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I.	Introduction



Note: A calculator WILL be required on the exam



II.	Text



	¥	GlaserÕs High Yield Biostatistics

	¥	Required articles on closed reserve in ISP library



III.	Chapter 1:  Descriptive Statistics



A.	Define:



	¥	A population is the universe about which an investigator wishes to draw conclusions Ñ it

		need not consist of people.

		¥	If an investigator wants to know the plasma level of a drug in a group of patients, for 

			example, the population consists of the patientsÕ plasma levels, not the patients themselves.



	¥	A sample is a subset of the population Ñ the part that is actually being observed or studied.

		¥	If someone is trying to examine the blood levels of IL-1 in CrohnÕs disease, the levels of 

			IL-1 in every person with CrohnÕs disease is the population and the numbers obtained from 

			those in the study comprise the sample.



	¥	An element is a single observation (denoted by X; X1, X2, ... XN)

		¥	The number of elements in a population is denoted by N.

		¥	The number of elements in a sample is denoted by n.



	¥	A probability sample is a sample in which the researcher can specify the probability of each

		population element being included.  

		¥	It is a type of sample in which there is a degree of random selection, trying to ensure that 

			different subject groups are as similar as possible.



		¥	Simple random sample is a probability sample drawn so that every element in the

			population has an equal probability of being included.



		¥	In a stratified random sample, the population is first divided into relatively internally

			homogeneous strata, or groups, from which random samples are then drawn.



�		¥	Cluster sample is used when it is too expensive or difficult to draw a simple random or

			stratified random sample.

			¥	A cluster or group that does not randomly represent the population is chosen and is 

				assumed to reflect the properties of the population

			¥	For example, if trying to test normal blood values, bribing poor, desperate medical 

				students to give blood for the research.



		¥	A systematic sample involves choosing elements in a systematic way Ñ such as

			selecting every fifth patient admitted to a hospital.



	¥	Mean (or average) is the sum of all of the elements divided by the number of elements in the

		distribution.

		¥	µ	denotes the mean of a population and � EMBED Equation.2  ���denotes the mean of a sample:



												� EMBED Equation.2  ���



		¥	NOTE:  The module only indicates a requirement of statistics for samples, not populations,

			so I only include formulas for samples



	¥	Median is the figure that divides the frequency distribution in half when all the scores are 

		listed in order (i.e. for 59, 62, 71, 89, 98, the median is 71)



	¥	Mode is the observed value that occurs with the greatest frequency.

		¥	If two scores both occur with the greatest frequency, the distribution is bimodal



	¥	Range is the difference between the lowest and the highest scores in the distribution

		¥	In the example for median, the range is 98 - 59 = 39



	¥	The variance of a distribution is the mean of the squares of all the deviation scores in the 

		distribution (a representation of the variability of the sample)

		¥	s2 in a population and S2 in a sample

		¥	It is obtained by finding the deviation score for each element (mean - element), squaring

			it, and then adding up the squares and dividing by their number minus one (known as the

			degrees of freedom):



											� EMBED Equation.2  ���



	¥	A normal distribution is the bell-shaped curve in which the mean is the most common and

		more extraneous values taper off as they deviate from the mean.



�	14.	Standard deviation (SD):	What proportion of a distribution is within 1 SD of the mean?  2SD?

		3SD?



		¥	The standard deviation is the square root of the variance (another measure of the 

			variability of the sample)

			¥	s in a population, S in a sample:



										� EMBED Equation.2  ���



			¥	Approximately 68% of the distribution falls within ±1 SD of the mean

			¥	Approximately 95% of the distribution falls within ±2 SD of the mean

			¥	Approximately  99.7% of the distribution falls within ±3 SD of the mean



B.	Values to calculate:

	1.	Mean

	2.	Median

	3.	Mode

	4.	Range

	5.	Variance

	6.	Probability, using:

		a.	Addition Rule



			¥	The addition rule of probability states that the probability of any one of several 

				particular events occurring is equal to the sum of their individual probabilities, 

				provided the events are mutually exclusive (i.e., they cannot both happen)

				¥	For example, the probability of picking a diamond from a deck of cards is .25, 

					the probability of picking a heart is .25, so the probability of picking either is .50.



		b.	Multiplication Rule

			

			¥	The multiplication rule of probability states that the probability of two or more 

				statistically independent events all occurring is equal to the product of their individual

				probabilities.

				¥	If the lifetime probability of a person developing cancer is 0.25, and the lifetime

					probability of developing schizophrenia is 0.01, the lifetime probability that a 

					person might have both cancer and schizophrenia is 0.25 x 0.01 = .0025, provided 

					that the two illnesses are independent.



	7.	Standard deviation



�C.	Example problems



	1.	The first five patients in your office today have pulse rates of 77, 90, 92, 77, and 84.  Calculate:



		¥	Mean:			(77 + 90 + 92 + 77 + 84)/5 = 84



		¥	Median:		Arranging the elements in sequential order (77, 77, 84, 90, 92), the middle 

							number is 84



		¥	Mode:			77 appears with the greatest frequency



		¥	Range:		(92 - 77) = 15



		¥	Variance:		� EMBED Equation.2  ���



		¥	SD:			� EMBED Equation.2  ���



IV.	Chapter 2:  Inferential Statistics



A.	Define:



	¥	The Central limit theorem states that the random sampling distribution of means will always

		tend to be normal, irrespective of the shape of the population distribution from which the 

		samples were drawn.

		¥	Even if the underlying population were distributed in a skewed or other non-normal fashion, 

			the means of all the random samples drawn from it will always tend to form a normal 

			distribution

		¥	The theorem also states that the random sampling distribution of means will become closer 

			to normal as the size of the samples increases



	¥	The standard deviation of the random sampling distribution of means, � EMBED Equation.2  ���, is called the 

		standard error.

		¥	It is a measure of the extent to which the sample means deviate from the true population 

			mean.



												� EMBED Equation.2  ���



			¥	S = Sample SD

			¥	n = Number of  elements in the sample from which the SD was determined



�	¥	If the sample mean (� EMBED Equation.2  ���) lies within ±1.96 standard errors of the population mean (µ) 95% of 

		the time, then µ must lie within ±1.96 standard errors of � EMBED Equation.2  ��� 95% of the time.  These limits of 

		±1.96 standard errors are called the confidence limits (in this case, the 95% confidence limits).

		¥	Confidence limits are the upper and lower limits in which you can say, with 95% 

			confidence, the true population mean lies, based upon the mean and standard error of the

			distribution of sample means.

		¥	For example, if you are trying to find the mean resting heart rate of a population, you can be

			95% confident that the true population mean lies within ±1.96 standard errors of the sample 

			mean obtained, if you had a truly random sample.

		¥	If the mean obtained is 74 and � EMBED Equation.2  ���= 2, you can be 95% certain that µ lies within 1.96 

			standard errors of 74, i.e., between 74 ±(1.96 x 2), or 70.08 and 77.92, written as:



								C (� EMBED Equation.2  ���) = .95



		¥	The confidence interval (CI) is the difference between the upper and lower confidence 

			limits

			¥	In order to narrow the confidence interval, in this case (for a given level of confidence,

				95%), the standard error would have to be made smaller (by increasing n).



	¥	Precision is the degree to which a figure (such as an estimate of a population mean) is immune

		to random variation.

		¥	The width of the confidence interval reflects the precision of the estimate of the population

			mean Ñ the wider the confidence interval, the less precise the estimate.

		¥	If your sample means demonstrate a great deal of variability, you will not have a very 

			precise technique for eliciting the mean.



	¥	Accuracy reflects how close the estimated mean is to the true population mean.

		¥	In fig 2-3, A and D are both accurate (their mean is the true population mean), and D is

			more precise than A.

		¥	A value that is not accurate is biased.



B.	Values to calculate:

	1.	Estimated standard error of the mean

	2.	t-statistic

		

		¥	t-statistic is used when making inferences about means that are based on estimates of

			population parameters (such as estimated standard error) rather than on the population

			parameters themselves.  It expresses in terms of the number of estimated standard errors by 

			which the sample mean lies above or below the population mean.

			¥	Tables for the t score state the proportions of the normal distribution that lie above and

				below any given t score.

			¥	df in the tables represents the degrees of freedom (n-1)



												� EMBED Equation.2  ���		

				¥	� EMBED Equation.2  ��� = standard error

				¥	� EMBED Equation.2  ��� = Sample mean

				¥	µ = Population mean



C.	Example problems:

	1.	What is the estimated standard error of the mean from the previous set of problems

		 (from section III)?



			� EMBED Equation.2  ���



	2.	Calculate the t-statistic if your sample mean is 55, your population mean is 49, and your

		est. std. error is 2, what is your t-statistic?



			� EMBED Equation.2  ���



	3.	If a distribution is precise, but biased, what would the distribution look like graphically in

		Fig 2-3? 



		¥	Curve B is precise, because most of the values are closer to the mean of that distribution, 

			but it is biased, because the mean of the curve is far from the actual population mean.





V.	Chapter 3:  Hypothesis Testing



A.	Define:



	¥	The null hypothesis (HO) is, according to the book, a hypothesis that can be tested, usually

		stating that there is no difference between samples or populations being compared (e.g., that

		a new drug that is being tested produces no change compared with an existing drug).  (31)

		¥	If this hypothesis is rejected as false, then there is an alternative hypothesis, which logically

			must be accepted.

		¥	The bookÕs example is that, if the president of a medical school states that the schoolÕs �			students have an average IQ of 135, the null hypothesis (HO) is µ = 135 and the alternative 

			hypothesis (HA) is � EMBED Equation.2  ���.

			¥	HO is stating that there is no difference between the actual mean of the students, and the

				hypothesized mean of 135



�		¥	If one rejects a null hypothesis when it is true, they are making a type I error, which means

			a false negative conclusion has been drawn about the null hypothesis.

			¥	The value of a (significance level; also denoted as ÒpÓ) is the probability that a type I 

				error is being made (i.e., � EMBED Equation.2  ���)

			¥	Before conducting an experiment, the investigator should determine at what significance

				level he will reject his null hypothesis 

				¥	i.e., � EMBED Equation.2  ��� means that there is only a 5% chance that the sample mean will be 

					considered to be different from the mean being tested (135 in the previous example) 

					when the numbers were actually different only due to random sampling

		¥	A type II error occurs if one accepts the null hypothesis when it is actually false



	¥	If a result is statistically significant is unlikely to have been obtained by chance

		¥	For example, if two means are considered different and the difference is statistically 

			significant at � EMBED Equation.2  ���, it means that there is less than a 5% chance  that values were different 

			as a result of chance instead reflecting a difference in the underlying populations.



	6.	Define the easiest way to increase the power of a statistical test.



	¥	The power of a statistical test refers to the ability to avoid a type II error (accepting a false

		null hypothesis) and its ability to detect a null hypothesis that is false.

		¥	Increasing the sample size is the most practical and important way of increasing the

			power of a statistical test.



	7.	Define directional vs. nondirectional alternative hypotheses



		¥	A nondirectional alternative hypothesis states that the null hypothesis is not correct,

			regardless of the direction

			¥	In the IQ example, it just states that the mean IQ for the population is not 135, but

				does not state whether the real population IQ is above or below that number.

			¥	This means that there are two areas of rejection of the null hypothesis, one above 					µhypothesis and one below (fig 3-2).



		¥	A directional alternative hypothesis specifies that the population mean lies in a

			particular direction with respect to the null hypothesis.

			¥	Still using the IQ example, if the president states that the studentsÕ mean IQ is greater

				than 135, the alternative hypothesis only states that the studentsÕ mean IQ is less than

				135.

			¥	This only leaves one area of rejection of the null hypothesis, as in fig 3-3.





�	8.	Define chi-square test



		¥	The chi-square (c2) test is used for testing hypotheses about nominal scale data.  It is a

			test of proportions:  the question being asked is whether the proportions of observations

			falling in different categories differ significantly from the proportions that would be 

			expected by chance.

			¥	For example, in tossing a coin 100 times, one would expect 50% to be heads.  If the

				result is 59 heads and 41 tails, chi-square would show whether this difference in 

				proportion is too large to be expected by chance Ñ i.e., whether it is statistically 

				significant (or if it was rigged).





VI.	Chapter 4:  Correlational Techniques

			

A.	Define:



	¥	Correlation is used to establish and quantify the strength and direction of the relationship

		between two variables.

		¥	A positive correlation between two variables means that high values of one variable (such 

			as salt intake) are associated with high values of the other variable (such as blood pressure).

		¥	A negative correlation between two variables means that high values of one variable

			(such as cigarette consumption) are associated with low values of the other (such as life

			expectancy).

		¥	A perfect linear relationship will yield a correlation coefficient (r )of ±1, whereas no 

			correlation will yield a correlation coefficient of 0.



	¥	Regression is used to express the functional relationship between two variables, so that the

		value of one variable can be predicted from knowledge of the other.

		¥	This is possible when two sets of data are highly correlated.



	¥	A scattergram is a graphic representation of the relationship between two variables where one

		variable is plotted on the X-axis and the other on the Y-axis.  Each plotted data point represents

		a pair of variables (fig 4-1).



VII.	Chapter 5:  Research Methods



A.	Define/differentiate:



	1.	Experimental vs. nonexperimental



		¥	An experimental study is one in which the researcher exercises control over the 

			independent variables, deliberately manipulating them.



�		¥	A nonexperimental study (or observational study) is one in which the experimenter lets

			nature take its course (does not manipulate variables) and observes the results.



	2.	No treatment vs. placebo



		¥	OK, brace yourself for this difficult concept:  A no-treatment control group is one in 

			which the patients receive no treatment at all.  

		¥	A placebo control group is one in which the patients are given an inert placebo treatment

			to eliminate the effect of expectation.  The placebo group most approximates the conditions

			of the treatment group without actually giving the treatment.



	3.	Double blind vs. single blind



		¥	A double-blind study is one in which the patient and the researcher who evaluates the

			patientÕs outcome are both unaware of which group (drug vs. placebo) the patient is in.

			¥	This helps eliminate expectancy of the patient as well as that of the evaluator.



		¥	A single-blind study is one in which only the experimenter is unaware of which group

			the patient belongs to.

			¥	For example, if a study is determining the outcome of medication vs. surgery, the patient

				obviously knows what group he is in, but the person evaluating the outcome of the

				patient can be kept from biasing her results.



	4.	Partially controlled



		¥	A partially controlled study is one in which true control is not possible.

			¥	For example, in research on the effectiveness of psychotherapy, a true no-control 

				treatment is not possible because the patient may still receive help from friends, family,

				clergy, self-help books, the Internet, voices in his head, etc.



	5.	Confounding variables



		¥	Confounding variables are those which are not being manipulated in the study, but might

			affect the outcome of the group.  

			¥	For example, patient gender disease severity will have different effects on the outcome

				of the different groups.  If the drug group were all male and placebo all female, the result

				of the study might not reflect the true efficacy of the drug.

			¥	To avoid confounding effects, patients are normally randomly assigned to different 

				groups, and the groups, because of the random sampling, should be equal.



�	6.	Matching groups



		¥	Matching groups are those in which each patient in the experimental group is paired with a

			patient in the control group who matches the experimental patient closely on all relevant

			characteristics (such as gender, race, age, etc.).

			¥	This ensures that the results of the study canÕt be attributed to inherent differences in 

				the groups not related to the independent (manipulated) variables.



	7.	Stratified randomization



		¥	Stratified randomization is a combination of randomization and matching techniques.  

			The population under study is first divided into subgroups that are internally homogeneous 

			with respect to the important factors (race, age, disease severity).  Then, equal numbers of 

			patients within each subgroup are randomly allocated to the experimental and control 

			groups.

			¥	The two groups are therefore similar, but their exact membership is still a result of

				randomization.



	8.	Between subjects vs. within subjects design

	9.	Crossover design



	¥	A between subjects design compares patients assigned to one group with those in another

		group under different conditions.



	¥	A within subjects design makes comparisons with the same subjects under different 

		conditions.

		¥	A common within-subjects approach is the crossover design.  In this, half the patients

			receive the placebo for a period of time, followed by the experimental treatment;  the other

			half receive the treatment first, then the placebo (fig 5-1).



	10.	Descriptive studies



		¥	Descriptive studies aim to describe the occurrence and distribution of diseases or other

			phenomena and do not try to offer explanations or test a theory or hypothesis.



	11.	Analytic studies



		¥	Analytic studies aim to test hypotheses or to prove explanations about a disease or

			other phenomenon



�	12.	Cohort: longitudinal vs. prospective



		¥	Cohort studies focus on factors related to the development of a disease by following a 

			group of people who do not have a disease and determine the effect of potential risk factors.  

			In these studies, a cohort (a group of people) who do not have the disease of interest is 

			selected and then observed for an extended period of time.  By observing who comes down 

			with the disease, the relationship between risk factors and the eventual outcomes can be 

			seen.

			¥	Cohort studies may be termed longitudinal studies because they follow people over

				a prolonged period of time, tracing changes through repeated observations.

			¥	They are also called prospective studies because people are followed forward from a 

				particular point in time, so the researcher is ÒprospectingÓ or looking for new data 

				about events that are yet to happen.



	13.	Case control / Retrospective



		¥	Case control studies compare people who do have the disease (case) with otherwise 

			similar people who do not have the disease (controls).

			¥	These studies start with the outcome, and then look back into the past for possible

				independent variables that may be caused the disease to see if a possible or suspected

				cause or risk factor was present more frequently in people with the disease than 

				without.

			¥	Since they start with the outcome and go back into the past, these studies are also

				called retrospective.



	14.	Case series



		¥	A case series simply describes the clinical presentation of a disease in a number of patients

			at a particular time.  It does not follow the patients for a period of time, and it uses no

			control or comparison group.

			¥	It is descriptive study that canÕt establish a cause-effect relationship

			¥	A case study is a specialized version of it



15.	Prevalence survey / cross-sectional survey



	¥	A prevalence survey is a survey of a whole population, including diseased and disease-free

		individuals.  It aims to determine the proportion of people who are diseased (the prevalence of

		the disease) and to examine the relationship between the disease and other characteristics of the 

		population.

		¥	Because prevalence surveys are based on a single examination of the population at a 

			particular point in time and do not follow the population over time, they are also called

			cross-sectional studies, in contrast to longitudinal cohort studies.



�VIII	Chapter 6:  Statistics in Epidemiology



A & B.	Define and Calculate:



	¥	The incidence of a disease is the number of new cases occurring in a particular time period.

		¥	The incidence rate is therefore the ratio of new cases of the disease to the total number of

			people at risk:



�									  number of new cases of the disease

				Incidence rate  =  		total number of people at risk		per unit time



		¥	The incidence is often stated per 100,000 of the population at risk or as a percentage

		¥	The rates are found by the use of cohort studies.

			

	¥	The prevalence of a disease is the number of people affected by it at a particular moment in

		time.

		¥	The prevalence rate is the ratio of the number of people with the disease to the total 

			number of people at risk;

			

									  number of people with the disease

�				Prevalence  =			total number of people at risk		at a particular time



				or    Prevalence = incidence X duration



		¥	Prevalence rates are often stated per 100,000 people, or as a percentage

		¥	They are generally found by prevalence surveys

		¥	Since prevalence depends on the average duration of the disease, it is an appropriate

			measure of the burden of a relatively stable chronic condition (such as hypertension or 

			diabetes) on the population, but it is not generally appropriate for acute illnesses.



	¥	Mortality is the number of deaths.

		¥	The mortality rate is the ratio of the number of people dying (whether of a specific disease

			or of all causes) to the total number of people at risk:



											total number of deaths

�				Mortality rate  =		total number of people at risk		per unit of time



�	¥	The case fatality rate (CFR) is the ratio of the number of people dying from a disease to the 

		total number of episodes of the disease, expressed as a percentage:



						 	   total number of people dying from a disease

�				CFR =    total number of episodes (occurrences) of the disease	  x 100



		¥	The CFR is a measure of the prognosis, in terms of life or death, for an episode of a 

			given disease, because it shows the likelihood of one episode or occurrence of it resulting

			in death.

		¥	For example, if 100 people are afflicted by antibiotic resistant tuberculosis and 50 of them

			die, the CFR = 50/100 = 50%.  Therefore, 50% of the people who contract this form of

			TB will be expected to die.



	¥	The incidence of a disease is the absolute risk of contracting that disease

		¥	Since the incidence of a disease represents how many people contract a disease in a period

			of time, it also represents the risk of a given person getting that disease in the same period 

			of time (neglecting risk factors).

		¥	For example if the incidence of a disease is 10 per 1000 people yearly, then the absolute

			risk of a person actually contracting it in a year is also 1%



	¥	Relative risk states, due to exposure to a risk factor, how many times the risk of contracting 

		that disease increases.

		¥	It is the ratio of the incidence of the disease among exposed persons to the incidence of the

			disease among unexposed persons



�									   incidence of the disease among persons exposed to the risk factor

				Relative risk  =	incidence of the disease among persons not exposed to the risk factor



		¥	For example, in a hypothetical cohort study, 1008 heavy smokers and 1074 nonsmokers

			were followed to observe the incidence of lung cancer (Table 6-2).  The incidence of lung

			cancer among smokers was 283/1008 (28%) and the incidence of those not exposed was

			64/1074 (6%).  Therefore, the relative risk is .28/.6 or 4.67.



	¥	Attributable risk is the additional incidence of a disease that is attributable to the risk

		factor in question.

		¥	It is equal to the incidence of the disease in the exposed persons minus the incidence

			of the disease in the nonexposed persons.

		¥	In the previous example, the attributable risk is equal to 28% - 6% = 22%.

			¥	In other words, 22% of the 28% of deaths in the heavy smoking group is attributable

				to smoking.  (Let that be a lesson to you, boys and girls,...)



�	¥	The odds ratio is a ratio of the odds that a case was exposed to a risk factor to the odds that

		a control was exposed to the risk factor.

		¥	Since relative risk and attributable risk require the use of cohort (prospective) studies, the

			odds ratio uses the less expensive (and less controlled) retrospective (case-control) study.

			¥	This compares people with the disease with similar people without the disease, looking

				back into the past to see if a possible risk factor is found more frequently among the 

				cases than with the controls.

				¥	If the proportion of people exposed to the possible risk factor is greater among the

					cases (with the disease), then the risk factor is implicated as a cause of the disease.



									odds that a case was exposed to the risk factor

�				Odds ratio   =	   odds that a control was exposed to the risk factor



								number of cases exposed to risk factor x number of controls not exposed

�							  =	number of controls exposed to risk factor x number of cases not exposed



			¥	Because the proportion of people in the study who do have the disease is determined by

				the researcherÕs choice, and not by the actual proportion in the population, case-control

				studies canÕt determine the incidence or prevalence of a disease; thus, they canÕt 

				determine the risk of contracting a disease.

				¥	The odds ratio must therefore be used instead of relative risk when analyzing case-

					control data instead of cohort data.

				¥	For example, a researcher selects 100 subjects with lung cancer and 100 subjects 

					without lung cancer.  If 66 of the subjects with lung cancer smoke and 18 of the 

					subjects without lung cancer smoke, the odds ratio is:



						66 x 82

�						18 x 34   =  8.8 



C.	Example Problems



	1.	What is the incidence of the flu in Columbus, if, in a population of 1 million, 150,000 people get 

		the flu each year?  (put the answer in standard terms).



�							 150,000

		¥	Incidence = 	1,000,000	  =	  15,000 new cases per 100,000 population per year



		2.	What is the prevalence of the flu?



		¥	Because people recover rapidly from the flu, prevalence closely follows incidence.  For

			a disease like breast cancer, however, these values are different.  If breast cancer has an 

			incidence of 100 cases per year per 100,000, one would expect 1000 new cases in Columbus

			each year.  Survival time with breast cancer is increasing, meaning that women diagnosed the

			previous year must be included in the current prevalence rate, yielding a higher number.  

			Hence, prevalence may be 500 per 100,000 at a particular time (hypothetical numbers).

�		¥	GregÕs note:  The previous answer was that included in the module.  The module author 

			states that prevalence will be similar to incidence.  That doesnÕt make sense, since 

			prevalence is the number of people suffering from a disease at a particular time.  If you 

			assume that people suffer with the flu for two weeks, weÕll assume that the incidence of the 

			flu is equal throughout the year.  At any given time, only 2/56 of the total number of people

			who suffer from the flu throughout the year will be afflicted at the time.  Even if you 

			assume that the flu season is only about 20 weeks, the prevalence will be 2/20 or 1/10

			of the yearly incidence.  According to Dr. Schwartzbaum, there are two different types of

			prevalence (point prevalence and period prevalence); the type the book referred to is point

			prevalence and the type that the question asked about is period prevalence.  All that you 

			really need to know is that prevalence, as you will be tested on, refers to prevalence over a 

			period of time (a year in the example), not at a given time, and that prevalence = incidence x 

			duration.



	3.	What is the mortality rate in medical students studying Epidemiology?  Assume that out of every

		50 students in ISP, 1 drops off every year.



		¥	Mortality would be 1/50 = 2%

			¥	I guess epidemiology module authors are pretty morbid people!



	4.	What is the Case-fatality rate if 30 of 1000 patients undergoing a procedure die?



�			  30

		¥	1000	=	3%



	5.	What is your relative risk of being eaten by a shark if you are scuba diving when you are

		bleeding vs. when you are not?



			Risk						Outcome

								Happy	 	Shark Cuisine

			

			Bleeding			    2			  48



			Not bleeding		  49			   1



								Incidence of exposed			48/50		.96

���		¥	Relative risk   =  Incidence of non-exposed	=	 1/50	=	.02	    =   48



			¥	This means that you have 48 times the risk of being eaten if you are bleeding



	6.	What is the Attributable Risk of bleeding in the above example?



		¥	Attributable risk = .96 - .02 = .94 or 94% of the risk is attributable to bleeding



�	7.	What is the Odds Ratio of being eaten by a shark if a case-control buddy system was used,

		with one buddy bleeding, the other not?



			Risk					  Outcome

							Unhappy			Happy

						(Shark cuisine)	(Will swim again)



			Bleeders		   70 (A)			  5 (B)



			Nonbleeders	   1 (C)				 74 (D)



					A x D	    70 x 74

��		¥	OR  =	B x C   =	5 x 1	= 1036



			¥	In other words, you are 1036 times more likely to be eaten if bleeding





IX.	Chapter 7:  Statistics in Medical Decision Making



A.	Define

B.	Calculate (when appropriate)



	¥	The validity of a test is the extent to which it actually tests what it claims to test Ñ in other

		words, how closely its results correspond to the real state of affairs.

		¥	To be truly valid, a test should be highly sensitive, specific, and unbiased.

		¥	Validity is synonymous with accuracyÑthe accuracy of a figure or measurement is the

			degree to which it is immune from systematic error or bias.



�								Total numbers that test correctly (TP + TN)

				Accuracy   =	    Total population (TP + TN +FP + FN)

	

	¥	Reliability is synonymous with repeatability and reproducibilityÑit is the level of agreement

		between repeated measurements of the same variable.

		¥	Reliability corresponds to precision, which is the degree to which  a figure is immune from

			random variation.

		¥	A reliable test is a consistent, stable, and dependable one.



	¥	The reference range is the range of values measured that vary among normal, healthy people

		¥	The limits of this range are the reference values with which can be compared with values

			obtained from the patient

		¥	The normal range is defined as the middle 95% of the normal distribution (population mean

			± 2 SD)



�	¥	The sensitivity of a test is its ability to detect people who do have the disease.

		¥	It is the percentage of the diseased people who are correctly detected or classified:



								  number testing positive who have the disease (TP)

�				Sensitivity  =	 total number tested who have the disease (TP + FN)   x 100



					TP = True positive

					FN = False negative



		¥	A sensitive test is always positive for diseased individuals, with few false negative results

		¥	Very sensitive tests are used for screening or ruling out disease; if the result of a highly

			sensitive test is negative, it allows the disease to be ruled out with confidence.



		¥	The combined sensitivity is the combined sensitivity for more than one test Ñ it is lower 

			than the sensitivity of each test since fewer people will be positive on both tests than on 

			either individual test:



				Sensitivitycombined = Sensitivitytest1 X Sensitivitytest2



	¥	The specificity of a test is its ability to detect people who do not have the disease.

		¥	It is the percentage of the disease-free people who are correctly classified or detected:



								   number testing negative who do not have the disease (TN)

�				Specificity  =	  total number tested who do not have the disease (FP + TN)   x 100

		

		¥	A test that is always negative for healthy individuals is very specific.

		¥	Very specific tests are appropriate for confirming or ruling in the existence of a disease.

			¥	If the result of a highly specific test is positive, the disease is almost certainly present.



		¥	The combined specificity is the combined specificity for more than one test.  Since fewer

			people will test positive, the combination of the tests results in fewer false positives, and

			the combined specificity will be greater than each individual specificity:



				SpecCombined = SpecTest1 + SpecTest2 - (SpecTest1 x  SpecTest2)



	¥	In clinical practice, sensitivity and specificity are inversely related:  an increase in one causes

		a reduction in the other.

		¥	This is because the diseased and non-diseased groups of patients lie on a continuum, 

			overlapping each other, rather than forming two totally discrete groups.

			¥	If, in fig 7-1, the cutoff point to diagnose diabetes were set at 100 mg/100 ml, the test

				would be 100% sensitive, correctly identifying every person with diabetes; but it would

				have a very low specificity, producing a large number of false positive results�many 

				people who do not have diabetes would be incorrectly diagnosed as having diabetes.





�	¥	The positive predictive value (PPV) of a test is the proportion of positive results that are true 

		positives, i.e., the likelihood that a person with a positive test result actually has the disease.



�					   number who test positive and have the disease (TP)

			PPV  =  		total number who test positive (TP + FP)



		¥	Knowing a testÕs PPV allows one to answer, ÒGiven that the patientÕs test result is 

			positive, how likely is it that he really has the disease?Ó



	¥	The negative predictive value (NPV) of a test is the proportion of negative results that are

		true negatives, i.e., the likelihood that a person with a negative result truly does not have the

		disease:



					    number who test negative and do not have the disease (TN)

�			NPV  =		total number who test negative (FN + TN)

			

		¥	Knowing the NPV, you can answer the question, ÒGiven that the test result is negative,

			how likely is it that the disease really is absent?Ó



	¥	A false positive test result may be obtained in the case of a person who does not have the

		disease; this finding is therefore a Òfalse positiveÓ one, which is a type II error (table 7-1).

		¥	The percent false positive is the total number who test positive but to not have the disease

			divided by the total  number in which the disease is absent:



�						  number who test positive with disease absent (FP)

				% FP =  	  total number with disease absent (FP + TN)	   x 100%



	¥	A false negative test result may be obtained in the case of a person who does have the disease;

		this is a Òfalse negativeÓ result, which constitutes a type I error.

		¥	The percent false negative is the total number who test negative but actually have the 

			disease, divided by the total number in which the disease is present:



						      number who test negative with disease (FN)

�				% FN =  	total number with disease present (FN + TP)	  x 100%



�C.	Example Problems:



	Assume we have a sample of 1000 persons, 200 of whom have Disease A.  Our first screening test 

	reveals 300 positives, among whom 150 have the disease.  Create a table to organize the data.



									Disease

			Test Result		Present	Absent



			Positive			150 (A)	150 (B)



			Negative			 50 (C)		650 (D)



	1.	What is the sensitivity of the test?



��							   A		   150

		¥	Sensitivity  = 	A + C	=  150 + 50   =   75%



	2.	What is the specificity of the test?



��							    D		    650

		¥	Specificity  =   B + D	=   150 + 650	=	81%



	3.	What is the positive predictive value (PPV) of the test?



					    A		     150

��		¥	PPV  =	 A + B	 =	150 + 150	=	50%



	4.	What is the negative predictive value (NPV) of the test?



					     D		     650

��		¥	NPV  =  C + D  =  650 + 50	=	93%



	5.	What is the % false positive?



��						B			150

		¥	% FP  =  B + D  =  150 + 650  =  19%



	6.	What is the % false negative?



						 C			  50

��		¥	% FN  =  A + C  =  150 + 50  =	25%



�	7.	What is the accuracy?



��								   A + D		   150 + 650

		¥	Accuracy  =	Total population  =      1000		=   80%

	

	The first test was a screening test, meaning we must recheck the positive results to confirm who has

	the disease, so the 300 people with positive results are subjected to a more expensive confirmatory

	test.  This test indicates 160 positives, among whom 145 actually have the disease.  Calculate

	sensitivity, and specificity for the second test.  The calculate the combined sensitivity and specificity.



		Test result				   Disease

							Present	Absent



		Positive			145 (A)	 15 (B)



		Negative			  5 (C)		135 (D)



						   A		   145

��	¥	Sensitivity  =  A + C	=   145 + 5   =   96.7%



�						   D		    135

�	¥	Specificity  =  B + D  	=   15 + 135   =   90%



	¥	Combined sensitivity  = (75%  x  96.7%)  =  72.5%



	¥	Combined specificity  =  81% +  90%  -  (81%  x  90%)  =  98.1%



	X.	Clinical Articles



	There are 3 articles available in the ISP library under closed reserve.  You are supposed to read the

	articles and determine:

	¥	What was the purpose of the study?

	¥	Do you agree with the conclusions that the researchers presented?

	¥	Will you change your practice protocol based on this study?



¥	NOTE:  There is a practice test at the end of the updated module, and donÕt forget to read the 

	articles
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