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Incidence 

‒ Incidence =  
new cases in population over a given time period/total population at risk during that time 

‒ Incidence is new incidents. 

‒ When calculating incidence, don’t forget that people previously positive for a disease are no longer 

considered at risk.                 

 

 

Prevalence 

‒ Prevalence = total cases in population at a given time/total population at risk 

‒ Prevalence ≅ incidence × disease duration. 

‒ Prevalence > incidence for chronic diseases (e.g.,  diabetes). 

‒ Prevalence = incidence for acute disease (e.g., common cold). 

‒ The classic question about incidence and prevalence: when a disease can be treated and people can be 

kept alive longer but the disease cannot he cured, what happens to the incidence and prevalence?  

Answer: nothing happens to incidence, hut prevalence will increase as people live longer. 

‒ An epidemic occurs when the observed incidence greatly exceeds the expected incidence. 

 

 

 

  Disease 

  ⊕  

⊕ a b 

T
es

t 

 c d 

 

Sensitivity    “SNOUT = SeNsitivity rules OUT” 

‒ Ability to detect disease. Percent of people with disease who test positive. 

‒ Tests with high sensitivity are used for screening. 

‒ High value is desirable for ruling out disease. They may have false positives but do not miss many 

people with  the disease (low false-negative rate). 

‒ Mathematically, sensitivity is calculated  by dividing the number of true positives by  the number of  

people with the disease [a / (a + c) = 1 – percent false-negatives]. 
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Specificity “SPIN = SPecificity rules IN” 

‒ Ability to detect health (or non-disease). Percent of people without disease who test negative. 

‒ Mathematically, specificity is calculated by dividing the number of  true negatives by the number of 

people without the disease [d / ( d + b ) = 1 – percent false-positives]. 

‒ Tests with high specificity arc used for disease confirmation. 

‒ High value is desirable for ruling in disease. They may have false negatives but do not call anyone sick 

who is actually healthy  (low false-positive rate). 
 

‒ Sensitivity and specificity  of a test do not depend on the prevalence of the disease in the population. 
 

‒ Generally, the more sensitive the test is, the less specific and vice versa. 

‒ A perfectly valid diagnostic test should have sensitivity and specificity equal to 1, but this is seldom 

possible. 

‒ The ideal confirmatory test must have high sensitivity and high specificity; otherwise, people with the 

disease may he called healthy. 
 

‒ The trade-off between sensitivity and specificity is a classic statistics question. 

‒ Understand how the cut-off glucose value in screening for diabetes (or changing the value of any of 

several screening test) will change the number of true and false negatives and true and false positives. 

‒ If the cut-off value is raised, fewer people will be called diabetic (more false negatives, fewer false 

positives). 

‒ If the cut-off value is lowered, more people will be called diabetic (fewer false negatives, more false 

positives) 

 
‒ An arbitrary cutpoint is chosen to differentiate ‘normal’ from ‘abnormal’ results. 

‒ Choosing the appropriate cutpoint value is important; however, overlapping normal and abnormal results 

make this choice difficult. 

6 
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‒ Any cutpoint demonstrates a trade-off between sensitivity (the proportion of true positive results) and 1 – 

specificity (the proportion of false positive results). 

‒ The curve presented is called the receiver-operating characteristic (ROC) curve. 

‒ Increasing the cutpoint marker value increases the specificity of the test (lower false-positives) and 

‘ruling in’ possibility – P1 on the curve, but decreases the sensitivity of the test. 

‒ On the other hand, decreasing the cutpoint marker value increases the sensitivity of the test and ‘ruling 

out’ possibility, but decrease the specificity – P3 on the curve. 

‒ P3 is a point of high sensitivity, but relatively low specificity; increasing sensitivity increases negative 

predictive value, or 'ruling out' possibility. 

‒ Therefore, it is reasonable to assume that P3 cutpoint corresponds a lower serum marker value than P1 

cutpoint. 

 

We use the "CAGE" questionnaire in clinical practice to screen patients for alcoholism. Usually if we get 

2 out of 4 positive responses to the "CAGE" questions, the chance of a patient being alcoholic is 100%. If 

we change this criteria so that 3 out of 4 positive responses to the "CAGE" questions label the patient as 

alcoholic, what is the affect on the sensitivity and specificity of this test? 

‒ As the number of questions is increased from 2 to 3 for a patient to be labeled as an alcoholic, we will 

increase specificity and decrease the sensitivity because there will be fewer people who will answer "yes" 

(decrease false positives and true positives). Those answering "yes" will now have a greater chance of 

having alcoholism (increase false negatives and true negatives). So, when these values are put in the 

formula for calculating sensitivity and specificity we will find that sensitivity is decreased and specificity 

is increased. 

 

 

Positive predictive value (PPV) 

‒ Percent of positive test results that are true-positive. 

‒ When a test comes back positive for disease, PPV measures how likely it is that the patient has the 

disease (probability of having a condition, given a positive test).  

‒ PPV is calculated by dividing the number of true positives by the number of people with a positive test.  

‒ PPV depends on the prevalence of a disease (the higher the prevalence, the greater the PPV), it makes 

intuitive sense, because the more common the disease is in the population, the more likely patient with a 

positive test is actually diseased (that is, the test is true-positive). 

‒ PPV depends on sensitivity/specificity of the test (e.g. an overly sensitive test that gives more false 

positives has a lower PPV). 

 

a PPV = (a + b) 

7
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Negative predictive value (NPV) 

‒ Percent of negative test results that are true-negative. 

‒ When a test comes back negative for disease, NPV measures how likely it is that the patient is healthy 

and does not have the disease (probability of not having a condition, given a negative test). 

‒ NPV is the probability of being free of a disease if the test returns negative.  

‒ NPV depends on the pretest probability of the disease. 

‒ NPV is high if the pre-test probability of the disease is low. 

‒ NPV is low if the pre-test probability of the disease is high. 

‒ NPV is calculated by dividing the number of true negatives by the number of people with a negative test.  

‒ NPV depends on the prevalence of a disease (the higher the prevalence, the lower the NPV) because 

the probability of true negative result for a patient who tested positive is high in a population with low 

prevalence of the disease. 

‒ NPV depends on sensitivity/specificity of the test (e.g. an overly sensitive test with lots of false 

positives will make the NPV higher). 

 
 

‒ As the cut-off point moves from X to A, the TP will increase, and the FN will decrease at the same time. 

However, the denominator will be unchanged because as TP is increased, FN will be decreased the 

same time. So the result will be an increase in sensitivity, as sensitivity = TP/TP+FN. So, the end result 

will be decrease in PPV (as PPV = TP/TP+FP) 
 

‒ Moving the cut-off point from X to B how that effects sensitivity. The result will be an increase in TN 

and decrease in FP. However, the denominator will be unchanged because so the result will be an 

increase in specificity (sensitivity = TN/TN+FP). 

d NPV = (c + d) 
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Probability 

‒ Pre-test probability of the disease should be estimated according to available clinical information. 

‒ If the patient belongs to the low-risk groups, that means that the pre-test probability of a disease is low. 

‒ Post-test probability can be calculated using the information on sensitivity and specificity of the test and 

the pre-test probability of the disease. 

‒ If a test returns negative, the probability of the disease is 1 - negative predictive value. 

‒ Positive predictive value shows the probability of the disease if the test is positive. 

‒ 1 - specificity shows false positive ratio and 1 - sensitivity shows false negative ratio. 

 

 

Odds ratio (OR)  
Used only for: 

‒ Retrospective studies (e.g. case control), OR 

‒ Compares disease in exposed and non-disease in unexposed populations with disease in unexposed and 

non-disease in exposed populations to determine whether there is a difference between the two. Of 

course, there should be more disease in exposed than unexposed populations and more non-disease in 

unexposed than exposed population, OR 

‒ It is a less than perfect way to estimate relative risk (RR), if prevalence of disease is not too high. 
 

‒ Odds ratio is considered clinically significant if it is greater than or less than 1. 

‒ OR > 1 means that the factor under study is a risk factor for the outcomes. 

‒ OR < 1 means that the factor under study is a protective factor in respect to the outcome. 

‒ OR = 1 means there is no significant difference in outcomes in either the exposed or the unexposed. 

‒ For example, OR of 2.4 for colon cancer in patients who eat high fat diet means that the high fat diet 

increases 2.4 times the likelihood of having colon cancer, and thus is a risk factor for colon. An OR of 

0.05 for colon cancer in patients who eat green leafy vegetables means that patients eating green leaf 

vegetables have 0.05 times chance of having colon cancer as compared to those who do not eat green 

leafy vegetables. In other words, eating green leafy vegetables decreases the risk of colon cancer by 95 

%. Thus, eating green leafy vegetable is a protective factor for colon cancer. 

‒ If the outcome of a case-control study is not common in the population, the odds ratio is close to the 

relative risk. 

 

 

 

 

a/b ad Odds Ratio = c/d = bc 
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Relative risk (RR)  

‒ Prospective or experimental studies (e.g. cohort). 

‒ Relative risk(RR) is the ratio of the risk in an exposed group to the unexposed group. 

‒ Calculated as percent with disease in exposed group divided by percent with disease in unexposed group 

‒ RR = 1 means that there is no exposure-outcome association. 

‒ RR values between 0 and 1 means a negative association (exposure has a protective effect against the 

outcome). 

‒ RR greater than 1 is clinically significant. 

‒ RR > 1 means that there is positive association between the risk factor and outcomes. 

‒ Farther the value of RR from 1, stronger is the association (e.g. 2.0 is stronger than 1.5) 

‒ RR < 1 means that there is negative association between the risk factor and outcome. 
 

‒ Relative risk is a point estimate of association, but it does not account for random error. 

‒ You can realize intuitive that there is a certain probability that any value of relative risk (even if it is 

extreme) can arise by chance. 

‒ P value helps us understand what the probability is of obtaining the result by chance alone. 

 

 

Attributable risk (AR)  

‒ Number of cases attributable to one risk factor; in other words, the amount by which you can expect 

the incidence to decrease if a risk factor is removed. 

‒ ARP represents the excess risk in exposed population that is explained by the risk factor. 
 

‒ ARP = (risk in exposed - risk in unexposed)/risk in exposed. 

‒ The easier way to obtain ARP is to derive it from relative risk (RR): ARP = (RR-1)/RR. 
 

‒ For example, if the incidence rate of lung cancer in the general population is 1/100 and in smokers it is 

10/100, the attribute risk of smoking in causing lung cancer is 9/100 (assuming a properly matched 

control). 
 

‒ Retrospective studies (e.g. case control), OR 

‒ Compares disease in exposed and non-disease in unexposed populations with disease in unexposed and 

non-disease in exposed populations to determine whether there is a difference between the two. Of 

course, there should be more disease in exposed than unexposed populations and more non-disease in 

unexposed than exposed population, OR 

‒ It is a less than perfect way to estimate relative risk (RR), if prevalence of disease is not too high. 

 

a/(a+b) RR = c/(c+d) 

a c AR = (a+b) - (c+d) 
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Risk 

‒ Risk is a measure of incidence of a disease that shows the probability of getting the disease over a certain 

period of time 

‒ To calculate the risk in a group, we divide the number of diseased subjects by the total number of 

people in the group. 

 

Precision 

‒ Reliability, or precision, is the reproducibility of results. 

‒ Precision is the measure of random error in the study. 

‒ Inter-rater reliability measures the similarity of results when tests are interpreted by different people. 

‒ Random error––reduced precision in a test. 

‒ A reliable test gives similar or very close results on repeat measurements. Reliability is maximal when 

the random error is minimal. 

‒ The tighter the confidence interval, the more precise is the result. 

‒ Increasing the sample size, increases the precision. 

 

Accuracy 

‒ Accuracy is the trueness of test measurements (validity).  

‒ Accuracy and validity represent the measure of systematic error (bias). 

‒ Validity, or accuracy, measures how well a test measures what it intends to measure.  

‒ In order to determine the validity of the test, we have to compare the results given by this test to the 

‘truth’ or so-called ‘gold standard’, which is considered the most valid and reliable test available 

(although typically not the most convenient or safe). 

‒ Accuracy is reduced if the result does not reflect the true value of the parameter measured. 

‒ Test-retest probability (intra-observer variability) assesses the similarity of results when a single person 

interprets a test repeatedly. 
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Generalizability 

‒ Generalizability, or external validity, of a study means the applicability of its results beyond the cohort 

where in it was studied. 

‒ External validity answers the question, how generalizable are the results of a study to other 

populations? 

‒ Do not expect that the results of a study conducted in middle-aged women maybe applicable to elderly 

men. 

 

Number needed to treat (NNT) 

‒ The number of people in the general population who must be treated to prevent disease in one patient. 

‒ Inverse of the absolute risk reduction associated with an intervention. 

‒ NNT = 1 ÷ (rate in untreated group − rate in treated group). 

 
 

Median 

‒ It is important to know the difference between the measures of the center of a dataset. 

‒ The median of a dataset the number that divides the right 50% of data from the left 50% (it is in the 

middle of the dataset). 

‒ If the number of observations is even, finding the median becomes tricky, you should find the middle two 

values, add them together, and divide by two. 

 

Mean 

‒ To find the mean of a dataset, you should add all the observations and divide that sum by the number of 

observations.  

 

Mode 

‒ Another measure of the center of a dataset is the mode. Finding the mode is the easiest. 

‒ The mode is the most frequent value of a dataset.  

‒ In the scenario described, the mode is 22 mmHg (Choice D). 

 

Statistical distribution 

‒ Normal ≈ Gaussian ≈ bell-shaped (mean = median = mode). 

‒ Bimodal is simply 2 humps. 

‒ Positive skew is asymmetry with tail on the right (mean > median > mode). 

‒ Negative skew has tail on the left (mean < median < mode). 
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Outlier 

‒ An extreme and unusual value observed in the dataset is called an outlier. 

‒ The outlier may be the result of a recording error, a measurement error, or a natural phenomenon. 

‒ You should understand how an outlier can affect the measures of center and the measures of dispersion 

of the dataset. 

‒ Mean is extremely sensitive to outliers and easily shifts toward them. 

‒ Median is much more resistant to outliers, because it is located in the middle of the dataset where the 

observations usually do not differ much from each other 

‒ Mode is not affected by outliers, because they do not change the most frequent value observed. 

‒ Standard deviation is sensitive to outliers, because it is the measure of dispersion within the dataset and 

outliers significantly increase the dispersion. 

 

Standard deviation “SD” 

‒ Normal distribution is a nice symmetrical bell-shaped distribution. 

‒ What makes this distribution so nice is the possibility to predict what proportion of observations lie 

within particular limits from the mean. 

‒ The degree of dispersion from the mean is determined by standard deviation. 

‒ With a normal or bell-shaped distribution: 

• 1 SD from the mean holds 68% of values 

• 2 SD from the mean hold 95% of values 

• 3 SD from the mean hold 99.7% of values 

 
 

Correlation coefficient (r) 

‒ The correlation coefficient assesses a linear relationship between two variables. 

‒ Correlation coefficient shows the strength and the direction (positive, negative) of linear association 

between two variables. It does not necessarily imply causality. 

‒ r is always between −1 and +1. 

‒ The ‘null’ value for correlation coefficient is 0 (no association). 

‒ The sign of the correlation coefficient indicates positive or negative association; the closer the value is to 

its margins (-1 or 1) the stronger association. 

‒ It is extremely imports to know that the correlation coefficient shows the strength of association, but does 

NOT necessarily imply causality. 

‒ For example, if r is negative, so as the level of X increases, the Y decreases. 

‒ Coefficient of determination = r2. 
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Confidence interval (CI) 

‒ Range of values in which a specified probability of the means of repeated samples would be expected to 

fall. 

‒ CI = confidence interval.  

‒ CI = range from [mean – Z (SEM)] to [mean + Z (SEM)] = mean ± Z (SEM) 

‒ Z = standard score. 

‒ SEM = standard error of mean 

‒ The 95% CI (corresponding to p = .05) is often used. For the 95% CI, Z = 1.96. 

‒ Larger confidence interval means that there is a wider range of possible effects. 

‒ Smaller confidence interval means that there is a narrower range of possible effects. 

‒ If the confidence intervals of different groups overlap then the groups are considered to have no 

statistically significant difference. 
 

‒ The ‘null’ value for relative risk(RR) is 1.0. 

‒ The RR of 1.0 means, that there is no association between the exposure and the disease. 

‒ The RR of more than 1.0 means that there is an association between the exposure and the disease, and the 

exposure is detrimental. 

‒ But reporting only RR value gives us no clue whether such a finding can be explained by chance alone. 

Confidence interval gives us such a clue 

‒ What is very important in this case, the confidence interval doe not contain the ‘null’ value (RR=1.0), 

therefore these findings are what we call 'statistically significant'. 

‒ Statistically significant results have ‘p’ value < 0.05, which means there is less then 5% chance that the 

results as extreme as that can be observed by chance alone. 
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Scatter plots 

 
 

‒ Scatter plots are useful for crude analysis of data. 

‒ These can demonstrate the type of association (linear, nonlinear), if any is present. 

‒ If a linear association is present, the correlation coefficient can be calculated to provide numerical 

description of the linear association. 

‒ The scatter plot shows an almost perfect linear association between the blood glucose level at admission 

and the number of episodes of significant ventricular arrhythmias. 

‒ The scatter plot above demonstrates a positive association (i.e., an increase in the blood glucose level is 

associated with an increase in the number of episodes of significant ventricular arrhythmias); therefore, 

the correlation coefficient is positive. 

‒ The correlation coefficient of an almost perfect linear association is close to 1. 

‒ Crude analysis of the association using scatter plots does not account for possible confounders (e.g., 

severity of the disease, degree of sympathetic activation, etc.), and does not necessarily imply causal 

relationships between variables. 

 

 

Different types of studies 

‒ There are two main objectives of epidemiological studies. 

‒ One is descriptive epidemiology, which deals with rates, ratios and distribution and explains the 

determinants of disease inform of time, place and person. 

‒ Second is the analytical epidemiology, which tests the hypothesis, created by descriptive epidemiology. 

Analytical epidemiology consists of observational studies and experimental studies. 

‒ Observational studies include case control, cohort and cross sectional studies. 
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Experimental 

‒ Compares therapeutic benefits of two or more treatments, or treatment and placebo. 

‒ Highest-quality study when randomized and double-blinded. 

 

 

Cohort 

‒ An observational study in which a cohort of exposed and non-exposed individuals are followed to 

determine if disease develops. 

‒ “Smokers had a higher risk of developing COPD than did nonsmokers.” 

‒ Usually prospective, but can also be retrospective. 

‒ Prospective or longitudinal cohort study divides the study group-into exposed and not exposed. Then, it 

follows each subject prospectively till the onset of disease. It is a stronger study than case control study 

and cross sectional study. 

‒ Retrospective cohort study starts at some point between the exposure and outcome, the researcher goes 

back past and classifies subjects as exposed and not exposed .and then follows them till the outcome. 

Thus in cohort study, the study subjects are free of the outcome at the time study begins. 

‒ Advantages: 

• Data are collected in real time. 

• ↓ recall bias. 

• Allows the effects of rare exposures and multiple outcomes of an expo- 

• sure to be examined. 

• Relative risk (RR), incidence, and OR can be determined. 

‒ Limitations: 

• Studies are time consuming, require many subjects, and are very expensive. 

• Selection bias and confounding variables may complicate result interpretation (exposure is not 

randomly distributed). 

• Rare diseases cannot be studied. 

• Losses occur to follow-up. 

 

 

Case-control/Retrospective 

‒ The case-control study method is used to compare exposure experience of the people with disease 

(cases) and exposure experience of the people without disease (controls). 

‒ The main measure of association in case-control studies is the exposure odds ratio (OR). 

6 
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‒ Case-control studies are very popular in exploring an exposure-disease association, because they are 

relatively cheap and less time-consuming than cohort studies. 

‒ It starts with the outcome and identifies the prior exposure the risk factors in study population, thus it 

moves from effect to cause. 

‒ Case control study starts by classifying the subjects as cases and controls according to their outcome 

status. 

‒ The cases and controls are assessed retrospectively to look for the presence of risk factors. 

‒ Exposure status is determined by personal interviews, health records, laboratory reports etc. in the 

individual. 

‒ Information about past exposure is used to calculate an odds ratio (OR). 

‒ “Patients with COPD had higher odds of a history of smoking than those without COPD.” 

‒ Matching is a study design tool, used in case-control studies, that makes cases and controls have similar 

distribution of some important confounding variables. It is an efficient tool to control confounding. 

‒ One of the major drawbacks of case-control studies is the fact that the risk cannot be derived directly 

from their results. 

‒ It compares the odds of exposure in cases to the odds of exposure in controls. 

‒ It is NOT the same as relative risk. Relative risk can be calculated in follow-up studies by comparing the 

risk in exposed individuals to the risk in unexposed individuals. 

‒ Calculation of relative risk directly, is not possible in case-control studies, because the study design does 

not include following people overtime. 

‒ But, sometimes, relative risk can be approximately equal to the odds ratio. If the prevalence of the 

disease is low exposure, the odds ratio approximates the relative risk. This, statement is. called ‘the rare 

disease assumption’ and represents one of the fundamental epidemiologic concepts. 

‒ If the outcome of a case-control study is not common in the population, the odds ratio is close to the 

relative risk. 

‒ Advantages: 

• Small study groups. 

• Inexpensive. 

• Useful for rare diseases or outcomes. 

‒ Limitations: 

• Can be used to examine multiple potential etiologic factors. 

• Data may be inaccurate owing to  recall bias and  survivorship bias (those with more aggressive disease 

may already have died). 

• Prevalence, incidence, and relative risk (RR) cannot be calculated. 

7
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Cross-sectional survey/Prevalence survey “observational” 

‒ A survey of the population at a single point in time [Collect data from a group of people to assess 

frequency of disease (and related risk factors) at a particular point in time]. 

‒ In cross-sectional study, exposure and outcome are measured simultaneously at a particular point of time 

(you can remember it as a 'snapshot' study). In other study designs, a certain time period separates 

exposure and outcome. 

‒ Since both exposure and outcome are present for some time before the study, it is not possible to 

determine the temporal association between the exposure and outcome from a cross sectional study. 

‒ Prevalence odds ratio is calculated in cross-sectional studies to-compare prevalence of a disease 

between different populations. 

‒ Advantages: Can be used to estimate disease prevalence and to form hypotheses.  

‒ Limitations: Because risk factors and presence of disease are determined simultaneously, causal 

relationships cannot be established [Can show risk factor association with disease, but not causality] (vs. 

case-control and cohort studies). 

 

 

Randomized Controlled Clinical Trial (RCCT) 

‒ Randomized control trial is a type of experimental study, and is considered gold standard to study the 

efficacy of the treatment or procedure. 

‒ An experimental, prospective study in which subjects are assigned to a treatment or control group 

(Subjects are randomly assigned to experimental or control group). 

‒ Randomization ↓ bias and confounding. 

‒ May be blinded (the patient does not know to which group he/she is assigned) or  double blinded (neither 

the patient nor the researcher knows the group assignment). 

‒ This type of study and helps to show strong causal relationship. 

‒ Advantages: 

• Highest-quality study. 

• Minimizes the effect of bias and confounding (has the least bias). 

• Can potentially demonstrate a causal relationship. 

‒ Limitations: 

• Very costly and time intensive. 

• May be difficult to blind some interventions (e.g., education, exercise, surgery). 

• For ethical reasons, one cannot compare a new treatment to a placebo if there is a standard of care. 
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Meta-analysis 

‒ A statistical combination of data from several studies (often via a literature search). 

‒ Advantages: 

• Can  ↑ the statistical power of a study to allow for the evaluation of small differences. 

• May resolve conflicting studies in the literature. 

‒ Limitations: 

• Cannot overcome the limitations of individual studies. 

• One must make sure that the pooled data evaluate similar populations and interventions. 

• Analyses are complicated because errors are introduced when means and variances from different 

studies are combined. 

 

 

Chi-squared test (χ2) 

‒ It is used to compare 2 or more percentages (%) or proportions of categorical outcomes  (nonnumeric 

data, also called nominal data). 

‒ It can be done using a 2 x 2 table by comparing the observed values to the values expected under the 

hypothesis of no association. 

‒ If the difference between observed and expected values is large, an association between the exposure and 

the outcome is assumed to be present. 

 

 

t-test 

‒ Checks difference between the means of 2 groups (Mr. T is mean). 

‒ Several statistical approaches can be used, but the basic information needed to perform two-sample t test 

is the two mean values, the sample variances, and the sample size. 

‒ After the calculations, t statistic is obtained that is used to calculate p value. 

‒ If  p value is less then 0.05, null hypothesis (no difference between two groups) is rejected and the two 

means are assumed to be statistically different. 

‒ If p value is large, null hypothesis is retained. 

 

Analysis of variance (ANOVA) 

‒ checks difference between the means of 3 or more groups (ANOVA = ANalysis Of VAriance of 3 or 

more variables.). 
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Type I error (α) 

‒ Stating that there is an effect or difference when none exists (to mistakenly accept the 

experimenthypothesis and reject the null hypothesis). 

‒ α = you “saw” a difference that did  not exist––for example, convicting an innocent man. 

‒ p = probability of making a type I error.   

‒ p is  judged against α, a preset level of significance (usually < .05).  

‒ If p < .05, then there is less than a 5% chance that the data will show something that is not really there. 

 

 

Type II error (β) 

‒ Stating that there is not an effect or difference when one exists (to fail to reject the null hypothesis when 

in fact H0 is false). 

‒ β is the probability of making a type II error. 

‒ β= you did not “see” a difference that does exist––for example, setting a guilty man free. 

 

 

Power (1 – β) 

‒ Power of a study is the ability to detect the difference between two groups (treated versus non-treated, 

exposed versus non-exposed). 

‒ Increasing the sample size increases the power. As a result, the confidence interval of the point estimate 

(e.g., relative risk) is getting tighter. 

‒ It depends on:  

1) Total number of end points experienced by population 

2) Difference in compliance between treatment groups (differences in the mean values between groups) 

3) Size of expected effect 

 

 

P value 

‒ P value shows the probability of obtaining the result of a study by chance alone. 

‒ Relative risk is a point estimate of association, but it does not account for random error. 

‒ You can realize intuitive that there is a certain probability that any value of relative risk (even if it is 

extreme) can arise by chance. 

‒ P value deals with random variability. 

‒ When the p value is less than 0.05, this is usually considered statistically significant. 
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‒ If someone tells you that P < 0.05 for a given set of data, there is less than a 5% chance (because 0.05 = 

5%)  that these data were obtained by random error or chance. 

‒ If P value < 0.05, the 95% confidence interval does not contain 1.0 (a ‘null’ value for relative risk). 

‒ If P <  0.01, the chance that the data were obtained by random error or chance is less than 1%. 

‒ For  example, if I tell you that the blood pressure in my controls is 180/100 mmHg but decreases to 

120/70 mmHg after administration of drug X and that p < 0.10, there is less than a 10% chance that the 

difference in blood  pressure was due to random error or chance. However, there is up to a 9.99999% 

chance that the result is due to random error or chance. 

‒ For  this reason, p < 0.05 is commonly used  as the cutoff  for statistical significance. 

‒ Three points to remember: 

1) The study may still have serious flaws 

2) A low p-value does not  imply causation, 

3) A study that has statistical significance does not necessarily have clinical significance. For example, if 

I tell you that drug X can lower the blood  pressure from  130/80 to 128/80,  p < 

0.000000000000000001, you still would not use drug X. 

 

 

Null hypothesis (H0) 

‒ Hypothesis of no difference (e.g., there is no association between the disease and the risk factor in the 

population). 

‒ The null hypothesis is always the statement of no relationship between the exposure and the outcome. 

‒ To state the null hypothesis correctly, you should think about the design of the study. 

‒ In cross-section, you cannot decide whether the exposure preceded the outcome or the outcome precede 

the exposure and, of course, you cannot directly compute the risk. 

‒ In cohort study, the outcome is the same for subjects with or without the risk factor “NO relationship”! 

 

 

Alternative hypothesis (H1) 

‒ Hypothesis that there is some difference (e.g., there is some association between the disease and the risk 

factor in the population). 

‒ Alternative hypothesis states that there is a relationship between the exposure and outcome 

‒  

‒  

‒  
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Bias 
‒ Defined as any error in the design, implementation, or analysis of a study → conclusions differing from 

the truth. 

‒ If the sample is not representative of the population that is being evaluated, it is considered a biased 

sample. Bias can seriously threaten the validity of the study 

 

 

Selection bias 

‒ Produces a sample that is not representative of the study population of interest; → overestimation or 

underestimation of the association between an exposure and outcome. 

‒ Selection bias results from the manner in which the subjects are selected for the study, or from the 

selective losses from the follow-up. 

‒ Loss to follow-up in prospective studies creates a potential for selection bias. 

‒ Subtypes are as follows: 

• Self-selection bias: Patients who choose or do not choose to participate (non-respondent bias) may 

yield results that are not representative of the population. As an example, patients with refractory 

disease may be more likely than others to enroll in an experimental study. Selection bias can be 

controlled by choosing a representative sample of the population for the study and achieving high rates 

of follow-up. 

• Enrollment bias: Subjects are assigned to a study group in a nonrandom fashion. An example would be 

assignment of healthier patients to the intervention group. 

 

Information bias 

‒ Yields misclassification of subjects on the basis of exposure and/or outcome;→ differing quality of data 

between study groups. 

‒ Information bias occurs due to imperfect assessment of association between the-exposure and outcome as 

a result of errors in measurement of exposure and outcome status. 

‒ It can be minimized by using standardized techniques for surveillance and measurement of outcomes, 

and use of trained observers to measure exposure outcome. 

‒ Subtypes are as follows: 

• Lead Time bias refers to the chronology between the diagnosis and treatment of different cases. Such 

difference in chronology between treatment and diagnosis could affect the outcomes the study. Lead-

time bias should always be considered while evaluating any screening test. It is apparent prolongation 

of survival in patients to whom this test was applied (diagnosed earlier), without actually prolonging 
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true survival (the natural course of the disease is not altered “no change in prognosis”). Patients 

screened appear to live, longer because the disease was detected earlier then it would have been if 

diagnosed from clinical symptoms, but the overall prognosis stays the same. 

• Measurement bias: refer to misclassification of outcome and/or exposure (e.g., labeling diseased as 

non-diseased and vice versa) and are related to the design of the study. Information gathering distorts 

data; → distorted results and conclusions. An example would be an assay that inaccurately estimates a 

biological parameter. 

• Responder bias: is present when the outcome is obtained by the patient's response, and not by 

objective diagnostic methods (e.g., migraine headache). Participants’ responses to subjective questions 

are affected by their awareness of their study arm. 

• Observer bias: occurs when an observer’s decision is affected by the knowledge of the exposure 

status, that may be affected by awareness of the hypothesis. Eliminated with double-blind study design. 

Observer's bias is controlled by blinding technique. 

• Recall bias: Errors of memory that occur in retrospective cohort or case-control studies (the difference 

in the ability of certain persons to recall facts regarding risk factor exposure). People who develop a 

disease or who have a negative outcome may be more likely to remember risk factors or to exaggerate 

their history of exposures. 

• Late-look bias––information gathered at an inappropriate time 

 

 

‒ Ascertainment bias can be avoided by selecting a strict protocol of case ascertainment. 

 

‒ Unacceptability bias refers to participants' response with desirable answers which leads to 

underestimation of the risk factors. E.g. medical students know the risk of smoking and may not care to 

reveal their smoking status, especially to the Public Health Department. Therefore a lower number of 

cigarettes smoked may be reported, than actually smoked. This will affect the results of the study. 

 

‒ Admission rate bias refers to distortion in risk ratio due to different-hospitals admission of cases. For 

instance, patients with cardiac diseases may prefer to be admitted to a certain hospital which may 

interfere with the outcome of interest. 

 

‒ Sample distortion bias is seen when estimate of exposure and outcome association is biased because 

the study sample is not representative of target population with respect to the joint distribution of 

exposure and outcome. 
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Confounding bias 

‒ Confounding is referred to the bias that can result when the exposure-disease relationship is mixed up 

with the effect of extraneous factors called confounders.  

‒ Confounders influence both the exposure and the outcome → overestimation or underestimation of the 

relationship between exposure and outcome. 

‒ In order to be confounder, an extraneous factor should have some properties linking it with the outcome 

of interest and the exposure. It should be related to the outcome of interest, and it should be related to the 

exposure. If these properties are present, we could observe at least part of the effect of smoking on cancer 

of the oral cavity by examining the association between alcohol consumption and cancer of the oral 

cavity. 

‒ If a factor is a confounder, it should be controlled for in the analysis. 

‒ Example: If vitamin consumption is associated with a healthy diet, it may appear that individuals who 

take vitamins are protected from a particular disease when it is actually diet that is the protective factor. 

‒ For example, cigarette smoking can be a confounding factor in studying the association between the 

maternal alcohol drinking and low birth weight baby, as cigarette smoking is independently associated 

with both alcohol consumption and low birth weight baby. 

‒ Reduced by study design (randomization or matching for case control) or by statistical adjustment 

(e.g., multivariate analysis). 

‒ The methods used to control confounding in the analysis stage of a study are stratification and modeling. 

Matching is a study design tool that makes cases and controls have similar distribution of some 

important confounding variables. Matching is an efficient method to control confounding. 

‒ Randomization is a method to control confounders in the design stage of a study. Its purpose is to 

balance various factors that can influence the estimate of association between treatment and placebo 

groups so that the un-confounded effect of the exposure of interest can be isolated. A very important 

advantage of randomization, when compared to other methods, is the possibility to control the known 

risk factors (e.g., age, severity of heart failure) as well as unknown and difficult-to-measure 

confounders (e.g., level of stress, socioeconomic status) 
 

 

Ways to reduce bias: 
1) Blind studies (double blind is better) 

2) Placebo responses 

3) Crossover studies (each subject acts as own control) 

4) Randomization: the similarity of baseline characteristics of the patients in the treatment and placebo 

groups in clinical trials indicates that the randomization was successful. 



  

USMLE STEP 2 CK – HIGH YIELD NOTES (EPIDEMIOLOGY) 

 

 375

Effect modification 

‒ Effect modification is a phenomenon when the effect of the main exposure on the outcome, is modified 

by the level of another variable. 

‒ Effect modification is NOT a bias! and it is not due to flaws in design or analysis phases of the study 

which can result in, for example, selection bias. 

‒ For example, the effect of oral contraceptives on the incidence of breast cancer is modified by family 

history for the women with family history the risk is increased, for the women without family history the 

risk is not increased. 

‒ There are other well-known examples of interaction you probably are familiar with, the effect of 

estrogens on the risk of venous thrombosis is modified by smoking; the risk of lung cancer in people 

exposed to asbestos greatly depends on smoking status, etc. 

 

  

Hawthorne effect 

‒ Hawthorne effect is the tendency of the study population to affect the outcome, due to the fact that they 

are being studied. 

‒ The study population changes their behavior because they are being studied and this can seriously affect 

the validity of the study. 

‒ It is commonly seen in study that concerns with behavioral outcomes or outcomes that can be influenced 

by behavioral changes. 

‒ Randomized control trials have a sense of uncertainty and risk due to randomization, which maybe more 

potent behavior modifiers than mere observation. 

‒ In order to minimize the potential of Hawthorne effect, studied subjects can be kept unaware that they 

are being studied, however it may pose ethical problems. 

 

 

Latent period 

‒ The concept of latent period is an important issue in chronic disease epidemiology. 

‒ Exposure must be continuously present for a certain period of time (called latent period) to influence the 

outcome. 

‒ Latent period from getting exposed to developing outcome is relativity short in infectious diseases. 

‒ Unlike that, chronic diseases, e.g., cancer or coronary artery disease may have a very long latent period. 

‒ Moreover, extended period of continuous exposure may be necessary to affect the outcome. 

‒ Latent period is a natural phenomenon, not bias! 
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