emitted by electric blankets, heating pads and other house-holds appliances a hazard to human health?, are high levels of atmospheric ozone or particulate matter a cause of adverse acute or chronic health effects in human population?.

Terms commonly used in epidemiology 

Dynamics of disease transmission- is as explained in the previous lesson in the triad of epidemiology.

Modes of transmission- this referred  to the method in which the disease was transmitted, it can be directly as from person to person or indirectly as it occurs through a common vehicle such as contaminated air or water supply or by a vector such as the mosquito. (figure showing a person sneezing- droplets dispersal ).

Clinical Disease; a disease that is characterized by signs and symptoms.

Non clinical disease; e.g. pre-clinical disease that is not yet clinically apparent but is destined to progress to clinical disease.

Sub-clinical disease; disease that is not clinically apparent and is not destined to become clinically apparent.

Latent disease; an infection with no active multiplication of the agent; as when viral nucleic acid is incorporated into the nucleus of a cell as a provirus. In contrast to a chronic/persistent infection, only the genetic message is present in the host, not the viable organism.

Carrier status; this is a situation whereby an individual harbors a disease causing organism, but is not infected as measured by serologic studies (no evidence of an antibody response) or by evidence of illness.- this person can still infect others though the infection is often lower than with other infections. Carrier status may be of limited duration or may be chronic lasting for months or years.

Endemic, epidemic and pandemic 

Endemic: is the habitual presence of a disease within a given geographic area, or also may refer to the usual occurrence of a disease within such an area.

Epidemic: the occurrence in a community or region of a group of illnesses of similar nature, clearly in excess of normal expectancy, and derived from a common or from a propagated source.

Pandemic; this refers to a worldwide epidemic.  

Disease outbreak: 

Herd immunity: Is the resistance of a group to an attack by a disease to which a large proportion of the members of the group are immune. If a large percentage of the population is immune, the entire population is likely to be protected, and not just those who are immune.

Why does herd immunity occur?. Because disease spreads from person to person in a community. Once a certain proportion of people in the community are immune, the likelihood is small that an infected person will encounter a susceptible person to whom he can transmit the infection, more of his encounters will be with people who are immune. The presence of a large proportion of immune persons in the population lessens the likelihood that a person with the disease will come into contact with a susceptible individual.

Importance of herd immunity  

 When carrying out immunization programs, it may not be necessary to achieve 100% immunization rates to immunize the population successfully, but we can achieve highly effective protection by immunizing a large part of the population., the remaining part will be protected because of herd immunity.

Incubation period: This is the interval from the receipt of infection to the time of onset of clinical illness. If one become infected today , the disease he is infected with may not develop/ manifest for a number of days or weeks. During this time, i.e. the incubation period, he will feel completely well and show no signs of the disease.

Attack rate: this is defined as;  Number of people at risk in whom a certain illness develops

                                                                   Total number of people at risk.

The attack rate is similar to incidence rate, which is also used for less acute diseases. The attack rate/ incidence rate is useful for comparing the risk of disease in groups with different exposures. The attack rate can specific for a given exposure. For example, the attack rate in people who ate a certain food is called a food specific attack rate. It is calculated by:

                                Number of people who ate a certain food and became ill

                                           Total number of people who ate that food

Measures of morbidity

Incidence: This is the number of new cases of a disease that occur during a specified period of time in a population at risk for developing the disease.

For example : incidence per 1,000 = No. of new cases of a disease occurring in the population

                                                           During a specified period of time   

                                                     _____________________________________________x1000

                                                           No. of persons at risk of developing the disease during that

                                                            Period of time. 

The critical element in this definition is ‘new cases of disease’.

The denominator of incidence represents the number of people who are at risk for developing the disease

For incidence to be meaningful, any individual who is included in the denominator  must have  the potential to become part of the group that is counted in the numerator.

Another important issue with regard to the denominator is the issue of time. For incidence to be a measure of risk, time must be specified and that all of the individuals in the group represented by the denominator have been followed up for that entire period. The choice of time period is arbitrary/ random/by chance.  Incidence can be calculated in 1 week, incidence in 1 month, 1 year, 5 years and so on. 

The particular time period that is used in the calculation must be clearly specified and all the individuals included in the calculation must have been observed (at risk) for the entire period

The incidence calculated using a period of time during which all of the individuals in the population are considered to be at risk for the outcome is called cumulative incidence. (which is a measure of risk).

Prevalence 

Definition: prevalence is the number of affected persons present in the population at a specific time divided by the number of persons in the population at that time.

Prevalence per 1,000 =  No. of cases of a disease present in the population

                                       at a specified time.

                                                                                                               x 1000

                                       No. of persons in the population at that

                                       specified time. 

For example the prevalence of arthritis in a certain community on a certain date,  can be determined by visiting households in that community and using interviews or physical examination, determine how many people have arthritis on that day. This number becomes the numerator  for the prevalence and the denominator will be the population in the community on that date.

The difference between incidence and prevalence is the issue to do with time. In prevalence the duration of the disease is not taken into account the duration of the disease. As a result, the numerator of prevalence includes a mix of people with different durations of disease.

Point prevalence: prevalence of a disease at a point in time. 

Period prevalence: refers to how many people have had the disease at any time during a certain period, such as during a year period. Some people may have developed the disease during that period, and others may have had the disease before and died or been cored during that period.

The important point is that every person represented by the numerator had the disease at some time during the period specified.

Attack Rate

An attack rate measures the proportion of the population that develops disease among the total exposed to a specific risk over a specified time period:

Attack rate = Number of people ill in time period 

                    Number of people at risk in the time period

The attack rate can be specific for a given exposure. For example the attack rate can be specific for a given exposure. For example the attack rate in people who ate certain food is called  a food specific attack rate and is calculated by : 

                      Number of people who ate certain food and became ill

                      Number of people who ate certain food and became ill

A  person who acquires the disease from that exposure (from a contaminated food )

Is called a primary case. A person who acquires the disease from exposure to a primary case is called a secondary case and is defined as the attack rate in susceptible people who have been exposed to a primary case. Secondary attack rate is often calculated in family members of the index case.

BIOSTATISTICS  

Statistics: is the subject of scientific study which deals with;

· The theories and methods of collection , organization, summarization and analysis of data.

· The drawing of inference about a body of data when only a part of the data is observed.

The purpose of statistics is to investigate and evaluate the nature and meaning of information inherent in data.

Biostatistics?

When data analyzed are derived from the biological sciences and medicine, the term biostatistics is used to distinguish this particular application of statistical tools and concepts.

Descriptive statistics

Are a means of organizing and summarizing observations. They provide us with an overview of the general features of a set of data. Descriptive data can assume a number of different forms; among these are tables, graphs and numerical summery measures.

Inferential statistics

One of the most basic concepts in statistics is sampling. In most statistical problems, a specified number of measurements/data (referred to as a sample) is drawn from a much larger set of measurements (called the population). It is often difficult to study a population and thus we try to describe or predict a behaviour of the population on the basis of information obtained from a representative sample from the population.

Inferential statistics is the branch of statistics that provides the procedures used to make inference about population characteristics from information contained in the sample drawn from the population.

How to make an inference about a population using a sample

Specify the questions to be answered and identify the population of interest.

Decide how to select a representative sample (sampling procedures or design of experiment). A good sampling design will answer the questions posed with minimal cost to the investigator.

Select the sample and analyze the sample information . the sample may contain much information thus, need of an appropriate method of analysis to extract the relevant information.

Make use of information in the sample selected (3) to make an inference about the population.

Determine reliability of the inference. Every statistical inference should be accompanied by a measure of reliability that tells you how much confidence you can place in the inference.

Limitation of statistics.

· Statistics is only applicable to quantitative data. Therefore cannot be used to study such events, which cannot be expressed numerically.

· Statistics can be used to analyze only collective matters and not individual events.

· Statistical decisions are applicable only on the average and in the long run, they may not hold in a particular case. 

· Statistical methods, if not if not applied in the proper perspective of the collected data, may lead to false conclusions. These should be handled with utmost care.

· Statistical data must be uniform, in the sense that they should be subject to a stable causal system

· There should not be much change in the group of factors responsible for variation in the data.  

Some of the uses of statistical methods

· The various statistical measures of average, dispersion, skewness, correlation etc are generally useful for enabling comparison between different time periods or geographical areas.

· Time series analysis helps in isolating the components of variation noticed in chronological records of sales, profits, prices, productions, etc. these components tread, seasonal and cyclical are used for future planning and forecasts.

· Regression analysis enables establishment of relationship between various economic factors e.g. input and output, production and sales, demand and per capita income. Regression equation of a dependent variable upon one or several independent variables also helps in assessing the impact of each of the several factors and may be used for forecasting.

· Various sampling methods e.g. random sampling, stratified sampling etc. are available for conducting business and market surveys with the least amount of time, labour and money. These may also be used in test audit for checking the accuracy of records.

· Index numbers of various types are constructed by the use of statistical methods. Index number of price, index number of production, index number of cost of living, index number of business activity. Etc. are so important in business and commerce that they have come to be known as business barometers.

· Statistical quality control is now an indispensable tool for controlling the quality of manufactured products and in the maintenance of quality during production. Sampling inspection is used for decision to accept or reject the lots of manufactured product.

· Vital statistics and demography are useful for the calculation of mortality rates in a community. Classified by age, sex, profession etc. these rates or probabilities of death are used in insurance business for fixing the rates of premium payable at different ages.

· In the recruitment of right type of personnel for a job, the aptitude and efficiency of candidates are statistically determined by using ‘test scores’.

Attribute, Variables and Data

Variable 

Is a characteristic that changes or varies over time and/or for different individuals or objects under consideration. Foe example body temperature is a variable that changes over time within a single individual. Religious affiliations, income, height, age, weight, parity, are all variables.
OR

A variable is any trait that can change values from case to case e.g. gender, age, income and political party affiliation. A theory may identify some variables as causes and others as effects or results. In the language of science, the causes are called independent variables and the effects or results variables are called dependent variables. 
Data

Is a set of measurements that result when a variable is measured on a set of experimental units. An experimental unit is the individual/or object on which a variable is measured. One or more variables can be measured on the same experimental unit. 

      Univariate data results when a single variable is measured on a single experimental unit. Examples of these statistics include: percentages, averages, and graphs
     Bivariate data results when two variables are measured on a single experimental unit. 

     Multivariate data results when more than two variables are measured on the same experimental unit.

Data is indeed the raw material of statistics.

The character of statistical information collected from a group of individuals or objects is of two types: quantitative or qualitative.

Qualitative variables measure a quality or characteristic on each experimental unit. Qualitative variables produce data that can be categorized according to similarities or differences in kind. The data is often referred to as categorical data. Technically , the qualitative character is an attribute. An attribute cannot be measured but can be classified under different heads or categories. Examples of attributes that will produce categorical data include; colour, taste ranking, political affiliation, religion etc.

Quantitative variables. These measure a numerical quantity or amount on each experimental unit. These variables produce numerical data. Examples of these variables include weight of pre-school children, temperature, time blood pressure, serum cholesterol levels, age of patients seen in a dental clinic etc. the quantitative character is technically called a variable. A variable takes different values and can be measured numerically in suitable units.

Types of numerical data
Nominal data. This is one of the simplest types of data in which values fall into unordered categories. In biostatistics unordered categories encounter many different types of numerical data. The different types have varying degrees of relationship between possible values. 

e.g. consider gender and let males be assigned the value 1 and females 0. Although attributes are labeled with numbers rather than word , both the order and the magnitude of the numbers are not important., we could let 1 represent females and 0 designate male.

Numbers are used largely for the sake of convenience. Numerical values allow us to use computers to perform complex analysis of the data.

Nominal data that take on one of the two distinct values such as male and female- are said to be either dichotomous or binary. However, not all nominal data need be dichotomous. Often there are three or more possible categories into which the observations can fall.

e.g. persons may be grouped according to their blood types, where 1 represents type 0, 2 type A, 3 type B and 4 type AB. Again the sequence of these values is not important. The numbers simply serve as labels for the different blood types, just as the letters do.

Ordinal data. Data is referred to as ordinal when the order among the categories becomes important.

Example injuries may be classified according to levels of severity, where 1 represents a fatal injury, 2 is severe, 3 is moderate and 4 to represent minor injury. Here a natural order exists among groupings; a smaller number represents a more serious injury. Much concern is not put in the magnitude of these numbers however, we could have let 4 represent a fatal injury and one a minor one.

Ranked data. In some situations we have a group of observations that are first arranged from highest to lowest according to magnitude and then assigned numbers which correspond to each observation’s place in the sequence. This type of data is referred to as ranked data.

For example we could consider possible causes of death in Kenya, and make a list of all these causes along with the number of lives that each one claimed in a particular year e.g. 2005. If the causes are ordered from the one that resulted to greater number of deaths to the one that caused fewest and then assigned consecutive integers, that data is said to be ranked.

Discrete Data

For this kind of data both ordering and magnitude are important. In this case the numbers represent actual measurable quantities rather than mare labels, also discrete data are restricted to taking on only specified values often integers or counts- that differ by fixed amounts; no intermediate values are possible.

 For example the number of children in a family, the number of workers in a factory, the number of vehicles passing the weigh bridge in a particular month of the year, the number of times that a woman has given birth (parity). E.g. the number of children per family can take only the values; 0, 1, 2, 3,…….i.e. whole numbers it cannot take any value like a fractional value.

Continuous Data     

This is data that represents measurable quantities but are not restricted to taking on certain specified values are known as continuous data. In this case the difference between any two possible data values can be arbitrarily small.

Example Time, serum level and cholesterol level of a patient, the concentration of a pollutant and temperature e.t.c.,   in all instances fractional values are possible. Since we are able to measure the distance between two observations in a meaningful way, arithmetic operations can be applied. The only limiting factor for a continuous observation is the degree of accuracy with which it can be measured; consequently we often see time rounded to the nearest second and weight rounded off to the nearest pound or gram. The more accurate our measuring instruments, however, the greater the amount of detail that can be achieved in our recorded data.

Ways to summarize data 

Table – Frequency tables (frequency distributions)

             -Relative frequencies (percent of total).

Graphs – Bar charts

              -Frequency polygons

              -Scatter plots

          -Line graphs

          - Box plots

           - Steam and leaf.

DEMOGRAPHY

· Demography: literally means  writing about the people. This comes from the Greek  word: demos [people] and graphos [writing]), which is the statistical study of human populations with reference to size and density, distribution, and vital statistics. 

· Demographic statistics provide information about significant characteristics of a population that influence community needs and the delivery of health care services. 

· Demographic studies (that is, demographic research), provide descriptions and comparisons of populations according to the characteristics of age; race; sex; socioeconomic status; geographic distribution; and birth, death, marriage, and divorce patterns.

· Demographic studies often have health implications that may or may not be addressed by the investigators. The census of the Kenyan population is an example of a comprehensive descriptive demographic study conducted every 10 years. 
2. Another Definition for demography
· Study of the size and distribution of human populations.
· Study of processes that bring about changes in these populations;
-Fertility and mortality (Biological)
-Migrations
· Objective : To study trends over time and variation across regions or subgroups in population processes 
Rates
A way of expressing the frequency of an event as a fraction or part of a whole population.

# cases of diseases

                                             X  100,000

Total # of population

Three Categories of Rates
· Crude, Specific, and Adjusted
Rates computed for a population as a whole are h rates. 
              E.g., crude mortality rate 
· Subgroups of a population may have differences not revealed by the crude rates. Rates calculated for subgroups are specific rates. 
             E.g., age-specific death rate , 
· In comparing populations with different distributions of a factor known to affect the health condition of interest, the use of adjusted rates may be appropriate. 
          -Adjusted rates are helpful in making community comparisons, but they are imaginary:  caution is necessary when interpreting. 
Mortality Rates

Crude mortality Rate

Crude annual mortality rate

· Age-specific rate

· Cause-specific rate

· Case-fatality rate

· Proportionate mortality ratio

· Infant mortality rate

· Neonatal mortality rate

· Post-neonatal mortality rate 
Variations in Mortality and Morbidity
Gender: 

· During the 1800’s women died younger than men, but since the 1920’s women have been living longer than men. In 1980: Women: averaged 78.6 years, while Men: averaged 71.8 years , (lifespan variations).
· (This pattern is not followed in all countries due to maternal mortality.) 

· Men die earlier with more life threatening illness, however women display more frequent illness. 

· Women have more chronic illness, but they tend to be less severe. 

· Women report more episodes of illness and more doctor visits. 

· Men are more likely to engage in high-risk behavior such as fast driving, smoking etc.. (These patterns are changing in the US). Research on personality types suggests gender differences that may effect illness patterns. 

· Biological factors such as hormones may account for some differences but are not sufficient to explain patterns. 
Race and Ethnicity: 

·  Differences in patterns of health & illness reflect hereditary factors and socio-cultural factors such as poverty, life stress in living conditions, employment, etc.. 

·  The combination of factors leads to disproportionate levels of disease and mortality. 

Examples: sickle cell disease, hypertension, diabetes, lactose intolerance. 

· Health patterns & illness vary greatly by race/ethnicity, in the US. For example: life expectancy of black citizens is 69.6 years, as compared to 76.9 years for whites (1992). 

· This contrast with rates in 1920: Blacks = 45.3 years, Whites = 54.9 years 

 Infant Mortality skews mortality statistics: 

· Rates of low birth weight infants: Blacks = 12%, Whites = 6% 

· This correlates with receipt of maternal care: in 1992, 36% of black mothers did not receive 1st trimester care in contrast to 20% of white mothers. (more recent studies suggest that maternity care alone does not account for cross racial and ethnic differences in outcomes). 

·  Native Americans are the most disadvantaged group in the US, with a death rate 30% higher than the general population. 

·  Distribution of health & illness across the Hispanic cultural groups reflects socioeconomic factors.  

·  Comparative studies of cultural groups in different stages of migration and acculturation suggest that socioeconomic factors such as stress, living conditions and diet are important determinants of disease.
Social Class 

·  Generally there is a consistent relationship between social class and health. (class usually measured by income, education, occupation, or a combination of these factors.) 

·  The lower the social class, the higher the rates of morbidity and mortality. 

·  Infant Mortality & Social Class is clearly linked. 

·  In the US differences between socioeconomic groups increased between 1960 and 1986. 

·  Data such as individual health behaviors demonstrate clear patterns of socioeconomic variation. For example: a person of lower socioeconomic position is three times more likely to smoke than a person in the highest social class position. 

· Theories suggest that personal control over one’s life is an important factor in differences along with increased susceptibility, and environment. 

·  Lack of access to medical care and lower quality of care are important factors. 

·  Health care and social welfare policies are inextricably linked. 

·  Illness can cause a downward social drift. 
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